
 

PROJECT 

BASELINE WATER QUALITY 
CRITERIA REPORT 

KINGS FOREST STAGE 1  
NEW SOUTH WALES 

PREPARED FOR 
PROJECT 28 PTY LTD 

DATE 
May 2020 



 

 

DOCUMENT CONTROL 

DOCUMENT 12017_BWQCR_SAM2F.docx 
TITLE Baseline Water Quality Criteria Report, Kings Forest Stage 1, New South Wales 
PROJECT MANAGER E. Holton 
AUTHOR(S) S. McGhee/ E. Holton 
CLIENT Project 28 Pty Ltd 
CLIENT CONTACT Michael Geale 
CLIENT REFERENCE - 

SYNOPSIS This document constitutes the Baseline Water Quality Criteria Report for 
the Kings Forest Stage 1 Development located at Kings Forest, New South Wales. It 
describes the baseline surface and groundwater quality conditions at the site and 
establishes site-specific water quality criteria for the Kings Forest Development. 
 

REVISION HISTORY 

REVISION # DATE  EDITION BY  APPROVED BY 

1 03/20  S. McGhee  E. Holton/L. Varcoe 

2 05/20  E. Holton  E. Holton/L.Varcoe 

 

DISTRIBUTION 

 REVISION NUMBER 

Distribution 1 2 3 4 5 6 7 8 9 10 

Project 28 Pty Ltd 1 1         

Tweed Shire Council 1 1         

G&S file and library 1 1         



  

12017_BWQCR_SAM2F.DOCX / KINGS FOREST, NSW – BACKGROUND WATER QUALITY CRITERIA REPORT 3 

www.access.gs 
 

SUMMARY 

Project 28 Pty Ltd commissioned Gilbert & Sutherland Pty Ltd (G&S) 
to undertake a baseline water quality monitoring program for the 
purpose of establishing site-specific water quality criteria for the Kings 
Forest development site, located at Kings Forest, New South Wales 
(the ‘Site’). This report summarises the results of the baseline water 
quality monitoring program conducted from May to October 2019 
including: 

• Eight rounds of groundwater monitoring at 20 groundwater 
bores, recording groundwater levels and in-situ readings at each 
location and recovering water samples from 10 of those bores to 
be sent for laboratory analysis of a comprehensive range of 
parameters. 

• Eight rounds of surface water monitoring at 10 locations, 
recording in-situ readings at each location and recovering water 
samples for laboratory analysis of a comprehensive range of 
parameters. 

• Production of a status report following each monitoring event.  
This report provides a statistical analysis of the data collected during 
monitoring and provides site-specific water quality criteria to be 
adopted for the Kings Forest Development. 
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GLOSSARY 

TERM MEANING 

ANZECC 
Guidelines 

Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality, 2000 

Australian Height 
Datum (AHD) 

National reference for relative height measurement in Australia 

BCD Department of Planning, Industry and Environment – Biodiversity and 
Conservation Division 

BOM Bureau of Meteorology 

DPIE Department of Planning, Industry and Environment 

EPBC Act Environmental Protection and Biodiversity Conservation Act 1999 

Groundwater Water contained in interconnected bores located below the water 
table in confined or unconfined aquifers 

LOR Limit of Reporting 

mBGL Metres below ground level 

pH The degree of acidity or alkalinity measured on a scale of 0 to 14 with 
7 as neutral. From 0 to 7 is acidic; from 7 to 14 is alkaline 

QA/QC Quality Assurance/ Quality Control 

SWL Standing Water Level 

WQO Water Quality Objective 
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1 Introduction 

Project 28 Pty Ltd commissioned Gilbert & 
Sutherland Pty Ltd (G&S) to undertake a baseline 
water quality monitoring program for the purpose of 
establishing site-specific water quality criteria for 
the Kings Forest development site located at Kings 
Forest, New South Wales (the ‘Site’). This report 
summarises the results of the baseline water 
quality monitoring program conducted from May to 
October 2019, including: 

• Eight rounds of groundwater monitoring at 20 
groundwater bores, recording groundwater 
levels and in-situ readings at each location and 
recovering water samples from 10 of those 
bores to be sent for laboratory analysis of a 
comprehensive range of parameters. 

• Eight rounds of surface water monitoring at 10 
locations including in-situ readings and 
recovering water samples for laboratory 
analysis of a comprehensive range of 
parameters. 

• Production of a status report following each 
monitoring event. 

This report provides a statistical analysis of the 
data collected during monitoring and provides site-
specific water quality criteria to be adopted for the 
Kings Forest Development. 

1.1 Site description 
The Kings Forest Development is located off Depot 
road, Kings Forest, New South Wales. The site 
location is shown on Drawing No. 12017_001 with 
the extent of works currently proposed at the site 
shown on Drawing 12066_001 (Drawings in 
Appendix 1). 

The site is located within the catchment area of 
Cudgen Creek and is predominantly drained in an 
easterly direction by Blacks Creek, which traverses 
the site from west to east. Runoff from the site also 
enters Cudgen Creek under Old Bogangar Road to 
the north and via the lowlands adjacent to the 
southern boundary of the site.  

Drainage from the north-eastern portion of the site 
flows into a coastal wetland as defined under State 
Environmental Planning Policy No. 14 – Coastal 

Wetlands (i.e. a SEPP14 wetland), prior to 
discharging from the Kings Forest site.  

The site has been selectively cleared. A large 
portion of the site was historically used as a pine 
plantation which has since been harvested and 
removed. There are a number of dams, dwellings 
and farm sheds on the subject land.  

A review of aerial photographs of the site, 
confirmed by site inspection, indicates the site has 
been extensively disturbed by previous clearing, 
agricultural use, grazing and silvicultural activities. 

1.2 Relevant approval conditions 
Baseline water quality monitoring was conducted at 
the site in response to Condition 37 of Major 
Project Approval 08_0194. Condition 37 requires 
that sufficient monitoring be commenced at the site 
prior to issue of the first Construction Certificate in 
accordance with relevant Environmental 
Management Plans.  

1.3 Relevant management plans 
The extent of works currently proposed at the site 
is shown on Drawing 12066_001. Specifications for 
the baseline water quality monitoring program as 
relevant to the identified works areas was 
undertaken with reference to the following 
management plans and specifications; 

• Groundwater Management Plan, Kings Forest, 
Stage 1 Project Application, Kings Forest, New 
South Wales, Revision 2, July 2012 

• Overall Water Management Plan, Kings Forest, 
Stage 1 Project Application, Kings Forest, New 
South Wales, Revision 4, July 2012 

• Position Paper – Environmental Risk in Respect 
of Groundwater, Surface Water and Hazards, 
Revision 2, October 2016 

• Position Paper – Groundwater Conditions at the 
Proposed Service Station Site, Precinct 1, Kings 
Forest, NSW, Revision 2, October 2016 and 

• Position Paper – Site Based Management Plan 
& Environmental Protection Plan, Kings Forest 
Service Station, Kings Forest, NSW, Revision 5, 
December 2016. 

• JWA 2020 Wallum Sedge Frog Management 
Plan 
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2 Review of relevant water 
quality guidelines 

2.1 ANZECC Guidelines 
The Australian and New Zealand Guidelines for 
Fresh and Marine Water Quality (2000)1 (the 
‘ANZECC Guidelines’) provide water quality 
objectives for natural and semi-natural water 
resources. The Guidelines are based on the 
principles of Ecologically Sustainable Development 
(ESD) and provide guidance for the protection of 
existing and future environmental values for 
relevant water bodies. 

Whilst the ANZECC Guidelines focuses on the 
protection of surface water environments, they are 
also designed to be applied to groundwater. The 
guiding principle is that groundwater should be 
managed in such a way that when it comes to the 
surface (through seepages etc) it will not 
compromise the environmental values of surface 
waters with which it interacts.  

The ANZECC Guidelines also provide 
methodologies for establishing site specific water 
quality criteria when appropriate data is available. 
For sites that have been subject to historical 
disturbance and where existing site water quality 
does not meet the ANZECC Guideline values, the 
document provides a methodology for determining 
site-specific water quality criteria. For reference 
purposes, the ANZECC Guideline water quality 
criteria for parameters relevant to the Kings Forest 
site are outlined in Table 2.1.1. Section 4 provides 
a comparison of these reference criteria with data 
collected from the Kings Forest site. 

2.2 Tweed Shire Council Guidelines 
The Tweed River Water Quality Objectives (herein 
referred to as the TSC water quality criteria)2 were 
developed for NSW rivers and estuaries to provide 
guideline levels to assist water quality planning and 
management. The TSC water quality criteria 
comprise community-based environmental values 

 
1 Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality, Volume 1, 2000 
<https://www.waterquality.gov.au/sites/default/files/documents/
anzecc-armcanz-2000-guidelines-vol1.pdf> 

and their associated national criteria drawn from 
the ANZECC Guidelines. For waterways affected 
by urban development, the TSC water quality 
criteria are aimed at the protection of aquatic 
ecosystems, maintaining visual amenity and 
supporting secondary and/or primary contact 
recreation.  
The TSC water quality criteria selects relevant 
water quality indicators and related numerical 
criteria (default trigger values) from the ANZECC 
Guidelines 2000, relevant to assessing and 
monitoring the health of aquatic ecosystems. 
These criteria, as they originated from the 
ANZECC Guideline water quality criteria, are 
applicable to both surface water and groundwater. 
In accordance with the Major Project Approval No. 
MP08_0194, Kings Forest Stage 1 (and associated 
Mods 1 to 8), the criteria identified in Table 2.2.1 
(on the following page) are reproduced from the 

2 https://www.environment.nsw.gov.au/ieo/Tweed/report-
02.htm 

Table 2.1.1 ANZECC water quality criteria 
Parameter ANZECC Guideline 

water quality criteria 
pH 6.5-8 
Turbidity <50 mg/L 
Dissolved Oxygen >6 mg/L 
Chlorophyll-a <5 µg/L 
Total Nitrogen <0.5 mg/L 
Nitrite+Nitrate NOx <0.02 mg/L 
Nitrate <0.7 mg/L 
Total Phosphorus <0.05 mg/L 
Aluminium <0.055 mg/L 
Manganese <1.9 mg/L 
Arsenic <0.024 mg/L 
Cadmium <0.0002 mg/L 
Copper <0.0014 mg/L 
Lead <0.0034 mg/L 
Nickel <0.011 mg/L 
Zinc <0.008 mg/L 
Ammonium <0.002 mg/L 
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TSC water quality criteria3 and represent the water 
quality criteria for surface waters for the Tweed 
River catchment.  
Table 2.2.1 TSC water quality criteria for the 
Tweed River catchment 
Parameter Interim criteria 
pH Freshwater 6.5-8.5 

Estuary 7-8.5 
Dissolved oxygen 80 – 110% saturation 
Turbidity 0.5-10 NTU 
Chlorophyll-a <4 µg/L 
Total Nitrogen <0.3 mg/L 
Total Phosphorus <0.03 mg/L 

Section 4 provides a comparison of the Tweed 
River catchment water quality criteria with the data 
collected from the Kings Forest site. 

2.3 Site-specific water quality criteria 
Surface and groundwater quality monitoring has 
been monitored sporadically at the site since 
February 2008. Preliminary analysis of this data 
indicated that in many instances the existing site 
water quality does not meet the ANZECC or TSC 
water quality criteria and (in the instance of pH) the 
site contains ecosystems that are dependent on 
maintaining these existing conditions.4 
The Kings Forest development has the potential to 
impact upon populations of Wallum Sedge Frog 
(WSF) occurring both on the site and in adjacent 
habitat if appropriate management strategies are 
not pursued.  

 
3 https://www.environment.nsw.gov.au/ieo/Tweed/report-
02.htm 
4 Wallum Sedge Frog Management Plan, Kings Forest, 
prepared for Project 28 Pty Ltd, October 2018, Revision 14 – 

WSF depend upon specific habitat requirements 
for breeding, particularly with respect to water 
quality, as identified in the Wallum Sedge Frog 
Management Plan (WSFMP, JWA, October 2018, 
Rev 14).  
Altered water quality during the construction and 
operational phases of the development can lead to 
the degradation of the WSF habitat. Specifically, 
the WSF is dependent on freestanding 
waterbodies, with acidic conditions (i.e. a pH of 
less than 7). In general, the acidity of waterbodies 
within WSF communities ranges between 3.6 and 
6.0 (Meyer et al. 2006).5 However, the WSFMP 
(JWA, 2018, Rev 14) proposes the performance 
target of a stable pH between 4.0 and 5.5 for the 
Site in order to maintain the preferred conditions for 
the WSF community.  
In circumstances where existing site conditions do 
not meet the criteria set by overarching Guidelines, 
it is appropriate to undertake a baseline water 
quality monitoring program and establish site-
specific water quality criteria that will ensure the 
existing conditions at the site are maintained for the 
protection of ecosystems both on and downstream 
of the site. The following section provides the 
methodology for the baseline water quality 
monitoring program and the data analysis 
undertaken to establish site specific water quality 
criteria. 

 

requirement to maintain certain pH levels for ecosystem 
protection (target criteria listed at page 83, Table 13: WSF 
Monitoring Program, water quality monitoring) 
5 Section 7.2.1 (ii), pg 30, Wallum Sedge Frog Management 
Plan, Oct 2018, JWA Pty Ltd.  
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3 Methodology 

The baseline water quality monitoring program 
comprised of eight rounds of surface water and 
groundwater monitoring between May and October 
2019 on the dates listed below: 

Table 3.1.1 Dates of monitoring events 
Monitoring round Date 

1 15 &16 May 2019 
2 4 & 5 June 2019 
3 26 & 27 June 2019 
4 17 & 18 July 2019 
5 6 & 8 August 2019 
6 27 & 28 August 2019 
7 17 & 18 September 2019 
8 8 & 10 October 2019 

Monitoring was conducted with reference to the 
following G&S plans and specifications: 
• Groundwater Management Plan, Kings Forest, 

Stage 1 Project Application, Kings Forest, New 
South Wales, Revision 2, July 2012 

• Overall Water Management Plan, Kings Forest, 
Stage 1 Project Application, Kings Forest, New 
South Wales, Revision 4, July 2012 

• Position Paper – Environmental Risk in Respect 
of Groundwater, Surface Water and Hazards, 
Revision 2, October 2016 

• Position Paper – Groundwater Conditions at the 
Proposed Service Station Site, Precinct 1, Kings 
Forest, NSW, Revision 2, October 2016 and 

• Position Paper – Site Based Management Plan 
& Environmental Protection Plan, Kings Forest 
Service Station, Kings Forest, NSW, Revision 5, 
December 2016. 

To better understand the on-site water quality, 
consideration was given to rainfall recorded prior 
to each monitoring event. Rainfall is recorded by 
Australian Bureau of Meteorology (BOM) at the 
nearest bureau station at Kingscliff (Woram 
Place) NSW (Station number 058137) located  
3.8 km from the site. Table 3.1.2 provides the 
monthly rainfall totals relevant to the monitoring 
period. Table 3.1.3 provides the rainfall (in mm) 

recorded seven days prior to each monitoring 
event.  

Table 3.1.2 Monthly rainfall totals relevant to 
the monitoring program (recorded at Kingscliff 
(Woram Place NSW Station number 058137) 
Month (2019) Rainfall total (mm) 
April 112.3 
May  75.2 
June  92.54 
July  33.42 
August  25.4 
September 7.5 
October 31.5 
Table 3.1.3 Rainfall (mm) prior to each 
monitoring event (recorded at Kingscliff (Woram 
Place NSW Station number 058137) 
Monitoring 
round 

Date Rainfall 
(mm) 

1 

10/05/2019 0 
11/05/2019 0.4 
12/05/2019 0 
13/05/2019 4.0 
14/05/2019 7.4 
15/05/2019 0.1 
16/05/2019 4.0 

2 

30/05/2019 0 
31/05/2019 0 
1/06/2019 -* 
2/06/2019 5* 
3/06/2019 0.2 
4/06/2019 0 
5/06/2019 0 

3 

21/05/2019 1.0 
22/05/2019 0 
23/06/2019 0 
24/06/2019 0 
25/06/2019 28.0 
26/06/2019 26.8 
27/06/2019 12.6 

4 
12/07/2019 0 
13/07/2019 0 
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14/07/2019 0 
15/07/2019 0 
16/07/2019 0 
17/07/2019 0 
18/07/2019 0 

5 

2/07/2019 1.0 
3/07/2019 2.8 
4/07/2019 0 
5/07/2019 0 
6/07/2019 0 
7/07/2019 0 
8/07/2019 0 

6 

22/08/2019 0 
23/08/2019 1.6 
24/08/2019 0 
25/08/2019 0 
26/08/2019 0 
27/08/2019 9.6 
28/08/2019 0 

7 

12/09/2019 0 
13/09/2019 0 
14/09/2019 0 
15/09/2019 0 
16/09/2019 0 
17/09/2019 0 
18/09/2019 4.2 

8 

04/10/2019 0 
05/10/2019 0 
06/10/2019 0 
07/10/2019 0 
08/10/2019 0 
09/10/2019 0 
10/10/2019 1.4 

Note* rainfall data collected from 01-02/06/19, total recorded 
in 02/06/19 

 
It can be seen from the Tables above that the 
monitoring period has successfully captured a 
range of rainfall conditions at the site including 
monitoring during a large rainfall and runoff event 
(June 2019) and also monitoring following low 
rainfall conditions (September 2019). 

All surface water and groundwater samples were 
tested in situ for pH, dissolved oxygen (DO), 
temperature, turbidity, electrical conductivity (EC) 
and oxidation-reduction potential (ORP) using a 
Yeo-Kal multi-parameter water quality analyser.  

In addition to in situ tests, samples were collected 
in appropriate laboratory-prepared sample 
containers and forwarded to ALS Laboratory for 
analysis of the following parameters: 
• total nitrogen (TN), soluble nitrogen, nitrogen 

oxide (NOx), total kjeldahl nitrogen (TKN), nitrite 
(NO2) & nitrate (NO3) (mg L-1); 

• total phosphorus (TP) & soluble phosphorous 
(mg L-1); 

• calcium (Ca); 
• magnesium (Mg); 
• sodium (Na); 
• potassium bicarbonate (K/HCO3);  
• bicarbonate (HCO3); 
• carbonate (CO3); 
• total & dissolved iron (Fe);  
• total & dissolved aluminium (Al); 
• dissolved manganese (Mn); 
• chloride (Cl); 
• sulfate (SO4);  
• ammonium (NH4);  
• colour; 
• total acidity (titratable); 
• total alkalinity; 
• arsenic (As); 
• cadmium (Cd); 
• copper (Cu); 
• lead (Pb); 
• nickel (Ni); 
• zinc (Zn);and 
• faecal coliforms. 

3.1 Monitoring locations 
The 20 groundwater bores and 10 surface water 
monitoring locations are depicted on Drawing 
12017_001 (Appendix 1). Of the 10 surface water 
locations, three of them are located off site in the 
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receiving environment of Cudgen Creek (one 
upstream location and two downstream locations). 
The remaining seven are located in various 
drainage features around the development site. 

Table 3.1.1 Groundwater bore depth 
Bore ID Depth (NSL) m 
BH1 5.2 
BH2 5.3 
BH3 5.5 
BH4 1.8 
BH5 5.4 
GW091 4.35 
GW092 3 
GW093 3 
GW094 3 
GW095 3 
GW097 2.2 
GW098 3 
GW099 3 
GW0910  3 
GW0911 2.5 
GW0912 3 
GW0913 3 
TSCGW10 Unknown 
TSCGW16 Unknown 

3.2 Surface water sampling  
Surface water samples were collected from each 
monitoring location using an extendable bailer. 
Care was taken to minimise disturbance to 
sediment and/or vegetation within the waterbody 
during sampling at each location. 

3.3 Groundwater sampling 
Groundwater was extracted from each piezometer 
via a Geotech GeopumpTM Series | 0-350 rpm 
peristaltic pump and disposable low-density 
polyethylene (LDPE) tubing. In accordance with 
G&S’ groundwater sampling procedure, 

 
6 The Groundwater Management Plan (GMP), the Stormwater 
Management Plan (SWMP) and the Overall Water 

groundwater was purged from the subject borehole 
until stabilisation was observed in the relevant in-
situ parameters. Groundwater samples for 
laboratory analysis were collected after purging 
and stabilisation. 

3.4 Determining baseline water quality 
criteria 

A ‘baseline’ is typically determined from a period of 
monitoring prior to a development or activity that is 
representative of the environment prior to an 
impact occurring. Various management plans6 for 
the Kings Forest development require the 
establishment of a ‘baseline’ condition for the 
groundwater and surface water environment at the 
Site. This baseline condition can then be used as a 
benchmark to assess the impact of the 
development on the receiving environment, assess 
emerging trends and determine the need for 
remedial actions should the potential for impacts be 
identified.  
The results obtained from the baseline monitoring 
program described herein were used to establish 
appropriate site-specific water quality criteria to be 
adopted for future monitoring within the Kings 
Forest Stage 1 development. 
Analysis of the data set was undertaken with 
reference to the ANZECC Guideline proposed 
methodology for deriving site-specific guideline 
values for physical and chemical stressors and 
toxicants. The ANZECC Guidelines recommend 
that site-specific water quality criteria for physical 
and chemical stressors be derived and used 
instead of regional default guideline values 
(DGVs). The general approach recommended for 
deriving guideline values is to; 
1. Determine the existing ecosystem condition 

and required level of protection. 
2. Define the baseline or ‘reference’ condition for 

the site ideally based on appropriate site-
specific data. 

3. Depending on existing ecosystem condition 
and required level of protection, define trigger 
values choosing either a conservative 
percentile value (e.g. 80th percentile value) to 

Management Plan (OWMP), and any subsequent updated 
versions of those plans. 
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improve water quality, or a less conservative 
percentile (e.g. 90th percentile) to maintain 
water quality.  
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4 Baseline water quality 
conditions 

The following section contains a description of 
water quality recorded at the site during the 
baseline monitoring program and provides a 
comparison of results with the TSC and ANZECC 
Guideline water quality criteria, where available. 

4.1 Surface water baseline condition 
Surface waters at the site exhibit varying 
characteristics and have been grouped in three 
broad categories as follows; 

• Fresh –  On-site agricultural drains 
• Brackish –  Blacks Creek (tributary to Cudgen 

Creek)  
• Saline –  Cudgen Creek (downstream and 

upstream of proposed development areas). 
The surface water quality for each category is 
described in further detail in this section, with a 
tabular summary of the surface water monitoring 
data included in Appendix 2. 

4.1.1 In-situ parameters in surface water 
The in-situ data obtained from surface water 
locations was analysed within the categories listed 
in Section 4.1 above. Table 4.1.1.1 identifies the 
TSC and ANZECC Guidelines and compares the 
in-situ data range collected during the baseline 
monitoring.  
Table 4.1.1.1 In-situ surface water results 
comparison with TSC and ANZECC Guidelines 
Type Site data 

range 
TSC 
guideline 

ANZECC 
Guideline 

pH 

Fresh 4.8-7.2 6.5-8.5 6.5-8 

Brackish 4.8-6.5 6.5-8.5 6.5-8 

Saline 5.1-6.6 7-8.5 6.5-8 

Turbidity (NTU) 

Fresh 5.1-126.4 0.5-10 <50 

Brackish 4-79.5 0.5-10 <50 

Saline 0-18 0.5-10 <50 

Table 4.1.1.1 In-situ surface water results 
comparison with TSC and ANZECC Guidelines 
Type Site data 

range 
TSC 
guideline 

ANZECC 
Guideline 

Dissolved Oxygen (DO) 

Fresh 22.77-
107.74% 
2.3-10.2 

80-110% >6 mg/L 

Brackish 41.2-
97.52% 
4.1-8.6 

80-110% >6 mg/L 

Saline 66.48-
96.07% 
6.4-9.2 

80-110% >6 mg/L 

Electrical conductivity (EC) (µs/cm) 

Fresh 105-545 NG* NG* 

Brackish 145-6,945 NG* NG* 

Saline 4,916-
97,400 

NG* NG* 

NG*: No guidelines provided 

Table 4.1.1.1 shows that in most instances the site 
data range is below the ANZECC Guidelines but 
falls primarily within the TSC range for the majority 
of the in-situ parameters. In summary: 
• pH values were generally more acidic than the 

TSC and ANZECC Guidelines. 
• Turbidity values were generally higher than the 

TSC and ANZECC Guidelines. 
• DO was highly variable. 
• EC was highly variable across the site. 

4.1.2 Nutrients in surface water 
Nutrients were relatively consistent throughout the 
monitoring period and within the surface water 
categories identified in Section 4.1. Table 4.1.2.1 
identifies the TSC and ANZECC Guidelines for 
total nitrogen (TN) and total phosphorus (TP) and 
compares the guideline water quality criteria 
against the range identified for TN and TP in fresh, 
brackish and saline surface waters at the site. 
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Table 4.1.2.1 Nutrient surface water results 
comparison with TSC and ANZECC Guidelines  
Type Data 

range 
TSC 
guideline 

ANZECC 
Guideline 

Total Nitrogen (TN) (mg/L) 

Fresh 0.6-3.3 <0.3 <0.5 

Brackish 0.7-1.1 <0.3 <0.5 

Saline 0.25-1.1 <0.3 <0.5 

Total Phosphorus (TP) (mg/L) 

Fresh 0.01-
0.36 

<0.03 <0.06 

Brackish 0.005-
0.04 

<0.03 <0.06 

Saline 0.005-
0.13 

<0.03 <0.06 

It can be seen from the table that in most instances 
the site data range for TN exceeded the ANZECC 
and TSC Guideline. For TP, the majority of results 
were below the TSC and ANZECC Guideline 
maximums although exceedances were recorded. 

4.1.3 Metals in surface water 
Metals results were analysed within the surface 
water categories identified in Section 4.1. The TSC 
Guidelines provide criteria for Al and Fe and defer 
to the ANZECC Guidelines criteria for other metals. 
Table 4.1.3.1 identifies the available guidelines for 
iron (Fe) and aluminium (Al) which are the main 
metals of interest for this site. Where guidelines are 
available aa discussion has been included for 
arsenic (As), cadmium (Cd), Lead (Pb), nickel (Ni), 
zinc (Zn) and copper (Cu).  
Table 4.1.3.1 Metal surface water results 
compared with TSC and ANZECC Guidelines 
water quality criteria 
Type Data 

range 
TSC 
guideline 

ANZECC 
Guideline 

Aluminium (Al) (mg/L) 
Fresh 0.13-

1.23 
NG* <0.055 

Brackish 0.15-0.8 NG* <0.055 
Saline 0.03-0.7 NG* <0.055 
Iron (Fe) (mg/L) 
Fresh 1.44-

12.4 
NG* NG* 

Table 4.1.3.1 Metal surface water results 
compared with TSC and ANZECC Guidelines 
water quality criteria 
Type Data 

range 
TSC 
guideline 

ANZECC 
Guideline 

Brackish 1.91-
5.03 

NG* NG* 

Saline 0.09-
0.83 

NG* NG* 

NG*: No guidelines provided 
In summary; 
• No guidelines values for metals are provided in 

the TSC water quality criteria for the protection 
of aquatic ecosystems.  

• Al values exceeded the ANZECC Guideline in 
most instances.  

• Whilst not itemized in Table 4.1.3.1 the site 
data for arsenic, cadmium, arsenic, cadmium, 
lead and nickel were in most instances below 
the laboratory’s limit of reporting (<LOR) or 
below the ANZECC Guideline maximum. 

• The ANZECC Guideline for copper is 0.0014 
mg/L. The majority of the results obtained from 
the site were less than the LOR or compliant 
with the guideline. However, for fresh and 
saline waters, the maximum range for the 
dataset exceeded the ANZECC Guideline.  

• The ANZECC Guideline criteria for zinc is 
0.008 mg/L. The maximum range for fresh, 
brackish and saline surface waters exceeded 
the ANZECC Guideline.  

4.2 Groundwater baseline condition 
Water quality monitoring was completed at 20 
groundwater monitoring locations (Drawing 
12017_001). In-situ readings were retrieved from 
all 20 monitoring locations, and laboratory analysis 
was conducted at 10 of the monitoring locations. 
Groundwater was characterised by location, noting 
difference in geology and landform. This resulted in 
two categories of groundwater as follows: 

• Precinct 1 
• Precinct 5  
The groundwater quality for each category is 
described in further detail in this section, with a 
tabular summary of the groundwater monitoring 
data included in Appendix 2. 
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4.2.1 Insitu parameters in groundwater 
The insitu results obtained from groundwater 
monitoring at the site were analysed within the 
categories listed in Section 4.2 above.  
Table 4.2.1.1 Groundwater insitu results 
comparison with TSC and ANZECC Guidelines 
Type Data 

range 
TSC 
guideline 

ANZECC 
Guideline 

pH 
Precinct 

1 
3.04-5.45 6.5-8.5 6.5-8 

Precinct 
5 

2.27-6.63 6.5-8.5 6.5-8 

Electrical conductivity (EC) (µs/cm) 
Precinct 

1 
30.7-853 NG* NG* 

Precinct 
5 

0.4-632 NG* NG* 

NG*: No guidelines provided 

The pH range in Precinct 1 and in Precinct 5 was 
below the TSC and the ANZECC Guidelines. The 
TSC and ANZECC Guidelines do not provide water 
quality criteria for EC.  

4.2.2 Nutrients in groundwater 
Nutrients were relatively consistent throughout the 
monitoring period and within the groundwater 
categories identified in Section 4.2. Results for total 
nitrogen and total phosphorus are discussed below 
as primary nutrients and where applicable, 
compared to the water quality criteria 
recommended in the ANZECC Guidelines and the 
TSC water quality criteria. Samples from two 
groundwater bores in Precinct 1 and eight 
groundwater bores in Precinct 5 were submitted for 
laboratory analysis.  

Table 4.2.2.1 Groundwater nutrient results 
comparison with TSC and ANZECC Guidelines  
Type Data 

range 
TSC 
guideline 

ANZECC 
Guideline 

Total Nitrogen (TN) (mg/L) 
Precinct 

1 
0.6-3.2 <0.3 <0.5 

Precinct 
5 

0.3-2.8 <0.3 <0.5 

Total Phosphorus (TP) (mg/L) 

Table 4.2.2.1 Groundwater nutrient results 
comparison with TSC and ANZECC Guidelines  
Type Data 

range 
TSC 
guideline 

ANZECC 
Guideline 

Precinct 
1 

0.01-0.5 <0.03 <0.06 

Precinct 
5 

0.005-
0.13 

<0.03 <0.06 

The majority of TN and TP results exceeded both 
the TSC and ANZECC Guideline values indicating 
that the existing conditions at the site are outside of 
the range identified within the Guidelines. 

4.2.3 Metals in groundwater 
Metals results were analysed within the categories 
identified in Section 4.2. The TSC Guidelines 
provide criteria for Al and Fe and defer to the 
ANZECC Guideline criteria for other metals. Table 
4.2.3.1 identifies the available guidelines for iron 
(Fe) and aluminium (Al) which are the main metals 
of interest for this site. Where guidelines are 
available a discussion has been included for 
arsenic (As), cadmium (Cd), Lead (Pb), nickel (Ni), 
zinc (Zn) and copper (Cu).  
Table 4.2.3.1 Groundwater metals results 
compared with TSC and ANZECC Guidelines 
Type Data 

range 
TSC 
guideline 

ANZECC 
Guideline 

Aluminium (Al) (mg/L) 
Precinct 

1 
0.36-2.18 NG* <0.055 

Precinct 
5 

0.06-0.93 NG* <0.055 

Iron (Fe) (mg/L) 
Precinct 

1 
0.11-2.52 NG* NG* 

Precinct 
5 

0.025-
1.58 

NG* NG* 

NG*: No guidelines provided 

In summary, there were no guidelines values for 
metals under the TSC water quality criteria for the 
protection of aquatic ecosystems. 
For Precinct 1, the maximum results range for Al in 
groundwater exceeded the ANZECC Guidelines.  
The Fe results for Precinct 1 were primarily within 
the TSC guidelines but exceeded the ANZECC 



  
 

18	 AGRICULTURE WATER ENVIRONMENT 

www.access.gs 
 

Guidelines. The Fe results for groundwater in 
Precinct 5 were compliant with the TSC guideline. 
The ANZECC Guidelines provide 
recommendations for most metals however, the 
results for arsenic, cadmium, lead and nickel were 
either below the laboratory limit of reporting (<LOR) 
or the range was primarily within the recommended 
criteria.  
The ANZECC Guideline for copper s is 0.0014 
mg/L. The maximum range for both Precinct 1 and 
5 exceeded the ANZECC Guideline. 
The ANZECC Guideline for Zinc is 0.008 mg/L. 
The range for both Precinct 1 and 5 exceeded the 
Guideline value.  

4.2.4 Piper and Durov diagrams 
Piper and Durov diagrams were created using the 
groundwater data gathered through the monitoring 
period in order to categorise the groundwater at the 
site. The diagrams are included in Appendix 7. 
The Piper diagram shows a close cation-anion 
grouping with the majority of the monitoring 
locations falling within a sodium-chloride water 
type, with the exception of GW091, which tends 
towards a calcium-chloride water type. GW091 is 
the most southern monitoring location for this 
monitoring period and located in sandy soil.  
The Durov diagram is used to graphically illustrate 
the cation and anion grouping, as well as display 
the pH and total dissolved solids (TDS). Similar to 
the Piper diagram, the Durov diagram suggests 
similar ion balances. TDS results are grouped 
together, with the exception of BH4 showing an 
outlying value.  

4.3 Groundwater levels 

On each monitoring occasion the groundwater 
elevation in metres Australian Height Datum 
(mAHD) was recorded. The following table 
provides the range of groundwater elevation in 
each bore.  

Drawings 12017_002 to 009, included within 
Appendix 1, show the groundwater contours over 
the monitoring period and depict any changes in 
flow direction.  
Throughout the monitoring period groundwater 
flowed in a south westerly direction within Precinct 

5. For Precinct 1 groundwater flow was in an 
easterly direction towards Cudgen Creek. 
Appendix 4 provides data on the groundwater 
elevation in mAHD for the site.  
 
Table 4.3.1 Groundwater elevation 
Bore ID Min elevation 

(mAHD) 
Max elevation 
(mAHD) 

BH1 4.62 5.33 

BH2 4.50 5.32 

BH3 4.04 4.58 

BH4 4.80 5.58 

BH5 4.67 5.33 

GW091 1.83 3.28 

GW092 3.53 4.77 

GW093 3.83 4.62 

GW094 4.34 5.14 

GW095 1.68 2.52 

GW097 2.55 3.37 

GW098 3.47 4.02 

GW099 4.48 5.32 

GW0910  4.44 5.35 

GW0911 4.54 5.49 

GW0912 4.71 5.65 

GW0913 4.79 5.93 

TSCGW10 3.67 4.49 

TSCGW16 3.60 4.39 

 

4.4 Impact of rainfall 
The sampling period from May to October 2019 
captured a range of rainfall conditions from a low of 
7.5mm recorded for the month of September 2019 
up to 112.3mm in April 2019 (just prior to the 
commencement of monitoring).  
The following table summarises the relationship 
between the key parameters monitored at the site 
and large rainfall events recorded during the 
monitoring program, most notably the 92.54mm 
recorded in June 2019. 
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The relationship between rainfall and water quality 
for a selection of these parameters is provided in 
Appendix 6. 

Table 4.4.1 Impact of rainfall on key water quality parameters 
Parameter SW response to rainfall GW response to rainfall 
Level NA Gradual increase in 

groundwater level over the 
course of monitoring program. 
No notable response in levels 
following rainfall events. 

pH No notable response to rainfall. No clear relationship between 
rainfall and pH. 

EC No clear relationship. Influence of rain 
masked by tidal nature of most locations 

No clear relationship between 
rainfall and pH. 

DO No clear relationship. Influence of rain 
masked by tidal nature of most locations. 

NA 

Turbidity No notable response to rainfall. NA 
Cations No clear relationship. Influence of rain 

masked by tidal nature of most locations. 
No notable response following 
rainfall. 

Anions No clear relationship. Influence of rain 
masked by tidal nature of most locations. 

No notable response following 
rainfall. 

Nitrogen suite No clear relationship between rainfall 
and TN. 
Slight increase in soluble N following 
rainfall. 
Increase in Nitrate following rain. 
No clear relationship between rainfall 
and Ammonium. 

TN and soluble N decreases 
immediately following rain, 
then increases before returning 
to typical levels. 
No clear relationship between 
rainfall and Ammonium 
 

Phosphorus suite No clear response in TP following rain. 
Slight increase in soluble P following 
rainfall. 

No clear response in TP 
following rain. 
Slight increase in soluble P 
following rainfall 
 

Iron Decreases immediately following rainfall 
events but quickly returns to pre-rainfall 
levels. 

No notable response following 
rainfall. 

Aluminium Increases following rainfall events but 
quickly returns to pre-rainfall levels. 

No notable response following 
rainfall. 

Arsenic, Cadmium No response following rainfall. No notable response following. 
Total acidity No notable response to rainfall. Influence 

likely to be masked by tidal nature of 
most SW locations. 

Increases during rainfall 
events. Decreases following 
rain then returns to typical 
levels. 

Faecal coliforms Increase in coliforms during rainfall 
events. Quickly returns to pre-rainfall 
levels. 

Increase in coliforms during 
rainfall events. Quickly returns 
to pre-rainfall levels. 
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5 Site-specific water quality 
criteria 

The analysis provided in the previous section 
demonstrated that the overarching water quality 
criteria provided in the TSC and ANZECC 
Guidelines cannot be directly applied to the Kings 
Forest Development. In many cases, the baseline 
conditions at the site include concentrations of 
parameters in excess of the ANZECC Guideline 
and the Tweed Water Quality values. In this 
instance, the ANZECC Guidelines recommend the 
establishment of site-specific water quality criteria 
determined in accordance with the methodology 
described in Section 2 above. 
Robust, statistically defensible7 baseline 
conditions can be derived from using the current 
data set. Site-specific water quality criteria, 
derived from the 80th percentile value, are 
appropriate water quality criteria for future 
monitoring. By using site specific criteria, any 
potential impacts will be identified in a timely 
manner, minimizing the chance for harm to 
groundwater or the environment.  

5.1 Required level of protection 
The ANZECC Guidelines recognise three 
categories of ecosystem condition, with a level of 
protection ascribed to each: 
1. High conservation/ecological value systems 
2. Slightly to moderately disturbed systems 
3. Highly disturbed systems. 

Based on the guidance provided in Section 3.1.1 
of the ANZECC Guidelines, the ecosystem 
condition that best describes the majority of the 
site is slightly to moderately disturbed systems. 
The condition of areas of the site that have not 
been subject to disturbance and the ultimate 
receiving environment of Cudgen Creek would be 
best described as ‘slightly to moderately disturbed 
systems’. This is defined by the Guideline as: 

‘Ecosystems in which aquatic biological 
diversity may have been adversely affected to 

 
7 This requires at least 8 rounds of data incorporating 
seasonal variation in accordance with NWQMS (2000) 

a relatively small but measurable degree by 
human activity. The biological communities 
remain in a healthy condition and ecosystem 
integrity is largely retained. Typically, 
freshwater systems would have slightly to 
moderately cleared catchments and/or 
reasonably intact riparian vegetation; marine 
systems would largely intact habitats and 
associated biological communities. Slightly-
moderately disturbed systems could include 
rural streams receiving runoff from land 
disturbed to carrying degrees by grazing or 
pastoralism, or marine ecosystems lying 
immediately adjacent to metropolitan areas.’ 

Large areas of the site have been subject to 
historic disturbance including previous clearing, 
agricultural use, grazing and silvicultural activities. 
These areas are best described as ‘highly 
disturbed systems’ which are described by the 
Guideline as; 

‘…measurably degraded ecosystems of lower 
ecological value. Examples of highly disturbed 
systems would be some shipping ports and 
sections of harbours serving coastal cities, 
urban streams receiving road and stormwater 
runoff, or rural streams receiving runoff from 
intensive horticulture.’  

For this type of ecosystem, the ANZECC 
Guidelines recommend that site-specific water 
quality criteria for physical and chemical stressors 
be derived and used instead of regional default 
guideline values (DGVs). The general approach 
recommended for deriving guideline values is to: 
1. Determine the existing ecosystem condition 

and required level of protection. 
2. Define the baseline or ‘reference’ condition for 

the site ideally based on appropriate site-
specific data. 

3. Depending on existing ecosystem condition and 
required level of protection, define trigger values 
choosing either a conservative percentile value 
(e.g. 80th percentile value) to improve water 
quality, or a less conservative percentile (e.g. 
90th percentile) to maintain water quality. 

In this instance the more conservative 80th 
percentile value has been adopted to determine 

Australian Guidelines for Water Quality Monitoring and 
Reporting. 
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the site-specific criteria. The ANZECC Guidelines 
recommend that water quality criteria for slightly 
to moderately disturbed systems also be applied 
to highly disturbed ecosystems where possible.8  

5.2 Surface water quality criteria 
Site specific surface water quality criteria have 
been calculated upon completion of the baseline 
monitoring program. Table 5.2.1 identifies the 
upper water quality criteria limits for surface water 
for a range of indicators. 

Table 5.2.1 Surface water quality criteria 
Parameter Site specific surface 

water criteria 
Saline (SW1, SW2, SW6, and SW9) 
pH 5.66-6.3 
Electrical Conductivity <38,700 µs/cm 
Dissolved Oxygen >7.10 mg/L 
Turbidity <3.1 mg/L 
Total Nitrogen <0.5 mg/L 
Total Phosphorus <0.03 mg/L 
Iron (total) <0.41 mg/L 
Aluminium (total) <0.22 mg/L 
Chlorophyll-a <6 µg/L 
Litter and gross 
pollutants 

No man-made material 
<5 mm in any 
dimension 

Oil and/or grease No visible film, no 
detectable odour 

Brackish (SW5) 
pH 5.34-6.14 
Electrical Conductivity <4,008.6 µs/cm 
Dissolved Oxygen >4.87 mg/L 
Turbidity <23.76 mg/L 
Total Nitrogen <1 mg/L 
Total Phosphorus <0.04 mg/L 
Iron (total) <4.40 mg/L 
Aluminium (total) <0.36 mg/L 
Chlorophyll-a <6 µg/L 
Litter and gross 
pollutants 

No man-made material 
<5 mm in any 
dimension 

 
8 Page 3.1-22 ANZECC Guidelines 2000. 

Table 5.2.1 Surface water quality criteria 
Parameter Site specific surface 

water criteria 
Oil and/or grease No visible film, no 

detectable odour 
Fresh (SW3, SW4, SW7, SW8 and SW10) 
pH 5.23-6.66 
Electrical Conductivity <230.4 µs/cm 
Dissolved Oxygen >2.91 mg/L 
Turbidity <32.54 mg/L 
Total Nitrogen <1.46 mg/L 
Total Phosphorus <0.14 mg/L 
Iron (total) <6.57 mg/L 
Aluminium (total) <0.68 mg/L 
Chlorophyll-a <6 µg/L 
Litter and gross 
pollutants 

No man-made material 
<5 mm in any 
dimension 

Oil and/or grease No visible film, no 
detectable odour 

The water quality characteristics of the monitoring 
locations vary across the site. It has been 
identified that there are three main overarching 
characteristics; saline, brackish and fresh water. 
The saline monitoring locations are located in the 
Cudgen Creek and include monitoring locations 
SW1, SW2, SW6, and SW9. The monitoring 
location classified as brackish is SW5, located in 
Blacks Creek. This salinity levels recorded at SW5 
categorise the location as fresh to brackish water, 
and therefore the location is segregated from the 
others and site-specific water quality criteria are 
applied. The remainder of the surface water 
monitoring locations (SW3, SW4, SW7, SW8 and 
SW10) are classified as fresh water and site-
specific water quality criteria are applied. 
It is noted that the WSFMP (JWA, 2018, Rev 14) 
recommends a stable pH of between 4.0 to 5.5 for 
the protection of WSF communities. When 
interpreting pH results against the site-specific 
water quality criteria, consideration must also be 
made to the preferred water quality conditions of 
WSF communities. 
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5.3 Groundwater quality criteria 
Site specific groundwater quality criteria have 
been calculated upon completion of the baseline 
monitoring program. Table 5.3.1 identifies the 
upper criteria limits for surface water for a range 
of indicators. 
Table 5.3.1 Groundwater quality criteria 
Parameter Site specific 

groundwater criteria 
Precinct 1 
pH 3.5-4.33 
Electrical Conductivity <339.4 µs/cm 
Total Nitrogen <3 mg/L 
Total Phosphorus <0.34 mg/L 
Iron (total) <1.02 mg/L 
Aluminium (total) <1.89 mg/L 
Precinct 5 
pH 3.59-4.47 
Electrical Conductivity <131 µs/cm 
Total Nitrogen <1.3 mg/L 
Total Phosphorus <0.05 mg/L 
Iron (total) <0.45 mg/L 
Aluminium (total) <0.52 mg/L 

The groundwater monitoring bores included in 
Precinct 1 are BH1, BH2, BH3, BH4 and BH5. 
These monitoring bores are within an area of 
different topography and geology from the rest of 
the development site and have different results for 
the analysed parameters. It is therefore been 
deemed appropriate to apply site specific 
groundwater quality criteria for these monitoring 
bores in Precinct 1. 
The groundwater monitoring bores in Precinct 5 
(TSCGW16, TSCGW10, GW091, GW092, 
GW093, GW094, GW095, GW096, GW097, 
GW098, GW099, GW0910, GW0911, GW0912, 
GW0913) showed a number of similarities in the 
monitoring data. Therefore, site-specific 
groundwater quality criteria for Precinct 5 are 
applied. 

 
9 Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality, Volume 1, 2000, Section 3.1, Page 21. 

5.4 Interpreting results against water 
quality criteria 

When interpreting compliance with the adopted 
water quality criteria, it is essential to 
acknowledge that the values of water quality 
indicators vary naturally and that not all of this 
variation is ecologically important9. 
It is important to note that when using the 80th 
percentiles to establish water quality criteria the 
probability of a single observation exceeding the 
80th percentile is 20%. Thus, the probability of a 
Type 1 error (or the risk of triggering a false 
alarm) for this method of setting water quality 
criteria is 20%.  
It is recommended that the recording of a single 
result that exceeds the criteria should not 
automatically be deemed as a ‘non-compliance’. 
Rather, the water quality criteria are designed to be 
used as a tool to prompt additional investigations or 
observations of the parameter in question to 
ascertain whether an adverse trend may be 
emerging and if so, allow early detection of the 
cause of the trend. The findings of such site 
investigations should be used to determine 
whether a non-compliance has occurred. 
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6 Conclusions and 
recommendations 

This report summarises the results of the baseline 
water quality monitoring program conducted at the 
Kings Forest development site from May to 
October 2019 and establishes site specific water 
quality criteria to be adopted for the site throughout 
its development. Adoption of these site-specific 
criteria will allow for development impacts to be 
detected and, in conjunction with the site’s 
environmental management plans, help to protect 
ecosystems both on and downstream of the site. 
It is recommended that: 

• the following suite of analytes be monitored 
throughout development of the Kings Forest 
site in accordance with the specifications of the 
relevant management plans. 
° In-situ for pH, dissolved oxygen (DO), 

temperature, turbidity, electrical 
conductivity (EC) and oxidation-reduction 
potential (ORP) 

° total nitrogen (TN), soluble nitrogen, nitrogen 
oxide (NOx), total kjeldahl nitrogen (TKN), 
nitrite (NO2) & nitrate (NO3) (mg L-1); 

° total phosphorus (TP) & soluble 
phosphorous (mg L-1); 

° calcium (Ca); 
° magnesium (Mg); 
° sodium (Na); 
° potassium bicarbonate (K/HCO3);  
° bicarbonate (HCO3); 
° carbonate (CO3); 
° total & dissolved iron (Fe);  
° total & dissolved aluminium (Al); 
° dissolved manganese (Mn); 
° chloride (Cl); 
° sulfate (SO4);  
° ammonium (NH4);  
° colour; 

 
10 https://www.environment.nsw.gov.au/ieo/Tweed/report-
02.htm 

° total acidity (titratable); 
° total alkalinity; 
° arsenic (As); 
° cadmium (Cd); 
° copper (Cu); 
° lead (Pb); 
° nickel (Ni); 
° zinc (Zn); and 
° faecal coliforms. 

• The site-specific criteria detailed in this report 
be adopted for the Kings Forest development. 

• The relevant site management plans be 
updated to include these criteria. 

• Monitoring at the site should be conducted in 
accordance with the relevant management 
plans. 

• Results of monitoring should be compared to 
the site-specific criteria following each 
monitoring round. 

• Results of monitoring should also be compared 
to the Tweed Catchment Water Quality 
Objectives10 to ensure compliance with the 
Project Approval (Condition 21[5]). 

• Consideration be given to the preferred water 
quality conditions of WSF communities when 
interpreting pH results against the site-specific 
water quality criteria, noting that the WSFMP 
(JWA, 2018, Rev 14) recommends a stable pH 
of between 4.0 to 5.5 for the protection of WSF 
communities. 

• When interpreting compliance with the adopted 
water quality criteria, it is essential to 
acknowledge that the values of water quality 
indicators vary naturally and that not all of this 
variation is ecologically important11. 

• It is important to note that when using the 80th 
percentiles to establish water quality criteria 
the probability of a single observation 
exceeding the 80th percentile is 20%. Thus, 
the probability of a Type 1 error (or the risk of 
triggering a false alarm) for this method of 
setting water quality criteria is 20%.  

11 Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality, Volume 1, 2000, Section 3.1, Page 21. 
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• It is recommended that the recording of a 
single result that exceeds the criteria should 
not automatically be deemed as a ‘non-
compliance’. Rather, the water quality criteria 
are designed to be used as a tool to prompt 
additional investigations or observations of the 
parameter in question to ascertain whether an 
adverse trend may be emerging and if so, 
allow early detection of the cause of the trend. 
The findings of such site investigations should 
be used to determine whether a non-
compliance has occurred. 

• The site’s Overall Water Management Plan 
and Summary of Management Plans have 
been updated to reflect the outcomes of the 
Baseline Monitoring Program. For reference, 
the Surface Water Quality Monitoring and 
Management table that is common to both of 
these plans is included in Appendix 7. Each of 
the recommendations contained in this report 
are included in the management plans to 
ensure they are implemented on site. 
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7 Limitations of reporting 

Gilbert & Sutherland Pty Ltd has made every effort 
to ensure that the information provided in this 
report is accurate. The interpretation of scientific 
data, however, involves professional judgment, and 
as such is open to error. 
In recognising the potential for errors in scientific 
interpretation, Gilbert & Sutherland Pty Ltd does 
not guarantee that the information is totally 
accurate or complete and clients are advised not to 
rely solely on this information when making 
commercial decisions. Any representation, 
statement, opinion or advice, expressed or 

implied is made in good faith and on the basis that 
the authors, Gilbert & Sutherland Pty Ltd, their 
agents or employees are not liable (whether by 
reason of lack of care or otherwise) to any person 
for any damage or loss whatsoever which has 
occurred or may occur in relation to that person 
taking or not taking (as the case may be) action in 
respect of any representation, statement or advice 
referred to above. 
Furthermore, this information should not be relied 
upon by any persons other than the client for whom 
this information was compiled. This information 
reflects the specific brief and the budget of the 
client concerned, who enjoys an individual 
tolerance of risk. 
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8 Appendix 1 – Drawings 
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9 Appendix 2 – Surface water results and analysis 

 



Surface water in-situ results 
 

 
 

 
 

 
 

 
 



 
 

 
 

 
 
 



Surface water laboratory results 
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10 Appendix 3 – Groundwater results and analysis 
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Groundwater laboratory results 
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