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11 Appendix 4 – Groundwater elevation 
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12 Appendix 5 – Piper and Durov diagrams 
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13 Appendix 6 – Rainfall analysis 
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14 Appendix 7 – Water Quality Monitoring and Management  

The following tables have been sourced from the Overall Water Management Plan, Stage 1 Kings Forest, New 
South Wales (G&S 2020). 

14.1 Surface water quality monitoring and management 
Applies to: Bulk earthworks phase 

Person responsible: Contractor’s Site Manager; Environmental Consultant 

  

Issue Surface water quality monitoring. 

Operational policy To maintain the water quality conditions of the receiving environment during the 
bulk earthworks phase of the development. 

Performance criteria Surface water monitoring will be conducted monthly and following the first monthly 
rainfall event (defined as >25mm in 24 hours) at the locations shown on Drawing 
No. 12017_001 for the parameters listed in Section 4.1. Results shall be 
compared with the surface water quality criteria (indicator parameters only) 
detailed below; 

Surface water quality criteria 

Parameter Saline (SW1, 
SW2, SW6, and 
SW9) 

Brackish (SW5) Fresh (SW3, SW4, 
SW7, SW8 and 
SW10) 

pH 5.66-6.3 5.34-6.14 5.23-6.66 

Electrical 
Conductivity 

<38700 µs/cm <4008.6 µs/cm <230.4 µs/cm 

Dissolved Oxygen >7.10 mg/L >4.87 mg/L >2.91 mg/L 

Turbidity <3.1 mg/L <23.76 mg/L <32.54 mg/L 

Total Nitrogen <0.5 mg/L <1 mg/L <1.46 mg/L 

Total Phosphorus <0.03 mg/L <0.04 mg/L <0.14 mg/L 

Iron (total) <0.41 mg/L <4.40 mg/L <6.57 mg/L 

Aluminium (total) <0.22 mg/L <0.36 mg/L <0.68 mg/L 

Chlorophyll-a <6 µg/L <6 µg/L <6 µg/L 

Litter and gross 
pollutants 

No man made 
material <5mm in 
any dimension 

No man made 
material <5mm in 
any dimension 

No man made 
material <5mm in 
any dimension 

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

No visible film, no 
detectable odour 

No visible film, no 
detectable odour 

*Note: pH must be consistent with receiving water quality. Consideration must be given to the 
preferred water quality conditions of WSF communities when interpreting pH results against the 
site-specific water quality criteria. If receiving waters are estuarine, pH can range from 5.5 -7.5; if 
receiving waters are fresh, pH can range from 4.2 – 6.7 in accordance with the Threatened Species 
Management Plans (JWA, 20120a-c) for habitat requirements for Wallum Froglet (Crinia signifera) 
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and the Wallum Sedge Frog Management Plan (JWA 2020g) for habitat requirements for the 
Wallum sedge Frog (Litoria olongburensis). 

 
Results of monitoring should also be compared to the Tweed Catchment Water 
Quality Objectives12 (in accordance with the Project Approval Condition 21[5]) 
as below; 

Parameter Unit Objective 

pH pH units Freshwater 6.5 - 8.5 
Estuary 7 - 8.5 

Dissolved oxygen mg/L 80 - 100% saturation 

Turbidity NTU 0.5 - 10 NTU  

Total phosphorous mg/L 0.03 mg/L  

Total nitrogen mg/L 0.3mg/L 

Chlorophyll a ug/L <4 

Note: These objectives are included for comparison only and do not 
constitute compliance criteria for the site. In many instances, baseline site 
water quality does not meet these objectives. 

 
 

Implementation strategy Construction of temporary sediment detention basins, clean-water diversion 
channels, swales and vegetated filter strips will be constructed prior to the 
commencement of earthworks in accordance with the approved Erosion and 
Sediment Control Plan (ESCP).  
Stormwater control will be achieved by directing as much runoff from disturbed 
areas as practicable to the sediment detention basins. 
Clean water diversion channels will be used to divert clean water from 
construction areas.  
Monitoring of the sediment detention basins prior to controlled release shall occur 
in accordance with the approved ESCP. Monitoring shall be undertaken for pH, 
turbidity and suspended solids to ensure compliance with background conditions 
(as relevant to the discharge location). 
Water may be discharged from the site that exhibits a suspended solids 
concentration greater than 50mg L-1, providing the concentration in the discharge 
is 10% less than the concentration exhibited in the receiving water. 
Where water quality fails to meet the established criteria, corrective measures will 
be undertaken (e.g. if sediment problems are identified, settling in the sediment 
detention ponds shall be aided by dosing with flocculation agents) to achieve 
compliance with the water quality release criteria. Treated water is to be re-tested 
prior to release to establish the effectiveness of treatment measures. 
Landscaping activities and revegetation will occur progressively as soon as 
possible after areas reach final grade. 

 
12 https://www.environment.nsw.gov.au/ieo/Tweed/report-02.htm 
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Only appropriate herbicides and fertilisers are to be used in accordance with TSC 
specifications. 

Monitoring Surface water monitoring will be conducted monthly and following the first monthly 
rainfall event (defined as >25mm in 24 hours) at the locations shown on Drawing 
No. 12017_001 for the parameters listed in Section 4.1. 
Surface water and groundwater quality monitoring are to be conducted 
simultaneously to allow temporal comparisons between the systems. 
Sample recovery and in situ analysis will be performed by trained staff and, when 
required, samples will be forwarded to a NATA-accredited laboratory.  
Sediment and erosion control measures will be inspected regularly in accordance 
with the approved ESCP. 

Auditing Environmental consultant to audit water quality results to ensure all discharges 
from sediment basins comply with the performance criteria as relevant at the 
discharge location. 
Environmental consultant to audit monthly and rainfall event water quality results 
against the site specific water quality criteria.  

Reporting Result sheets to be compiled for monitoring results relating to water quality of 
water bodies. These results to be kept onsite for inspection by local and state 
government officers. 
Monthly reports to be submitted to TSC until completion of works. Reports will be 
submitted to TSC within 30 working days upon receipt of the laboratory results. 
The water quality reports will be prepared by a suitably qualified and experienced 
Environmental Consultant. These reports will detail: 
• The results for each of the environmental indicators monitored. 
• An assessment of the monitoring results against the criteria. 
• Consideration must be given to the preferred water quality conditions of WSF 

communities when interpreting pH results against the site-specific 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 important13. 

• An evaluation, if applicable, of the environmental conditions if monitoring 
results fall outside the limits of the release criteria. 

• Recommendations that are relevant to ensuring a high level of water quality is 
maintained. 

• Each report will include previous water quality results in tabular format for 
comparative purposes and trend graphs will be provided. Laboratory 
certificates will be provided. 

Within 24 hours of detecting any incidents during construction that cause (or may 
cause) significant harm to the environment, the Proponent shall notify TSC and 
other relevant agencies of the incident in accordance with the protocol in Section 
5.3. 

 
13 Australian and New Zealand Guidelines for Fresh and Marine Water Quality, Volume 1, 2000, Section 3.1, Page 21. 
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Identification of incident 
or failure 

The values of water quality indicators will vary naturally and not all of this 
variation is ecologically important14. 
The site-specific criteria are based on the 80th percentile of the baseline data 
set and thus the probability of a single observation exceeding the 80th 
percentile is 20%. The probability of a Type 1 error (or the risk of triggering a 
false alarm) is 20%.  
The recording of a single result that exceeds the criteria will be used to trigger 
additional investigations including an increase to fortnightly monitoring of the 
parameter(s) in question. Results will be used 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. 

Corrective action All development activities taking place at the time of incident/failure shall be 
reviewed to verify compliance with the OWMP provisions and, if necessary, 
construction methods and procedures shall be adjusted. Specific strategies to be 
implemented in consultation with the Environmental Consultant but may include;  
pH 
In the event that the pH of waters falls outside of the critical limits, such waters will 
be contained and the pH adjusted to within the target range prior to release.  
Electrical conductivity 
If electrical conductivity exceeds the relevant background criteria, the waters will 
be contained onsite until adequate EC levels are reached. Further monitoring of 
upstream waters will be conducted to assess the impact of the development on 
the absolute change to water quality. 
Rainfall data will also be assessed at such times to determine the impact that 
rainfall has had on the water quality of the site and discharging waters. 
Suspended solids and turbidity 
If total suspended solids exceed the relevant background criteria the waters will 
be contained onsite for a period sufficient to allow suspended solids to settle out 
prior to release, or treated with a flocculent. After gypsum has been applied, the 
stored waters will be retested immediately prior to discharge. 
Erosion control devices will be immediately inspected and cleaned if necessary. 
Additional devices will be installed if a need is detected to prevent future breaches 
of the suspended solids criteria. The placement of stockpiles and management of 
disturbed areas will be reviewed with respect to the approved ESCP. 
Dissolved oxygen 
In the event that dissolved oxygen levels drop below the relevant background 
criteria, the waters will not be released until visual inspections for algae have 
been carried out. If algae are present, further laboratory tests will be carried out to 
determine the type of algae in the waters.  
A general investigation will be carried out of the flow conditions of the affected 
waters, to assess the flow rates and volume of water passing through the 
monitoring locations and suitability for release. 
Litter and gross pollutants 

 
14 Australian and New Zealand Guidelines for Fresh and Marine Water Quality, Volume 1, 2000, Section 3.1, Page 21. 
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In the event that litter and gross pollutants with a dimension greater than 5mm are 
observed, this material will be clean up and appropriately disposed of as soon as 
practicable. The contractor shall inform staff of the appropriate waste disposal 
procedures and reiterate the importance and sensitivity of the surrounding 
ecosystems. 
Oil and grease 
In the event that oil and grease are visible and/or an odour is detected within a 
waterbody, management strategies will be implemented. Specifically, the waters 
shall be contained and the oil and grease isolated through the use of booms, 
containments bunds or other appropriate measures. Remediation works shall be 
implemented in consultation with the environmental consultant and DPIE. 
Upon receipt of a complaint follow the Complaints Procedure provided in Section 
5.2. 

 

14.2 Groundwater quality monitoring and management 
Applies to: Bulk earthworks phase 

Person responsible: Contractor’s Site Manager; Environmental Consultant 

  

Issue Groundwater monitoring. 

Operational policy To establish stable groundwater conditions and verify by monitoring that 
development management is appropriate. 
Groundwater monitoring is to be undertaken in accordance with the site’s 
Groundwater Assessment and Management Plan (G&S July 2012) and any 
subsequent revisions of that plan. 

Performance criteria Groundwater quality monitoring will be conducted monthly at the locations 
shown on Drawing No. 12017_001 for the parameters listed in Section 4.1. 
Results shall be compared with the water quality criteria (indicator 
parameters only) detailed below; 

Groundwater levels will be monitored fortnightly throughout bulk earthworks. 

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

Implementation 
strategy 

Groundwater monitoring will be conducted during bulk earthworks at the 
locations identified on Drawing 12017_01. The progression of earthworks 
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will necessitate the gradual removal of bores within the footprint of 
development. Bores will be retained for as long as possible. 
Monitoring of groundwater levels should be undertaken fortnightly during the 
bulk earthworks phase to determine any effect excavation and dewatering 
activities may have on groundwater levels. 
Groundwater samples are to be collected monthly and analysed for the 
parameters specified in ‘Performance Criteria’ above.  

Monitoring Carry out fortnightly groundwater level monitoring and monthly groundwater 
quality monitoring at locations to be specified. 
Sample recovery and in situ analysis will be performed by onsite staff and, 
when required, samples will be forwarded to a NATA-accredited laboratory. 

Auditing The environmental consultant is to audit water quality to ensure that no 
deleterious effects are resulting from any excavation, filling and dewatering 
operations at the site. 
The data from the water level measurement shall be collated quarterly and 
evaluated against the background monitoring data. It will also be used to 
verify the predictive model for groundwater behaviour when required. 

Reporting Quarterly reports are to be submitted to TSC. 
The water quality reports will be prepared by a suitably qualified and 
experienced Environmental Consultant. These reports will detail: 
• The results for each of the environmental indicators monitored. 
• An assessment of the monitoring results against the criteria. 
• Consideration must be given to the preferred water quality conditions of 

WSF communities when interpreting pH results against the site-specific 
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 important15. 

• An evaluation, if applicable, of the environmental conditions if monitoring 
results fall outside the limits of the release criteria. 

• Recommendations that are relevant to ensuring a high level of water 
quality is maintained. 

• Each report will include previous water quality results in tabular format 
for comparative purposes and trend graphs will be provided. Laboratory 
certificates will be provided. 

Within 24 hours of detecting any incidents during construction that cause (or 
may cause) significant harm to the environment, the Proponent shall notify 
TSC and other relevant agencies of the incident in accordance with the 
protocol in Section 5.3. 

Identification of incident 
or failure 

The values of water quality indicators and groundwater levels will vary 
naturally and not all of this variation is ecologically important.16. 

 
15 Australian and New Zealand Guidelines for Fresh and Marine Water Quality, Volume 1, 2000, Section 3.1, Page 21. 
16 Australian and New Zealand Guidelines for Fresh and Marine Water Quality, Volume 1, 2000, Section 3.1, Page 21. 
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The site-specific criteria are based on the 80th percentile of the baseline 
data set and thus the probability of a single observation exceeding the 
80th percentile is 20%. The probability of a Type 1 error (or the risk of 
triggering a false alarm) is 20%.  
The recording of a single result that exceeds the criteria will be used to 
trigger additional investigations including an increase to fortnightly 
monitoring of the parameter(s) in question. Results will be used 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. 

Corrective action If a trend of declining groundwater quality is detected, the likely source(s) of 
contamination will be identified. 
Should the investigation indicate that site activities are triggering the 
incident/failure, the following will be implemented: 
• Locate the source of the contamination/level variation and take 

appropriate actions to contain and control the contaminant/level 
variation. Investigate the cause of the contamination/level variation and 
take action to prevent a recurrence. 

• All development activities taking place at the time of incident/failure shall 
be reviewed to verify compliance with the OWMP provisions and, if 
necessary, construction methods and procedures shall be adjusted. 

The quality of the dewatered groundwater being discharged to recharge 
trenches shall be reviewed to confirm compliance with the performance 
criteria detailed below. 

Water Quality Parameter Release Criteria 

Precinct 1 Precinct 5 

pH 3.5-4.33 3.59-4.47 

Oil and grease No visible film, no 
detectable odour 

No visible film, no 
detectable odour  

Upon receipt of a complaint follow the Complaints Procedure provided in 
Section 5.2. 

 


