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APPENDIX P - STORMWATER MANAGEMENT PLAN AND 

WATER BALANCE MODELLING

Addendum: This EIS was initially prepared assuming that the safe harbour was to be part of the Lindeman
Great Barrier Reef Resort Project. With the commencement of the Great Barrier Reef Marine Park Authority’s
(GBRMPA) Dredging Coral Reef Habitat Policy (2016), further impacts on Great Barrier Reef coral reef habitats
from yet more bleaching, and the recent impacts from Tropical Cyclone Debbie, the proponent no longer seeks
assessment and approval to construct a safe harbour at Lindeman Island. Instead the proponent seeks
assessment and approval for upgrades to the existing jetty and additional moorings in sheltered locations
around the island to enable the resort’s marine craft to obtain safe shelter under a range of wind and wave
conditions. Accordingly, remaining references to, and images of, a safe harbour on various figures and maps
in the EIS are no longer current.
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Executive Summary 

White Horse Australia Lindeman Pty Ltd (White Horse Australia) propose to redevelop the existing resort at 
Lindeman Island into an integrated tourist resort. 

Lindeman Island is located approximately 35 kilometres south-east from Shute Harbour on the mainland and 
some 13 kilometres from Hamilton Island.  The island has a total area of approximately 637 hectares with the 
resort redevelopment proposed to occupy leases of approximately 138 hectares. The balance of Lindeman 
Island is declared National Park and included in Lot 429 NPW622.  Lindeman Island is within the jurisdiction 
of Mackay Regional Council. 

Lindeman Island is located within the Great Barrier Reef World Heritage Area and Great Barrier Reef Marine 
Park.   

It is proposed that the development of Lindeman Island be conducted in a way that protects the surrounding 
environment, which is the main asset of this development.  Development has been constrained so that it does 
not occur in areas mapped as being High Ecological Value.  The proposed stormwater treatment devices and 
measures include: 

> Rainwater tanks 

> Vegetated buffer strips 

> Bio-retention gardens 

> Bio-retention basins 

> Constructed wetlands 

> GPTs and proprietary devices where suitable 

> Revegetation of cleared areas 

MUSIC modelling of the proposed stormwater treatment options has shown that pollutant load reduction 
targets can be achieved and that the pollutant loads will likely be less than from the existing site which is 
already developed.  Appropriate measures to control erosion and sediment will be required during the 
construction phase.   

The water balance modelling for the proposed development identified that additional sources of water were 
required for a reliable source of water.  The proposed water strategy for the site includes: 

> Diversion of an additional 27 hectares towards the dam; 

> Water efficient fittings and appliances will be used; 

> Water saving showers to be installed in preference to baths and spas; 

> Community awareness programs will be run to encourage efficient use of water; 

> A 10kL rainwater tank will be installed at each villa which will be connected to a minimum roof area of 
100m2.  The rainwater tank will be used for pool top up and toilet flushing; 

> A 500kL rainwater tank (total combined size) for resort pool top up will be connected to 3500m2 of roof 
area;   

> A 350kL rainwater tank will be connected to a minimum of 6300m2 roof area surrounding the WTP.  This 
will be used as a first preference for water for the WTP;   

> Recycled water will be used for toilet flushing (communal areas and resort units), laundry, irrigation and 
washdown; and 

> Backflow recycling tanks will be used for all pools. 

The resultant total water demand for the site was 160.1 ML/year including irrigation and pool top up.  This 
would be supplied on average by: 
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> 75.0 ML/year from the dam 

> 21.2 ML/year from rainwater tanks  

> 18.3 ML/year from recycled water for non-potable internal demands 

> 45.6 ML/year from recycled water for irrigation 

This is equivalent to a total water demand (including pool top up) of 325 L/EP/day.   

With the proposed water recycling, improved water efficiency and rainwater harvesting the demand from the 
dam compared to the existing resort development has reduced from 103.0 to 75.0 ML/year.   

Due to the proposed recycling of water the potential STP discharges, and associated nutrient loads, compared 
to the existing resort have also been significantly reduced.   MEDLI modelling showed that if average 
occupancy rates are assumed then discharges to the ocean are unlikely.   

Climate change may reduce the reliability of the water supply in the future.  However, the proposed 
development is well placed to handle the potential impacts of climate change due to the following reasons: 

> The use of recycled water provides an alternative source of supply that is not reliant on rainfall.  It is 
proposed to use recycled water for the majority of non-potable uses on site;   

> The proposed water demand from Gap Creek Dam is significantly less than the existing resort; and 

> The population at the resort is not permanent, and can be controlled if necessary during prolonged dry 
periods.
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1 Introduction 
White Horse Australia Lindeman Pty Ltd (White Horse Australia) propose to redevelop the existing resort at 
Lindeman Island. 

Lindeman Island is located approximately 35 kilometres south-east from Shute Harbour on the mainland and 
some 13 kilometres from Hamilton Island.  The island has a total area of approximately 637 hectares with the 
resort redevelopment proposed to occupy leases of approximately 138 hectares. The balance of Lindeman 
Island is declared National Park and included in Lot 429 NPW622.  Lindeman Island is within the jurisdiction 
of Mackay Regional Council. 

Lindeman Island is located within the Great Barrier Reef World Heritage Area and Great Barrier Reef Marine 
Park.   

This report summarises the water quality objectives, proposed stormwater management strategies and water 
balance assessment.  The scope of the report addresses the stormwater and water quality Terms of Reference 
for the Lindeman Island EIS.   

1.1 Project Overview 
The Masterplan prepared by DBI Design for the redevelopment of the Lindeman Island Resort (refer to 
Appendix A) proposes to create a low rise resort on Lindeman Island comprising: 

> Beach Resort - redevelopment of the existing resort to achieve a new 5 star Beach Resort with 136 
units, conference centre, beach club and a central facilities building with restaurants, bars and lounges; 

> Spa Resort - a new 6 star Spa Resort with 59 villas, central facilities, entry lounge, spa, sea view 
restaurant, pool and a signature rock bar providing spectacular alfresco dining close to the sea; 

> Eco Resort - a new 5 star Eco Resort near the existing lake consisting of 41 villas, a central facility, 
boathouse and a waterside restaurant; 

> Tourist Villa Precincts - two precincts accommodating 89 tourist villas are proposed to the north-east 
and north-west of the existing resort; 

> Village - a central village precinct comprising restaurants, bar, night club, conference facility buildings, 
arrival centre, shops, sport and recreation centre and a staff village;  

> Services Infrastructure Precinct - a new precinct with services including power generation (solar with 
diesel back-up), sewage treatment and water treatment designed to reflect current best practice; 

> Airstrip - the existing airstrip is proposed to be upgraded to provide for near all-weather status, capable 
of landing light aircraft and helicopters; 

> Golf Course – upgrades to the existing golf course are proposed;  

> Safe Harbour - a new Safe Harbour is proposed to provide reliable access for the transfer of guests via 
ferries, luxury vessels and private charters offering greater protection from the prevailing wind direction; 
and 

> Ecotourism Facilities - a National Park and Great Barrier Reef Educational Centre and 30 glamping sites 
are being investigated in consultation with the State Government.   

Native vegetation replanting, improvements to stormwater management, re-use of wastewater on site and a 
shift towards renewable energy sources are proposed.  It is envisaged that approximately 300 full-time 
equivalent (FTE) employees will be required once the resort is fully operational.   The equivalent population 
(EP) for the resort based on full occupancy is 1493.   This includes staff, guests and day visitors.   

The Lindeman Island Resort will be constructed in stages, with Stage 1 involving construction of the Beach 
Resort, Spa, safe harbour and internal infrastructure (power, water, sewerage, roads). It is expected that Stage 
1 construction will take approximately 18 months. Completion of the Lindeman Island Resort and subsequent 
stages is expected to take up to 3 years. 



Lindeman Island Great Barrier Reef Resort Project 
Stormwater Management Plan and Water Balance Modelling 

Prepared for White Horse Australia Lindeman Pty Ltd Version 5 August 2016 
Lindeman SMP and Water Balance v2.docx Commercial in Confidence Page 2

1.2 Development History 
Since European settlement on Lindeman Island land uses have changed from a grazing property through to 
the resort that currently exists on the island.  

In 1928, the first guests arrived and were accommodated in grass huts and cabins. In the 1940s a number of 
tracks were constructed to provide access to scenic views. In the 1950s the air-strip was extended to meet 
Department of Civil Aviation standards for smaller aircrafts with a new air-strip of 4000 feet constructed to 
accommodate larger planes. In 1959 new guest accommodation was built and a swimming pool was added 
along with the demolition of the last of the grass huts. In 1961 the whole island was surrendered and replaced 
by a perpetual lease of 152 acres covering the resort area and airstrip. 

In 1970 a six-hole golf course was constructed west of the air-strip and running towards Piccaninny Point. To 
provide water for the golf course and for landscaping and general use at the resort, a dam was constructed on 
Boat Port Creek located on the western side of the island and north of Piccaninny Point. 

P&O operated a small 48 room resort in the 1980s before being purchased by Adelstein Investments who 
increased the size of the resort by 104 rooms in 1988.  Subsequently it was sold to Club Med in 1990 and the 
current 225 room resort was opened. The Club Med resort closed in 2012. The infrastructure that has remained 
in place includes 225 rooms, restaurant, golf course, staff accommodation, administration buildings, airstrip 
and recreational facilities including swimming pools and tennis courts.   

1.3 Technical Report Scope and Objectives 
The purpose of this Technical Report is to detail the water quality objectives, stormwater management 
requirements and water balance assessment.   

Specifically, the stormwater and water management strategy for the Lindeman Island Resort aims to reduce 
the pollutant load being discharged to streams that drain to the Great Barrier Reef Marine Park.   Stormwater 
and water management strategies will be adopted that: 

> Re-use rainwater, reducing potable water demand and stormwater pollutant loads; 

> Treat and re-use wastewater for non-potable uses on site; 

> Minimise potable water demand and improve reliability of the water supply; 

> Minimise the potential sources of stormwater pollutants; 

> Treat stormwater runoff to remove sediment and nutrient load; 

> Replicate existing flow patterns;  

> Reduce potential for scour and erosion; 

> Application and 

> Integrate public open space with stormwater drainage corridors and treatment areas to maximise public 
access and recreation and preserve waterway habitats and wildlife corridors.   

This Report has been prepared to address the Terms of Reference for an EIS –Lindeman Great Barrier Reef 
Resort Project issued by the Queensland Coordinator-General and dated August 2015. The Terms of 
Reference requires the following matters to be considered in the Environmental Impact Statement (EIS), as 
outlined in Table 1-1. 
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Terms of Reference  

Item Clause Response 

11.10 Describe the site’s climate patterns that are relevant to the 
environmental assessment, with particular regard to discharges to water 
and air and the propagation of noise. Climate information should be 
presented in a statistical form including long-term averages and extreme 
values, as necessary. 

Refer Section 7.2. 

12.33. Describe the potential impacts of the project including potential impacts 
to the water quality and sediment quality of the coastal environment 
affected by the project. Identify the quantity, quality and location of all 
release of contaminants by the project, whether as point sources or 
diffuse sources, particularly from construction of the marine 
infrastructure and including management of acid sulfate soils. The 
description of potential impacts should include the operation of the 
marina, including measures to avoid and manage release of 
contaminants such as fuel or sullage. 

Refer Section 2. 

12.34 Identify water quality objectives and how the objectives will be 
maintained or enhanced (refer to Schedule 1 of the Environmental 
Protection (Water) Policy 2009 (EPP (Water) 2009) - Proserpine River, 
Whitsunday Island and O'Connell River Basins Environmental Values 
and Water Quality Objectives and the associated Mackay Whitsunday 
Coastal Waters plan. Where the EPP (Water) 2009 does not address a 
given issue, the Queensland Water Quality Guidelines (DEHP 2013) and 
the Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality (ANZECC and ARMCANZ 2000) should be consulted, where 
relevant). Also reference the Water Quality Guidelines for the Great 
Barrier Reef Marine Park 2010 

Refer Section 2.3. 

12.35 Outline practicable measures for protecting, mitigating or enhancing 
coastal waters, including how nominated quantitative standards and 
indicators may be achieved, and how the achievement of the water 
quality objectives will be monitored, audited and managed 

Refer Section 4.2.1 

13.20. Detail the chemical and physical characteristics of surface waters and 
groundwater within the area that may be affected by the project. Include 
a description of water quality variability associated with climatic and 
seasonal factors, variability of freshwater flows and extreme events 

Refer Section 2.2 

13.21. Identify the quantity, quality and location of all potential discharges of 
water and contaminants by the project, whether as point sources (such 
as controlled discharges) or diffuse sources (such as irrigation to land of 
treated sewage effluent).  

The quantity and 
quality of stormwater 
discharges is detailed 
in Section 5.5 

13.22. Describe the proposed management of existing and/or constructed 
waterbodies on the project site to maintain water quality, including any 
proposed exchange of tidal water. 

Constructed 
waterbodies, with the 
exception of resort 
pools are not 
proposed.  No tidal 
exchange systems are 
proposed.   

13.23. Describe how the high ecological value freshwaters in the land subject 
to revocation will be maintained during the construction and operational 

No development, with 
the exception of some 
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Item Clause Response 

phases of the project. Reference should be made to meeting water 
quality objectives scheduled under the EPP (Water) 2009 - Proserpine 
River, Whitsunday Island and O'Connell River Basins Environmental 
Values and Water Quality Objectives that are relevant to the potential 
impacts. 

glamping sites is 
proposed within HEV 
areas. 

13.24. Assess the potential impacts of any discharges on the quality and 
quantity of receiving waters and the practices and procedures that would 
be used to avoid or minimise impacts. 

Refer Section 5.5 and 6

13.25. Describe how the achievement of the objectives would be monitored and 
audited, and how corrective actions would be managed. Describe 
mitigation strategies and contingency plans for: 

(a) potential accidental discharges of contaminants and sediments 
during construction and operation 

An ESCP will be 
required to be 
developed prior to 
construction.  Refer 
Section 3.1. 

(b) stormwater run-off from the project facilities and associated 
infrastructure 

Stormwater runoff from 
the site is to be treated 
prior to discharge from 
the site.  Refer Section 
4.  Regular 
maintenance of the 
devices is required.  
Yearly event based 
stormwater quality 
monitoring is 
proposed. 

13.42. Detail, with concept and layout plans, requirements for new 
infrastructure, or the upgrading and/or relocating of existing 
infrastructure to service the project. Infrastructure to be considered 
should include water supply, energy supply, telecommunications, 
stormwater, marine water infrastructure, such as intake and outlet pipes 
and vessel refuelling stations, waste disposal and sewerage.  

Refer Figure 4. 

14.23. Provide an assessment of the relevant impacts of the proposed 
development on the values and/or integrity of the Great Barrier Reef 
World Heritage Area, including, but not limited to, impacts as a result of 
changes to coastal processes and water quality, and visual amenity 
impacts. 

Stormwater quality is 
expected to improve 
as a result of the 
development due to 
increased stormwater 
treatment.  Refer 
Section 5.5.2. 

14.25 Demonstrate how the proposed action contributes to an overall or ‘net’ 
improvement to ecosystem health and the condition of the affected 
values, consistent with The Reef 2050 Long-Term Sustainability Plan. 

Stormwater quality is 
expected to improve 
as a result of the 
development due to 
increased stormwater 
treatment.  Refer 
Section 5.5.2.

14.26 Describe the residual impacts of the proposed development after all 
proposed avoidance and mitigation measures are taken into account. 
Where residual significant impacts to the attributes and/or integrity of the 

Stormwater quality is 
expected to improve 
as a result of the 
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Item Clause Response 

Great Barrier Reef World Heritage Area are determined likely, include 
proposed offsets consistent with the EPBC Act environmental offsets 
policy (2012).  

development due to 
increased stormwater 
treatment.  Refer 
Section 5.5.2.
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2 Water Quality Objectives 

2.1 Site Description 
The site has an existing resort, golf course, maintenance facilities and a dam, which supplies all water 
requirements for the resort.  Gap Creek and several other small emphemeral water courses traverse the site 
and discharge to the ocean, as shown in Figure 2.  The extent of development is mostly contained to cleared 
or previously developed areas.  Eco villas are proposed to be constructed in previous golf course and densely 
vegetated areas around the perimeter of the site.      

2.2 Existing Water Quality 
The water quality of the Mackay Whitsundays is under pressure from land uses such as agriculture, forestry, 
grazing and urban.  Increased nutrients, sediment and herbicide loads resulting from development have 
impacted negatively on the health of the Great Barrier Reef (GBR).  Urban and other intensive uses (including 
sewage treatment plants) account for just over 10% of the total regional particulate nutrient load, and 4% of 
the regional dissolved organic load (Mackay Whitsundays Water Quality Improvement Plan 2014-2021 
(WQIP)). The schematic from the Mackay Whitsundays WQIP demonstrating the different pressures and 
impacts is shown in Image 1.   

Image 1 Conceptual Diagram of Nutrient Pollutant Generation and Transport and Effects on the Marine Environment 

The Healthy Rivers to Reef Partnership 2014 Pilot Report Card gave the Inshore Marine Whitsunday 
waterways a rating of C / Moderate, as shown in Image 2.  This was based on a moderate score for water 
quality and coral and a poor score for seagrass.  
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Image 2 Healthy Rivers to Reef 2014 Report Card 

The moderate condition of the existing water quality highlights the need for the development to ensure that the 
potential for additional nutrients, sediments, pesticides and herbicides to be discharged from the site is limited.  

Water quality is naturally variable, and is dependent on numerous factors such as land use, catchment 
management practices, antecedent conditions, soil types, climatic and seasonal factors and in-stream 
processes.  Tropical rivers and creeks are characterised by minimal flows in the winter dry season, which 
generally have low dissolved oxygen, low nitrogen and phosphorous levels, and low turbidity levels.  During 
the summer wet seasons, “first flush” run-off can be acidic with elevated levels of suspended solids, nutrients, 
sulphates and heavy metals.  During extreme events there is potential for high levels of pollutants to be 
discharged to the marine receiving environment.  

Two rounds of event based testing were able to be conducted at the site within the waterways.  For the March 
2016 event, there were two rounds of sampling were conducted for the same event due to issues with 
transporting samples from the island.  Given the recommended holding times, only the later results have been 
referenced.  For the June 2016 event it was not possible to undertake sampling at LIND05.  The results are 
provided in Appendix C, with the median and range of results summarised below in Table 2-1. 

Existing Water Quality 

Parameter 
Median Concentration (mg/L) 

Mar-16 Jun-16 Event Based WQO 

Suspended Solids <5 5 8

Total Nitrogen 0.35 0.70 n/a
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Dissolved Inorganic Nitrogen 0.035 0.049 0.256

Total Phosphorus 0.03 0.04 n/a
Filterable Reactive Phosphorus 0.01 0.006 0.027

Parameter 
Range of Results 

Mar-16 Jun-16 Event Based WQO 

Suspended Solids <5 <5 to 14 8

Total Nitrogen 0.2 to 0.6 0.55 to 0.98 n/a 

Dissolved Inorganic Nitrogen 0.02 to 0.06 0.034 to 0.09 0.256 

Total Phosphorus 0.02 to 0.05 0.02 to 0.06 n/a 

Filterable Reactive Phosphorus <0.01 to 0.02 <0.005 to 0.019 0.027 

Based on the event based WQOs listed in Section 2.3.2, the current water quality meets objectives.  In June, 
at site LIND06 there was an elevated level of TSS.     

2.3 Water Quality Objectives 
The water quality objectives were sourced from the Environmental Protection (Water) Policy 2009 (EPP 
(Water) 2009) Proserpine River, Whitsunday Island and O'Connell River Basins Environmental Values and 
Water Quality Objectives and associated plans.  The Water Quality Guidelines for the Great Barrier Reef 
Marine Park 2010 were also referenced. 

Water quality objectives and management strategies for the marine environment are not included in this report.   

2.3.1  Freshwater 

Based on Table 1 of EPP (Water) 2009, the relevant environmental values for Lindeman Island’s fresh waters 
(i.e. Whitsunday Islands fresh waters) include: 

> Aquatic Ecosystems; 

> Irrigation; 

> Secondary Recreation; 

> Visual Recreation;  

> Drinking Water; and 

> Cultural and Spiritual Values. 

The majority of Lindeman Island is classified as Whitsunday Island freshwater with High Ecological Value 
(HEV) for Aquatic Ecosystems (HEV2384), as shown in Figure 1.  However, the existing and proposed 
developed area of Lindeman Island (with the exception of glamping area on the western coast) is not included 
in this area and is therefore classified as Moderately Disturbed Freshwater.   

The water quality objectives for this area are: 

Aquatic Ecosystem – moderately disturbed (MD) 

Ambient (baseflow).  In the absence of more locally applicable information, WQOs for Whitsunday Islands 
fresh waters at the moderately disturbed level of protection are based on the 20th/80th percentile of WQOs for 
Repulse Creek subcatchment (mainland):  

> Dissolved inorganic nitrogen: <31 µg/L 

> Particulate N: <52 µg/L 

> Filterable reactive phosphorus (FRP): <15 µg/L 

> Particulate phosphorus: <17 µg/L 

> Dissolved oxygen: 

- No-flow 20th and 80th percentile: 50 to 120% saturation 
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- Flow 20th and 80th percentile: 90 to 105% saturation 

> Suspended solids: <3 mg/L 

> pH: 7.2-7.6 

> Electrical conductivity (EC): <780 µS/cm 

> Ametryn: <LOD 

> Atrazine: <LOD 

> Diuron: <LOD 

> Hexazinone: <LOD 

> Tebuthiuron: <LOD 

As the freshwater streams on Lindeman Island are ephemeral limited opportunity exists to undertake baseflow 
monitoring.  No specific water quality objectives are provided for events in EPP (Water) 2009.  However, Table 
31 of the Mackay Whitsundays WQIP has the following event-based WQOs for moderately disturbed 
freshwater streams in Repulse Creek (which is used to define WQOs for Whitsunday Islands): 

> Dissolved inorganic nitrogen: <256 µg/L 

> Particulate N: <261 µg/L 

> Filterable reactive phosphorus (FRP): <27 µg/L 

> Particulate phosphorus: <31 µg/L 

> Suspended solids: <8 mg/L 

Secondary Contact Recreation  

Objectives as per NHMRC (2008), including:  

> intestinal enterococci: 95th percentile  40 organisms per 100mL (for healthy adults) (NHMRC, 2008; 
Table 5.7)  

> cyanobacteria/algae—refer objectives for primary recreation, NHMRC (2008), i.e.: 

- Level 1:  10 g/L total microcystins; or  50 000 cells/mL toxic Microcystis aeruginosa; or 
biovolume equivalent of  4 mm3/L for the combined total of all cyanobacteria where a known 
toxin producer is dominant in the total biovolume or  

- Level 2:  10 mm3/L for total biovolume of all cyanobacterial material where known toxins are 
not present  

- cyanobacterial scums consistently present.   

Visual Recreation  

> Recreational water bodies should be aesthetically acceptable to recreational users. The water should 
be free from visible materials that may settle to form objectionable deposits; floating debris, oil, scum 
and other matter; substances producing objectionable colour, odour, taste or turbidity; and substances 
and conditions that produce undesirable aquatic life.  

Drinking Water 

The drinking water quality objectives for the dam, before treatment are: 

> Giardia: 0 cysts (Queensland Water Supply Regulator).  If Giardia is detected in drinking water then the 
health authorities should be notified immediately and an investigation of the likely sources of 
contamination undertaken. 

> Cryptosporidium: 0 cysts (Queensland Water Supply Regulator).  If Cryptosporidium is detected in 
drinking water then the health authorities should be notified immediately and an investigation of the likely 
sources of contamination undertaken. 

> E. coli: <100 cfu/100mL 
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> Enterococci: <100 cfu/100mL 

> Blue green algae (cyanobacteria): <10000 cells/mL 

> Algal toxin: <1 µg/L Microcystin 

> Turbidity: <30 NTU 

> Colour: <35 TCU 

> pH: 6.5-8.0 

> Total hardness: <115mg/L 

> Conductivity: <300 µS/cm 

> Total dissolved solids: ADWG 2011 aesthetic guideline: <600 mg/L 

> Total organic carbon: <2 mg/L 

> Sodium: <25 mg/L 

> Sulfate: <4 mg/L 

> Dissolved oxygen: >80% saturation 

> Pesticides: <0.1 µg/L for individual compound, <1.0 µg/L combined total for all compounds  

Visual Recreation  

> Recreational water bodies should be aesthetically acceptable to recreational users. The water should 
be free from visible materials that may settle to form objectionable deposits; floating debris, oil, scum 
and other matter; substances producing objectionable colour, odour, taste or turbidity; and substances 
and conditions that produce undesirable aquatic life.  

Cultural and Spiritual Values 

> Protect or restore indigenous and non-indigenous cultural heritage consistent with relevant policies and 
plans.  

2.4 Water Quality Testing 
If the proposed stormwater treatment devices are modelled using MUSIC, detailed based on Healthy 
Waterways guidelines and constructed as detailed, then regular water quality monitoring during operation is 
not required.  However, to confirm compliance event based freshwater quality testing is to be conducted at 
least once a year at locations shown in Figure 1.  Regular water quality monitoring of the dam and at the WTP 
will be required for drinking water purposes.  Regular water quality monitoring at the STP will be required to 
ensure suitability for irrigation and re-use.   
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3   Stormwater Quality Objectives 

3.1 Construction Phase 
During the construction phase, the potential exists for significant increases in the amount of pollutants, 
particularly sediment, to be exported from the site.  An Erosion and Sediment Control Program (ESCP) will be 
required to be prepared for the site prior to construction.  

The ESCP must: 

> Be prepared by a suitably qualified and experienced professional; 

> Be consistent with current best management practice guidelines such as the IECA Best Practice Erosion 
and Sediment Control; 

> Prescribe non-structural controls where applicable, such as minimising the extent and duration of soil 
exposure, diversion of upstream catchments around disturbed areas, staging the works, identifying areas 
for protection and delaying clearing until construction works are imminent; 

> Include a maintenance schedule for ensuring ESC and stormwater infrastructure is maintained in effective 
working order; 

> Include an adaptive management program to identify and rectify non compliances and deficiencies in 
environmental performance; 

> Include contingency management measure for the site, for example to ensure ESC measures are effective 
at all times, particularly just prior to, during and after wet weather; 

> For each phase of works detail the types, location, sequence and timing of measures and actions to 
effectively minimise erosion, manage flows and capture sediment; 

> Be consistent with current best management practice standards, taking into account all environmental 
constraints including erosion hazard, season, climate, soil and proximity to waterways; 

> Be prepared to a sufficient standard and level of detail with supporting documentation; and 

> Include an effective monitoring and assessment program to identify, measure, record and report on the 
effectiveness of ESCs and the lawfulness of releases 

The release limits for stormwater captured in a sediment basin are not to exceed the following limits: 

> Total Suspended Solids (TSS):  50 mg/L 

> Turbidity (NTU): less than 10% above background 

> pH: 6.5 – 8.5 

No development, besides glamping on the western beach, is proposed within HEV areas.     

3.2 Operational Phase 
Stormwater Quality  

The water quality objectives for the stormwater quality treatment measures proposed throughout the 
development were sourced from State Planning Policy, July 2014, for the Central Queensland (north) climatic 
region.  They specify a minimum reduction in mean annual pollutant loads, when compared to an unmitigated 
catchment.  The water quality objectives for the post construction phase are: 

 75% reduction in Total Suspended Solids (TSS); 

 60% reduction in Total Phosphorus (TP); 

 35% reduction in Total Nitrogen (TN); and  

 90% reduction in Gross Pollutants (>5mm). 
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It should be noted that Mackay Regional Council has adopted a lower target of 35% removal of TN than 
required by other Councils in this climatic region.  A sensitivity analysis was conducted to determine the impact 
on sizing of treatment devices if a higher TN removal objective was targeted.   

Waterway stability management 

This objective is applicable if runoff from a site drains to or passes through natural channels, non-tidal 
waterways or wetlands.  As parts of the development is draining to a non-tidal waterway it is required to provide 
attenuation of peak discharges to match the existing case for the 63% Annual Exceedance Probability (AEP) 
event.   

It is considered that this objective will be satisfied by the Water Sensitive Urban Design (WSUD) measures 
proposed throughout the development, which will provide some attenuation of peak flows in minor storm 
events.    The upstream dam diversion will also reduce flows during minor events.  Outlets from WSUD devices 
will be designed to evenly disperse flow or will be provided with appropriate scour protection, so as to reduce 
the potential for scour of downstream waterways.   
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4 Stormwater Quality Management 

4.1 Existing Stormwater Management 
Vegetated swales located around the site currently provide some polishing of stormwater before it is 
discharged off site.  No other stormwater treatment measures, such as Gross Pollutant Traps (GPTs) are 
currently being provided.   

4.2 Proposed Stormwater Management 

4.2.1  Suitable Stormwater Treatment Devices  

4.2.1.1  Rainwater Harvesting 

The development is required to provide its own water supply via the existing dam.  In order to increase the 
reliability of this supply a number of measures are being implemented.  One of these measures is to use 
rainwater harvesting for pool top up and toilet flushing for villas, and provide a priority source of water at the 
WTP.  Rainwater harvesting has the added benefit of reducing the stormwater and associated pollutant load 
being discharged downstream, and improving waterway stability.  The estimated reduction in potable water 
demand from rainwater harvesting is 21.2 ML/year.  The following minimum tank volumes and contributing 
catchment areas will be provided: 

> 10kL for each villa, draining a minimum roof area of 100m2, with a pool surface area of 25m2.   

> 500kL for resort pools, draining a minimum roof area of 3500m2, with a pool surface area of 3000m2. 

> 350kL for additional rainwater harvesting near Water Treatment Plant (WTP), draining a minimum roof 
area of 6300m2. 

In order to further improve the reliability of the water supply as much roof area as practical should be directed 
to rainwater tanks.   

4.2.1.2  Revegetation/Buffer Areas 

A large proportion of the existing development is cleared for use as a golf course.  The majority of the proposed 
new development area will be located within these cleared areas and the golf course will be reduced in size.  
Revegetation around the proposed site with native vegetation will reduce the runoff and associated pollutant 
load. 

Vegetated buffer areas between waterways and development areas will be provided.  The paths around the 
development will be allowed to sheet flow to these buffer areas, avoiding the concentration of runoff.  

4.2.1.3  Vegetated Swales 

The continued use of vegetated swales throughout the site will reduce pollutant loads by slowing flow velocities 
and filtering pollutants.   

4.2.1.4  Bio-retention Gardens and Basins  

Bio-retention gardens treat stormwater runoff “at-source”, before it is discharged to the stormwater pipes.  They 
treat stormwater by allowing it to slowly percolate through the vegetated filtration media, where filtration, 
adsorption and some biological uptake occurs.   They are particularly suited to the removal of nutrients.  They 
are effective treatment devices in areas where the location of an end-of-line basin is impractical as they do not 
need as much vertical differentiation and can be integrated into the landscape design.  Bio-retention gardens 
can be accommodated “on-line”, i.e. with field inlets located within the garden area, or “off-line”, i.e. excess 
stormwater overflows to standard gully inlets located downstream of gardens.  If located “on-line” then 
additional depth above the field inlet is required so that ponding external to the garden area is minimised.  
Appropriate batters or edge treatments are required for safety purposes.  Alternatively, raised bio-retention 
gardens can be provided to treat excess runoff from roof water not directed to rainwater tanks. 

If the filter media depth is increased to a minimum of 0.8 metres then they can also be planted with trees.  The 
extended detention depth (EDD) provided in bio-retention gardens is generally less than provided for bio-
retention basins so as to allow for their integration into landscape areas at street level.  An EDD of 0.1m was 
assumed in the MUSIC modelling. 
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Bio-retention basins are similar to bio-retention gardens except that they are located end-of-line, are larger in 
area and have increased EDD (0.3m assumed in MUSIC modelling).  Coarse sediment forebays are required 
on the inlets, and measures to avoid damage to vegetation and filter media during high flows should be 
accommodated in the design.   Bio-retention basins require less overall area than bio-retention gardens due 
to their increased EDD and their reduced batter extents.   

Bio-retention gardens and basins should be planted with vegetation that is proven to be effective at reducing 
nutrients and tolerating periods of inundation.  During prolonged dry periods it may be necessary to irrigate 
with treated wastewater. 

Image 3 Bio-retention Garden in Central Median 

4.2.1.5  Constructed Wetlands 

Constructed wetlands are shallow, densely vegetated waterbodies that use sedimentation, filtration and 
biological uptake processes to treat stormwater.  Outlets are sized so that water is released slowly over a few 
days.  They require a variety of water depths and vegetation zones.  They provide habitat and potential storage 
of water for re-use.   

They typically require areas significantly larger than needed for bio-retention systems, but can be installed 
end-of-line in vertically constrained areas.  A GPT or sedimentation basin is often used to provide pre-treatment 
of flows entering the wetland and high flow bypasses are required so that damage to the wetland is avoided in 
major storm events. 

Due to the presence of rock at shallow depths the use of constructed wetlands for treatment of stormwater 
runoff may be more practical in relatively flat areas of the site, if excavation can be minimised.    

4.2.1.6  Litter Baskets 

Litter baskets are installed within field and gully inlets, capturing gross pollutants and sediment before they are 
discharged to the stormwater network.  Although not included in the MUSIC treatment train they should be 
considered in areas where high litter levels are likely.  They can be cleaned manually or by vacuum truck.   
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Image 4 Litter Basket 

4.2.1.7  Proprietary Treatment Devices 

There are numerous proprietary stormwater treatment devices available that can provide primary, secondary 
or tertiary treatment of stormwater using either mechanical or biological methods.  Some are able to treat 
stormwater to a high enough level to meet all stormwater pollutant removal targets.  They require less area 
than standard stormwater treatment devices and can be located at end-of-line without the need for significant 
vertical differentiation.  However, the cost and practicality of ongoing maintenance should be considered.  They 
might be appropriate for use in areas when standard bio-retention gardens or basins cannot be 
accommodated, or areas with specific pollutant loads, such as re-fuelling areas.   

Proprietary devices have not been included in the MUSIC treatment train.   

4.2.1.8  Porous Pavement 

Due to the presence of rock at shallow depths and the steepness of the majority of the site the use of porous 
pavement is not considered to be practical at this site.  However, it should be considered for use in low traffic, 
relatively flat areas where adequate underdrainage can be accommodated.   

4.2.2  Proposed Stormwater Treatment Devices 

MUSIC modelling (refer Section 5) has been conducted to determine the stormwater quality treatment devices 
required to meet pollutant load objectives.  The proposed stormwater treatment devices include: 

> Rainwater Harvesting: 

- 10kL for each villa, draining a minimum roof area of 100m2, with a pool surface area of 25m2.   

- 500kL for resort pools, draining a minimum roof area of 3500m2,  with a pool  surface area of  
3000m2. 

- 350kL for additional rainwater harvesting near Water Treatment Plant (WTP), draining a 
minimum roof area of 6300m2. 

> Vegetated Buffers for Paths to Villas;   

> Vegetated Swales maintained throughout site; 

> Treatment of runoff from remaining impervious areas (not directed to rainwater tanks) from Resort units, 
communal facilities and maintenance and service areas to following requirements: 

- Bio-retention Gardens within landscape areas with a minimum filter surface area equivalent to 
0.9% of the contributing catchment area.  Minimum filter depth of 0.4m and EDD of 0.1m 
assumed;   
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- Raised Bio-retention Gardens treating roof runoff not directed to tanks with a minimum filter 
surface area equivalent to 0.6% of the contributing catchment area.  Minimum filter depth of 
0.4m and EDD of 0.3m assumed; 

- End-of-line Bio-retention Basins with a minimum filter surface area equivalent to 0.6% of the 
contributing catchment area.  Minimum filter depth of 0.4m and EDD of 0.3m assumed; OR   

- Constructed Wetlands with a surface area equivalent to 5% of the contributing catchment area.  
Minimum detention time of 48 hours and EDD of 0.5m assumed.  Constructed wetlands will be 
provided with GPTs or sedimentation basins for pre-treatment.     

> Litter baskets or GPTs for areas with high levels of litter expected. 

> Proprietary Treatment devices where the use of standard WSUD is not suitable.    

The runoff from the runway and surrounding hardstand areas will be directed via grassed swales to stormwater 
treatment areas.  Underground spill containment storage be provided upstream of these treatment areas.   

The MUSIC modelling assumed that villa roof area not directed to rainwater tanks would be treated by buffer 
areas and grassed swales.  However, it is recommended that raised bio-retention gardens be provided for 
roofwater runoff not connected to tanks, particularly for villas located near waterways.  This option was not 
included in the MUSIC modelling.   

The outlets of all rainwater tanks and stormwater treatment devices will be designed to disperse flow to avoid 
scour and erosion.   

4.2.3  Stormwater Quality Management Strategies 

The prevention of pollution is the most effective means of reducing pollutant loads.  The following management 
strategies will be adopted on site: 

> Use of pesticides, herbicides or fertilisers throughout the development is to be avoided.  Appropriate 
landscaping will be used to minimise their requirements.  If necessary they are not to be applied during 
the wet season months of January to March and a buffer of at least 20 metres to all waterways is to be 
maintained.  Organic pesticide alternatives should be used if possible;  

> Application of irrigation water will occur in areas with appropriate buffers; 

> All potentially hazardous materials and waste (e.g. waste oils, batteries, fuels and chemical wastes etc.) 
shall be stored in separate containers located within a bunded and roofed hardstand area; 

> Refuelling areas will be bunded with a stormwater containment system to prevent discharge to soil or 
waterways.   

> A spill response procedure shall be established and implemented, and appropriate clean up equipment 
and materials shall be provided where any construction activities or waste storage activities are 
undertaken to prevent the contamination of stormwater; 

> Any stormwater captured within bunded areas used for the storage, refuelling or handling of fuels, waste 
or other hazardous materials shall be pumped out and disposed of at an appropriately licensed facility; 

> Regular inspections and maintenance shall be undertaken for stormwater drainage and treatment 
systems (refer Appendix C); 

> Runoff from golf course areas is to be directed towards vegetated buffer areas; 

> Monitoring of soil nutrient levels to prevent leaching of nitrogen and phosphates; 

> Monitoring of water quality throughout the development to identify potential non-compliances;   

> Bins will be provided around the development for the collection of litter and these will be regularly 
emptied; 

> Landscape maintenance measures will include collection of all garden litter for composting in controlled 
areas.  No disposal to waterways is to be allowed; 

> Staff training will include awareness of environmental issues; and 
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> Issues relating to stormwater quality will be recorded in the Environmental Incident Register, and 
appropriate actions will be taken.  

The catchment which discharges to the existing dam on the island is generally undisturbed, with some existing 
golf course area.  Consequently, the quality of the water in the dam is very good.  A restaurant and several 
villas are proposed within the dam catchment.  These will be provided with a high level of stormwater quality 
treatment.  Regular monitoring of the dam water quality will be carried out as part of the project to ensure 
appropriate quality is maintained. 

Best practice water quality treatment measures will be implemented and maintained at all times through the 
construction and operational phases.  A detailed Environmental Management Plan (EMP) will be prepared 
prior to any construction work commencing, detailing the proposed techniques to be employed around the 
study area.   
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5 Stormwater Quality Modelling

5.1 Summary 
The proposed development was modelled in MUSIC Version 6.1.0 based on 10 years of 6 minute rainfall data 
at Mackay M.O Station 33119 (1/1/1990 to 31/12/1999) was used for the analysis.  The MUSIC source nodes 
were based on the values for urban, rural residential, forest and commercial land uses, as outlined in the 
Mackay Regional Council MUSIC Guidelines – Version 1.1 2008 (Mackay Regional Council, 2008).  The 
adopted source nodes are summarised in Table 5-1 and 5-2. The upland soil typology node was used to define 
the rainfall-runoff characteristics, as this was considered to be characteristic of the soils encountered at the 
site.  The urban source nodes were used for the majority of the developed areas as these are recommended 
for use in residential developments with small areas of commercial use.   

MUSIC Rainfall Runoff Parameters  

Parameter Value 

Soil Typology Upland 

Rainfall threshold (mm) 1 

Soil storage capacity (mm) 200 

Initial storage (% capacity) 30

Field capacity (mm) 80

Infiltration capacity coefficient a 200 

Infiltration capacity exponent b 1 

Initial depth (mm) 10

Daily recharge rate (%) 0.5

Daily baseflow rate (%) 0.16

Daily deep seepage rate (%) 2 
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Mackay Pollutant Export Parameters 

Parameter Surface 
Type 

TSS Log10 Values TP Log10 Values TN Log10 Values 

Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Urban 

Baseflow 

Roof N/A N/A N/A N/A N/A N/A

Roads 1.00 0.34 -0.97 0.31 0.20 0.20 

Ground 1.00 0.34 -0.97 0.31 0.20 0.20 

Combined 1.00 0.34 -0.97 0.31 0.20 0.20 

Stormflow 

Roof 1.30 0.39 -0.89 0.31 0.26 0.23 

Roads 2.43 0.39 -0.30 0.31 0.26 0.23 

Ground 2.18 0.39 -0.47 0.31 0.26 0.23 

Combined 2.18 0.39 -0.47 0.32 0.26 0.23 

Commercial 

Baseflow 

Roof N/A N/A N/A N/A N/A N/A

Roads 0.78 0.39 -0.60 0.50 0.32 0.30 

Ground 0.78 0.39 -0.60 0.50 0.32 0.30 

Combined 0.78 0.39 -0.60 0.50 0.32 0.30 

Stormflow 

Roof 1.30 0.38 -0.89 0.34 0.25 0.34 

Roads 2.43 0.38 -0.30 0.34 0.37 0.34 

Ground 2.16 0.38 -0.39 0.34 0.37 0.34 

Combined 2.16 0.38 -0.39 0.34 0.37 0.34 

Rural Residential 

Baseflow Combined 0.53 0.24 -1.54 0.38 -0.52 0.39 

Stormflow Combined 2.26 0.51 -0.56 0.28 0.32 0.30 

Forest 

Baseflow Combined 0.51 0.28 -1.79 0.28 -0.59 0.22 

Stormflow Combined 1.90 0.20 -1.10 0.22 -0.075 0.24 
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5.2 Catchment Areas 
The site was broken down into different land use areas as shown in Figure 3.  The catchment parameters used 
in the MUSIC analysis are summarised in Table 5-3 and Table 5-4.  Two MUSIC models were set up: one that 
included only developed mainly impervious areas of the site for compliance with stormwater quality objectives 
(refer Table 5-3) and another that included the full extent of development, including bushland and golf course 
areas (refer Table 5-4).  The second model was set up to allow comparison to the existing pollutant loads.   

Proposed Developed Areas MUSIC Catchments 

Catchment Name Source Type Area 
(ha) Fraction Impervious 

Resort Roof to Tank Urban Roof 0.350 1.0 

Maintenance Roof to Tank Urban Roof 0.630 1.0 

Villa Roof to Tank Urban Roof 0.945 1.0 

Villa Roof Urban Roof 0.945 1.0

Villa Paths Urban Road 2.500 0.8

Resort Urban Combined 5.910 0.6

Resort d/s of Swale Urban Combined 2.810 0.6 

Maintenance Facilities Urban Combined 2.820 0.8

Runway Pavement Commercial Road 4.665 1.0



Lindeman Island Great Barrier Reef Resort Project 
Stormwater Management Plan and Water Balance Modelling 

Prepared for White Horse Australia Lindeman Pty Ltd Version 5 August 2016 
Lindeman SMP and Water Balance v2.docx Commercial in Confidence Page 21

Entire Site Existing and Developed Case MUSIC Catchments 

Catchment Name Source Type Area 
(ha) Fraction Impervious 

Entire Developed Site 

Resort Roof to Tank Urban Roof 0.350 1.0 

Maintenance Roof to Tank Urban Roof 0.630 1.0 

Villa Roof to Tank Urban Roof 0.945 1.0 

Villa Roof Urban Roof 0.945 1.0

Villa Paths Urban Road 2.500 0.8

Resort Urban Combined 5.910 0.6

Resort d/s of Swale Urban Combined 2.810 0.6 

Maintenance Facilities Urban Combined 2.820 0.8

Runway Pavement Commercial Road 4.665 1.0

Runway Grass Rural Residential 4.665 0.0

Golf Course Grassed Area Rural Residential 7.440 0.0 

Forest Forest 42.740 0.0

Entire Existing Site 

Resort Urban Combined 3.150 0.6

Resort d/s of Swale Urban Combined 2.810 0.6 

Maintenance Urban Combined 3.450 0.7

Runway Pavement Commercial Road 3.387 1.0

Runway Grass Rural Residential 7.903 0.0

Golf Course Rural Residential 14.960 0.0

Caretaker Rural Residential 1.840 0.15

Forest Forest 38.920 0.0

5.3 Treatment Devices 

5.3.1  Rainwater Tanks 

The rainwater tank demands were taken from the results of the GoldSim modelling.  The villa rainwater tanks 
are to be used for toilet flushing and pool top up; the resort tanks are to be used for pool top and the 
maintenance area tanks are be used as a source of water at the WTP.  Further detail is provided in Section 7.  
The rainwater demands were: 

> 14.0 ML/year, scaled on PET-rain for 189 10kL (total storage of 1890kL) villa rainwater tanks. 

> 6.3 ML/year, scaled on PET-rain for a 500kL resort rainwater tank.  This rainwater tank is to be divided 
proportionally between communal resort pools.   

> 21.2 kL/day (7.7ML/year) for additional rainwater harvesting from 350kL maintenance area tank.    

5.3.2  Buffer Areas 

Buffer areas were used to treat runoff from villa rooves and paths, as revegetation of cleared areas is proposed.  
It was assumed that they treated 100% of the upstream catchment and were equivalent to 50% of the upstream 
impervious area. 



Lindeman Island Great Barrier Reef Resort Project 
Stormwater Management Plan and Water Balance Modelling 

Prepared for White Horse Australia Lindeman Pty Ltd Version 5 August 2016 
Lindeman SMP and Water Balance v2.docx Commercial in Confidence Page 22

5.3.3  Vegetated Swale 

A 10 metre wide swale with 1 metre wide base, depth of 0.5m and a bed slope of 3 percent was used to 
represent the numerous grassed swales located throughout the development.   

5.3.4  Option 1 - Bio-retention Gardens 

Bio-retention gardens were modelled as being 0.9% of the contributing catchment with an EDD of 0.1m and a 
minimum filter depth of 0.4m.  The filter media and surface area were assumed to be equal.  The filter media 
was assumed to be sandy loam, with a saturated hydraulic conductivity of 200mm/hr, a TN content of 300 
mg/kg and an orthophosphate content of 20 mg/L.  The gardens were assumed to be vegetated with effective 
nutrient removal plants and the overflow weir width was assumed to be one tenth of the filter media area.   

5.3.5  Option 2 - Bio-retention Basins 

Bio-retention basins were modelled as being 0.6% of the contributing catchment with an EDD of 0.3m and a 
filter depth of 0.4m.  The filter media and surface area were assumed to be equal.  The filter media was 
assumed to be sandy loam, with a saturated hydraulic conductivity of 200mm/hr, a TN content of 300 mg/kg 
and an orthophosphate content of 20 mg/L.  The basins were assumed to be vegetated with effective nutrient 
removal plants and the overflow weir width was assumed to be one tenth of the filter media area.   

5.3.6  Option 3 - Constructed Wetland 

Constructed wetlands were modelled as being 5% of the contributing catchment with an EDD of 0.5m, a 
permanent pool volume equivalent to an average depth of 0.3m and an outlet sized to provide 48 hours of 
detention time.  GPTs or sedimentation basins should be provided on the inlets.    

5.3.7  Litter Baskets and GPTs 

No litter baskets, GPTs or proprietary devices were included in the MUSIC modelling.  However these should 
be considered for use in some areas.  

5.4 MUSIC Model Layout 
The MUSIC model layouts are shown in Image 5 and 6. 
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Image 5 Option 1 MUSIC Model Layout 
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Image 6 Entire Existing and Developed Case Sites MUSIC Model 
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5.5 MUSIC Results 

5.5.1  Pollutant Load Removal  

The results of MUSIC for the pollutant load analysis for the developed areas of the site are summarised in 
Table 5-5.  As demonstrated by this table, all treatment options meet the required pollutant load reduction 
targets.  The limiting pollutant is TN for all treatment options.   

MUSIC Results – Developed Areas 

Pollutant 

Pollutant Load  
(kg/year) 

% Pollutant Load Removed 

IN Option 1 
OUT 

Option  
1 

Option  
2 

Option  
3 

Water 
Quality 

Objective 

Flow (ML/year) 287 265 7.8 7.3 13.1 n/a 

Total Suspended Solids 71,300 11,200 84.3 83.6 90.1 75 

Total Phosphorus 134 45.3 66.1 65.5 70.1 60 

Total Nitrogen 711 454 36.2 36.4 36.1 35

Gross Pollutants 5,740 0 100 100 100 90

The concept stormwater management plan for the site, identifying the most appropriate options for various 
areas, is shown in Figure 4.   

If a higher TN removal rate of 40% is targeted then the treatment area is significantly increased.  For example, 
the bio-retention garden area for Option 1 increases from 0.9% to 1.3% of the contributing catchment areas.  
Larger bio-retention areas should be considered where possible on site.   

5.5.2  Comparison to Existing Case 

A comparison to the existing case stormwater pollutant loads and flows was conducted.  The results are shown 
in Table 5-6.  As demonstrated by this table, due to the stormwater re-use, stormwater treatment and proposed 
revegetation around the site the developed case pollutant loads are less than the existing case for all pollutants. 

MUSIC Results – Comparison to Existing Case Pollutant Loads 

Pollutant 

Pollutant Load  
(kg/year) 

Existing Case Developed Case 

IN OUT IN OUT 

Flow (ML/year) 454 454 542 520

Total Suspended Solids 101,000 51,300 109,000 36,900 

Total Phosphorus 134 91.5 171 85

Total Nitrogen 860 812 1,050 804

Gross Pollutants 3,310 633 5,740 0
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5.5.3  Average Annual Flow Comparison 

The MUSIC modelling (refer Table 5-6) predicted an increase in average annual flow of 88 ML/year due to the 
increased impervious area.  This reduced to 66 ML/year once rainwater tank demands were excluded.  The 
average annual results of GoldSim modelling for the existing and developed scenarios were added to the flow 
outputs.  The results are summarised in Table 5-7. Due to increased evaporation losses (due to diversion of 
additional runoff into the dam), the increase in runoff is further reduced to 58 ML/year.   

Average Annual Flows  

Pollutant 
Average Annual Flow (ML/year)

Dam
Overflow 

STP 
Overflow 

Diversion 
Catchment 

MUSIC 
Outflow TOTAL 

Existing Case 139.2 48.2 163.1 454 804.5
Developed Case No Dam  
Diversion 156.6 32.9 163.1 520 872.6

Developed Case With 
Diversion  
(Diversion Threshold 
6ML/day) 

219.5 31.5 91.5 520 862.5

Developed Case With 
Diversion  
(No Diversion Threshold) 

309.5 31.5 0 520 861.0

The same STP storages and irrigation rates were assumed for the existing and developed cases.  The GoldSim 
modelling had increased water demands, reduced irrigation demands and storage volumes than assumed in 
the MEDLI modelling, which showed that no STP overflows would be likely. 

The following observations are made in relation to Table 5-7: 

> Due to a reduction in water demand from the dam the average annual overflows are increased. 

> Due to reduced water demands and increased use of recycled water the volume of predicted overflow 
from the STP is significantly reduced.  This will have significant impacts on the potential nutrient loads 
discharged downstream.   

> Diverting the additional catchment area to the dam reduces downstream flows by around 10 ML/year 
due to increased evaporation losses.   
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6 Stormwater Quantity Modelling

6.1 Preliminary Detention Basin Sizing 
Preliminary detention basin sizing was conducted in accordance with the Queensland Urban Drainage Manual 
(QUDM, 2008).  The existing and developed case 63% and 1% AEP peak flows were calculated based on the 
Rational Method to determine the volume of storage required for each catchment shown in Figure 2.  To 
simplify the analysis the dam diversion was not included.  This will reduce the volume of detention storage 
required for catchment E.  The results are summarised in Tables 6-1 and 6-2.   

Rational Method Calculations 

Catchment 

Time of 
Con-

centration 
(min) 

Fraction Impervious 1% AEP Peak Flow 
(m3/s) 

63% AEP Peak Flow 
(m3/s) 

Existing 
Case 

Developed 
Case 

Existing 
Case 

Developed 
Case 

Existing 
Case 

Developed 
Case 

A 16.7 0.00 0.02 7.79 7.84 1.80 1.81

B 10.5 0.00 0.00 2.29 2.29 0.53 0.53

C 15.6 0.00 0.07 8.40 8.57 1.95 1.99

D 34.9 0.14 0.16 16.96 17.06 3.93 3.95 

E 41.6 0.05 0.09 46.03 46.55 10.61 10.73 

F 14.2 0.12 0.16 6.57 6.64 1.51 1.53

G 12.2 0.00 0.28 2.19 2.36 0.51 0.55

H 9.3 0.00 0.24 2.78 2.97 0.64 0.68

I 13.1 0.31 0.36 3.51 3.55 0.81 0.82

J 12.2 0.00 0.05 1.40 1.42 0.32 0.33

K 14.4 0.00 0.14 3.99 4.15 0.92 0.96

L 11.8 0.00 0.05 5.55 5.63 1.28 1.30

Preliminary Detention Basin Sizing 

Catchment 

Detention Storage Required 
(m3) 

Approximate 
Total 

Rainwater 
Tank Storage  

Likely Additional Stormwater Treatment 

1% AEP 63% AEP (m3)
A 60 14 110 Buffer strips and some bio-retention gardens 

B 0 0 0 n/a – camping sites 

C 210 49 350 Buffer strips and some bio-retention gardens 

D 260 60 180 Buffer strips and some bio-retention gardens 

E 1726 398 700 Mix of bio-retention gardens, bio-retention 
basins, grassed swales and wetland areas. 

F 82 19 130 Mix of bio-retention gardens, bio-retention 
basins, grassed swales and wetland areas 

G 170 39 260 Buffer strips and remaining roof and ground to 
bio-retention gardens 

H 141 32 180 Buffer strips and some bio-retention gardens 

I 48 11 360 Mix of bio-retention gardens and wetland areas. 

J 20 5 40 Buffer strips and some bio-retention gardens 

K 184 42 310 Buffer strips and some bio-retention gardens 

L 75 17 120 Buffer strips and some bio-retention gardens 
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The results from Table 6-2 show that the amount of rainwater tank storage being provided is significantly 
greater than the 63% AEP detention storage required for all catchments.  However, as the rainwater tanks 
may be full prior to the storm event occurring, it is recommended that an additional 20 percent storage be 
provided above the rainwater tank outlet, i.e. each 10kL tank for the villas should have a minimum size of 12kL, 
with 2kL above the outlet, for catchments where bio-retention or wetland devices are not being provided.  
Additional detention storage will also be provided by the bio-retention and wetland stormwater quality treatment 
devices provided throughout the site.   

The greatest volume of detention storage is required for catchment E.  However, as 27 hectares from this 
catchment will be diverted towards the dam, the flows from this catchment will be significantly reduced in the 
developed case. 
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7 Water Balance Modelling

7.1 Summary 
A water balance model was set up in GoldSim to determine the water demand for the site and likely reliability 
of supply.  The GoldSim model was set up based on 50 years of climate data from 1950 to 1999 for Lindeman 
Island, sourced from Queensland Government Department of Science, Information Technology and Innovation 
(DSITI) SILO program.  The GoldSim model was able to model the complex interactions between different 
water demands and flows.  It was also able to model the potential impact that reduced rainfall could have on 
the reliability of supply. 

7.2 Climate 
The Bureau of Meteorology (BoM) had a rainfall station (033042) in operation at Lindeman Island from 1950 
to 2011.  From 1993 until 1995 the rainfall station was not in operation.  For this period, SILO used surrounding 
rainfall stations to estimate the likely rainfall patterns.   

The average annual rainfall from at Lindeman Island between 1950 and 1999 was 1695mm/year.  The average 
evaporation is 1927mm/year. The average monthly breakdown in rainfall is shown in Image 7.  As shown by 
this graph, the wet season occurs between January and March and the dry season is between June and 
November.  The wettest year from the SILO data was 2974mm in 1936 and the driest year was 767mm in 
1902.  On average, in 1 in every 10 years, the yearly rainfall is greater than 2500mm or less than 1060mm.   

Image 7 Average Monthly Rainfall 

7.3 Existing Site Assumptions  
The existing dam has a catchment area of 43.57 hectares.  The area of the dam is 5.9 hectares, and it has a 
volume of 199.6ML at the spillway level of 51.33m AHD.  The stage storage relationship for the dam was 
calculated from survey and is shown in Table 7-1 below.  The dead storage level was assumed to be 20ML.   
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Existing Dam Stage Storage Relationship 
Level 

(mAHD) 
Volume 

(ML) 
Area 
(ha) 

43.00 0.3 0.12

44.00 2.7 0.35

45.00 7.7 0.72

46.00 17.5 1.28

47.00 33.5 1.95

48.00 57.7 2.84

48.50 72.9 3.24

49.00 90.1 3.65

49.50 109.4 4.07

50.00 130.8 4.51

50.25 142.4 4.74

50.50 154.5 4.97

50.75 167.3 5.21

51.00 180.6 5.56

51.25 194.9 5.80

51.33 199.6 5.85

The runoff from the dam was calculated using MUSIC, based on rainfall-runoff parameters recommended for 
upland soil types in the Mackay Regional Council MUSIC Model Guidelines (2008).  The catchment was 
assumed to be 14 percent impervious due to the dam surface area.  The resultant average annual runoff into 
the dam was calculated as 314 ML/year.  This is equivalent to an Annual Volumetric Runoff Co-efficient (AVRC) 
of 0.44.  If the catchment was assumed to be fully pervious then the AVRC would reduce to 0.36, or 257 
ML/year.  If regional rainfall-runoff relationships recommend by Boughton and Chiew (2007) for ungauged 
catchments were used then the expected runoff from a fully pervious catchment would be 239 ML/year.  The 
runoff volume estimate calculated from MUSIC was therefore considered to be reasonable.  Sensitivity testing 
on the runoff volume was also conducted.   

The water level in the existing dam and local rainfall has been recorded weekly by the island caretaker Darren 
Stuart for 21 weeks since the start of July.  In this period only 80mm of rain was recorded in relatively light 
events which would have been unlikely to result in runoff from the catchment.  The volume of water extracted 
from the dam was also recorded.  Using this data, and assuming a pan factor of 0.9, the typical seepage rate 
was able to be calculated.  The results of the analysis are summarised below.  The seepage rate was 
calculated as 0.4mm/day.   

> Days of record: 147 

> Recorded reduction in water level: 710mm 

> Increase in water level due to rainfall: 80mm 

> Reduction in water level due to extraction of 2.34ML: 42mm 

> Typical evaporation for time period: 759mm 

> Resultant pan evaporation: 683mm 

> Resultant seepage: 65mm (0.4mm/day) 

During the final year of operation of the existing resort, the water demand from the WTP was 103 ML.  This 
included pool top up and some irrigation of landscape areas.  The existing resort had on average 200 staff and 
485 guests (based on the last two months on operation only).  This is a water demand of 412 L/PP/day.   
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GoldSim modelling of the existing development, with a yearly demand of 103 ML showed that the existing dam 
ran dry during 7 times in the 50 year simulation.   

It is therefore necessary to significantly reduce demand and/or utilise alternative sources of water. 

7.4 Proposed Demands 

7.4.1  Equivalent Population 

The equivalent population (EP) for the proposed development with full occupancy was revised down from the 
originally proposed 1604 to 1493, which includes staff, guests and day visitors.  This was broken down into: 

> 320 staff 

> 617 villa guests 

> 556 hotel and day guests 

The final proposed EP for the development was calculated as 1478; however, as this was not significantly 
different to the previously assumed 1493, the higher number was adopted.  The breakdown in EP calculations 
is summarised in Table 7-2, which was supplied by the Water Supply and Sewerage team.   
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Water Supply Equivalent Populations 
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7.4.2  Occupancy 

To determine the likely fluctuation in occupancy over the year, typical occupancy rates were taken from the 
Queensland Government Destination Q website
(https://www.destq.com.au/squiznew/resources/research/statistics), which reports tourism statistics from the 
Australian Bureau of Statistics.  For the Whitsunday region, average occupancy for hotels and motels with 
over 15 rooms from 2002 to 2012 was: 

> January to March: 52.3% 

> April to June: 49.2% 

> July to September: 61.6% 

> October to December: 62.3% 

The peak period coincides with the driest period of the year.  100 percent occupancy was conservatively 
assumed for the peak period, with the occupancy scaled down in accordance with typical occupancy rates for 
the region.  The EP over the year was therefore assumed to be: 

> January to March: 1253 

> April to June: 1179 

> July to September: 1470 

> October to December: 1493 

The average EP is 1351. 

7.4.3  Water Demands 

The average water demand was assumed to be 285 L/EP/day based on required levels of service for Mackay 
Regional Council.  It was originally estimated that 45.6 ML/year will be required for irrigation based on irrigating 
11.4 hectares at 4 ML/ha/year.  This will be supplied by recycled water. This reduces the remaining water 
demand to 192.5 L/EP/day.  The split in water demands referenced the Healthy Waterways MUSIC Modelling 
Guidelines (2010).  For hotels and resorts with full water saving devices they recommend: 

> Laundry - 5 L/EP/day 

> Toilet – 25 L/EP/day 

> Kitchen – 13 L/EP/day 

> Bathroom – 94 L/EP/day 

> TOTAL – 137 L/EP/day 

The remaining demand (56 L/EP/day) was assumed to be for the communal areas of the resort.  This was 
assumed to be split 60:40 for potable and non-potable uses. 

The water demands listed above do not include the demand for pools.  There will be 189 pools for villas 
throughout the development (assumed to be 25m2 each) and communal resort pools with a total area of around 
3000m2.    The pools will be topped up via rainwater tanks and they will also be provided with backwash 
recycling tanks to reduce top-up demand.   

Each of the 189 villas will have a 10kL rainwater tank that will drain at least 100m2 of roof area.  The rainwater 
tank will be used for pool top up and toilet flushing.  The rainwater tanks will provide approximately 74.3 percent 
of the water demand.  If larger pools than specified are adopted, then the roof area and/or tank size should be 
increased.  Preliminary analysis found that a pool area of 40m2 would require a tank size of 20kL or a roof area 
of at least 180m2 in order to provide the same water yields for the villas. 

It was assumed that a minimum of 3500m2 of roof area would be directed to a 500kL rainwater tank for resort 
pool top up.  This would provide 49.4 percent of the resort pool water.  The rainwater tanks and roof area 
would be distributed proportionally for the numerous communal pool areas.  Additional top up for villa and 
resort tanks would be supplied by the WTP.   



Lindeman Island Great Barrier Reef Resort Project 
Stormwater Management Plan and Water Balance Modelling 

Prepared for White Horse Australia Lindeman Pty Ltd Version 5 August 2016 
Lindeman SMP and Water Balance v2.docx Commercial in Confidence Page 34

Recycled water will be used to irrigate golf courses and landscape areas.  A total of 11.4 hectares was 
assumed to be available for irrigation at a rate of 4ML/ha/year.  Recent MEDLI modelling has indicated that 
higher irrigation rates and more irrigation area is available.  The irrigation was scaled based on potential 
evapotranspiration.  No irrigation was applied if there had been more than 6mm of rainfall in the last 3 days.   

The majority of laundry uses will be conducted at communal facilities where recycled water will be able to be 
used.  It was therefore assumed that the incidental laundry demands of each villa would be supplied by potable 
water.  

An additional 350kL rainwater tank will be provided for roof area (from surrounding hangars and buildings) 
near the WTP.  This will direct roofwater as a first preference source to the WTP for treatment.  It was assumed 
that at least 6300m2 of roof area was available.   

The hotel, staff accommodation and communal facilities will have non-potable water demands (i.e. laundry, 
toilet flushing and washdown) supplied by recycled water.  The total recycled water demand (excluding 
irrigation) was calculated at 18.3 ML/year.  The recycled water network was not extended to all villas throughout 
the site as it the potential non-potable uses in these areas were not significant enough to justify the expense.   

All potable water demand for the site will be supplied by the WTP.   

Additional losses were allowed for in the water balance.  These included: 

> 10 kL/day for reservoir and distribution losses; 

> Splash and evaporation losses from pools.  As each pool will be provided with backwash recycling tanks, 
minimal backwash loss was assumed; and 

> Usage losses of 10 percent (i.e. internal water demand lost from system). 

The resultant total water demand for the site was 160.1 ML/year including irrigation and pool top up.  This is 
equivalent to a total water demand (including pool top up) of 325 L/EP/day.  Excluding irrigation (45.6 ML/year) 
this is equivalent to an average water demand of 232 L/EP/day.   

7.4.4  Proposed Water Conservation Measures 

The following water conservation strategies will be adopted throughout the site: 

> Water efficient fittings and appliances will be used; 

> Water saving showers to be installed in preference to baths and spas; 

> Community awareness programs will be run to encourage efficient use of water; 

> A 10kL rainwater tank will be installed at each villa which will be connected to a minimum roof area of 
100m2.  The rainwater tank will be used for pool top up and toilet flushing; 

> A 500kL rainwater tank (total combined size) for resort pool top up will be connected to 3500m2 of roof 
area;   

> A 350kL rainwater tank will be connected to a minimum of 6300m2 roof area surrounding the WTP.  This 
will be used as a first preference for water for the WTP;   

> Recycled water will be used for toilet flushing (communal areas and resort units), laundry, irrigation and 
washdown; and 

> Backflow recycling tanks will be used for all pools. 

7.5 Proposed Dam Diversion 
Preliminary analysis in GoldSim found that with the originally proposed EP of 1604 and the existing catchment 
area draining towards the dam that the dam would be empty for 4 to 5 dry seasons of the 50 year simulation.  
The months when this is likely to occur are September to January.  A reduction in EP and an increase in 
catchment area was therefore proposed in order to increase the reliability of supply.   

An additional 27 hectares will be diverted towards the dam.  This catchment area was added to the MUSIC 
model as a fully pervious additional catchment.  It was assumed that only low flows, less than 6ML/day, would 
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be diverted to the dam, with larger flows being directed down the existing drainage path.  The total dam 
diversion was 71.6 ML/year.  The total flow from this catchment area was 163.1 ML/year.   

The dam diversion channel will also change the stage-storage relationship, increasing the volume of the dam 
from 199.6 to 207.3 ML, as shown in Table 7-3.   

Revised Dam Stage Storage Relationship 
Level 

(mAHD) 
Volume 

(ML) 
Area 
(ha) 

43.00 0.3 0.12

44.00 2.7 0.35

45.00 7.7 0.72

46.00 17.5 1.28

47.00 33.5 1.95

48.00 58.1 2.94

48.50 74.0 3.40

49.00 92.1 3.87

49.50 112.7 4.35

50.00 135.6 4.83

50.25 148.0 5.08

50.50 161.0 5.34

50.75 174.7 5.59

51.00 189.0 5.95

51.25 204.2 6.20

51.33 207.3 6.25

7.6 GoldSim Model Setup 
The GoldSim model layout is shown below in Image 8.  As demonstrated by this image the interactions 
between flows around the site are complex.  
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Image 8 GoldSim Model Setup 

The flow interactions are shown in Image 9. 
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Image 9 GoldSim Flow Interactions 
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The GoldSim model player is shown in Image 10 below.  This will be able to be used by the operators of the 
resort to determine likely impacts of water management strategies on their water supply based on historical 
rainfall.   

Image 10 GoldSim Model Player 

7.7 GoldSim Results 
The resultant total water demand for the site was 160.1 ML/year including irrigation and pool top up.  This 
would be supplied on average by: 

> 75.0 ML/year from the dam 

> 21.2 ML/year from rainwater tanks  

> 18.3 ML/year from recycled water for non-potable internal demands 

> 45.6 ML/year from recycled water for irrigation 

This is equivalent to a total water demand (including pool top up) of 325 L/EP/day.  Excluding irrigation (45.6 
ML/year) this is equivalent to an average water demand of 232 L/EP/day.   

With the proposed water recycling, improved water efficiency and rainwater harvesting the demand from the 
dam has reduced from 103.0 to 75.0 ML/year.  Therefore the reliability of the water supply will be improved by 
the proposed development.  The dam had been known to run dry during the previous operation of the resort, 
which was confirmed by the results of the GoldSim modelling.   

With the reduced demands and dam catchment diversion the results of GoldSim modelling showed that the 
dam was unlikely to go empty during the 50 years of simulation.  If no additional tank is provided near the 
WTP, then the dam would go empty in 1 dry season in 50 years, with the average amount of water being 
extracted from the dam rising from 75.0 to 82.7 ML/year.   
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It should be noted that the assumed water demands for the GoldSim analysis are conservative are full 
occupancy has been assumed during the peak periods. 

The resultant average monthly water sources are provided in Table 7-4.  The lake history plot over the 
simulation period is shown in Image 11.   

Average Monthly Water Sources 

Month 

Average Source of Water (kL/day) 

Recycled Water 
for Irrigation 

Recycled Water 
for Internal Non 

Potable 

Rainwater 
Tanks Dam TOTAL 

Jan 154.2 47.5 77.6 177.6 456.9

Feb 113.1 42.7 86.0 142.5 384.2

Mar 99.2 47.5 80.9 165.4 393.1

Apr 76.8 43.3 65.5 160.0 345.6

May 62.4 44.5 60.3 166.9 334.1

June 63.7 43.3 49.9 173.5 330.3

July 75.6 55.3 47.0 230.0 407.9

Aug 100.3 55.3 39.8 243.4 438.7

Sept 144.1 54.1 23.9 264.0 486.2

Oct 189.9 56.5 23.0 281.0 550.5

Nov 215.4 54.7 36.8 262.0 568.9

Image 11 Lake History Plot 
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7.8 Impact of Climate Change 
The potential impacts of climate change in the Mackay Whitsunday region are summarised in the 2014-2021 
WQIP.  The climate change trends for the Mackay Whitsunday region include: 

> Increased atmospheric CO2; 

> Increases in average air temperatures, more hot days and fewer cold days. On a national basis, 
Australia’s climate has warmed by 0.9ºC, with more extreme heat and fewer cool extremes (Bureau of 
Meteorology and CSIRO 2014). Projections for the Mackay Whitsunday region show that average 
maximum temperatures may increase by 1ºC by 2030 and 2ºC by 2070 (RPS 2014); 

> Annual rainfall is not expected to change, however the intensity of extreme events is expected to 
increase (Hilbert et al. 2014). Projections for the Mackay Whitsunday region indicate baseline (1995) 1 
in 100 year rainfall events may occur every 70 years by 2030 and every 60 years by 2050 (RPS 2014); 

> The intensity (not frequency) of tropical cyclones is expected to increase (Hilbert et al. 2014); 

> Evapotranspiration is expected to increase in all seasons (Hilbert et al. 2014); 

> Wind speeds are expected to increase across eastern Australia (Hilbert et al. 2014); and 

> Sea levels will continue to rise, and the frequency and height of storm surges are expected to increase 
(Hilbert et al. 2014). 

Although the average annual rainfall is not expected to change, the increases in rainfall intensity during the 
wet season, likely reductions in rainfall intensity in dry seasons and increases in evapotranspiration indicate 
that an overall reduction in runoff is likely, and the reliability of the water supply will be decreased.  Increased 
evapotranspiration will also increase water demands.   

Due to the difficulties predicting the impact of climate change on rainfall and runoff patterns the sensitivity 
analysis assumed that rainfall (for rainwater tanks) and runoff was reduced by a global 20 percent.  The water 
demands were not changed.   

The results of the GoldSim analysis showed that if a reduction in rainfall and runoff of 20 percent was to occur 
then the dam would likely go empty 5 times during the 50 year simulation.  While this not a desirable outcome, 
the following measures could be adopted in the event that these changes to rainfall patterns eventuate: 

> Temporary reduction in occupancy rates during prolonged dry periods; 

> Community awareness programs to encourage reductions in water use; and 

> Install pool covers to reduce evaporation losses. 

It should be noted that the GoldSim modelling has assumed full occupancy during peak periods and it is likely 
that more roof area than assumed in the modelling will be able to be diverted to rainwater tanks.  Therefore 
the results of the analysis are conservative. 

The proposed development is well placed to handle the potential impacts of climate change due to the following 
reasons: 

> The use of recycled water provides an alternative source of supply that is not reliant on rainfall.  It is 
proposed to use recycled water for the majority of non-potable uses on site;   

> The proposed water demand from Gap Creek Dam is significantly less than the existing resort; and 

> The population at the resort is not permanent, and can be controlled if necessary during prolonged dry 
periods.
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7.9 STP Flows 
The STP storage was assumed to be 10ML, and no evaporation losses were allowed for as it will be a closed 
storage.  Based on an irrigation rate of 4ML/ha and irrigation area of 11.4 hectares the STP will overflow every 
wet season.  This is due to inflows being significantly greater than the recycled water and irrigation demands 
assumed in the GoldSim modelling.   

The non-potable water demand provided by recycled water was assumed to be 63.9 ML/year (18.3 ML/year 
for non-potable internal demands and 45.6 ML/year for irrigation).  The results of the GoldSim modelling 
showed that the average irrigation rate would need to be increased to 77 ML/year for there only to be overflow 
from the STP approximately once in every ten years.   

The detailed MEDLI modelling conducted for the site calculated that an irrigation rate of 67 ML/year would be 
possible and that this would result in no overflows from the STP.  The flows for this modelling were based on 
expected average occupancy rates, i.e. a maximum EP of 921.   

As highlighted in Table 5-7, the predicted STP discharges compared to the existing case are significantly 
reduced.   
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8 Conclusion 

It is proposed that the development of Lindeman Island be conducted in a way that protects the surrounding 
environment, which is the main asset of this development.  Development has been constrained so that it does 
not occur in areas mapped as being High Ecological Value.  The proposed stormwater treatment devices 
include: 

> Rainwater tanks 

> Vegetated buffer strips 

> Bio-retention gardens 

> Bio-retention basins 

> Constructed wetlands 

> GPTs and proprietary devices where suitable 

MUSIC modelling of the proposed stormwater treatment options has shown that pollutant load reduction 
targets can be achieved and that the pollutant loads will likely be less than from the existing site which is 
already developed.  Appropriate measures to control erosion and sediment will be required during the 
construction phase.   

The water balance modelling in GoldSim for the proposed development identified that additional sources of 
water were required for a reliable source of water.  The proposed water strategy for the site includes: 

> Diversion of an additional 27 hectares towards the dam; 

> Water efficient fittings and appliances will be used; 

> Water saving showers to be installed in preference to baths and spas; 

> Community awareness programs will be run to encourage efficient use of water; 

> A 10kL rainwater tank will be installed at each villa which will be connected to a minimum roof area of 
100m2.  The rainwater tank will be used for pool top up and toilet flushing; 

> A 500kL rainwater tank (total combined size) for resort pool top up will be connected to 3500m2 of roof 
area;   

> A 350kL rainwater tank will be connected to a minimum of 6300m2 roof area surrounding the WTP.  This 
will be used as a first preference for water for the WTP;   

> Recycled water will be used for toilet flushing (communal areas and resort units), laundry, irrigation and 
washdown; and 

> Backflow recycling tanks will be used for all pools. 

The resultant total water demand for the site was 160.1 ML/year including irrigation and pool top up.  This 
would be supplied on average by: 

> 75.0 ML/year from the dam 

> 21.2 ML/year from rainwater tanks  

> 18.3 ML/year from recycled water for non-potable internal demands 

> 45.6 ML/year from recycled water for irrigation 

This is equivalent to a total water demand (including pool top up) of 325 L/EP/day.   

With the proposed water recycling, improved water efficiency and rainwater harvesting the demand from the 
dam compared to the existing resort development has reduced from 103.0 to 75.0 ML/year.   

Due to the proposed recycling of water the STP flows compared to the existing resort have also been 
significantly reduced.   MEDLI modelling showed that if average occupancy rates are assumed then discharges 
to the ocean are unlikely.   
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Climate change may reduce the reliability of the water supply in the future.  However, the proposed 
development is well placed to handle the potential impacts of climate change due to the following reasons: 

> The use of recycled water provides an alternative source of supply that is not reliant on rainfall.  It is 
proposed to use recycled water for the majority of non-potable uses on site;   

> The proposed water demand from Gap Creek Dam is significantly less than the existing resort; and 

> The population at the resort is not permanent, and can be controlled if necessary during prolonged dry 
periods.  



Lindeman Island Great Barrier Reef Resort Project 
Stormwater Management Plan and Water Balance Modelling 

Prepared for White Horse Australia Lindeman Pty Ltd Version 5 August 2016 
Lindeman SMP and Water Balance v2.docx Commercial in Confidence Page 1

Stormwater Management Plan and 
Water Balance Modelling 

FIGURES 
Figure 1 Water Quality 

Figure 2 Stormwater Catchments 

Figure 3 MUSIC Model Land Use Areas

Figure 4 Conceptual Stormwater 
Treatment 



Figure 1
Water Quality

LEGEND

SHEET
Project No:

Client Name:

HRP15078

File P
ath:  O

:\H
R

P
15078\M

apInfo\S
M

P
 Figures

A3

Date: March 2016
Revision Number:

50 0 50 100 150

Metres

Scale: 1:5,000

White Horse Australia Lindeman Pty Ltd
Designed by:

"© 2016 Cardno (Qld) Pty Ltd All Rights Reserved.  Copyright in the whole and every part of this
drawing belongs to Cardno (Qld) Pty Ltd and may not be used, sold, transferred, copied or
reproduced in whole or in part in any manner or form or in or on any media to any person other
than by agreement with Cardno (QLD) Pty Ltd.

This document is produced by Cardno (Qld) Pty Ltd solely for the benefit of and use by the client
in accordance with the terms of the retainer. Cardno (Qld) Pty Ltd does not and shall not assume
any responsibility or liability whatsoever to any third party arising out of any use or reliance by any
third party on the content of this document.

Cardno (QLD) Pty Ltd | ABN 57 051 074 992
Level 11, North Tower, 515 St Pauls Terrace
Locked Bag 4006, Fortitude Valley QLD 4006
Tel:  07 3369 9822          Fax: 07 3369 9722

Lindeman Island
Great Barrier Reef
Resort Project

Stormwater Management
Plan



Figure 2
Stormwater Catchments
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Figure 3
MUSIC Land Use Areas
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Conceptual Stormwater
Treatment

SHEET
Project No:

Client Name:

HRP15078
A3

Date: January 2017
Revision Number:

50 0 50 100 150

Metres

Scale: 1:5,000

White Horse Australia Lindeman Pty Ltd
Designed by:

"© 2016 Cardno (Qld) Pty Ltd All Rights Reserved.  Copyright in the whole and every part of this
drawing belongs to Cardno (Qld) Pty Ltd and may not be used, sold, transferred, copied or
reproduced in whole or in part in any manner or form or in or on any media to any person other
than by agreement with Cardno (QLD) Pty Ltd.

This document is produced by Cardno (Qld) Pty Ltd solely for the benefit of and use by the client
in accordance with the terms of the retainer. Cardno (Qld) Pty Ltd does not and shall not assume
any responsibility or liability whatsoever to any third party arising out of any use or reliance by any
third party on the content of this document.

Cardno (QLD) Pty Ltd | ABN 57 051 074 992
Level 11, North Tower, 515 St Pauls Terrace
Locked Bag 4006, Fortitude Valley QLD 4006
Tel:  07 3369 9822          Fax: 07 3369 9722

Lindeman Island
Great Barrier Reef
Resort Project

Stormwater Management
Plan

Note: A safe harbour is no longer proposed. 

X



Lindeman Island Great Barrier Reef Resort Project 
Stormwater Management Plan and Water Balance Modelling 

Prepared for White Horse Australia Lindeman Pty Ltd Version 5 August 2016 
Lindeman SMP and Water Balance v2.docx Commercial in Confidence Page 1

Stormwater Management Plan and 
Water Balance Modelling 

APPENDIX A 
MASTERPLAN 



9

LINDEMAN ISLAND  |  GREAT BARRIER REEF RESORT & SPA  |  EIS_ MASTERPLAN CONCEPT  |  30th NOVEMBER 2016

1

2

3

4

67

8

9 10

10

11

12

16

16

16

17

17

17

17

13
15

5

1. SAFE HARBOUR - INDICATIVE LAYOUT AND

LOCATION

2. 5 STAR BEACHSIDE RESORT

(136 SUITES)

3. VILLAGE - RETAIL, CONFERENCE

AND BUSINESS CENTRE

4. VILLAGE - SPORT CENTRE

5. VILLAGE - STAFF ACCOMMODATION

AND AIRPORT LOUNGE

6. MAINTENANCE AND SERVICES

12

14

7. HANGARS

8. RUNWAY

9. GOLF COURSE

10. 6 STAR SPA RESORT (59 VILLAS)

11. HEALTH RETREAT AND DAY SPA

12. TOURIST VILLA PRECINCT

13. 5 STAR ECO RESORT (41 VILLAS)

14. GLAMPING PRECINCT (30 TENTS)

15. ROCK BAR

16. POTENTIAL SOLAR PV PANEL AREAS

17. MAPPED VEGETATION COMMUNITIES

2.4   INITIAL CONCEPT MASTERPLAN

KEY PLAN

50030020010025

0 5050 15050 250 400

W H I T E  H O R S E

X Note: A safe harbour is no longer proposed.



Lindeman Island Great Barrier Reef Resort Project 
Stormwater Management Plan and Water Balance Modelling 

Prepared for White Horse Australia Lindeman Pty Ltd Version 5 August 2016 
Lindeman SMP and Water Balance v2.docx Commercial in Confidence Page 2

Stormwater Management Plan and 
Water Balance Modelling 

APPENDIX B 
WATER QUALITY RESULTS 



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 5ES1605630

:: LaboratoryClient CARDNO (QLD) PTY LTD Environmental Division Sydney

: :ContactContact MR MICHAEL DELLA

:: AddressAddress LOCKED BAG 4006

FORTITUDE VALLEY QLD 4006

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone 3369 9822 :Telephone +61-2-8784 8555

NATA Accredited Laboratory 825

Accredited for compliance with 

ISO/IEC 17025.

:Project HRP15078 Date Samples Received : 15-Mar-2016 09:00

:Order number ---- Date Analysis Commenced : 15-Mar-2016

:C-O-C number ---- Issue Date : 21-Mar-2016 09:51

Sampler : ----

Site : ----

Quote number : ----

12:No. of samples received

12:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted.  

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

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

Quality Review and Sample Receipt Notification.

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

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Dian Dao Sydney Inorganics, Smithfield, NSW

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

:Client

ES1605630

HRP15078:Project

CARDNO (QLD) PTY LTD

General Comments

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

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

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

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

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

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

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

LOR = Limit of reporting

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

ø = ALS is not NATA accredited for these tests.

Key :

******Samples were originally received by ALS Mackay on 10/03/2016 @ °C, and forwarded to ALS Sydney for analysis.****l
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Work Order :

:Client

ES1605630

HRP15078:Project

CARDNO (QLD) PTY LTD

Analytical Results

LIND05LIND04LIND03LIND02LIND01Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

[07-Mar-2016][07-Mar-2016][07-Mar-2016][07-Mar-2016][07-Mar-2016]Client sampling date / time

ES1605630-005ES1605630-004ES1605630-003ES1605630-002ES1605630-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA010P: Conductivity by PC Titrator

179 155 709 265 462µS/cm1----Electrical Conductivity @ 25°C

EA025: Total Suspended Solids dried at 104 ± 2°C

<5 <5 <5 <5 <5mg/L5----Suspended Solids (SS)

EK055G: Ammonia as N by Discrete Analyser

0.02Ammonia as N <0.01 0.01 0.02 <0.01mg/L0.017664-41-7

EK057G:  Nitrite as N by Discrete Analyser

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

EK058G:  Nitrate as N by Discrete Analyser

0.05Nitrate as N 0.01 0.02 0.03 0.33mg/L0.0114797-55-8

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

0.05 0.01 0.02 0.03 0.33mg/L0.01----Nitrite + Nitrate as N

EK060G:Organic Nitrogen as N (TKN-NH3) By Discrete Analyser

0.8 0.4 0.6 0.4 0.4mg/L0.1----Organic Nitrogen as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

0.8 0.4 0.6 0.4 0.4mg/L0.1----Total Kjeldahl Nitrogen as N

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

0.8^ 0.4 0.6 0.4 0.7mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.05 0.04 0.04 0.06 0.06mg/L0.01----Total Phosphorus as P

EK071G: Reactive Phosphorus as P by discrete analyser

<0.01Reactive Phosphorus as P <0.01 <0.01 0.02 0.02mg/L0.0114265-44-2
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Work Order :

:Client

ES1605630

HRP15078:Project

CARDNO (QLD) PTY LTD

Analytical Results

LIND04LIND03LIND02LIND01LIND06Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

[09-Mar-2016][09-Mar-2016][09-Mar-2016][09-Mar-2016][07-Mar-2016]Client sampling date / time

ES1605630-010ES1605630-009ES1605630-008ES1605630-007ES1605630-006UnitLORCAS NumberCompound

Result Result Result Result Result

EA010P: Conductivity by PC Titrator

622 171 190 219 325µS/cm1----Electrical Conductivity @ 25°C

EA025: Total Suspended Solids dried at 104 ± 2°C

<5 <5 <5 <5 <5mg/L5----Suspended Solids (SS)

EK055G: Ammonia as N by Discrete Analyser

<0.01Ammonia as N <0.01 <0.01 <0.01 0.02mg/L0.017664-41-7

EK057G:  Nitrite as N by Discrete Analyser

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

EK058G:  Nitrate as N by Discrete Analyser

0.18Nitrate as N <0.01 <0.01 0.02 0.04mg/L0.0114797-55-8

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

0.18 <0.01 <0.01 0.02 0.04mg/L0.01----Nitrite + Nitrate as N

EK060G:Organic Nitrogen as N (TKN-NH3) By Discrete Analyser

0.4 0.6 0.3 0.6 0.2mg/L0.1----Organic Nitrogen as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

0.4 0.6 0.3 0.6 0.2mg/L0.1----Total Kjeldahl Nitrogen as N

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

0.6^ 0.6 0.3 0.6 0.2mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.03 0.03 0.02 0.04 0.03mg/L0.01----Total Phosphorus as P

EK071G: Reactive Phosphorus as P by discrete analyser

0.01Reactive Phosphorus as P <0.01 <0.01 <0.01 <0.01mg/L0.0114265-44-2
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Work Order :

:Client

ES1605630

HRP15078:Project

CARDNO (QLD) PTY LTD

Analytical Results

------------LIND06LIND05Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

------------[09-Mar-2016][09-Mar-2016]Client sampling date / time

------------------------ES1605630-012ES1605630-011UnitLORCAS NumberCompound

Result Result Result Result Result

EA010P: Conductivity by PC Titrator

190 378 ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA025: Total Suspended Solids dried at 104 ± 2°C

<5 <5 ---- ---- ----mg/L5----Suspended Solids (SS)

EK055G: Ammonia as N by Discrete Analyser

0.05Ammonia as N 0.03 ---- ---- ----mg/L0.017664-41-7

EK057G:  Nitrite as N by Discrete Analyser

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

EK058G:  Nitrate as N by Discrete Analyser

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

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

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

EK060G:Organic Nitrogen as N (TKN-NH3) By Discrete Analyser

0.2 0.4 ---- ---- ----mg/L0.1----Organic Nitrogen as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

0.3 0.4 ---- ---- ----mg/L0.1----Total Kjeldahl Nitrogen as N

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

0.3^ 0.4 ---- ---- ----mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

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

EK071G: Reactive Phosphorus as P by discrete analyser

0.02Reactive Phosphorus as P <0.01 ---- ---- ----mg/L0.0114265-44-2
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CE121708 R0ANALYTICAL REPORT

CE121708.001

Soil

21 Jun 2016

LIND 01

CE121708.002

Soil

21 Jun 2016

LIND 02

CE121708.003

Soil

21 Jun 2016

LIND 03

CE121708.004

Soil

21 Jun 2016

LIND 04

Parameter LORUnits

Sample Number

Sample Matrix

Sample Date

Sample Name

Total and Volatile Suspended Solids (TSS / VSS)     Method: AN114     Tested: 23/6/2016

Total Suspended Solids Dried at 103-105°C mg/L 5 <5 <5 6 <5

Ammonia Nitrogen by Discrete Analyser     Method: AN280     Tested: 27/6/2016

Ammonia Nitrogen, NH3 as N mg/L 0.005 0.009 <0.005 0.008 <0.005

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser     Method: AN248     Tested: 27/6/2016

Nitrate/Nitrite Nitrogen, NOx as N mg/L 0.005 0.037 0.085 0.041 0.029

Nitrate Nitrogen, NO3 as N mg/L 0.005 0.036 0.079 0.038 0.026

Nitrite  in Water     Method: AN277/WC250.312     Tested: 23/6/2016

Nitrite Nitrogen, NO2 as N mg/L 0.005 <0.005 0.006 <0.005 <0.005

TKN Kjeldahl Digestion by Discrete Analyser     Method: AN281     Tested: 22/6/2016

Total Kjeldahl Nitrogen mg/L 0.05 0.67 0.61 0.53 0.52

Total Nitrogen (calc) mg/L 0.05 0.71 0.70 0.57 0.55

Organic Nitrogen (calc) mg/L 0.05 0.66 0.61 0.52 0.51

Total Phosphorus by Kjeldahl Digestion DA in Water     Method: AN279/AN293     Tested: 22/6/2016

Total Phosphorus (Kjeldahl Digestion) mg/L 0.02 <0.02 0.04 0.06 0.05

Page 2 of 904-July-2016



CE121708 R0ANALYTICAL REPORT

CE121708.001

Soil

21 Jun 2016

LIND 01

CE121708.002

Soil

21 Jun 2016

LIND 02

CE121708.003

Soil

21 Jun 2016

LIND 03

CE121708.004

Soil

21 Jun 2016

LIND 04

Parameter LORUnits

Sample Number

Sample Matrix

Sample Date

Sample Name

Filterable Reactive Phosphorus (FRP)     Method: AN278     Tested: 23/6/2016

Filterable Reactive Phosphorus mg/L 0.005 <0.005 0.006 <0.005 0.019

Spectrometric Determination of Chlorophyll     Method: AN738     Tested: 27/6/2016

Chlorophyll a mg/L 0.002 0.013 <0.002 0.004 <0.002

Page 3 of 904-July-2016



CE121708 R0ANALYTICAL REPORT

CE121708.005

Soil

21 Jun 2016

LIND 06

Parameter LORUnits

Sample Number

Sample Matrix

Sample Date

Sample Name

Total and Volatile Suspended Solids (TSS / VSS)     Method: AN114     Tested: 23/6/2016

Total Suspended Solids Dried at 103-105°C mg/L 5 14

Ammonia Nitrogen by Discrete Analyser     Method: AN280     Tested: 27/6/2016

Ammonia Nitrogen, NH3 as N mg/L 0.005 0.011

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser     Method: AN248     Tested: 27/6/2016

Nitrate/Nitrite Nitrogen, NOx as N mg/L 0.005 0.070

Nitrate Nitrogen, NO3 as N mg/L 0.005 0.065

Nitrite  in Water     Method: AN277/WC250.312     Tested: 23/6/2016

Nitrite Nitrogen, NO2 as N mg/L 0.005 <0.005

TKN Kjeldahl Digestion by Discrete Analyser     Method: AN281     Tested: 22/6/2016

Total Kjeldahl Nitrogen mg/L 0.05 0.91

Total Nitrogen (calc) mg/L 0.05 0.98

Organic Nitrogen (calc) mg/L 0.05 0.90

Total Phosphorus by Kjeldahl Digestion DA in Water     Method: AN279/AN293     Tested: 22/6/2016

Total Phosphorus (Kjeldahl Digestion) mg/L 0.02 0.04
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CE121708 R0ANALYTICAL REPORT

CE121708.005

Soil

21 Jun 2016

LIND 06

Parameter LORUnits

Sample Number

Sample Matrix

Sample Date

Sample Name

Filterable Reactive Phosphorus (FRP)     Method: AN278     Tested: 23/6/2016

Filterable Reactive Phosphorus mg/L 0.005 0.009

Spectrometric Determination of Chlorophyll     Method: AN738     Tested: 27/6/2016

Chlorophyll a mg/L 0.002 0.008
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CE121708 R0
QC SUMMARY

MB blank results are compared to the Limit of Reporting

LCS and MS spike recoveries are measured as the percentage of analyte recovered from the sample compared the the amount of analyte spiked into the sample.

DUP and MSD relative percent differences are measured against their original counterpart samples according to the formula : the absolute difference of the two results divided 

by the average of the two results as a percentage. Where the DUP RPD is 'NA' , the results are less than the LOR and thus the RPD is not applicable. 

Ammonia Nitrogen by Discrete Analyser     Method: ME-(AU)-[ENV]AN280

MB DUP %RPD LCS 

%Recovery

Ammonia Nitrogen, NH3 as N LB037460 mg/L 0.005 <0.005 0 - 9% 100 - 102%

LORUnits   Parameter QC 

Reference

Filterable Reactive Phosphorus (FRP)     Method: ME-(AU)-[ENV]AN278

MB DUP %RPD LCS 

%Recovery

Filterable Reactive Phosphorus LB037397 mg/L 0.005 <0.005 0 - 2% 95%

LORUnits   Parameter QC 

Reference

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser     Method: ME-(AU)-[ENV]AN248

MB DUP %RPD LCS 

%Recovery

Nitrate/Nitrite Nitrogen, NOx as N LB037444 mg/L 0.005 <0.005 0 - 6% 103 - 105%

LORUnits   Parameter QC 

Reference

Nitrite  in Water     Method: ME-(AU)-[ENV]AN277/WC250.312

MB DUP %RPD LCS 

%Recovery

Nitrite Nitrogen, NO2 as N LB037386 mg/L 0.005 <0.005 0 - 3% 103 - 106%

LORUnits   Parameter QC 

Reference

TKN Kjeldahl Digestion by Discrete Analyser     Method: ME-(AU)-[ENV]AN281

MB DUP %RPD LCS 

%Recovery

Total Kjeldahl Nitrogen LB037359 mg/L 0.05 <0.05 4% 93%

LORUnits   Parameter QC 

Reference

Total and Volatile Suspended Solids (TSS / VSS)     Method: ME-(AU)-[ENV]AN114

MB DUP %RPD LCS 

%Recovery

MS 

%Recovery

Total Suspended Solids Dried at 103-105°C LB037379 mg/L 5 <5 0% 101% 96%

LORUnits   Parameter QC 

Reference
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CE121708 R0
QC SUMMARY

MB blank results are compared to the Limit of Reporting

LCS and MS spike recoveries are measured as the percentage of analyte recovered from the sample compared the the amount of analyte spiked into the sample.

DUP and MSD relative percent differences are measured against their original counterpart samples according to the formula : the absolute difference of the two results divided 

by the average of the two results as a percentage. Where the DUP RPD is 'NA' , the results are less than the LOR and thus the RPD is not applicable. 

Total Phosphorus by Kjeldahl Digestion DA in Water     Method: ME-(AU)-[ENV]AN279/AN293

MB DUP %RPD LCS 

%Recovery

Total Phosphorus (Kjeldahl Digestion) LB037359 mg/L 0.02 <0.02 0% 98%

LORUnits   Parameter QC 

Reference
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CE121708 R0

METHOD METHODOLOGY SUMMARY

METHOD SUMMARY

Total Suspended and Volatile Suspended Solids: The sample is homogenised by shaking and a known volume is 

filtered through a pre-weighed GF/C filter paper and washed well with deionised water. The filter paper is dried and 

reweighed. The TSS is the residue retained by the filter per unit volume of sample . Reference APHA 2540 D. 

Internal Reference AN114

AN114

Nitrate / Nitrite by Auto Analyser: In an acidic medium, nitrate is reduced quantitatively to nitrite by cadmium metal. 

This nitrite plus any original nitrite is determined as an intense red-pink azo dye at 540 nm following diazotisation 

with sulphanilamide and subsequent coupling with N-(1-naphthyl) ethylenediamine dihydrochloride. Reference 

APHA 4500-NO3- F.

AN248

Nitrite ions, when reacted with a reagent containing sulphanilamide and N-(1-naphthyl)-ethylenediamine 

dihydrochloride produce a highly coloured azo dye that is measured photometrically at 540nm.

AN277/WC250.312

Filterable Reactive Phosphorus by DA (determined on filtered sample): Orthophosphate reacts with ammonium 

molybdate (Mo VI) and potassium antimonyl tartrate   (Sb III) in acid medium to form an 

antimony-phosphomolybdate complex.  This complex is subsequently reduced with ascorbic acid to form a blue 

colour and the absorbance is read at   880 nm.  The sensitivity of the automated method is 10-20 times that of the 

macro method.  Reference APHA 4500-P F

AN278

The sample is digested with Sulphuric acid, K2SO4 and CuSO4. All forms of phosphorus are converted into 

orthophosphate. The digest is cooled and placed on the discrete analyser for colorimetric analysis.

AN279/AN293

A filtered water sample containing ammonia (NH3) or ammonium cations (NH4+) is reacted with alkaline phenol 

and hypochlorite in a buffered solution to form the blue indophenol colour . The absorbance is measured at 630nm 

and compared with calibration standards to obtain the concentration of ammonia in the sample.

AN280

An unfiltered water or soil sample is first digested in a block digestor with sulfuric acid, K2SO4 and CuSO4. The 

ammonia produced following digestion is then measured colourimetrically using the Aquakem 250 Discrete 

Analyser. A portion of the digested sample is buffered to an alkaline pH , and interfering cations are complexed. 

The ammonia then reacts with salicylate and hypochlorite to give a blue colour whose absorbance is measured at 

660nm and compared with calibration standards. This is proportional to the concentration of Total Kjeldahl Nitrogen 

in the original sample.

AN281

A known volume (up to 1 litre) of sample is filtered onto a glass fibre filter (Whatman GFC 4mm) and the filter is 

then macerated and extracted in a 90% aqueous acetone solution to recover the phytoplankton pigments. The 

sample is then left refrigerated (4oC) for a minimum of 2 hours (usually overnight), centrifuged and the extract 

read directly at 664, 647, 630 and 750nm. The extract is acidified and re-read at 665 and 750nm. Absorbances are 

read directly and the chlorophyll forms calculated from these results.

AN738
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CE121708 R0

Samples analysed as received.

Solid samples expressed on a dry weight basis.

Where "Total" analyte groups are reported (for example, Total PAHs, Total OC Pesticides) the total will be calculated as the sum of the individual 

analytes, with those analytes that are reported as <LOR being assumed to be zero. The summed (Total) limit of reporting is calcuated by summing 

the individual analyte LORs and dividing by two. For example, where 16 individual analytes are being summed and each has an LOR of 0.1 mg/kg, 

the "Totals" LOR will be 1.6 / 2 (0.8 mg/kg). Where only 2 analytes are being summed, the " Total" LOR will be the sum of those two LORs.

Some totals may not appear to add up because the total is rounded after adding up the raw values.

If reported, measurement uncertainty follow the ± sign after the analytical result and is expressed as the expanded uncertainty calculated using a 

coverage factor of 2, providing a level of confidence of approximately 95%, unless stated otherwise in the comments section of this report.

Results reported for samples tested under test methods with codes starting with ARS -SOP, radionuclide or gross radioactivity concentrations are 

expressed in becquerel (Bq) per unit of mass or volume or per wipe as stated on the report. Becquerel is the SI unit for activity and equals one 

nuclear transformation per second.

Note that in terms of units of radioactivity:

a. 1 Bq is equivalent to 27 pCi

b. 37 MBq is equivalent to 1 mCi

For results reported for samples tested under test methods with codes starting with ARS -SOP, less than (<) values indicate the detection limit for 

each radionuclide or parameter for the measurement system used. The respective detection limits have been calculated in accordance with ISO 

11929.

The QC criteria are subject to internal review according to the SGS QAQC plan and may be provided on request or alternatively can be found here : 

http://www.sgs.com.au/~/media/Local/Australia/Documents/Technical Documents/MP-AU-ENV-QU-022 QA QC Plan.pdf

This document is issued, on the Client 's behalf, by the Company under its General Conditions of Service available on request and accessible at 

http://www.sgs.com/en/terms-and-conditions. The Client's attention is drawn to the limitation of liability, indemnification and jurisdiction issues 

defined therein.

Any other holder of this document is advised that information contained hereon reflects the Company 's findings at the time of its intervention only 

and within the limits of Client's instructions, if any. The Company's sole responsibility is to its Client and this document does not exonerate parties to 

a transaction from exercising all their rights and obligations under the transaction documents.

This report must not be reproduced, except in full.

IS

LNR

*

**

Insufficient sample for analysis.

Sample listed, but not received.

NATA accreditation does not cover the 

performance of this service.

Indicative data, theoretical holding time exceeded.

FOOTNOTES

LOR

↑↓

QFH

QFL

-

NVL

Limit of Reporting

Raised or Lowered Limit of Reporting

QC result is above the upper tolerance

QC result is below the lower tolerance

The sample was not analysed for this analyte

Not Validated
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MAINTENANCE GUIDELINES 

Construction Phase 

During the construction phase management of suspended sediment is the main objective of stormwater quality 
management.  A detailed ESCP will be required for each stage of works.  This will detail measures such as: 

> Staged clearance and construction to minimise exposed areas, particularly during the wet season. 

> Diversion of upstream catchment. 

> Appropriate erosion control measures. 

> Regular maintenance and monitoring of erosion control measures. 

> Revegetation of cleared areas. 

For the construction of stormwater quality control measures, reference to the Construction and Establishment 
Guidelines: Swales, Bio-retention Systems and Wetlands (Healthy Waterways, 2010), should be made.  
Detailed sign-off forms provided with these guidelines are to be followed for all stages of bio-retention and 
wetland construction. 

It is recommended that bio-retention basins and wetlands be used as temporary sedimentation basins during 
the construction phase. 

Operational Phase 

The conceptual water quality treatment proposed for the Lindeman Island development includes the use of 
bio-retention basins and gardens and wetlands.  This appendix provides an overview of their maintenance 
requirements.  Proprietary devices should follow manufacturer’s guidelines for maintenance.   

Detailed maintenance procedures and checklists as provided by Maintaining Vegetated Stormwater Assets
(Healthy Waterways, 2012) should be adhered to.   

Frequency 

Routine inspections and maintenance of bio-retention basins and gardens should be undertaken every 4 
months during the dry season and every 2 months during the wet season.  Wetlands should be inspected and 
maintained every 3 months during the dry season and every month during the wet season.  Ideally each asset 
should be inspected at least once a year immediately after a rainfall event (>50mm/day).  Buffer strips around 
villa pathways should be inspected every 4 months. 

Inspection and Maintenance Requirements 

The requirements of the inspection and maintenance shall include the following: 

> Repairing erosion; 

> Unblocking inlets and outlets; 

> Removing sediment 

> Removing litter and debris; 

> Managing mosquitoes; 

> Managing high or low water levels in a wetland; 

> Responding to a paint or fuel spill; and 

> Replanting. 
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Further detail of maintenance requirements are provided in Maintaining Vegetated Stormwater Assets (Healthy 
Waterways, 2012). 

Data Collection/ Storage Requirements 

Inspection records will be required for comparison of the performance of the system.  In order to assist this 
process it is proposed that the checklists prepared by Healthy Waterways be adopted for the site.  Copies of 
the completed checklist are to be kept on site and provided to MRC when requested. 

Rectification Works 

If stormwater treatment devices are underperforming and need rectification this should be carried out in 
accordance with Rectifying Stormwater Assets (Healthy Waterways, 2012).   
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