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SUMMARY 

Gilbert & Sutherland Pty Ltd (G&S) was commissioned by GTH 

Resorts No. 20 Pty Ltd, (‘Gemlife’) to prepare an Integrated 

Stormwater Quality and Quantity assessment for consideration by 

the Department of Planning, Housing and Infrastructure (DPHI) to 

modify the Major Project (‘Concept Plan’) Approval No. 08_0234.  

The proposed modification to the Concept Plan Approval seeks to 

retain the approved ‘Retirement Living’ land use over the subject 

site while removing the building footprint and layout shown on a 

series of the approved plans. The proposed removal of the building 

footprints is intended to provide flexibility in the final design of the 

development to be assessed as part of a subsequent application to 

Council.  

The proposed modification will not change to approved density of 

the development or building height. The application will introduce 

development requirements that will inform future building footprints 

to ensure a similar built form outcome. 

Stormwater quality assessment 

This integrated assessment of stormwater quality and quantity 

requirements (herein an ‘SWA’) provides a stormwater quality 

assessment in accordance with: 

 Tweed Shire Council’s (TSC) Development Design 

Specification, D7, ‘Stormwater Quality’ (D7); 

 Healthy Waterways, Water Sensitive Urban Design Technical 

Guidelines dated June 2006;  

 Water By Design Healthy Waterways Bioretention Technical 

Design Guidelines (2014); and 

 Water by Design ‘MUSIC Modelling Guidelines – Consultation 

Draft, Version 3 – 2018’ (WBD 2018) 

This report presents conceptual stormwater quality treatment 

proposals based on the adoption of proprietary devices or 

bioretention systems. Both strategies demonstrate that, with 

provision of suitable devices, the development can meet the 

pollutant load reduction targets required by TSC’s Development 

Design Specification D7. 
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The final treatment strategy for the site will be based on detailed 

design and may not be limited to these options alone. Should 

alternative strategies become apparent during the planning and 

design process, or if detailed design indicates that some devices 

are impracticable, alternative treatment trains will be assessed, 

designed and proposed as part of the future Development 

Application for this site. 

Stormwater quantity assessment 

This SWA provides a conceptual assessment of peak flows in 

accordance with: 

 TSC Development Design Specification, D5, ‘Stormwater 

Drainage Design’ (D5); and 

 Australian Rainfall & Runoff 2019 guideline (ARR 2019). 

Stormwater quantity will be managed across the site with adequate 

on-site detention where required to ensure no increase in peak 

flows and water depths at discharge points for all storm events up to 

and including the 1% Annual Exceedance Probability (AEP) event 

(formerly 100 years ARI). Further details on flood mitigation and 

management strategies as part of the future Development 

Application. 

The site’s stormwater management approach maintains the existing 

Lawful Points of Discharge (LPODs) — located at the north, south, 

and eastern perimeters of the development. Peak flows will be 

mitigated and discharged at each LPOD consistent with existing 

conditions. Preliminary investigations indicate sufficient downstream 

capacity to receive flows at all LPODs; however, detailed capacity 

assessments and further downstream analyses will be undertaken 

as part of the detailed design phase. These assessments will seek 

to confirm the adequacy of the downstream stormwater network and 

ensure compliance with applicable requirements.  
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GLOSSARY 

TERM MEANING 

Australian Height 

Datum (AHD) 

National reference for relative height measurement in Australia. 

(AEP) Annual 

Exceedance 

Probability 

The probability of a defined event size occurring with a year, such as 

rainfall. 

Average Recurrence 

Interval (ARI) 

The average or expected length of time between exceedances of a 

given variable, such as rainfall. 

Catchment The area above a given point which contributes to the runoff.  

Clay Very fine-grained sediment or soil (often defined as having a particle 

size less than 0.002 mm, or 2 microns, in diameter). 

Groundwater The water contained in interconnected pores located below the 

watertable in an unconfined aquifer or located in a confined aquifer. 

Sand Sediment composed of particles within the size range 63 microns to 

2 millimetres. 

Sediment Unconsolidated, fine-grained material (typically derived from the 

weathering of rocks), that is transported by water and settles on the 

floor of seas, rivers streams and other bodies of water. 

Sub-catchment A smaller area within a catchment drained by one or more tributaries 

of the main water body. 

Suspended Solids 

(SS) 

The concentration of filterable particles in water (retained on a 1.2µm 

filter) and reported by volume (mg/L). 

Total Nitrogen (TN) Total nitrogen is the sum of the nitrogen present in all nitrogen-

containing components in the water column. The nutrients, nitrogen 

and phosphorus are essential for plant growth. High concentrations 

indicate potential for excessive weed and algal growth. 

Total Phosphorus 

(TP) 

Total phosphorus is the sum of the phosphorus present in all 

phosphorus-containing components in the water column. The 

nutrients, nitrogen and phosphorus are essential for plant growth. 

High concentrations indicate potential for excessive weed and algal 

growth. 
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1 Introduction 

Gilbert & Sutherland Pty Ltd (G&S) was 

commissioned by GTH Resorts No. 20 Pty Ltd, 

(‘Gemlife’) to prepare an Integrated Stormwater 

Quality and Quantity assessment for 

consideration by the Department of Planning, 

Housing and Infrastructure (DPHI) to modify the 

Major Project (‘Concept Plan’) Approval No. 

08_0234 for the Marana Street development. 

The site is located at Marana Street, Bilambil 

Heights NSW 2486 (formally described as Lot 

32//DP1085109.The site location is shown on 

Drawing No 12349.001 (Appendix 1).  

The Major Project Approval No. 08_0234 was 

originally issued on 29 June 2010, with two 

subsequent modifications approved on 4 April 

2018 (Mod 1) and 31 October 2022 (Mod 2). The 

proposed modification to the Concept Plan 

Approval seeks to retain the approved ‘Retirement 

Living’ land use over the subject site while 

removing the building footprint and layout shown 

on a series of the approved plans. The proposed 

removal of the building footprints is intended to 

provide flexibility in the final design of the 

development to be assessed as part of a 

subsequent application to Council. 

1.1 Proposed development 

The proposed modification will not change to 

approved density of the development or building 

height. The application will introduce development 

requirements that will inform future building 

footprints to ensure a similar built form outcome.  

In summary, the proposed modified development 

provides for an outcome that: 

 Retain the approved density of development 

at no more than 195 dwellings, plus 

community facilities 

 Introduce consistent maximum building height 

provision of 13.6m and 4 storeys 

 Introduce design parameters on the site that 

will facilitate a similar built form and building 

setbacks 

 Continue to facilitate the development of the 

site for a retirement living/seniors housing 

land use 

 Maintain access to the site from Marana 

Street. 

The proposed changes to Precinct B will not 

impact on the current description of the approval. 

It is also acknowledged a separate modification 

application (Bilambil Heights Concept Plan 

Modification 3) is currently with the Department 

for approval. That application acknowledges there 

will continue to be 195 dwellings on Precinct B 

and therefore this change does not impact on that 

modification application. 

1.2 Scope of report 

This integrated assessment of stormwater quality 

and quantity requirements (herein an ‘SWA’) 

provides a stormwater quality assessment that 

incorporates the requirements of the following 

documents where appropriate and practicable; 

 Tweed Shire Council’s (TSC) Development 

Design Specification, D7, ‘Stormwater Quality’ 

(D7); 

 Healthy Waterways, Water Sensitive Urban 

Design Technical Guidelines dated June 2006 

(WSUD 2006);  

 Water By Design Healthy Waterways 

Bioretention Technical Design Guidelines 

(WBD 2014); and 

 Water by Design ‘MUSIC Modelling 

Guidelines – Consultation Draft, Version 3 – 

2018’ (WBD 2018) 

In addition to the assessment of stormwater 

quality treatment requirements, this SWA 
provides an assessment of peak flows and 

detention requirements incorporating the 

requirements of the following documents where 

appropriate and practicable: 
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 TSC Development Design Specification, D5, 

‘Stormwater Drainage Design’ (D5); and 

 Australian Rainfall & Runoff 2019 guideline 

(ARR 2019). 

This report is divided into sections dealing with: 

 a description of the physical characteristics of 

the site, 

 an assessment of the site’s stormwater quality 

management requirements, 

 an assessment of the developments peak 

flow and stormwater detention requirements. 
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2 Site description 

2.1 Site location 

The Marana St site is located in New South Wales 

just south of the border with Queensland and 

approximately 10km south-west of Tweed Heads 

in the township of Bilambil Heights. The site 

comprises Lot 32//DP1085109 as shown on 

Drawing No. 12349.001 (Appendix 1).  

With an area of approximately 6.96 ha the 

development is characterised as gently inclined 

with elevations ranging from 137m to 161m 

Australian Height Datum (AHD). 

It is noted that Concept Approval CP0_0234 also 

encompasses the following parcels under 

separate ownership: 

 Lots owned by Greenland Development Pty 

Ltd being Lots 33 on DP1085109, Lot 31 on 

DP850230, Lot 2 on DP867486 and Lot 4 on 

DP822786; 

 Lots owned by Tweed Shire Council 

specifically Lot 1 on DP1033810, Lot 1 on 

DP1033811 and Lot 1 on DP595529); and 

 Crown Road separating Lot 2 on DP867486, 

Lot 33 on DP1085109 and Lot 2 on 

DP555026. 

These land parcels are separate and excluded 

from this application. 

2.2 Catchment description 

The site straddles a ridge with two high points 

within the lot boundary. The site is bordered by 

private, residential properties to the North, East 

and South, and forms part of the old Terranora 

Lakes Golf Course to the West. The Northern 

boundary of the site is bordered by private 

residences along McAlisters Rd and the Southern 

boundary by private residences along Marana St. 

The majority of the site is sloped towards the 

North (McAlisters Rd) with a small portion in the 

 
1 Soil landscapes of the Murwillumbah – Tweed Heads 
1:100,000 Sheet, NSW Department of Land & Water 
Conservation, Morand D.T. 1996. 

South-Eastern part of the property sloped towards 

the South (Marana St). 

2.3 Vegetation 

The proposed development has been cleared of 

native vegetation for a golf course as shown on 

the aerial photograph in Drawing No. 12349_002, 

included in Appendix 1.  

2.4 Geology 

A review of the Geological Survey of Queensland 

Geology, 1:100,000 series – Murwillumbah sheet 

indicates that the site is underlain by the rock unit 

Tertiary Kyogle basalt. Kyogle basalt typically 

comprises greenish hawaiite with minor alkali 

olivine basalt and basanite and rare tholelitic 

basalt. 

2.5 Soil landscapes 

Soils in the region have been mapped and 

described in the ‘Soil landscapes of the 

Murwillumbah – Tweed Heads 1:100,000 Sheet’1 

(Morand 1996). The relevant section is shown on 

Drawing No. 12349_003, included in Appendix 1. 

This mapping indicates that the development area 

is predominantly within the Disturbed (xx) 

landscape and partially within Carool (Ca). 

The Carool Landscape is described as follows: 

Carool Landscape – rolling hills on 

Tertiary basalt caps which overlie hills of 

the Burringbar (bu) and Billinudgel (bi) soil 

landscapes. Overall relief is 200-250m, 

local relief 50-150; elevation 100-300 m; 

slopes 15-30%. Benching is characteristic. 

Ridges and crests are narrow (50-100m). 

Extensively cleared closed-forest 

(rainforest) and open-forest (wet 

sclerophyll). 

The Disturbed Landscape is described as follows: 

Disturbed Landscape – made land varying 

from level plains to undulating terrain which 

has been disturbed by human activity to a 

depth of at least 100 cm. The original soil 
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has been removed, greatly disturbed or 

buried. The original vegetation has been 

completely cleared. 

The general soil profile over the site was described 

by Morand as friable clays overlying light medium 

to medium heavy clays or sandy clays.  

Morand indicates that the topsoils are likely to have 

low to moderate erodibility (K=0.006) while the 

subsoils may have a very high erodibility (K=0.065 

to 0.067). 

These results indicate that the soils would be 

classified as ‘Type D’ soils in accordance with 

Section 3.2.7 of ‘Managing Urban Stormwater, 

Soils and Construction, Volume 1’2. 

  

 
2 Managing Urban Stormwater, Soils and Construction 4th 
Edition, Landcon, 2004. 
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3 Stormwater quality 

assessment – methods 

An assessment of potential stormwater quality 

options for the Marana St Development was 

undertaken to identify treatment devices that may 

be appropriate for the site.  

Rainwater tanks may form part of the 

development’s stormwater strategy, collecting and 

storing roof runoff which can then be reused for 

toilet flushing, laundry cold water and outdoor uses 

such as landscape and open space irrigation.  

Bioretention basins, vegetated swales, vegetated 

buffers, proprietary devices or other devices in 

accordance with WSUD guidelines may be used 

throughout the site in various combinations to 

achieve the stormwater quality treatment targets. 

These may be augmented by the inclusion of 

infiltration systems, water wise street trees, porous 

pavements and grassed filter strips where 

appropriate based on each catchments individual 

characteristics. 

For this report, two (2) conceptual stormwater 

treatment proposals have been assessed; 

1. Bioretention systems 

2. ATLAN Vortceptors and Stormsacks 

The final treatment strategy will be based on 

detailed design and may not be limited to these 

options alone. Should alternative strategies 

become apparent during the planning and design 

process, or if detailed design indicates that some 

devices are impracticable, alternative treatment 

trains will be assessed, designed and proposed as 

part of the Development Application process. 

To assess the likely impacts of runoff from the 

proposed development on water quality in the 

receiving environment, the eWater ‘Model for 

Urban Stormwater Improvement Conceptualisation’ 

(MUSIC) Version 6.3 computer model was used. 

MUSIC is a water resources package with 

components for generating surface and subsurface 

runoff, non-point source pollutant export and 

pollutant transporting and routing. It is used to 

analyse the effects of land use changes and for the 

evaluation of best management practice 

stormwater quality improvement devices. The input 

data requirements are described below. 

3.1 Climate data 

This model requires the input of rainfall and 

evapotranspiration data. The rainfall data must be 

in the form of six-minute time-step pluviometer 

records. This information was obtained from TSC’s 

website. Suitable records were available for Station 

58158 at Murwillumbah for the period from 

16/10/1973 to 30/06/1984. The average rainfall for 

this period was 1,697 mm. 

Average monthly potential areal evapotranspiration 

values were also adopted in accordance with D7 

with an average annual evapotranspiration of 1,363 

mm. 

3.2 Runoff parameters 

Relevant parameters for and urban land uses were 

sourced from Table A1.2 of WBD 2018 and are 

presented in Table 3.2.1. 

Table 3.2.1 Rainfall runoff parameters 

Parameter Urban 

Impervious area properties 

Rainfall threshold (mm) 1 

Pervious area properties 

Soil storage capacity (mm) 500 

Initial storage (% of capacity) 10 

Field capacity (mm) 200 

Infiltration capacity coefficient – a 211 

Infiltration capacity exponent – b 5 

Groundwater properties 

Initial depth (mm) 50 

Daily recharge rate (%) 28 

Daily baseflow rate (%) 27 

Daily deep seepage rate (%) 0 
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3.3 Water quality parameters 

The water quality parameters modelled were: 

 total suspended sediment; 

 total phosphorus; 

 total nitrogen; and 

 gross pollutants. 

The sediment and nutrient export parameters 

were adopted from WBD 2018 and are 

reproduced in Table 3.3.1. 

It should be noted that the rainfall to runoff model 

and the pollutant export expressions have not 

been calibrated for local catchments. This means 

the modelling results cannot be expected to 

produce accurate assessments of the amount of 

pollutants likely to be exported from the proposed 

development. However, the results do provide 

useful assessments which enable comparisons of 

the effectiveness of various stormwater 

management strategies. 

An assessment of the pervious and impervious 

proportions for the urban areas in each catchment 

was carried out to provide input for the model using 

the recommendations in WBD 2018 Section 3.7. 

3.4 Water quality objectives (WQOs) 

The WQOs for the site runoff during the 

operational phase of the development have been 

based on the load reduction targets identified in 

Section 1.5 of the WSUD 2006 and Section 

D7.07A of the TSC D7 specification. These 

pollutant load reduction targets are detailed in 

Table 3.4.1.  

Table 3.4.1 Developed Treated Case load 

reduction targets 

 Suspended 

Solids 

Total 

Phosphorus 

Total 

Nitrogen 

Gross 

Pollutants 

Target 80% 60% 45% 90% 

3.5 Modelling undertaken 

The MUSIC model was used to develop a basic 

model for the stormwater treatment system by 

comparing the Untreated Developed Case with 

the Treated Developed Case during the 

operational phase (after completion of the 

construction phase). This process enabled 

verification that the water quality objectives 

(pollutant load reduction targets) would be 

satisfied by the proposed treatment devices. 

The modelled scenarios were as follows: 

 Developed Case WITHOUT treatment 

measures. 

 Developed Case WITH treatment measures. 

Details of the conceptual stormwater treatment 

train and the results of the MUSIC modelling are 

provided in Section 4.  

3.6 Catchment breakdown 

A review of aerial photographs of the site,  

indicates the site has been disturbed by previous 

clearing. 

Table 3.3.1 Pollutant Export Parameters (Log10 values, from Tables 3.8 and 3.9 of WBD 2018) 

Land use Parameter Suspended Sediment Total Phosphorus Total Nitrogen 

Base 
Flow 

Storm 
Flow 

Base 
Flow 

Storm 
Flow 

Base 
Flow 

Storm 
Flow 

Urban 
Mean 1.00 2.18 -0.97 -0.47 0.20 0.26 

Std Deviation 0.34 0.39 0.31 0.32 0.20 0.23 

Urban 
Roof 

Mean 1.00 1.30 -0.97 -0.98 0.20 0.26 

Std Deviation 0.34 0.39 0.31 0.31 0.20 0.23 

Urban 
Road 

Mean 1.00 2.43 -0.97 -0.30 0.20 0.26 

Std Deviation 0.34 0.39 0.31 0.31 0.20 0.23 

Urban 
Balance 

Mean 1.00 2.18 -0.97 -0.47 0.20 0.26 

Std Deviation 0.34 0.39 0.31 0.31 0.20 0.23 
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Drawing No. 12349.103 (in Appendix 1) shows 

the catchment areas included in the MUSIC 

model. The modelled sub-catchment areas and 

properties are shown in Table 3.6.1. 

All catchments within the site have been modelled 

as lumped urban residential in the developed 

case.  

An impervious fraction of 80% was assumed for 

the entire development based on Water by Design 

‘MUSIC Modelling Guidelines – Consultation 

Draft, Version 3 – 2018’ (WBD 2018). 

Table 3.6.1 Modelled catchment areas and 
impervious fractions (urban residential lumped 
catchment) 

Catchment  Area (ha) Fraction 
Impervious (%) 

N 4.656 80% 

S 1.376 80% 

E 0.926 80% 
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4 Stormwater quality 

assessment – results 

The stormwater treatment train options have been 

selected to suit the opportunities and constraints 

presented by the site. The results of the 

conceptual assessment are presented below. 

4.1 Developed untreated case 

The average annual runoff quantities of 

suspended sediment, phosphorus and nitrogen 

predicted to be exported from the developed site 

with no stormwater treatment measures in place 

are shown in Table 4.1.1. 

Table 4.1.1 Developed untreated case average 

annual loads 

Catchment SS 

(kg/year) 

TP 

(kg/year) 

TN 

(kg/year) 

GP 

(kg/year) 

N 14,400 27.8 134 1,430 

S 4,140 8.14 39.4 421 

E 2,800 5.66 26.7 284 

Site 21,340 41.60 200.1 2,135 

All simulations have been run with pollutant export 

estimation set to ‘stochastic generation’. i.e., 

Table 4.1.1 shows results for the untreated 

scenario within the bioretention model, the results 

for the Atlan model will slightly differ. 

4.2 Treatment measures adopted 

The same areas as above were modelled under 

the same rainfall conditions in a developed state 

with treatment measures included. For the 

purpose of this conceptual assessment two 

options for were considered; 

1. Bioretention systems 

2. ATLAN Vortceptors and Stormsacks 

The treatment trains described in the following 

sections are conceptual and subject to change at 

the detailed design stage. Nonetheless, they 

demonstrate that with an appropriate selection of 

treatment devices the site’s stormwater can be 

managed to satisfy TSC’s objectives. 

4.2.1 Bioretention systems 

The bioretention systems would be designed in 

accordance with the Queensland Urban Drainage 

Manual, Fourth Edition, 2016 (QUDM) and WBD 

2018. It is envisaged that these devices would 

generally be dry at their surface. However, during 

(and for a short period after) wet weather they 

may contain water to a depth of 300 mm. 

As the systems are not required to perform any 

peak flow detention function, a high flow bypass 

for flows in excess of Q3months would be installed. A 

combination of weir and pipe outlets would be 

provided based on the constraints of each 

individual device. 

Each device would be drained by a system of 

subsurface perforated drains at 1.5 m maximum 

spacings. This will minimise the occurrence of 

boggy areas and ensure that the stored water is 

released within 36 hours. 

A low flow drainage system would be provided in 

the bioretention systems to ensure that water is 

drained from the basin efficiently. Type 3 

conventional bioretention basins would be 

implemented in all catchments. 

Type 3 bioretention systems are free draining 

through the filter, transition and drainage layers 

and are not lined allowing exfiltration from the 

system.  

Bioretention basins on steep topography would be 

carefully designed to manage the total footprint of 

the bioretention system as batter slopes can 

extend significant distances from the filter edge 

when tying into natural and final surfaces. Where 

possible, retaining walls would be avoided and 

embankments with slopes generally no steeper 

than 1 in 4 would be adopted where possible. If 

vertical walls are required, they will be designed 

with reference to Section 3.3.5.5 and Table 9 of 

the WBD 2014 guideline with appropriate review 

by a suitably qualified person. 

Operating characteristics of the basins used in the 

MUSIC modelling are summarised in Table 4.2.1. 
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Table 4.2.1 Bioretention treatment requirements.  

Parameter 
Catchment 

N S E 

Inlet properties 

Low flow bypass (m³/s) 0 0 0 

High flow bypass (m³/s) 100 100 100 

Storage properties 

Extended detention depth 
(m) 

0.30 0.30 0.30 

Surface area (m²) 430 135 90 

Filter & media properties 

Filter area (m²) 430 135 90 

Unlined filter media 
perimeter (m) 

0.01 0.01 0.01 

Saturated hydraulic 
conductivity (mm/hr) 

200 200 200 

Filter depth (m) 0.50 0.5 0.5 

TN content of filter media 
(mg/kg) 

400 400 400 

Orthophosphate content of 
filter media (mg/kg) 

30 30 30 

Infiltration properties 

Exfiltration rate (mm/hr) 0 0 0 

Lining properties 

Is the base lined? N N N 

Vegetation properties 

Vegetated with effective 
nutrient removal plants? 

Y Y Y 

Outlet properties 

Overflow weir width (m) 45 13.5 9.0 

Underdrain present? Y Y Y 

Submerged zone with 
carbon present? 

N N N 

Depth (m) - - - 

It is intended that the bioretention basins would be 

landscaped and planted out as ‘rain gardens’, 

rather than simply topsoiled and turfed. Species 

used would be selected from the list of approved 

species included in Healthy Waterways, WSUD 

Guidelines Appendix A, Table A1. Preferably, 

plants endemic to the area would be used. The 

landscape architects would provide details of the 

plant species selection, size and spacing. 

Care would be taken to protect the basin filter 

media from excessive sediment loads during the 

construction (including house construction) phase. 

A stormwater management plan detailing the 

monitoring, management and mitigation actions to 

be followed at the site throughout the construction 

and operational phases of the development would 

be prepared and submitted as part of a future 

Development Application. 

4.2.2 Pre-treatment measures 

Additional pre-treatment measures are required to 

remove coarse pollutants upstream of the 

bioretention basins. These devices, the benefit of 

which have not been included in the MUSIC 

modelling, are described briefly below. 

An inlet zone will be provided for coarse sediment 

removal at each piped inlet to the bioretention 

systems, where the contributing catchment area 

exceeds 2 hectares. Sizing will be undertaken in 

accordance with the requirements of the Water By 

Design Healthy Waterways Bioretention Technical 

Design Guidelines (2014). 

4.2.3 Rainwater tanks 

The installation of rainwater tanks for private or 

public use could form part of the stormwater 

management strategy. However, the benefit of 

those tanks has not been considered in this 

conceptual assessment of pollutant load 

reductions for the site. 

4.2.4 Atlan System 

Atlan (formerly SPEL) have designed a 

conceptual stormwater quality treatment train for 

the development in accordance with TSC’s D7 

specifications. 

The treatment train is comprised of proprietary 

devices manufactured by Atlan. The proposed 

treatment train includes; 

 Atlan Stormsacks fitted on inlet pits across 

each catchment for pre-treatment of runoff, 

and  

 Atlan Vortceptor systems as end-of-line 

treatment devices for treatment of all site 

runoff prior to discharge. 
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Based on the modelling and advice from Atlan, 

details of the treatment measures required for 

each sub-catchment are given in Table 4.2.2. 

Product information is included in Appendix 2. 

Table 4.2.2 Atlan stormwater device requirements 

Catchment 
No. of Atlan 

Stormsacks 

No. of Atlan 

Vortceptors 

Vortceptor 

Type 

N 25 1 OVO.096 

S 8 1 IVR.025 

E 5 1 IVR.025 

Site 38 3 - 

A number of alternative proprietary devices are 

verified by Stormwater Australia under the 

stormwater quality improvement device evaluation 

protocol (SQIDEP) of which could be assessed 

and implemented at the detailed design stage.  

4.3 Developed treated case outcomes 

The same areas as above were modelled under 

the same rainfall conditions in a developed state 

with treatment measures included. The modelling 

results are shown in Table 4.3.1 and Table 4.3.2. 

Table 4.3.1 Bioretention treatment train developed 

case average annual loads  

Catchment  SS 

(kg/year) 

TP 

(kg/year) 

TN 

(kg/year) 

GP 

(kg/year) 

N 2,840 7.31 69.6 0 

S 785 2.13 20.2 0 

E 534 1.51 13.8 0 

Site 4,159 10.95 103.6 0 

Table 4.3.2 Proprietary Atlan treatment train 

developed case average annual loads  

Catchment 
SS 

(kg/year) 

TP 

(kg/year) 

TN 

(kg/year) 

GP 

(kg/year) 

N 2,770 6.1 65.7 5.83 

S 816 1.78 19.6 1.43 

E 467 0.969 12.3 1.08 

Site 4,053 8.849 97.6 8.34 

The pollutant load reduction achieved for the 

overall catchment are provided in Table 4.3.3 and 

Table 4.3.4. 

Table 4.3.3 Bioretention treatment train developed 

case pollutant load reductions 

Catchment  SS (%) TP (%) TN (%) GP (%) 

N 80.3 73.7 48.2 100 

S 81 73.9 48.9 100 

E 80.9 73.2 48.2 100 

Site 80.5 73.7 48.2 100 

WQO 80 60 45 90 

Table 4.3.4 Atlan Vortceptor treatment train 

developed case pollutant load reductions 

Catchment SS (%) TP (%) TN (%) GP (%) 

N 80.5 78.4 51.0 99.6 

S 80.0 78.3 50.4 99.7 

E 83.7 82.4 53.6 99.6 

Site 80.8 78.9 51.2 99.6 

WQO 80 60 45 90 

Based on these estimates, the quality of the 

stormwater runoff from the proposed development 

during the operational phase would meet the 

pollutant load reduction targets specified by TSC. 
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5 Stormwater quantity 

assessment 

A hydrological assessment was undertaken to 

estimate peak site discharge prior to and following 

completion of the proposed development and to 

inform the conceptual design of peak flow 

mitigation measures required to offset the impacts 

of the development.  

The assessment, described herein, utilised the 

Infoworks ICM computer modelling software to 

estimate site discharge during a range of rainfall 

events in accordance with Australian Rainfall and 

Runoff 2019 (ARR). 

5.1 ICM modelling 

Infoworks ICM is an event-based hydrologic 

model that calculates flood hydrographs from 

storm rainfall hyetographs. Whilst ICM, in this 

instance, has not modelled the details of piped 

drainage systems, it can be used for modelling 

natural, partially developed and fully developed 

catchments. 

For developed catchments, it calculates runoff 

from pervious and impervious surfaces and routes 

it through the major system of open watercourses. 

ICM can be used to generate hydrographs from 

an actual storm event and or a design storm 

utilising Intensity – Frequency – Duration (IFD) 

data together with dimensionless storm temporal 

patterns. The ICM model is flexible in its data 

requirements and is able to produce satisfactory 

results with the following data inputs: 

 local intensity frequency duration data 

 design temporal patterns 

 sub-catchment areas 

 impervious areas. 

The net rainfall is routed through a network after 

appropriate losses (initial and continuing) and 

roughness factors are applied, resulting in a 

 
3 http://data.arr-software.org/ 

surface runoff hydrograph for each sub-catchment 

area. 

5.1.1 Storm data 

The rainfall intensities for the simulation of the 

design rainfall events were calculated in 

accordance with the procedure outlined in 

Australian Rainfall and Runoff 2016 (ARR2016) 

methodologies. 

The ICM ARR Storm Generator allows importation 

of the ARR Data Hub information, including 

rainfall global database, infiltration global 

database, and global storm definitions, into ICM. 

Information such as the ARR Data Hub Text File, 

ARR Temporal Patterns Increments File, and 

Bureau of Meteorology (BOM) IFD table files are 

used to produce the Annual Exceedance 

Probability (AEP) and all of the durations for the 

given location, which are then analysed in the 

application. 

Ten (10) temporal patterns were assessed for 

each of the following durations 10min, 15min, 

20min, 30min, 45min, 1hr, 90min, 2hr, 3hr, 4.5hr 

and 6 hr for the 63.2% AEP through to the 1% 

AEP design event with the results statistically 

assessed using a box and whisker plot to 

determine the critical storm duration and temporal 

pattern for the catchment.  

5.1.2 Rainfall losses 

Initial Loss (IL) and Continuing Losses (CL) were 

sourced from the Australian Rainfall and Runoff 

(ARR2016) Data Hub3 and were applied to the 

modelling. The catchments have been modelled 

with a variety of % impervious relative to their 

current land use. The following loss rates have 

been adopted for the entire area for all AEP 

events: 

 IL = 15 mm; 

 CL = 3.1 mm/hr. 

5.2 Peak flow catchment characteristics 

The physical characteristics of the catchment are 

described in Section 2 of this report. 
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5.2.1 Existing case 

The modelled catchments for existing site 

conditions are shown on the attached Drawing 

No. 12349.104 (in Appendix 1). 

To define the existing site, four major catchments 

have been identified, being Catchment N1, N2 

(discharge North), Catchment E1 (discharge East) 

and Catchment S1 (discharge South). While 

several other catchments define the external 

areas that influence the sites stormwater being 

Catchments Ext-N1 through to Ext-N5, Ext-E1 

and Ext-S1. Note, that only the existing and post-

development site catchments are shown 

graphically within the provided catchment plans 

as these relate to the detention modelling, while 

the external catchments are for further 

assessment of the downstream analysis (Section 

5.7). 

All catchments have been modelled and assessed 

separately in order to identify peak flows at their 

respective discharge reporting point being North, 

South and East. The total existing catchment area 

of the site is 6.96 hectares. The pre-developed 

state of the site is shown on Drawing 12349.104. 

An impervious fraction of zero percent has been 

adopted to represent the existing land condition 

prior to development, while external catchments 

range from 0 to 70% impervious. 

The modelled properties for each sub-catchment 

are shown in Table 5.2.1.1.  

Table 5.2.1.1 Existing Case sub-catchments 

Catchment Area (ha) Impervious (%) 

E1 0.872 0 

N2 3.078 0 

N1 2.485 0 

S1 0.521 0 

Ext-N2 2.509 0 

Ext-N3 0.878 0 

Ext-N4 0.921 70 

Ext-N5 0.807 70 

Ext-N6 1.158 70 

Ext-N7 1.241 70 

Ext-N1 1.703 20 

Ext-E1 1.084 70 

Ext-S1 0.905 70 

5.2.2 Developed case 

The modelled catchments for the developed case 

are shown on the attached Drawing No. 

12349.105 (Appendix 1).  

The developed site catchments were assumed to 

have an impervious percentage of 80%. 

Impervious area assumptions for the external 

catchments are unchanged from the existing case 

model. 

The modelled properties for each developed sub-

catchment are shown in Table 5.2.2.1. 

Table 5.2.2.1 Developed case sub-catchments 

Catchment Area (ha) Impervious (%) 

E1 0.926 0 

N2 2.306 0 

N1 2.346 0 

S1 1.376 0 

Ext-N2 2.509 0 

Ext-N3 0.878 0 

Ext-N4 0.921 70 

Ext-N5 0.807 70 

Ext-N6 1.158 70 

Ext-N7 1.241 70 

Ext-N1 1.703 20 

Ext-E1 1.084 70 

Ext-S1 0.905 70 

5.3 Model scenarios 

For the purpose of this assessment, three specific 

development scenarios were addressed: 

 the Existing Case, which considers the 

undeveloped site;  

 the Developed Case, which considers the 

proposed development of the site with no 

peak flow mitigation measures in place; and 

 the Attenuated Case, which has been used to 

determine detention requirements for the 

development. 
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The inputs and assumptions detailed above were 

incorporated into the ICM model to generate 

hydrographs for the subject site. Peak flows were 

estimated for storms with durations ranging from 

10 minutes to 6hrs for each average recurrence 

interval (ARI). 

5.4 Detention requirements 

It is proposed that peak flow mitigation would be 

provided for site runoff from Catchments N1 & N2 

(north discharge), S1 (south discharge) and E1 

(east discharge) using detention devices. 

Detention capacity for each device is summarised 

in Table 5.4.1 and shown on Drawing No. 

12349.106.  

Table 5.4.1 – Detention basin requirements 

Catchment Basin area (m2) 
Basin volume 

(m3) 

N Basin 2,500 2,878 

S Basin 1,600 1,588 

E Basin 530 436 

5.5 ICM modelling summary 

The modelling undertaken has considered three 

scenarios to depict the effect of the development 

on the peak flows discharging from the subject 

site. A comparison of the estimated 1% AEP peak 

flow rates before and after completion of the 

proposed development and subsequently 

including detention is shown in Table 5.5.1. 

Table 5.5.1 – 1% AEP comparison of flows at 
each point of discharge 

Location 
Existing 
Q (m3/s) 

Developed 
Q (m3/s) 

Mitigated 
Q (m3/s) 

North 2.379 2.935 1.389 

South 0.215 0.896 0.168 

East 0.410 0.602 0.241 

In summary, the results demonstrate that for the 

design flood events from AEP 1% to 63.2%, there 

will be no increase in peak catchment discharge, 

provided the appropriately sized detention 

systems are incorporated and subject to 

refinement during the detailed design phase. 

5.6 Lawful Point of Discharge 

Three primary Lawful Points of Discharge 

(LPODs) shown on Drawing 12349.105 (Appendix 

1) have been identified for the site in the: 

 north (LPOD North); 

 south (LPOD South); and  

 east (LPOD East).  

These discharge points have been maintained as 

follows:  

 North: The northern boundary of the site is 

characterised by a large sheeting catchment. 

A clearly defined easement shown on the 

Landsurv Pty Ltd Site Survey (Appendix 3) is 

located in the north-west corner serves as the 

existing LPOD (LPOD North), which connects 

to McAllisters Road. This road and its 

associated underground stormwater network, 

constructed during the adjacent 45-lot 

subdivision, form one of the two northern 

LPODs. 

 The second LPOD is an existing 450 mm 

stormwater pipe located in the far north-

western corner (refer to Dial before You Dig 

(DBYD) plans in Appendix 4). Although this 

assessment is conceptual, the proposed 

stormwater design will retain both northern 

LPODs. Peak flows will be mitigated, and both 

discharge points may be utilised during the 

detailed design phase.  

 South: The site’s cadastral boundary provides 

two potential LPODs along Marana Street. 

These points connect to the road and its 

associated underground stormwater network 

(refer to DBYD plans in Appendix 4). The 

southern LPOD will be preserved in the 

developed scenario, with proposed 

discharges mitigated based on the estimated 

detention volume. Detailed analysis of these 

connections will be performed during the 

detailed design phase.  

 East: The eastern boundary adjoins 

McAllisters Road, providing a single LPOD 

through the road and its associated 

underground stormwater network (refer to 

DBYD plans in Appendix 4). This eastern 
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LPOD will be maintained, with proposed 

discharges mitigated based on the estimated 

detention volume. Further investigation of this 

connection will occur during the detailed 

design phase. 

5.7 Downstream analysis 

This report demonstrates that all proposed 

discharge outlets maintain their respective LPODs 

and preserve peak discharge at current rates. 

However, a detailed capacity assessment of the 

downstream stormwater network will be required 

as part of the detailed design phase of a future 

Development Application. This assessment will 

consider all three LPODs and model the capacity 

of downstream infrastructure and properties.

Preliminary investigations have gathered 

information from sources such as Landsurv Site 

Survey, Dial Before You Dig (DBYD) and Opus 

Stamped Construction Certificate Drawings 

(Appendix 3). While these sources provide initial 

insights, additional survey data, as-constructed 

information, and detailed design documentation 

will be compiled to comprehensively evaluate 

downstream capacity at the detailed design 

phase. 

This conceptual analysis confirms that all three 

existing LPODs are capable of receiving proposed 

discharges in their current configurations. 
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6 Conclusions 

This report provides a conceptual assessment of 

the stormwater quality and quantity management 

requirements for the proposed Marana Street 

development. 

Two conceptual stormwater quality treatment 

proposals have been presented incorporating 

conventional bioretention basins, ATLAN 

Vortceptors and Stormsacks to demonstrate that, 

with provision of suitable devices, the proposed 

development can meet the pollutant load 

reduction targets required by TSC’s Development 

Design Specification D7. 

The final treatment strategy for the site will be 

based on detailed design and may not be limited 

to these options alone. Should alternative 

strategies become apparent during the planning 

and design process, or if detailed design indicates 

that some devices are impracticable, alternative 

treatment trains will be assessed, designed and 

proposed as part of a future Development 

Application.  

Stormwater quantity will be managed by providing 

on-site detention 

to ensure there is no increase in peak flows from 

the site for all storm events up to and including 

the 1% Annual Exceedance Probability (AEP) 

event (formerly 100 years ARI). 

The site’s stormwater management approach 

maintains the existing Lawful Points of Discharge 

(LPODs) — located at the north, south, and 

eastern perimeters of the development. Peak 

flows will be mitigated, and discharged at each 

LPOD consistent with existing conditions. 

Preliminary investigations indicate sufficient 

downstream capacity to receive flows at all 

LPODs; however, detailed capacity assessments 

and further downstream analyses will be 

undertaken as part of the detailed design phase. 

These assessments will seek to confirm the 

adequacy of the downstream stormwater network 

and ensure compliance with applicable 

requirements.  

Further details on flood mitigation and 

management strategies, and stormwater system 

design will be developed and provided as part of a 

future Development Application.
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7 Limitations of reporting 

Gilbert & Sutherland Pty Ltd has made every 

effort to ensure that the information provided in 

this report is accurate. The interpretation of 

scientific data, however, involves professional 

judgment, and as such is open to error. 

In recognising the potential for errors in scientific 

interpretation, Gilbert & Sutherland Pty Ltd does 

not guarantee that the information is totally 

accurate or complete and clients are advised not 

to rely solely on this information when making 

commercial decisions. Any representation, 

statement, opinion or advice, expressed or 

implied  

is made in good faith and on the basis that the 

authors, Gilbert & Sutherland Pty Ltd, their agents 

or employees are not liable (whether by reason of 

lack of care or otherwise) to any person for any 

damage or loss whatsoever which has occurred 

or may occur in relation to that person taking or 

not taking (as the case may be) action in respect 

of any representation, statement or advice 

referred to above. 

Furthermore, this information should not be relied 

upon by any persons other than the client for 

whom this information was compiled. This 

information reflects the specific brief and the 

budget of the client concerned, who enjoys an 

individual tolerance of risk. 
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8 Appendix 1 – Drawings 
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Image: Near Map, image dated 04 October 2024 

Catchment N
Stormwater Quality:
Option 1 - Bioretention Basin 
Minimum Filter Area = 430m2 
Extended Detention = 0.3m 
Filter Depth = 0.5m 

Option 2 - Atlan System 
25 x Atlan Stormsacks 
1 x OVO.096 Vortceptor 

Stormwater Quantity:
Required Detention Volume = 2,878m3

Catchment E
Stormwater Quality:
Option 1 - Bioretention Basin 
Minimum Filter Area = 90m2 
Extended Detention = 0.3m 
Filter Depth = 0.5m 

Option 2 - Atlan System 
5 x Atlan Stormsacks 
1 x IVR.025 Vortceptor 

Stormwater Quantity:
Required Detention Volume = 436m3

Catchment S
Stormwater Quality:
Option 1 - Bioretention Basin 
Minimum Filter Area = 135m2 
Extended Detention = 0.3m 
Filter Depth = 0.5m 

Option 2 - Atlan System 
8 x Atlan Stormsacks 
1 x IVR.025 Vortceptor 

Stormwater Quantity:
Required Detention Volume = 1,588m3
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9 Appendix 2 – Atlan documentation  
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