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1.0 INTRODUCTION 
 

SCG Consulting Engineers have been commissioned by Planit Consulting on behalf of the proponent to 

complete a Stormwater Management plan for a residential development at 103, Lot 101 Patterson Street, 

Byron Bay. 

 

The proposed development involves the construction of 14 townhouse dwellings. The objective of this 

stormwater management plan is to demonstrate that the following measures will be incorporated into the 

design and construction of the development: 

 

• Maintain stormwater quality – Protect receiving waters (during and post construction) 

• Manage stormwater peak flow rates of runoff and existing flow path characteristics 

• Protect against flooding 

• Adopt Water Sensitive Urban Design (WSUD) principles throughout 

• Implement Stormwater Harvesting and re-use. 

 

This report should be read in conjunction with our detailed site stormwater management plans (Appendix 

C drawing (No.) SCG 30089 -OW7.1.B, SW1.1.B, SW1.2.A & SW1.3.A). 

 

The development has been assessed against the following guidelines and planning documents: 

 

• Queensland Urban Drainage Manual 2013 (QUDM) 

• Water by Design – Deemed to Comply Solutions 

• Byron Shire Council Development Control Plan (DCP) 

• AS/NZS 3500.3:2018 – Plumbing and Drainage Part 3 – Stormwater  Drainage 

• NSW Development Design Specification – Chapter D5 Stormwater Drainage Design 

• Byron Shire Council – Comprehensive Guidelines for Stormwater Management. 
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2.0 EXISTING SITE DESCRIPTION 
 

The allotment is described as Lot 101 on DP839601 and is within Byron Bay Shire Council and 

approximately 3816m2 (0.38ha) in area.  Access to the site is off Patterson Street, which bounds the 

north western property boundary (refer to figure 2.1), for a locality plan and Appendix B for a detailed 

site survey. The site is currently occupied by a two storey residential building located in the front half 

of the site. The rear of the site is covered by short grass and scattered trees. 

 

The site generally falls from the front boundary on Patterson Street (Approx. RL 15-16 AHD) down 

towards the rear boundary (Approx.RL 5.3 AHD).  Surface grades in the front half of the site are in the 

order of 16% and then flatten out to approximately 2% for the rear half of the site (Approx. 70m).  A 

Council’s stormwater drainage reserve runs along the south eastern (rear) boundary of the property 

which contains an open grass swale drain and underground low flow pipe and are all contained within 

an existing easement. 

 

 
Figure 2.1 – Locality Plan 
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3.0 PROPOSED DEVELOPMENT 
 

A residential development is proposed for the allotment comprising of 14, two storey residential 

townhouse dwellings. 

 

The proposed development plans are detailed in Chris Clout Designs drawings C0.1 – C7.1 RevD (refer 

Appendix A).  The development includes the following features; 

 

• 4 visitor and 25 private carparking spaces 

• Bin storage and washdown area 

• Single property driveway access to Patterson Street 

• Bio retention basin for stormwater quality 

• Landscaping areas across the site 

• Private swimming pools 

• Padmount transformer. 

 

 
Figure 3.1 – Proposed Development 
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4.0 EXISTING DRAINAGE 
 

4.1 Existing Drainage and Infrastructure 
 

A Catchment Flood Study prepared by Floodworks which is accompanied with a detailed site survey 

prepared by Ardill Payne and Partners (Appendix B), confirms the following drainage infrastructure 

along the rear boundary of the site; 

 

• A series of side entry pits connected to an underground pipe network within the drainage 

easement of the subject site. 

• A series of underground RCP’s varying in size located within the drainage easement. 

• An inter-allotment major overland flow path consisting of a grassed swale. 

 

 

4.2 Lawful Point of Discharge 
 

The lawful point of discharge is described in Section 3.4 of QUDM 2013.  The two-point test may be 

helpful in assessing whether a lawful point of discharge exists at a particular location.  The test consists 

of being satisfied that: 

 

1. The location of the discharge is under the lawful control of the Local Government or other 

statutory authority from whom permission to discharge has been received.  This will 

include park, drainage or road reserve, stormwater drainage easement. 

 

2. In discharging to that location, the discharge will not cause an actionable nuisance i.e. a 

nuisance for which the current or some future neighbouring proprietor may bring an 

action or claim for damages arising out of the nuisance), or environmental or property 

damage. 

 

If the proposed development maintains pre-development flow conditions, the lawful point of discharge 

for the subject site is the existing underground pipe network and grassed swale stormwater infrastructure 

located along the south eastern  (rear) boundary of the site. 
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5.0 STORMWATER QUALITY 
 

In the absence of adequate controls, urban development can increase both stormwater runoff volumes 

and peak discharge rates. In addition, this urban development has the potential for increased creek 

erosion and the stressing of in-stream aquatic ecosystems. The use of stormwater detention or retention 

systems aims at reducing these threats by limiting property flooding to acceptable levels and also 

filtering stormwater runoff through a vegetated soils media layer, thus reducing the threats caused by 

urban development. For the proposed development we have suggested to incorporate water sensitive 

urban design (WSUD) principles in the landscaping for the proposed development to treat stormwater 

before it exists the site. A series of vegetated swales, bio retention bed and a detention tank have been 

incorporated into the proposed development.  

 

 

5.1 Water By Design Assessment 
 

The following factors have been identified as potential contributors which can adversely affect 

stormwater quality draining from the site:- 

 

• Silt and sediment erosion 

• Gross Pollutants 

• Hydrocarbon runoff 

• Nutrient runoff 

 

The proposed development has been assessed against the Water By Design (Stormwater Quality Deemed 

to Comply Solutions – 2010). 

 

The proposed residential development involves a land area greater than the trigger value of 2500m2 for 

stormwater quality measures as required in the Water By Design  - Stormwater Quality Deemed to 

Comply Solutions - 2010. 

 

 

5.2 Construction Phase 
 

Sediment generated during the construction phase shall be controlled in accordance with The Erosion 

and Sediment Control (ESC) Plan and kept on site throughout construction (refer Appendix F). 
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5.2.1 Silt and Sediment Erosion 
 

A potential for sediment mobilization/transportation exists during and beyond the construction of the 

proposed development. This can elevate turbidity levels of stormwater runoff. 

 

A RUSLE assessment of the site confirms proposed development is a Low Risk for soil loss (< 150 

Tonnes). 

 

Potential Causes 

 

• Stormwater scour and erosion of excavated or stripped surfaces and stockpiled soils. 

• Wind borne  transportation of sediments. 

• Disturbance/breakup of soil profile via vehicular traffic followed by stormwater scour 

and erosion. 

• Transportation of sediments from site via excavation vehicles. 

 

Mitigating Measures 

 

• Construction of silt fences around the development site located to cut off all runoff. 

• Construction of a sediment basin throughout construction at a low point of the 

development site. 

• Provide 80-100mm crushed rock (no fines) hardstand under all vehicle paths expected 

during construction.  Generally, this would be provided from the existing crossover and 

extended to a distance within the site that would accommodate the maximum delivery 

vehicle length expected. 

• Provide rumble grates at exit points from the site for passing earthmoving vehicles. 

• Where possible maintain existing landscaping/grasses downslope from construction areas 

to act as buffer/silt trap. 

• Install temporary downpipes from completed roof structures and ensure runoff passes 

through silt fences. 

• Minimise concentrating surface flows. 

• Place silt barriers around council stormwater pits that the site drains to. 

• Cover soil stockpiles with hessian or similar. 
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5.2 Completed Development 
 

We are proposing to use a combination of active and passive stormwater treatment measures.  Active 

measures will include a Bio-Retention bed and passive measures via gross pollutant inserts into 

stormwater pits within paved areas that receive runoff from areas prone to gross pollutants. 

 

5.2.1 Water Quality Objectives 
 

Water quality objectives for Byron Bay are outlined in the Byron Shire DCP 2014 Chapter B3 Table 

B3.2 and are displayed in Table 5.1. These reductions are achieved by adopting best practice techniques 

in accordance with the abovementioned guidelines. 

 
Table 5.1:  Pollutants and Retention Criteria 

POLLUTANT / ISSUE  RETENTION CRITERIA 

Litter  70% if average annual load greater than 

5mm 

Coarse Sediment  80% of average annual load for particles 0.5mm or 

less 

Fine Particles 50% of average annual load for particles 0.1mm or 

less 

Total Phosphorous 45% of average annual load 

Total Nitrogen 45% of average annual load 

Hydrocarbons, motor fuels, oils and grease 90% of average annual load 

 

 

5.3.2 Sources of Contaminants 
 

Gross Pollutants 

Gross pollutants include litter, grit and heavier sediments which can be mobilised from within or from 

neighbouring sites.  

 

Potential Causes 

 

• Unsecured refuse areas. 

• Unlandscaped areas prone to stormwater scour. 
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• Insufficient drainage for surface runoff from within the site. 

• Wind Bourne transportation. 

 

Mitigating Measures 

 

• Well established refuse areas with ample storage bins. Fenced off where deemed 

necessary. 

• Provision of ample litter bins across the commercial footprints of the site. Particularly in 

any outdoor dining or areas of congregation. 

• Promotion of stormwater surface runoff through landscaped areas or similar sediment 

traps. 

• Promotion of stormwater surface runoff through landscaped areas or similar sediment 

buffering strips/traps. 

• Provide stormwater pits outside paved areas that receive runoff from areas prone to gross 

pollutants with surrounding buffering measures, such as stone pitching. 

• Provide gross pollutant inserts into stormwater pits within paved areas that receive runoff 

from areas prone to gross pollutants. 

 

Hydrocarbon Runoff: 

 

Hydrocarbons can be mobilised and transported in stormwater runoff from the site. This can contaminate 

stormwater runoff compromising Water Quality Objectives.  

 

Potential Causes 

 

• Leaks from parked vehicles within the completed development. 

• Washing of vehicles within the completed development. 

 

Mitigating Measures 

 

• Fall driveways and parking areas towards adjacent landscaped strips, vegetated swales 

and the bioretention bed. 
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Nutrient Runoff: 

 

Nutrients such as Nitrogen and Phosphorus can be mobilized and transported in Stormwater runoff from 

the site. This can compromise Water Quality Objectives.  

 

Potential Causes 

 

• Runoff from hard surfaces within the site. 

• Detergents used in car washing and similar activities. 

• Fertilisers used in propagation of landscaped areas. 

• Embodied nutrients contained in silt (topsoil) runoff. 

• Embodied nutrients contained in runoff. 

 

Mitigating Measures 

 

• Fall vehicles pavement areas towards landscaping areas and the bioretention bed. 

• Implement management plan for landscaping propagation. Use stable organically bound 

fertilizers cultivated immediately prior to turf placement.  Mulch over areas of exposed 

topsoil. 

• Construction of silt fences during construction and maintained beyond completion of 

landscaping. 

• Drain stormwater runoff through the Bio Basin. 

• Capture roof runoff and store for re-use. 

 

5.3.3 Proposed Treatment Measures 
 

Following the water quality objectives for the site mentioned above, to ensure that on-site stormwater 

management facilities can be economically maintained, it was deemed the most appropriate method for 

treatment is the use of a bio-retention basin. Roof and surface runoff will be collected by an internal 

drainage network and directed to the on onsite bio retention basin prior to the lawful point of discharge. 

  



SCG Consulting Engineers Page 11 SCG Ref:  30089(SWM).RevC 

5.3.4 Pollutant Modelling: 
 

The impact of the stormwater quality management strategy of runoff discharged from the site has been 

assessed using the Pollutant Export Model, Model for Urban Stormwater Improvement 

Conceptualisation (MUSIC). 

 

For our model we have routed all of the captured roof and driveway runoff through the bioretention bed.  

Rear of allotment areas are drained via a series of catch pits which also drain into eh bioretention bed. 

 

Figure 5.1 displays a print screen of the MUSIC Model Schematic for the proposed development and 

Figure 5.2 displays the annual pollutant loads that will be discharged from the proposed development. 

 

 

 
 

Figure 5.1 – Music Model Schematic 
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Figure 5.2 – Music Modelling Results 

 

 

The modelling results show the pollutant reduction objectives are met for all contaminants listed in Table 

5.1. Details of the proposed bio-retention basin are provided in the Stormwater Management Plan 

drawing no: SCG 30089-SW1.1.B, SW1.2.A & SW1.3.A (Appendix C). 

 

The Music Model was set up in accordance with the Water By Design Music Modelling Guidelines for 

South East Queensland. 
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6.0 STORMWATER QUANTITY 
 

Byron Bay Shire Council’s DCP require post development peak flows leaving the development site are 

not to exceed the pre-development peak flow rates for the required design storms. Peak flow increases 

will be minimised by the provision of an Onsite Detention Tank (OSD) fitted with a low flow orifice 

plate to detain a portion of the runoff from the site and limit the peak flow rates of pre-development 

levels. 

 

 

6.1 Rational Method 
 

To calculate the peak discharges for the site under existing (pre-development) and proposed (post-

development) conditions the rational method has been used in accordance with QUDM 2013. 

 

6.1.1 Design Storms 
 

The Handbook of Stormwater Drainage Design – D5 – Stormwater Drainage Design outlines the 

following design storms. 

 

1. Minor Drainage System - 20% AEP (ARI 5 years) 

2. Major Drainage - 1% AEP (ARI 100 years) 

 

6.1.2 Rainfall Intensity 
 

Rainfall intensities were obtained from Byron Bay Shire Council’s Comprehensive Guidelines for 

Stormwater Management. Rainfall Intensity Frequency Duration (IFD) for Byron Bay and Bangalow. 
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Figure 6.1 – Byron Shire Council IFD Data 

 

6.1.3 Time of Concentration 
 

Times of Concentration (Tc) were calculated as defined in QUDM –  
 

Table 6.1  – Tc Values    

Existing (Tc) (mins)  Post Development (Tc) 

(mins) 

15  15 

 

 

6.1.4 Runoff Coefficient (C10) 
 

The 10 year runoff coefficients (C10) were calculated as defined in QUDM. 

 
Table 6.2:  C10 Values 

Condition C10 

Existing Site 0.74 

Post-development 0.84 
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6.1.5 Peak Flows 
 

Table 6.3 below displays a summary of major and minor discharge rates for pre and post development 

conditions. 

 
Table 6.3:  Pre and Post Development Peak Flow Rates 

Condition Q5 (m
3/s) Q10 (m

3/s) Q20 (m
3/s) Q100 (m

3/s) 

Pre-development 0.112 0.129 0.148 0.217 

Post-development 0.127 0.147 0.168 0.237 

 

 

6.2 Proposed Drainage 
 

The proposed site drainage is detailed in drawings SCG 30089-SW1.1.B, SW1.2.A & SW1.3.A 

(Appendix C) and is discussed below. 

 

6.2.1 Catchments 
 

Roof Catchment 

 

Runoff from the roof catchment will flow via downpipes to an internal drainage network where it will 

be directed to an underground detention tank. Runoff will then flow to the onsite bioretention basin prior 

to discharge to the lawful point of discharge. 

 

Ground Catchment 

 

Driveway surface runoff will be directed to a series of entry pits and an underground pipe network to 

the on-site bio retention basin. The treated runoff is then discharged to the lawful point of discharge. 

 

6.2.2 Peak Flow Mitigation 
 

As shown in Table 6.3 Stormwater peak discharge will increase by 20Lt/s as a result of the proposed 

development. Therefore, it is proposed to utilise an OSD system to mitigate the peak stormwater 

discharge rates from the proposed development prior to discharging to the lawful point of discharge as 

discussed in section 4.2. 
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6.2.3 Hydraulic Modelling: 
 

Hydraulic modelling has been undertaken using the Laurenson Runoff Routing Method. This requires 

the catchment to be divided into pervious and impervious portions. 

 

Using the software package XP-STORM Hydraulic Model, we have modelled the site to establish 

existing and proposed stormwater drainage characterisitics.  

 

 Rainfall Data: 

 

Rainfall data accompanied with Initial Loss (IL) and Continuing Loss (CL) was sourced from the 

Australian Rainfall and Runoff (ARR) data hub and were imported into the model. 

 

 Configuration: 

 

Figure 6.2 shows the configuration of the XP-STORM Model. The site was divided into several small 

sub-catchments to mirror the Stormwater Management Plan drawing no: SCG 30089-SW1.1.B detention 

tank was also included for the upper driveway and roof catchments. 

 

To mitigate the peak flow increase from the developed site, 4 x 7,000lt/s detention tanks were modelled 

in XP-STORM fitted with a 135mm diameter orifice plate and a 225 diameter overflow pipe. A 

schematic of the XP-STORM model is shown in Figure 6.1 below. 
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Figure 6.1 – XP-STORM Model 

 

 Results: 

 

10 temporal pattens were assessed for each duration for the above design events. A box and whisker plot 

has been used to determine the critical storm duration and design discharge, this displays appropriate 

information about the range, mean, median and quartiles of the results. As there is a large amount of 

data this plot is also useful to display any outliers in the data set.  

 

Figure 6.2 & 6.3 below shows the highest post development mitigated median storm duration for the 5 

year & the 100 year ARI is the 10min storms, producing peak discharges of 0.103 m3/s and 0.190 m3/s 

respectively. This controlled peak flow rate is less than the existing site of 0.112 m3/s & 0.237 m3/s 

which is considered a satisfactory solution.  The arrangement of the detention tanks is shown in the 

Stormwater Management Plan SCG 30089-SW1 (Appendix C). 
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A full export of XP-STORM results is shown in Appendix E. 

 
 

 

Figure 6.2 – 20% (Q5) Box and whisker plot of ensemble results  
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Figure 6.3 – 1% (Q100) Box and whisker plot of ensemble results  

 

 

 Comparison to Rational Method: 

 

The rational method has been used as a means to compare XP-STORM calculations of the design 

discharge. Table 6.4 summarises the comparison of the rational method for the site at the legal point of 

discharge. 

 
Table 6.4 – (Post Development) XP-STORM and Rational Method Peak Discharge 

 

Design Storm XP-STORM (Apr 2016) (m
3/s) Rational Method (m

3/s) 

Q5 0.130 0.127 

Q10 0.146 0.147 

Q20 0.166 0.168 

Q100 0.224 0.237 

 

  



SCG Consulting Engineers Page 20 SCG Ref:  30089(SWM).RevC 

6.2.4 Manage Allotment and Cross Allotment Flows: 
 

To mitigate the worsening and nuisance of flooding to the neighbouring properties adjoining Shelly 

Drive. In accordance with The Hydraulic Impact Assessment Report (No. FW0036 Revision 4).  Existing 

upslope flows from the site will be captured within Patterson Street road reserve to existing Council 

infrastructure. 

 

Neighbouring sites on both sides of the site appear to drain from front to back with no visible/noticeable 

cross allotment flows into or from the subject site. 

 

The independent commissioned flood study for the project has identified the improvement of existing 

nuisance flooding of neighbours directly north of the subject site by the inclusion of a new 16m wide x 

0.5m depth shallow drain is proposed to direct water from Shelly Drive to the existing drainage easement 

to the south. Additionally, a portion of the lower end of the site is to be suspended on piers to allow for 

emergency overland flow relief. 
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7.0 FLOODING 
 

The Hydraulic Impact Assessment Report (No. FW0036 Revision 4) provided by Floodworks indicates 

the 1% maximum flood level of approximately 6.0 AHD. Therefore, the flood planning level in 

accordance with Byron Shire DCP 2014 Chapter 2: “Areas Affected By Flood” for Habitable Dwellings 

is 6.5 AHD (6.0 AHD + 500mm = 65 AHD). 

 

Due to the proposed filling and retaining wall surrounding the site to mitigate any nuisance of flooding 

in neighbouring properties a new 16m wide x 0.5m shallow drain to direct runoff from Shelly drive to 

the existing drainage channel to the south. This is also accompanied with a small increase to the height 

of the left bank of the existing open channel to contain stormwater within the easement.  Preliminary 

concept details are provided in drawing 30089-OW7.1.B (Appendix C).  

 

Copies of this report are available upon request.  

  



SCG Consulting Engineers Page 22 SCG Ref:  30089(SWM).RevC 

8.0 CONCULSION 
 

The stormwater management report demonstrates under the detailed plans the proposed residential 

development at Lot 103, 101 Patterson Street, Byron Bay meets the quantity and quality stormwater 

requirements as described in this report. 

 

The proposed development will maintain pre-development drainage patterns via the use of on-site 

detention. The developed site will  discharge to a lawful point of discharge within the existing 

stormwater infrastructure that exists along the south eastern boundary of the site. 

 

Sediment generated during the construction phase is to be dealt with via the use of silt fences, rumble 

grates and the inclusion of onsite sediment basin as represented in our Silt and Sediment Control plan 

drawing no: SCG 30089 OW2.1 (Appendix F). 

 

The proposed development triggers the Water by Design stormwater quality treatment objectives. An 

on-site bio-retention basin has been incorporated into the proposed development to meet the prescribed 

water quality objectives. 

 

The subject site is affected by localized flooding and requires a minimum flood planning level of 6.5 

AHD with a 500mm freeboard allowance as per Byron Shire DCP 2014.. 

 

A new 16m wide x 0.5m shallow drain from Shelly drive and a small increase to the height of the left 

bank of the existing open channel drain is proposed to direct and contain runoff in the existing drainage 

channel to the south. Preliminary concept details are provided in drawing 30089-OW7.1.B (Appendix 

C). 
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APPENDIX A - Proposed Architectural Plans 
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APPENDIX B – Detailed Site Plan 
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APPENDIX C – Stormwater Management Plan 
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APPENDIX D – Rational Method Calculations 
 

  



STORMWATER RUNOFF ASSESMENT

BYRON BAY SITE 

Calculates existing and developed flow rates in accordance with QUDM

2013 for sites located along the coastal strip of the Byron Bay

Address 103 Patterson St, Byron Bay Site Area 3816 m
2

SCG Job No. 30089

Pre-Development sub-catchments Post Development sub-catchments

Pervious Area 3086 m
2

Pervious Area 1146 m
2

Impervious area 730 m
2

Impervious area 2670 m
2

TOTAL 3816 m
2

TOTAL 3816 m
2

STORM DATA

Time of Concentration 14 min

10 yr 1 hr Storm I mm/hr

5min Rainfall Intensities

5yr 150 mm/hr

10yr 165 mm/hr

20yr 180 mm/hr

100yr 235 mm/hr

Coefficient of Runoff

Fraction Impervious C5 C10 C20 C100

Pervious Area* 0 0.67 0.7 0.74 0.84

Impervious Area 1 0.86 0.9 0.95 1.00

*Pervious area considered good grass cover with med. Soil permeability as per QUDM

Q = C x I x A / 360

Q - Pre-Development Q - Post-Development INCREASED

ARI Pervious Imperv. TOTAL Pervious Imperv. TOTAL RUNOFF

5 0.0856 0.0260 0.1116 m
3
/s 0.0318 0.0952 0.1270 m

3
/s 0.0154 m

3
/s

10 0.0991 0.0301 0.1292 m
3
/s 0.0368 0.1102 0.1470 m

3
/s 0.0178 m

3
/s

20 0.1135 0.0345 0.1480 m
3
/s 0.0421 0.1263 0.1684 m

3
/s 0.0204 m

3
/s

100 0.1694 0.0477 0.2170 m
3
/s 0.0629 0.1744 0.2373 m

3
/s 0.0203 m

3
/s
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APPENDIX E – XP-Storm Results 
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APPENDIX F – Silt & Sediment Control Plan 
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APPENDIX G – Hydraulic Assessment Report  
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This report and all its components (including images, audio, video, text) is copyright. Apart from fair 
dealing for the purposes of private study, research, criticism or review as permitted under the 
Copyright Act 1968, no part may be reproduced, copied, transmitted in any form or by any means 
(electronic, mechanical or graphic) without the prior written permission of the Floodworks.   
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for use by the client, to the purpose and site and may not be used for any other purposes.  
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arising out of or incidental to a third party publishing, using or relying on the facts, content, opinions 
or subject matter contained in this report.  
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1. Introduction 

Planit Consulting on behalf of the proponent has requested a hydraulic assessment of 103 Paterson 
Street, Byron Bay (the subject site).  

The land area is approximately 3826m2, with a drainage reserve to the east of the subject site. There 
is a large upstream catchment that contributes to the eastern drainage reserve (including a piped 
system and open channel) and will need to be considered in the hydraulic assessment. Site based 
stormwater falls from Paterson Street to the south east. 

The hydraulic assessment will cover both the existing case and developed case scenarios and will 
determine any potential impacts upon the subject site, neighbouring properties. Guidance will be 
provided on the hydraulic function affecting the site such as peak heights, localised velocities, extents 
of inundation and hazard assessment.  

The key objectives of this investigation is:  

• Understand the 1% AEP (100 year ARI) hydraulic function of the site  

• This assessment will identify existing maximum water levels, maximum depths, maximum 
hazards, maximum velocity and maximum inundation extents for the existing and developed 
case 

• Minimise the potential impacts of the proposed development upon the subject site and 
neighbouring properties is to be provided.  

A detailed 1D/2D modelling has been undertaken to confirm the above objectives.   

See Figure 1 below showing the location of the study site. 
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Figure 1 Subject Site 

 

 

Site Location 
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2. Hydrology 

2.1. Methodology 
The XP-SWMM runoff-routing model has been used to estimate design flood discharges within the 
study area.  The model represents the sub-catchments as a network of nodes linked to either the 1D 
pipe drainage network or the 2D Digital Terrain Model (DTM) geometric base. The node is defined by 
its pervious and impervious areas, fraction impervious and average catchment slope.  The net rainfall 
is routed through the network after appropriate losses (initial and continuing) and roughness factors 
are applied, resulting in a surface runoff hydrograph for each sub-catchment. 

The XP-SWMM model was used to estimate the 100 year ARI design runoff with all hydrologic 
assessment using Australian Rainfall and Runoff 2019 (ARR2019) methodologies.  

A numerical check has been undertaken using the Regional Flood Frequency Estimation model 
(https://rffe.arr-software.org/) and compared to the XP-SWMM results. 

2.2. Hydrologic Model 

2.2.1. Configuration 

Figure 2 illustrates the extent of the XP-SWMM model.  There are 7 sub-catchments (total area is 
21.55ha) used to represent the runoff contributing to the study area.  These catchments were 
delineated to accurately represent the inflow location and its impact on the subject site.  

 

 

Figure 2 XP-SWMM Model Extents 
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2.2.2. Hydrologic Routing 

Hydrologic modelling has been undertaken using the Laurenson runoff routing method. The 
Laurenson method requires the catchment to be divided into pervious (undeveloped) and impervious 
(developed) portions.  A fraction impervious of 0% has been applied to the undeveloped portion and 
100% to the developed portion. 

2.2.3. Manning’s Roughness 

Manning’s roughness (n) values are applied to represent the undeveloped and developed portions of 

the catchment.  XP-SWMM allows a range to be applied to represent the varied degree of roughness 

that was observed within the catchment.    

2.2.4. Rainfall Losses 

Initial Loss (IL) and Continuing Losses (CL) were sourced from the Australian Rainfall and Runoff (ARR) 

Data Hub (http://data.arr-software.org/) and were applied to the modelling. 

2.2.5. Existing Conditions Parameters 

Table 1 summarises the XP-SWMM parameters adopted for the existing catchment conditions. The 

catchments equal area slope was calculated directly from the Digital Terrain Model for the Catchment.   

The total contributing catchment is 21.55 ha. The hydrologic factors adopted have been summarised 

in Table 1.    

Table 1 XP-SWMM Hydrologic Model Parameters 

Sub-Catchment Area (Ha) Pervious Area (Ha) Impervious (Ha)  
Equal Area Slope 

(%) 

Cat_1 2.283 1.207 1.076 7.52 

Cat_2 8.158 4.472 3.685 4.95 

Cat_3 4.143 1.973 2.171 6.97 

Cat_4 0.670 0.467 0.203 4.44 

Cat_5 1.340 0.734 0.607 4.92 

Cat_6 3.261 1.398 1.864 5.05 

Cat_7 1.692 1.018 0.674 3.69 

 

2.3. ARR 2016 Hydrologic Results  
The XP-SWMM ARR Storm Generator allows importation of the ARR Data Hub information, including 
rainfall global database, infiltration global database, and global storm definitions, into XP-SWMM. 
Information such as the ARR Data Hub, 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 per duration for each design event with the results 
statistically assessed using a box and whisker plot to determine the critical storm duration and 
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temporal pattern for the catchment. The box and whisker plot displays information about the range, 
median, and quartiles of the results. This plot can easily demonstrate whether a distribution is skewed 
and whether there are potential outliers in the data set, especially for a large number of observations.  

Figure 3 below demonstrates that the highest median storm duration for the 100 year ARI is the 20min 
storm using the standard temporal pattern 3, and producing a peak discharge of 7.61 m3/s.  

 

Figure 3 1% AEP Box and whisker plot of Ensemble results 

2.4. Flood Frequency Analysis Comparison 
ARR Regional Flood Frequency Estimation (RFFE) tool has replaced the rational method as a means to 
compare XPSWMM’s calculation of design discharges for the 100 Year ARI developed conditions at 
legal points of discharge for the catchment.   

The tool requires the geographical coordinates of the catchment centroid and outlet. Based on 
regional rainfall data at gauged locations near the site the tool produces a statistical estimate of the 
peak discharge.  

The tool has the following limitations: 

• The RFFA tool cannot be used for urban catchments, areas where large scale land clearing has 
occurred or where Dams or other significant Hydraulic controls have significantly affected the 
natural hydrology (ARR). 

• RFFA is not accurate for catchments smaller than 0.5 km2 or larger than 1000 km2. 

• Catchments that are located more than 300 km from a gauging station used by the tool. 
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Table 2 and Figure 4 summarises the comparison of the RFFA tool and XP-SWMM peak discharges for 
the sub-catchment at outlet. Whilst accuracy is reduced for catchments less than 0.5km2, the RFFE is 
still a useful tool for checking purposes. 

 

Table 2 XP-SWMM and RFFA Peak Discharge  

Event 

Regional Estimation Tool 

XP_SWMM 
(ARR2019)  Discharge 

(m3/s)  
Lower Confidence 
Limit (5%) (m3/s) 

Upper Confidence 
Limit (95%) (m3/s) 

1% AEP 8.23 2.48 27 7.61 
     * Based off Medium Ensemble Storm 

 

 

 

Figure 4 Critical Storm Duration and Temporal Pattern for The Outlet Catchment 
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3. Overland Flow Hydraulic Assessment  

3.1. Objectives 
The objective of this hydraulic impact assessment is to demonstrate that the fill pad associated with 
the proposed development does not significantly increase risk within the floodway or on neighbouring 
properties.  

A 1D/2D TUFLOW has been used for this analysis. The TUFLOW software models the design terrain 
(i.e., Digital Terrain Model) of the study area as a series of grids (2D cells). This allows flows in excess 
of channel capacity or pipe network, to break out and continue along the floodway in the 2D domain, 
as the topography dictates. The hydraulic structures (i.e. the minor culvert network) have been 
represented as 1D elements (ESTRY) which is dynamically linked to the 2D elements. The TUFLOW 
model computes the capacity of the 1D element and once exceeded, the surcharged flow is 
transferred to the 2D model. Flood levels, discharge and velocity can be extracted from the model as 
functions of time at required locations. 

TUFLOW is an industry standard two-dimensional hydraulic analysis model used to estimate flood 
characteristics such as flood level, velocity, depth and flood hazard and any impacts arising from the 
proposed development has on the surrounding properties.  

3.2. 2D Model Set Up 

3.2.1. Model Extent 

The model extents for the TUFLOW model are presented in Figure 5. The extents were set at an 
appropriate distance from the subject site to properly assess the impacts of the proposed 
development. 

 

Figure 5 TUFLOW Model Extents 
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3.2.2. Resolution and Time Step 

A grid size of 1m and time step 0.5s were used in the TUFLOW model for all scenarios. The grid size is 
based on model efficiency and size constraints for the extents of the model. 

3.2.3. Topography Pre-Development 

Lidar 1m (2010) and survey data around the subject site were used as the base topography for 
TUFLOW model. The topography used in the pre-development scenario is shown in Figure 6.  

 

Figure 6 Surface Elevation Data 

3.2.4. Topography Post-Development 

For the post development scenario, the changes to the topography due to the proposed development 
are demonstrated in Figure 7.  

The level of the proposed fill pad (on site) was raised to be completely flood free in 1% AEP peak water 
level. 

A portion of the site is to be raised on piers or suspended slab. Refer to Civil drawing set for further 
detail. 

A new 16m wide x 0.5m x 1:6 shallow drain is proposed to direct water from Shelly drive to an existing 
drainage easement to the south. These measures will help alleviate existing nuisance flooding of 
properties adjoining Shelly drive.  

A small increase to the height of the left bank of the existing open channel is proposed to contain 
water within the drainage easement. Refer Figure 7 below for typical sections. 
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Figure 7 Design Surface Elevation Data 

3.2.5. Roughness 

Figure 8 and Figure 9 show the roughness adopted in the hydraulic impact assessment model. 

 

Figure 8 Pre Development Roughness Map 
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Figure 9 Post Development Roughness Map 

 

3.2.6. Inflows 

The inflows within the TUFLOW model were extracted directly from XPSWMM Hydrology model 
(ARR2016). See Figure 5 for inflows location. 

3.3. Pre-Development Case 
The Pre-Development case includes existing low flow pipes as per Figure 5. The pipe roughness was 
set at Manning n = 0.014. 

1% AEP peak water level, depth, velocity and hazard are shown below in Figure 10, Figure 11 Figure 
12 and Figure 13 respectively.  

The Flood Planning Level (FPL) shall be as per Byron Shire Development Control Plan 2014 Chapter C2 
Areas Affected by Flood: 

• Habitable dwellings - 6.5m AHD (6.0m AHD + 500mm = 6.5m AHD) 

• Non Habitable buildings (carports etc) – 10% AEP + 300mm 
o All internal roads and non-habitable buildings set > 1% AEP. 
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Figure 10 Pre-Development Maximum Water Level – 1% AEP   

 

Figure 11 Pre-Development Maximum Depth – 1% AEP 
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Figure 12 Pre-Development Maximum Velocity – 1% AEP 

 

Figure 13 Pre-Development Maximum Hazard – 1% AEP 

3.4. Post-Development Case  
The modifications in the post-developed case include: 

• The filling of proposed pad (within the site) to > 6.5m AHD Flood Planning Level 

• A new 16m wide x 0.5m x 1:6 shallow drain is proposed to direct water from Shelly drive to 
an existing drainage easement to the south 
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• A portion of the site is to be raised on piers or suspended slab. Refer to Civil drawing set for 
further detail. 

• A small increase to the height of the left bank of the existing open channel is proposed to 
contain water within the drainage easement. 

Figure 14, 15, 16 and 17 below show the maximum water level, depth and velocity, hazard.  

 

 

 Figure 14 Post-Development Maximum Water Level – 1% AEP  
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Figure 15 Post-Development Maximum Depth – 1% AEP 

  

 

 

 Figure 16 Post-Development Maximum Velocity – 1% AEP 
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Figure 17 Post-Development Maximum Hazard – 1% AEP 

3.4.1. Impact Assessment 

Figure 18 below shows the difference in peak water levels, and Figure 19 below shows the difference 
in peak water velocity resulting from the proposed development.  

The 1% AEP hydraulic assessment has resulted in: 

• Generally, the 1% AEP water level afflux is less than 10mm for much of the study area and is 
considered non-actionable.  

• There are some localised increases in maximum water level within subject site, the drainage 
reserve and a small portion of the park reserve immediately upstream of the drainage reserve 
of  > 120mm 

• There are some localised increases in maximum water level immediately downstream of the 
subject site, within the drainage reserve of 0 - 20mm, and 20 – 40mm. 

• There is some localised reduction in maximum water levels of up to -47mm within the 
drainage reserve.  

• Generally, the 1% AEP water velocity afflux is less than 0.1m/s for much of the study area and 
is considered non-actionable.  

• There are some localised areas within the proposed design channel linking Shelly Drive to the 
drainage easement that has velocity increases of greater than 0.5 m/s 

• There are some localised increases in maximum velocity within the drainage reserve of  
0.567m/s 

Benefits of providing a design channel linking Shelly Drive to the existing drainage reserve include: 

• Improvement of existing nuisance flooding of neighbours directly to the north of the subject 
site. Current legacy flow paths convey water directly through the neighbouring properties to 
the north and also the subject site 
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• Formalising an existing conveyance path from the sag pit at Shelly Drive to the existing 
drainage reserve. Currently stormwater in excess of the minor system overtops the kerb at 
Shelly Drive as uncontrolled overland flow utilising legacy pathways which currently direct 
flows through neighbouring properties to the north and also the subject site before 
reconnecting to the existing drainage reserve 

• A similar outcome could not have been achieved by maintaining the informal uncontrolled 
legacy drainage paths through the neighbouring properties to the north and also the subject 
site 

• Reshaping of the public reserve to the north using low batters and shallow depth will improve 
visual amenity and usability. Currently the ground levels of the public reserve to the north is 
uneven in nature and not usable in its current form. Reshaping this area will improve usability.  
 

 

Figure 18 Water Level Afflux Map – 1% AEP  
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Figure 19 Water Velocity Afflux Map – 1% AEP  
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4. Summary 

Floodworks has completed a hydraulic assessment for the subject site 103 Patterson St Byron Bay. As 
part of this assessment a dynamic 1D/2D linked TUFLOW flood model was developed for both the 
existing case and developed case. 

A hydrologic assessment of the 1% AEP design flows using XP-SWMM has been completed for the 
subject site. All hydrologic assessment has been completed to the Australian Rainfall and Runoff 2019 
(ARR2019) methodologies, with results comparing well to the Regional Flood Frequency Estimation 
tool. 

The Flood Planning Level (FPL) shall be as per Byron Shire Development Control Plan 2014 Chapter C2 
Areas Affected by Flood: 

• Habitable dwellings – 6.5m AHD (6.0m AHD + 500mm = 6.5m AHD) 
• Non-habitable buildings (carports etc) – 10% AEP + 300mm.  

o All internal roads and non-habitable buildings set > 1% AEP. 

The 1% AEP hydraulic assessment has resulted in: 

• Generally, the 1% AEP water level afflux is less than 10mm for much of the study area and is 
considered non-actionable.  

• There are some localised increases in maximum water level within subject site, the drainage 
reserve and a small portion of the park reserve immediately upstream of the drainage reserve 
of  > 120mm 

• There are some localised increases in maximum water level immediately downstream of the 
subject site, within the drainage reserve of 0 - 20mm, and 20 – 40mm. 

• There is some localised reduction in maximum water levels of up to -47mm within the 
drainage reserve.  

• Generally, the 1% AEP water velocity afflux is less than 0.1m/s for much of the study area and 
is considered non-actionable.  

• There are some localised areas within the proposed design channel linking Shelly Drive to the 
drainage easement that has velocity increases of greater than 0.5 m/s 

• There are some localised increases in maximum velocity within the drainage reserve of  
0.567m/s 

Benefits of providing a design channel linking Shelly Drive to the existing drainage reserve include: 

• Improvement of existing nuisance flooding of neighbours directly to the north of the subject 
site. Current legacy flow paths convey water directly through the neighbouring properties to 
the north and also the subject site 

• Formalising an existing conveyance path from the sag pit at Shelly Drive to the existing 
drainage reserve. Currently stormwater in excess of the minor system overtops the kerb at 
Shelly Drive as uncontrolled overland flow utilising legacy pathways which currently direct 
flows through neighbouring properties to the north and also the subject site before 
reconnecting to the existing drainage reserve 

• A similar outcome could not have been achieved by maintaining the informal uncontrolled 
legacy drainage paths through the neighbouring properties to the north and also the subject 
site 
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• Reshaping of the public reserve to the north using low batters and shallow depth will improve 
visual amenity and usability. Currently the ground levels of the public reserve to the north is 
uneven in nature and not usable in its current form. Reshaping this area will improve usability.  
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Appendix A Results 
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Appendix B Australian Rainfall & Runoff Data Hub – Results 
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Appendix C Box and Whisker Plots  

 

Figure 20 100 Year ARI Box and whisker plot of Ensemble results 

 



 
 

 

FW00036                                                    103 Paterson Street, Byron Bay NSW - HIA Page 31  

 
 

Appendix D Regional Flood Frequency Estimation (ARR2016)  
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