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N O M E N C L A T U R E  

A&D Allan & Dennis Pty Ltd 

AEP Annual Exceedance Probability 

AHD Australian Height Datum 

ALS Aerial Laser Survey 

ARI Average Recurrence Interval 

ARR Australia Runoff and Rainfall 

BoM Bureau of Meteorology 

CGL Change to ground level and creation of new waterways code 

Council City of Gold Coast 

DA Development Application 

d50 Median rock diameter 

HA Hydraulic Assessment 

IL Invert Level 

IR Information Request 

SGS Sub-Grid Sampling 

SMP Stormwater Management Plan 

 
In-line with the recent implementation of ARR (Ball, et al., 2019) design storm events are described in 
terms of AEP, the probability of a storm event magnitude exceeded in any given year as a percentage.  
This terminology was implemented to replace the ARI, of which is commonly misinterpreted, for example, 
that a 10 year ARI will occur exactly every ten years.  The event equivalency is presented below: 

AEP (%) ARI (year) Shorthand 

63 1 in 1 Q1 

50 1 in 1.44 Q2 

20 1 in 4.48 Q5 

10 1 in 9.49 Q10 

5 1 in 20 Q20 

2 1 in 50 Q50 

1 1 in 100 Q100 
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1  I N T R O D U C T I O N  
This HA has been prepared by A&D to support the DA of Lot 57 on SP214370 and Lot 58 on SP191940 (the 
site).  This report details the assessment of the existing and proposed site conditions, in order to provide 
flood predictions to address relevant outcomes of the CGL code. 

The existing site is traversed by Yuan Creek and several northern tributaries prior to discharging through 
the Old Coach Road culverts.  The project works propose to formalise the meandering tributary along the 
Baileys Mountain Road frontage to provide access and suitable development, as per the received design 
(attached in reference drawings).  Yuan Creek and other tributaries will remain as per existing. 

Council issued an IR dated 24 December 2024 (ref: COM/2024/317).  Version 2 of this report was issued to 
address relevant items, with responses provided in Section 3. 
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2  F L O O D  A S S E S S M E N T  
A new flood model was established, in accordance with current best-practice, as detailed herein 

2.1 HYDROLOGY 
The hydrologic (rainfall-runoff) modelling was undertaken using WBNM with Storm injector (v1.3.8).  Sub-
catchments were delineated from Council’s stormwater network database, ALS (conducted 2014) and 
ground survey (attached in reference drawings), as illustrated on Figure 1 and summarised in Table 2-1.   

TABLE 2-1 SUB-CATCHMENT PROPERTIES 

ID Area (ha) Impervious (%) ID Area (ha) Impervious (%) 

C01 74.22 0.0 C09 11.63 15.8 

C02 56.83 0.0 C10 6.64 0.0 

C03 10.43 0.0 C11 6.09 0.0 

C04 30.97 0.0 C12 15.33 0.0 

C05 17.23 0.0 C13 4.57 11.5 

C06 6.76 0.0 C14 13.86 46.1 

C07 16.28 19.5 C15 3.54 0.0 

C08 21.96 44.6 Total 296.36 7.3 
 

The adopted impervious values were based on 2023 aerial imagery and equivalent fraction impervious 
estimates (IPWEAQ, 2017).  Current best practices were adopted to estimate design storm runoff, 
including the following model parameters: 

• 1.3 catchment lag factor; 

• BoM 2016 design rainfall depths; and 

• ARR (Ball, et al., 2019) temporal patterns and burst losses (initial loss – median pre-burst). 

All design storms, 63%-1% AEP, 30-540 minute durations and temporal ensembles were simulated.  
Critical design flows at the site are presented Table 2-2 respectively total catchment runoff at the site 
(C15). Box plots are included in Appendix A. 

TABLE 2-2 CRITICAL DESIGN FLOWS AT SITE (C20) 

AEP (%) Median Pattern Peak Flow (m³/s) Critical Duration (min) 

63 13.5 270 

50 16.0 180 

20 30.0 180 

10 33.7 120 

5 41.2 120 

2 46.9 90 

1 55.7 120 
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2.2 HYDRAULIC 
The hydraulic modelling was undertaken using Tuflow HPC SGS (2023-03-AC), as summarised below. 

2.2.1  EXISTING SCENARIO 
• Model extent illustrated in Figure 2, with boundaries set a suitable distance away from the site to 

eliminate undue boundary effects; 

• Topography is based on ALS data (conducted 2014) and site ground survey with a 2 m model grid.  
Break lines and grid modifications were applied to critical areas for accuracy, consistency and 
stability;  

• Manning’s ‘n’ roughness, as illustrated in Figure 3: 

o Road 0.03 (0.05 m) to 0.013 (0.5 m) (variable depth); 

o Maintained 0.1 (0.05 m) to 0.02 (0.2 m) (variable depth); 

o Vegetated 0.08 (1 m) to 0.12 (3 m) (variable depth);  

o Standing water 0.025; and 

o Lots 0.1. 

• Normal depth height-discharge tailwater boundary; 

• Local inflows applied as grid areas.  Proportionate flow split applied to sub-catchments C05 and 
C14 for further definition within the hydraulic model; 

• Initial dam water levels set to lowest outlet elevations; 

• Map cut-off depth of 0.01 m; and 

• Structure properties based on Council’s open database and site survey, with engineering 
assumptions applied to missing information.  Table 2-3 presents key structure information.   

TABLE 2-3 KEY STRUCTURE PROPERTIES 

Structure Arrangement 
(m) 

Upstream IL 
(mAHD) 

Downstream IL 
(mAHD) 

Source 

Baileys Mountain Road 1 2/0.375 24.74 24.66 Ground Survey 

Baileys Mountain Road 2 2/1.5x0.75 21.77 21.6 Ground Survey 

Lot 58 on SP191940 Driveway 2/0.9x0.9 22.23 22.2 Ground Survey 

Lot 57 on SP214370 Driveway 1/0.75 
1/0.9 
1/1.05 

23.44 
23.45 
23.46 

23.32 
23.32 
23.34 

Ground Survey 

Old Coach Rd Yuan Creek 3/2.7x1.8* 
2/2.7x2.0* 

20.78 20.50 Ground Survey 

Development Entrance^ 2/1.5x0.6 26.4 26.3 Design 
* For consistancy, modelled as 5/2.7x1.88 
^ Developed scenario only 

2.2.2  DEVELOPED SCENARIO 
• As per base scenario incorporating received design surface and formalised channel (rock lined 

invert and vegetated batters), as illustrated Figure 4 and 5 respectively.  Model topography 
difference illustrated in Figure 6; 

• Proposed site road crossing, as per Table 2-3.  This arrangement is in accordance to culvert 
waterway barrier works work type 1.3 (DAF, 2018); and 

• Existing site inflows assumed (refer to SMP demonstrating no increase in site runoff). 
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2.2.3  SENSITIVITY SCENARIO 
The development entrance culvert was also tested under 25% chamber blockage conditions in 
accordance to QUDM (IPWEAQ, 2017). 

2.3 RESULTS 
In accordance to best practice, all design storms, critical durations and temporal ensembles were 
simulated for both existing and developed scenarios.  Raw results are processed such that the peak flood 
surface is the critical duration, median temporal pattern result.  Applicable results are discussed below. 

2.3.1  EXISTING SCENARIO 
Appendix B presents the existing scenario flood maps.  Relevant hydraulic controls include the upstream 
site (Lot 183 on RP156422) dam spillway, and the Baileys Mountain / Old Coach Road crossings.  These 
controls confirm an appropriate model extent.   

The northern Baileys Mountain Road culverts are overtopped during the 63% AEP event, noting the 
conservative initial dam water levels.  Old Coach Road is overtopped during events greater than the 50% 
AEP event. 

Flow velocities up to 1.9 m/s are noted through the first site section of the Baileys Mountain Road 
frontage tributary for the 1% AEP event.   

2.3.2  DEVELOPED SCENARIO 
The developed scenario flood depth, level difference, velocity and velocity difference maps are presented 
in Appendix C.  These indicate design storms traverse the site within the formalised channel providing 
safe development.  Initial 1D analysis of the channel indicated a 0.5 m freeboard to the top of bank during 
the 1% AEP event and 0.3 m freeboard for high roughness vegetation sensitivity.  

Flood level difference maps illustrate the formalisation of the Baileys Mountain Road frontage flow path 
results are within tolerable afflux limits for affected open space, designated drainage areas, road reserve 
/ corridor (CGC, 2019).  There are relatively minor changes over the site interfaces at extremely low depths 
(<0.1 m) as a result of consolidating inundation to within the formalised channel.  However, the 
development does not affect the safety or use of any land external to the site.  Furthermore, the 
development will not impact the proposed Baileys Mountain Road upgrade design. 

Developed flow velocity maps in Appendix C indicate relatively controlled flow velocities within the 
Baileys Mountain Road frontage flow path, with a predicted 1% AEP event maximum of 1.4 m/s.  The 
proposed rock invert of the channel requires a minimum d50 of 80 mm, based on the simplified Isbash 
equation (Witheridge, 2021). 

2.3.3  SENSITIVITY SCENARIO 
Flood maps within Appendix D illustrate predict no overtopping of the entrance road surface during the 
1% AEP storm event with 25% culvert blockage. 
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3  I N F O R M A T I O N  R E Q U E S T  R E S P O N S E  
Council issued IR dated 24 December 2024.  Relevant items are addressed below. 

15. Stormwater Swale 
A stormwater swale at the north-eastern corner of the site includes turf proposed to the base of the 
swale with vegetated batters as per the developed scenario of the SWMP (p.7) and as shown on the 
Statement of Landscape Intent. No maintenance access from the private lot is indicated on the 
provided drawings, and it’s expected that the wet/boggy nature of the culvert won’t allow for regular 
slashing to occur. 
In accordance with Performance outcome PO19 of the Change to ground and creation of new 
waterways code, created waterways are designed to provide maintenance access to revetment walls 
and cleaning of the waterway. To remove the ongoing maintenance burden and expected weed 
infestation of this area, the applicant is requested to convert the swale to a rock lined swale, allowing 
for vegetated batters to assist in reducing visual amenity impacts associated with the proposed 
retaining walls and fencing. 

 

The proposed swale vegetation has been updated in accordance to Council’s request, modifying the 
adopted model roughness. 

29. Overland flow paths 
The applicant has submitted a Hydraulic Assessment for the site. To ensure the development does not 
obstruct free open surface flow of stormwater through a site, and the overland flow is safely conveyed 
in accordance with Performance outcome PO7 of the Healthy waters code, the following items must be 
addressed: 
a. Figure 5 shows part of the lots coloured as vegetation. Amend figure and model to ensure these 
areas have the correct roughness. 

 

The adopted model roughness has been updated accordingly, noting that only areas subject to inundation 
affect hydraulic model results. 

b. Provide details of the culvert design and cross and long section of the proposed culvert, including 
invert levels. 

 

Refer to Table 2-3 and attached reference drawings. 

c. Ensure adequate public safety controls (e.g. maximum flow depth and d.V product) exist for flows 
passing over the road surface during the major storm, and that the nominated major storm flow does 
not cause unacceptable damage to adjacent properties. 

 

The proposed entrance culvert does not overtop during 1% AEP flood event (major storm). 

d. Provide an assessment of the stormwater drainage impacts if the culvert is blocked, using a 
blockage factor according to QUDM requirements. Ensure adequate public safety controls (e.g. 
maximum flow depth and d.V product) exist for flows passing over the road surface during the major 
storm, and that the nominated major storm flow does not cause unacceptable damage to adjacent 
properties. 

 

Maximum flow and hazard limits are not necessarily appropriate to blockage sensitivity analysis.  
Nevertheless, the blockage scenario predicts no overtopping of the road surface during the 1% AEP storm 
event. 
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e. Figure C2.7 shows impacts over 10mm external to the site. Revise model/design and ensure impacts 
are limited according to the afflux specified in Council’s document Flood noise practice note.. 

 

Revised results presented in Appendix C illustrate improved results to address Council’s concerns.  Flood 
level difference maps illustrate the formalisation of the Baileys Mountain Road frontage flow path results 
are within tolerable afflux limits for affected open space, designated drainage areas, road reserve / 
corridor (CGC, 2019).  There are relatively minor changes over the site interfaces at extremely low depths 
(<0.1 m) as a result of consolidating inundation to within the formalised channel.  However, the 
development does not affect the safety or use of any land external to the site.  Furthermore, the 
development will not impact the proposed Baileys Mountain Road upgrade design. 
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4  C O N C L U S I O N  &  Q U A L I F I C A T I O N S  
This HA has been prepared to support the proposed DA and ensure the proposed formalised channel is 
sufficient to safely convey design storm flows through the site.  A new hydraulic model was established to 
accurately assess the site and proposed works in accordance to current best-practice.  Model results 
indicate the proposed development: 

• Does not cause ponding on the site or nearby land; 

• Does not increase flooding which adversely affects the safety or use of any land upstream and 
downstream; or 

• Does not adversely affect the flow of water in any overland flow path external to the site. 

Furthermore, the proposed site road crossing arrangement culvert waterway barrier works work type 1.3 
(DAF, 2018). 

This report was prepared by A&D, specifically catered for the particular project requirements, and may 
not be applicable beyond this scope.  For this reason, any other third parties are not authorised to utilise 
this report without further input and advice from A&D.  

The report is based on the following information provided by others:  

• ALS elevation data; 

• Site ground survey (Focus Survey); 

• Development design (Cozens Regan Group); and 

• Stormwater network database (Council). 

The accuracy of the report is dependent upon the accuracy of this information.  

Whilst this report assesses catchment hydraulic performance, using industry standard theoretical 
modelling techniques and engineering practices, actual future observed catchment flows, levels and 
extent of inundation may vary from those predicted herein.   
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CONSULTING ENGINEERS   CIVIL   STRUCTURAL

SUITE 7 ADVANCE BUSINESS CENTRE
39 LAWRENCE DRIVE   NERANG
PO BOX 2711  NERANG  QLD 4211

(07) 5578 4100P:
(07) 5578 4092F:

E: mail@cozreg.com.au
W:www.cozreg.com.au

IMPORTANT NOTE:

ALL UNDERGROUND SERVICES SHOULD BE LOCATED ONSITE BY
RELEVANT AUTHORITIES BEFORE ANY WORK IS COMMENCED.

UNDER QUEENSLAND LEGISLATION, THE GENERAL
BIOSECURITY OBLIGATION REQUIRES ALL REASONABLE
STEPS TO BE TAKEN TO PREVENT THE SPREAD OF FIRE ANTS.

ALL SUSPECTED SIGHTINGS OF FIRE ANTS MUST BE REPORTED WITHIN
24 HOURS OF THEIR DISCOVERY (PH: 13 25 23). THE MOVEMENT OF
FIRE ANTS IS PROHIBITED. FAILING TO COMPLY MAY INCUR PENALTIES.
THE CONTRACTOR SHALL ACQUIRE THE NECESSARY PERMITS AND
EDUCATION TO MOVE ORGANIC MATERIALS THAT MAY CONTAIN FIRE ANTS.
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CONSULTING ENGINEERS   CIVIL   STRUCTURAL

SUITE 7 ADVANCE BUSINESS CENTRE
39 LAWRENCE DRIVE   NERANG
PO BOX 2711  NERANG  QLD 4211

(07) 5578 4100P:
(07) 5578 4092F:

E: mail@cozreg.com.au
W:www.cozreg.com.au

IMPORTANT NOTE:

ALL UNDERGROUND SERVICES SHOULD BE LOCATED ONSITE BY
RELEVANT AUTHORITIES BEFORE ANY WORK IS COMMENCED.

UNDER QUEENSLAND LEGISLATION, THE GENERAL
BIOSECURITY OBLIGATION REQUIRES ALL REASONABLE
STEPS TO BE TAKEN TO PREVENT THE SPREAD OF FIRE ANTS.

ALL SUSPECTED SIGHTINGS OF FIRE ANTS MUST BE REPORTED WITHIN
24 HOURS OF THEIR DISCOVERY (PH: 13 25 23). THE MOVEMENT OF
FIRE ANTS IS PROHIBITED. FAILING TO COMPLY MAY INCUR PENALTIES.
THE CONTRACTOR SHALL ACQUIRE THE NECESSARY PERMITS AND
EDUCATION TO MOVE ORGANIC MATERIALS THAT MAY CONTAIN FIRE ANTS.
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IMPORTANT NOTE:

ALL UNDERGROUND SERVICES SHOULD BE LOCATED ONSITE BY
RELEVANT AUTHORITIES BEFORE ANY WORK IS COMMENCED.

UNDER QUEENSLAND LEGISLATION, THE GENERAL
BIOSECURITY OBLIGATION REQUIRES ALL REASONABLE
STEPS TO BE TAKEN TO PREVENT THE SPREAD OF FIRE ANTS.

ALL SUSPECTED SIGHTINGS OF FIRE ANTS MUST BE REPORTED WITHIN
24 HOURS OF THEIR DISCOVERY (PH: 13 25 23). THE MOVEMENT OF
FIRE ANTS IS PROHIBITED. FAILING TO COMPLY MAY INCUR PENALTIES.
THE CONTRACTOR SHALL ACQUIRE THE NECESSARY PERMITS AND
EDUCATION TO MOVE ORGANIC MATERIALS THAT MAY CONTAIN FIRE ANTS.
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