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1  
Cubo Consulting Pty Ltd has been engaged by EDH Architects to prepare a stormwater report to 
support the rezoning application for submission to Central Coast Council for the proposed residential 
subdivision and development at 285-305 Pacific Highway, Lake Munmorah. This report provides 
information on: 

- Stormwater quantity and site discharge management; 

- Stormwater quality and treatment options, including assessment of downstream wetlands; and 

- Site overland flows and flooding. 

This report also includes some preliminary information on stormwater retention and water conservation, 
which are typically required at the Development Application (DA) stage. Assumptions have been made 
in the preparation of this report, e.g. proposed development layout, that will need to be addressed before 
proceeding with detailed design. 

The proposed rezoning site is located on RU6 Transitional Land on the northern side of the Pacific 
Highway to the west of the Lake Munmorah Shopping Centre. The proposal is to rezone the land to R2 
Low Density Residential land to facilitate subdivision and residential development. 

The report concludes that: 

1. On-site detention will be required for the site to ensure post-development flows are maintained 
with predevelopment levels. A total OSD volume of approx. 7,000 m3, split into 2,500 m3 for the 
western catchment and 4,500 m3 for the eastern catchment, may ensure that post-development 
runoff is kept within pre-development levels. 

2. it is recommended that 
the rezoning site to maintain base flows in the upper reaches of the creeks, particularly during 
smaller storm events. 

3. 
pollutant reduction targets may be met through: 

a. For the western catchment, bioretention ponds with a total filter area of 340 m2 and 
upstream GPT(s). (if constructed wetlands are adopted the water quality area may 
increase to 3400 m2.) 

b. For the western catchment, bioretention ponds with a total filter area of 580 m2 and 
upstream GPT(s). (if constructed wetlands are adopted the water quality area may 
increase by 5800 m2.) 

c. The MUSIC modelling assumes that all proposed lots within the development will have 
a minimum 2,000 L rainwater tank (as per BASIX requirements) with water reuse of 
121 kL/year/lot. 

4. The site is located within the upper reaches of the Karignan Creek catchment that drains into 
Lake Macquarie. Overland flows and flooding through the proposed rezoning site have been 
simulated in both 1D and 2D HEC-RAS models. Flood waters appear to be constrained to the 
existing natural channels running through the site. It is expected that: 

a. For the western catchment, proposed development works are expected to be on the 
edge of the 100-year ARI flood extent and require only minimal filling to flood proof lots. 

b. For the eastern catchment, some earthworks and lot filling may be required for flood 
proofing within the existing 100-year flood areas. Post-development modelling 
suggests that only localised increases to flow depth and velocity will occur as a result 
of the development, with no significant impacts to creek flows expected downstream of 
the proposed rezoning site.  
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c. Within the proposed rezoning site, the maximum increase in PMF level compared to 
the 1% AEP is 360 mm, with an average increase of 76 mm. Therefore, the flood levels 
throughout the rezoning site should be based on the 1% AEP water levels plus 500 mm 
freeboard. 

d. Due to the steepness of the site, there appears to be limited backwater influence from 
the downstream wetlands and Lake Macquarie. 

5. Detailed sediment and erosion control plans will be required to ensure that sediment is not 
transported to downstream wetlands during the construction phase. Erosion/scour protection 
measures, and revegetation, may be required at the discharge locations to the downstream 
channels within both the eastern and western catchments. 

Based on the outcomes provided in this report, it is our view that appropriate stormwater measures can 
be put into place to adequately manage site stormwater post-development and that stormwater 
management will not preclude the rezoning of the site to allow residential development. 

Supporting information is contained at the appendices to this report. 

6.  
Yours Faithfully, 

Prepared by 

Matthew Brown  
Drainage Engineer 

Reviewed by 

Vince Cubis  
Director 
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2  
This document presents the stormwater plan to support the rezoning application for submission to 
Central Coast Council for the proposed development at Lot 1 DP626787, Lot 438 DP755266, Lot 437 
DP755266, 285-305 Pacific Highway Lake Munmorah NSW 2259. 

3  
The proposed rezoning site has an area of approximately 23 hectares and is made up of three separate 
blocks, each with existing dwellings. The land is currently zoned as RU6 Transitional Land. The land is 
generally clear, with sparse trees and a small forested area to the north-west. A natural drainage 
channel runs through the eastern half of the site, draining to a larger creek to the east, then north to 
Karignan Creek and Lake Macquarie. There is also a natural drainage channel that crosses the south-
western corner of the site and runs along the western boundary, draining to Lake Macquarie. 

The site is bound to the east by residential land; to the north by a reserve for public recreation and an 
environmental conservation area; to the west by commercial land, a reserve for public recreation and 
environmental conservation/management area; and to the south by the Pacific Highway. 

Topography for the site and surrounding areas was generated using 1m LiDAR information taken from 
the Geoscience Australia website (ELVIS database). The site is located at the top of the Karignan Creek 
catchment that flows into Lake Macquarie, with the Pacific Highway being the (approximate) dividing 
ridgeline between the catchments of Lake Macquarie and Lake Munmorah. 

The site is situated on a ridge that extends north from the Pacific Highway. The site generally falls 
towards Lake Macquarie to the north at moderate grades between 2 and 10%. The land also falls away 
to the north-east and north-west from the top of the ridge lines toward the natural water courses running 
through, and adjacent to, the site. Site topography is contained at Appendix A. 

, the natural 
watercourses have been assessed to be first order streams.  

Preliminary feedback from NSW Department of Primary Industries (Water) (Algis Sutas), regarding the 
natural drainage channels through the site, advised: 

I wish to confirm our telephone discussion and my advice provided to you this afternoon as 
follows: 

 I have reviewed the information provided by you as well as various aerial photo images of 
the site. I also have prior knowledge of the adjacent site to the west. 

 In regard to the eastern blue line, I could not see any evidence of bed or bank along the 
course of the blue line. There is some dark green areas on the lower (northern most 
sections) sections, which may indicate some wet areas or flow paths. 

 The site photos and air photos do not indicate any defined riparian corridor, aquatic 
vegetation or geomorphic features. 

 I note that there has been an access track constructed for the telecommunications tower 
located in the south east corner of the property. There does not appear to be any 
evidence of flow or scour across this access track. 

 Whilst there may have been some sort of flow path previously, the site has been highly 
modified by land clearing, construction of the dams and the altered drainage from the 
highway. 

 Based on the above information, I am satisfied at this stage that it appears that the blue 
lines in the southern half of the site are probably not rivers as defined under the Water 
Management Act 2000. However, it is possible that the northern part of the site may 
contain remnant wetland or undefined flow paths.. 

 To assist in the rezoning and DA stages I suggest that you compile further evidence via 
contour survey, vegetation surveys, flood and stormwater investigations, etc. 
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 At this stage a site inspection would not be required.  
 Further information regarding controlled activity approvals can be found 

at https://www.industry.nsw.gov.au/water/licensing-trade/approvals/controlled-activities. 

Please contact me again if you wish to discuss any of the above issues, 

regards 

Algis  

Soils and geological information were taken from the following sources: 

- NSW Government Resources & Energy 1:100,000 Soil landscape mapping (Gosford-Lake 
Macquarie) 

- NSW Government Department of Environment eSpade soil mapping (specific to the site) 

These sources indicate that the site is located on Munmorah Conglomerate (Conglomerate, pebbly 
sandstone, grey to green shale) within the Doyalson group. Soils are expected to be clay and clay loams 
overlain by sand, moderately well drained and with moderate to high runoff. 

Central Coast Council mapping indicates that the site is primarily a Class 5 (within 500 m of Class 1-4 
soils) acid sulphate soil site, however there is a very small area in the north-eastern corner of the site 
that is classified Class 3 (works beyond 1 m below ground surface). This is likely to be outside the zone 
of any proposed development works. 

Aerial photography of the existing site is presented in Figure 3-1 below.  

Figure 3-1 Existing Site (Source - Sixmaps) 

 

Lot 1 
DP626787 Lot 438 

DP755266 

Lot 437 
DP755266 
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4  
The site is proposed to be rezoned from RU6 Transition land to R2 Low density residential, to allow for 
future subdivision and land development. 

5  
Stormwater management for the proposed rezoning is required to comply with Central Coast Council 
documentation including: 

- Wyong Development Control Plan 2013 

 Chapter 3.3 (Floodplain Management) 

 Chapter 3.10 (Wetlands Management) 

 Chapter 4 (Subdivision) 

- Central Coast Council  Civil Works Specification Design Guideline 2018 

Generally, these stormwater management requirements are to: 

- Include water retention and reuse measures to reduce potable water demand within the 
development. 

- Provide concept stormwater design to: 

 Convey runoff from the site to downstream disposal locations, ensuring that there are 
no significant impacts to adjacent properties and downstream wetlands. 

 Incorporate on-site detention, as required, such that post-development runoff does not 
exceed pre-development runoff for all storm events from the 1-year ARI to the 100-year 
ARI. 

 Incorporate water sensitive urban design (WSUD) principles to provide a more 
integrated approach to urban water cycle management 

 Ensure that stormwater discharge from the site is managed in such a way to reduce 
pollutant loads to meet Central Coast Council pollutant reduction targets and assist in 
the protection of sensitive ecosystems and hydrological regimes of downstream 
environments. 

- Assess 100-year flood extent across the site and provide measures to ensure that any 
developed land is flood free, whilst not significantly altering the hydrological characteristics and 
flood levels of natural drainage channels. 

Erosion and sediment control procedures will need to be put into place during any construction activities 
on site to limit the risk of soil disturbance and erosion and potential transportation of sediments to 
downstream wetlands/drainage areas (see Section 5.7). 

5.1 Constraints and Opportunities 

Site opportunities include: 

- Rainwater tanks will be required for the proposed development as part of BASIX requirements. 
This will assist in potable water reduction and provide on-site detention storage and stormwater 
treatment through temporary storage and reuse. 

- The site slope is generally less than 5% which provides opportunities for a range of stormwater 
treatment options ranging from proprietary devices to constructed wetlands. 

Site constraints include: 

- The site is located immediately upstream of a Wetland Management Area as identified in DCP 
2013 Section 3.10. 
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- Natural water courses run through the eastern half of the development and along the western 
boundary, which may subject the site to overland flows and flooding. Lot filling may be required 
to fully flood proof each lot. 

- Based on Table 1 in the NSW Department of Industry Guidelines for controlled activities on 
waterfront land first order streams are required to have a 10 m vegetated riparian zone from 
the top of bank. 

5.2 Water Conservation Target 

In accordance with DCP 2013, Section 6.7.7.1.1 the target for potable water reduction is 40%. 

Noting that the proposed development is currently only in the rezoning stage, it is recommended that 
the installation of the following WELS rated devices would allow for the 40% reduction in potable water 
to be met: 

 4-star dual-flush toilets  

 3-star showerheads  

 4-star taps (for all taps other than bath outlets and garden taps)  

 Water efficient washing machines and dishwashers, wherever possible.  

5.3 Water Retention Target 

The minimum Stormwater Retention Volume (SRV) is calculated from the following formula. 

SRV = 0.01A(0.02F)²  where: SRV = stormwater retention volume (m³) 

      A = total site area (m²)  232,000 m2 

      F = fraction impervious (%) 

As per DCP 2013, the developed site imperviousness based on residential lots between 450 m2 and 
700 m2 is 80%. Due to the riparian zone set back requirements, it is our view that it is reasonable to 
reduce the impervious percentage to 70%. Thus, the required stormwater retention volume is: 

Stormwater Retention Volume (SRV) = 4,547.2 m³ 

Further detail will be provided as part of the DA process, but it expected that this volume can be met 
through rainwater tanks for each lot, on-site detention storage and general allowance for ponding across 
the site. 

5.4 Stormwater Detention 

Due to the increase in imperviousness of the site as part of future development, it is expected that on-
site detention (OSD) will be required for the site. The site is split broadly into two catchments, west and 
east, which drain into natural watercourses. This has been further broken down into 6 catchments to 
more easily fit the required OSD pond sizes within the development and maintain base flows through 
the upper reaches of the creeks. Stormwater detention has been addressed for each catchment 
separately with all OSD ponds designed in an offline configuration. DRAINS model results are contained 
at Appendix B. 

The western catchment of the proposed development has an area of approximately 77,000 m2 and 
drains to the natural drainage channel to the west of the site. The eastern catchment of the proposed 
development has an area of approximately 132,000 m2 and drains to the natural drainage channel that 
crosses through the east of the site. 

Approximately 2 hectares of the proposed rezoning site is made up of the existing drainage channels 
running through the site. Runoff from these areas will not differ pre- and post-development and has not 
been considered in the modelling. 
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Flow estimation calculations in the following sections have been determined using a RAFTS model set 
up in DRAINS software. Rainfall intensity was taken from the BoM website specifically for the site and 
the catchment areas were estimated based on site contour information. 

5.4.1 DRAINS Model Results 

A summary of the OSD requirements, based on the DRAINS modelling, is contained in the table below. 

Table 5-1 Proposed OSD ponds 

 
Catchment 

Area 
OSD Area 

OSD 
Volume 

Storm 
Pre-

development 

Post-
development 

with OSD 

OSD 1 1.2 ha 
120 m2 base 

450 m2 top 
400 m3 

1 yr ARI 136 L/s 132 L/s 

10 yr ARI 386 L/s 342 L/s 

100 yr ARI 760 L/s 747 L/s 

OSD 2 6.5 ha 
950 m2 base 

1,950 m2 top 
2,100 m3 

1 yr ARI 480 L/s 481 L/s 

10 yr ARI 1,540 L/s 1,510 L/s 

100 yr ARI 2,910 L/s 2,830 L/s 

OSD 3 1.3 ha 
120 m2 base 

450 m2 top 
400 m3 

1 yr ARI 136 L/s 132 L/s 

10 yr ARI 386 L/s 342 L/s 

100 yr ARI 760 L/s 747 L/s 

OSD 4 6.5 ha 
950 m2 base 

1,950 m2 top 
2,100 m3 

1 yr ARI 480 L/s 481 L/s 

10 yr ARI 1,540 L/s 1,510 L/s 

100 yr ARI 2,910 L/s 2,830 L/s 

OSD 5 1.9 ha 
200 m2 base 

800 m2 top 
700 m3 

1 yr ARI 185 L/s 167 L/s 

10 yr ARI 544 L/s 491 L/s 

100 yr ARI 1,050 L/s 954 L/s 

OSD 6 3.5 ha 
480 m2 base 

1,300 m2 top 
1,300 m3 

1 yr ARI 301 L/s 316 L/s 

10 yr ARI 928 L/s 861 L/s 

100 yr ARI 1,690 L/s 1,540 L/s 

Total 
East 

7.7 ha - 2,500 m3 

1 yr ARI 616 L/s 613 L/s 

10 yr ARI 1,926 L/s 1,852 L/s 

100 yr ARI 3,670 L/s 3,577 L/s 

Total 
West 

13.2 ha - 4,500 m3 

1 yr ARI 1,102 L/s 1,096 L/s 

10 yr ARI 3,398 L/s 3,204 L/s 

100 yr ARI 6,410 L/s 6,071 L/s 

Total 
Site 

20.9 ha  7,000 m3 

1 yr ARI 1,718 L/s 1,709 L/s 

10 yr ARI 5,324 L/s 5,056 L/s 

100 yr ARI 10,080 L/s 9,648 L/s 

The results show that discharge from the site can be effectively managed to within pre-development 
levels for both the eastern and western catchment. The OSD arrangements above will also result in 
only a 5% decrease in storm flows from pre-development levels, ensuring that flows to the downstream 
wetlands are maintained throughout all storm events. 
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The stormwater quality requirements for the site (refer Section 5.5) are proposed to be integrated within
the OSD system. 

5.4.2 Upstream Reaches 

OSD 1 and OSD 3 are proposed to be located in the upper reaches of the proposed rezoning site to 
ensure that flows are maintained within the upstream reaches of the creeks. Due to the larger OSD 
ponds being located at the downstream end of the proposed rezoning site, it is likely that there will still 
be a reduction in flows in the upstream reaches of the site, however, flows into the downstream wetlands 
will not be affected. 

If maintaining upstream creek flows is a key concern, smaller upstream discharge systems can be 
provided to better replicate the existing natural flow processes. 

5.5 Stormwater Quality 

Central Coast Council requires, as a minimum, the following reductions in total pollutant load, compared 
to untreated runoff from the predeveloped site. 

Table 5-2 Minimum pollutant reduction targets 

Pollutant Minimum Reduction 

Total Suspended Solids (TSS) 80% 

Total Phosphorus (TP) 45% 

Total Nitrogen (TN) 45% 

Gross Pollutants 80% 

5.5.2 Base Information 

In accordance with industry best practice, a MUSIC model (Version 6.3.0) was used for the analysis 
and design of stormwater quality treatment train for the site. MUSIC modelling parameters were adopted 
using the Central Coast Council MUSIC-link data. The model was run over a rainfall period of 20 years 
(1/1/1974 to 31/12/1993) at a time-step of 6 minutes. The MUSIC model is shown in Figure 5-1 below. 

 

Figure 5-1 MUSIC model arrangement 
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5.5.3 Proposed Treatment

To meet the Central Coast Council pollutant reduction targets, it is proposed to provide a gross pollutant 
trap (GPT) and bioretention system at each OSD pond. The bioretention systems may be integrated 
into the base of the OSD ponds, however if this is undesirable due to potential clogging during large 
storm events, the bioretention systems may be constructed adjacent to the OSD ponds and connected 
to the low flow (typically up to 1-year) OSD outlet.  

Each bioretention system was assumed to have: 

- A saturated hydraulic conductivity of 100 mm/hour; 

- TN filter content of 800 mg/kg; 

- Orthophosphate filter content of 50 mg/kg; 

- Unlined base with underdrain; and 

- Effective nutrient vegetation. 

The proposed bioretention system sizes are as follows: 

Table 5-3 Proposed bioretention systems 

 High Flow 
bypass (L/s) 

Extended Detention 
Depth (m) 

Filter Area (m2) Filter Depth (m) 

Catchment 1 200 0.3 60 0.6 

Catchment 2 500 0.3 280 0.6 

Catchment 3 200 0.3 60 0.6 

Catchment 4 500 0.3 280 0.6 

Catchment 5 200 0.3 90 0.6 

Catchment 6 400 0.3 150 0.6 

In addition, each subdivision lot was modelled to have a 2,000 L rainwater tanks, consistent with BASIX 
minimum requirements, with water reuse set as 121 kL/year/lot and distributed based on Precipitation-
Evapotranspiration patterns. 

5.5.4 Results 

Results from the preliminary MUSIC model for the proposed subdivision are shown in Table 5-4 and 0 
below. The MUSIC-link report is contained at Appendix C. 

Table 5-4 Catchment MUSIC model outputs 

Pollutant 
Western 

Catchment 
Target 

Achieved? 
Eastern 

Catchment 
Target 

Achieved? 

Total Suspended Solids (TSS) 81.7 % Yes 82.0 % Yes 

Total Phosphorous (TP) 51.8 % Yes 52.6 % Yes 

Total Nitrogen (TN) 45.0 % Yes 45.5 % Yes 

Gross Pollutants (GP) 100 % Yes 100 % Yes 
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Table 5-5 Overall MUSIC model outputs

Pollutant 
Post-

development 

Post-
development 

with treatment 

Pollutant 
reduction 

Target 
Achieved? 

Total Suspended Solids (TSS) 35,100 kg/yr 6,380 kg/yr 81.9 % Yes 

Total Phosphorous (TP) 56.6 kg/yr 27.0 kg/yr 52.3 % Yes 

Total Nitrogen (TN) 417 kg/yr 2228 kg/yr 45.3 % Yes 

Gross Pollutants (GP) 5,050 kg/yr 0 kg/yr 100 % Yes 

sized proprietary and non-proprietary devices. 

5.6 Flooding Assessment 

Central Coast Council flood mapping indicates that the site is not located on flood prone land (i.e. not 
situated within areas subject to flooding in storm events up to and including the Probable Maximum 
Flood (PMF)). 

However, as mentioned above, existing drainage channels run to the east and west of the proposed 
rezoning site. A flood model has been prepared to assess the potential flood impacts of flows through 
these watercourses for the 1% AEP and PMF storm events. 

We note that the site is within the study area for the Lake Macquarie Catchment Overland Flood Study 
currently which is being prepared by Central Coast Council and BMT and expected to be completed in 
2019. 

5.6.1 HEC-RAS 

Two HEC-RAS models, 1-D and 2-D were constructed to simulate overland flows through the proposed 
rezoning site. Geometric data for both models was constructed using 1m LiDAR data from the 
Geoscience Australia database. For the rezoning process, the use of LiDAR data for flood modelling is 
considered acceptable, however detailed site survey information may be required for modelling for 
detailed design. 

The 2-D model was set up as the primary model for flood mapping and used precipitation as the input 
for flows. As the 2-D HEC-RAS model does not have initial and ongoing loss capabilities at the current 
time, a 1-D model was set up to calibrate flow outputs between models. The 1-D model was also used 
to compare between pre= and post-development flood scenarios. 

5.6.2 1-D Model 

The 1-
roughness values of 0.04 and 0.06 were set for the main channel and overbank flows, respectively. 
Locations of the transition between the main channel and banks were approximated based on the 
channel cross sections. The site was separated into three creeks as shown in Figure 5-2 below. 
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Figure 5-2 1-D HEC-RAS model arrangement 

 

As Creeks 1 and 2 drain into Lake Macquarie, the downstream boundary condition was set to the 
1% AEP lake flood level. The Lake Macquarie Waterway Flood Risk Management Study and Plan 
(2011) prepared by WMA Water on behalf of Lake Macquarie Council indicates a 1% AEP water level 
of 1.70 m AHD for rainfall dominated events coinciding with a major ocean storm event. This was 
considered to be a conservative modelling approach, given the significant difference in catchment size 
and time of concentration between the lake and the proposed rezoning site. However, due to the level 
difference between the lake and proposed rezoning site, the lake tailwater is not expected to have a 
significant impact on flood levels for the site. 

Flow inputs for the 1D model were calculated using the rational method and the rainfall intensity for the 
1% AEP 2-hour storm event (taken from the Bureau of Meteorology website specifically for the site). 
The runoff coefficient was estimated based on the Gosford City Council Civil Works Specification  
Design. Catchment flows were calculated for the total catchment area, and for the catchment areas 
upstream of the proposed rezoning site. The catchment flows were then apportioned into inputs for the 
model at 100 m intervals, as shown in the table below. 

 

 

 

Creek 1 

Creek 2 

Creek 3 

Creek 2 
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 Creek Length 
Upstream Peak 

Flow 
Total Peak Flow 

Peak Flow per 
Creek Segment 

Creek 1 1,240 m 1.61 m3/s 11.8 m3/s 0.85 m3/s/100 m 

Creek 2 1,220 m 3.06 m3/s 11.2 m3/s 0.68 m3/s/100 m 

Creek 3 785 m 0.15 m3/s 4.9 m3/s 0.59 m3/s/100 m 

5.6.2.1 Results 

The results show that, upstream of the existing floodplain/wetland (approx. chainage 250 m of Creeks 
1 and 2), 1% AEP storm flows are contained within the main creek channels, with the following 
characteristics. Outputs, including long sections and cross sections, are contained at Appendix D. 

Table 5-6 HEC-RAS 1D Results 1% AEP Storm - Creek 1 

 Minimum Maximum Average 

Flow Depth 105 mm 1,370 mm** 444 mm 

Flow Velocity 0.03 m/s 1.27 m/s 0.58 m/s 

Flow Width 24 m 539 m** 137 m 

Table 5-7 HEC-RAS 1D Results 1% AEP Storm - Creek 2 

 Minimum Maximum Average 

Flow Depth 105 mm 1,350 mm** 488 mm 

Flow Velocity 0.04 m/s 1.26 m/s 0.58 m/s 

Flow Width 31 m 547 m** 147 m 

Table 5-8 HEC-RAS 1D Results 1% AEP Storm - Creek 3 

 Minimum Maximum Average 

Flow Depth 60 mm 1,920 mm** 277 mm 

Flow Velocity 0.02 m/s 1.00 m/s 0.53 m/s 

Flow Width 7.6 m 253 m 50 m 

**Note that the maximum water level and flow width are at the tailwaters of each creek and influenced 
by the downstream conditions. The average values are more representative of the flow levels and 
widths through the development site. 

5.6.3 2-D Model 

The 2-D HEC-RAS model was set up for the full catchment areas of Creeks 1, 2 and 3. As with the 1-
D model, the downstream boundary condition was set to a maximum level of 1.7 m AHD. This was 
converted to a time series to better simulate water level change over the storm duration. A Mannings 
roughness of 0.04 was applied across the modelled area. 

Rainfall data for the 100-year, 2-hour storm was taken from the Bureau of Meteorology Intensity 
Frequency Duration (IFD) online calculator specifically for the site. The data was downloaded on a 5-
minute time step and converted (using linear interpolation) to 1-second data for use in the model. The 
rainfall was applied over the entire modelled catchment. 

Due to the extent of the model, the grid size was set to 5 m2 to allow for quicker iterations of model 
runs. The grid size was improved to 1 m2 along the centreline of the creeks to provide additional detail 
of water movement through these areas.  The model was run at a 1-second calculation step with outputs 
on a 30-second timestep. The model was run as an unsteady flow model. 
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5.6.3.1 Results

Results of the 2-D HEC-RAS matched up well with the 1-D model results for the main creeks. The 2-D 
model provided additional detail for the smaller channels feeding into the main creeks, however these 
were outside the boundaries of the proposed rezoning site. The modelled flood extent, including flood 
contours, is contained at Appendix A. 

When compared to preliminary subdivision layouts, the modelling indicates that some areas of the 
proposed development site may need to be raised to provide freeboard to the 1% AEP flood level. 
Preliminary sketches showing cut and fill across the site are contained at Appendix A. 

5.6.4 Probable Maximum Flood (PMF) 

The Probable Maximum Precipitation (PMP) across the catchment was modelled to assess the likely 
extent of the PMF event compared to the 1% AEP event. The PMP was estimated using the Generalised 
Short-Duration Method (GSDM), which is applicable to sites up to 1,000 km2 and storm durations of 6 
hours (applicable to the rezoning site). The catchment is approximately 2 km2, with the 2-hour storm 
expected to be most critical. 

Based on the GSDM, the following factors were considered appropriate for the proposed rezoning site: 

-  

- Catchment elevation less than 1,500 m, therefore Elevation Adjustment Factor is equal to 1. 

- Moisture Adjustment Factor of 0.72 

- 2-h 28 mm 

Based on this, the PMP value for a 2-hour storm event is 450 mm or 225 mm/hr. The spatial distribution 
of the PMP was assumed to be uniform across the site, due to the relatively small size of the catchment 
(less than 2.6 km2). 

Results of the 2D HEC-RAS model with the PMP applied, indicate that, throughout the proposed 
rezoning site, the maximum increase water level from the 1% AEP to the PMP event is 360 mm. 
Therefore, the critical storm event for determining site flood levels is the 1% AEP plus 500 mm 
freeboard. 

5.6.5 Model Sensitivity 

A sensitivity analysis was run for the 2D model to assess the impact of catchment roughness on water 
levels throughout the proposed development site. A 25% increase and decrease were applied to the 
roughness in the model. The outputs indicate that a change in roughness would have only minor 
impacts on water levels, with an average change of 9 mm and maximum change of around 70 mm. 

5.6.6 Post-Development 

A post-development 1-D model of Creek 3 was prepared to assess the impacts of the development on 
the creek. Based on current plans, Creeks 1 and 2 were not expected to be significantly impacted by 
the proposed rezoning and have not been included in this modelling. 

Flows in the 1-D model were not changed which was considered to be a conservative modelling 
approach due to: 

- the OSD ponds discharging into the creek further downstream than the natural discharge 
locations into the creek. 

- the OSD ponds (slightly) reducing post-development flow compared to pre-development creek 
flow. 

The results of the modelling are contained in the table below: 
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Table 5-9 HEC-RAS 1D Results 1% AEP Storm Post-Development - Creek 3

 Minimum Maximum Average 
Difference 

 Pre- Post- Pre- Post- Pre- Post- 

Flow Depth 60 mm 60 mm 1.90 m** 1.90 m** 277 mm 278 mm +1 mm 

Flow 
Velocity 

0.02 m/s 0.02 m/s 1.00 m/s 1.00 m/s 0.53 m/s 0.55 m/s +0.02 m/s 

Flow Width 7.6 m 7.89 m/s 253 m 253 m 50 m 47.2 m -2.8 m 

**Note that the maximum water level and flow width are at the tailwaters of each creek and influenced 
by the downstream conditions. The average values are more representative of the flow levels and 
widths through the development site. 

The results indicate that the proposed rezoning is likely to reduce the flow area of the creek during the 
1% AEP storm event, primarily through restricting the flow width of the channel (up to 20 m reduction 
in some areas). Due to the grade of the creek, this loss of flow area is primarily transferred into a change 
in velocity, rather than a change in water depth. In the narrowed sections of creek, velocities increase 
by up to 0.12 m/s (approx. 21%) compared to pre-development whilst the water levels in these areas 
increase by up to 30 mm (approx. 18%). 

On average, the proposed rezoning (and subsequent development) may have localised impacts on the 
flow within Creek 2, however the overall impact on creek flows, particularly downstream of the site, are 
not expected to be significant. 

5.7 Downstream Wetland Management Area 

The wetland area downstream of the proposed rezoning site is classified as a Wetland Management 
Area and SEPP 14 Coastal Wetland in DCP 2013 Section 3.10. The proposed rezoning and 
development do not overlap with the wetland area. 

The proposed stormwater management for the rezoning site aims to control and treat runoff from the 
site, to as close as possible mimic existing flows and water quality entering the downstream wetlands. 
The results of preliminary modelling indicate that this is achievable. 

Detailed sediment and erosion control plans will be required to ensure that sediment transport to the 
wetlands in minimised during the construction phase. 
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APPENDIX A 
A. Cubo Drawings 18104-CI 
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APPENDIX B 
B. DRAINS Model Set Up and Outputs 
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APPENDIX C 
C. MUSIC Model Set Up and Outputs 
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APPENDIX D 
D. HEC-RAS 1-D Model Outputs 

(Refer drawing CI-020 for chainages through the proposed rezoning site) 

D1. Creek 1  1% AEP Results       page 54 

D2. Creek 2  1% AEP Results      page 62 

D3. Creek 3  1% AEP Results      page 70 

D4. Creek 3  Post Development 1% AEP Results   page 76 
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