BMT WBM Pty Ltd
126 Belford Street
Broadmeadow NSW 2292
Australia
PO Box 266
Broadmeadow NSW 2292

Our Ref: JDE: L.N20714.002.docx

18 October 2016
Craig & Rhodes
Suite 400, Level 4, 16-18 Cambridge Street
Epping NSW 2132
PO Box 233, Epping NSW 1721

Tel: +61 2 4940 8882
Fax: +61 2 4940 8887
ABN 54 010 830 421
www.bmtwbm.com.au

Attention: Frank Carrozza

Dear Frank,
RE: 41 WARRIEWOOD ROAD WARRIEWOOD FLOOD IMPACT ASSESSMENT REPORT
BMT WBM was commissioned by Craig & Rhodes to provide a flood risk assessment for the proposed
development at 41 Warriewood Road, Warriewood (herein referred to as the site). This report has been
prepared to accompany the Development Application (DA) for the site.
The proposed development is comprised of the subdivision and civil works of Lot 32C DP5464 41
Warriewood Road, Warriewood. The site is located adjacent to Narrabeen Creek (flowing along the
southern boundary of the site) and is classified as Flood Category 1 – High Hazard, with the northern
portion of the site being inundated by floodwaters in the 1% AEP flood event.
COUNCIL REQUIREMENTS
In accordance with Pittwater Council’s (enforced under Northern Beaches City Council) DCP, the
following flood planning restrictions are applicable to the site:
 No adverse flood impact on surrounding properties or on flooding processes for any event up to the
Probable Maximum Flood (PMF) event;
 No net decrease in the floodplain volume of a floodway or flood storage area within the property for
any flood event up to the 1% AEP event; and
 The development cannot create any additional flood prone lots (i.e. all lots need to be above the flood
planning event + 0.5m freeboard allowance). The flood planning event to be considered is the 1% AEP
event + 2100 sea level rise (0.9m) + 30% increase in rainfall intensity event.
The Flood Category 1 classification includes properties that are located within Primary Floodplain Areas
where the lowest point of the property is affected at the Flood Planning Level (FPL).
Assessment of the FPL for the site is discussed further below.
EXISTING FLOOD RISK
Background
BMT WBM previously completed a detailed flood study of the Narrabeen Lagoon catchment on behalf of
Pittwater and Warringah Councils in 2013. This study included the detailed modelling of the Narrabeen
Lagoon catchment including the reach of Narrabeen Creek adjacent to the study site.
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The original model built as part of the Narrabeen Lagoon Flood Study (BMT WBM, 2013) was a detailed
two dimensional TUFLOW hydraulic computer model of the catchment with a 6m grid resolution,
developed to simulate catchment wide design flood behaviour. The model was calibrated to previous
major flood events in the catchment including April 1988 and March 2011. Due to the relatively course
grid resolution, the reach of Narrabeen Creek between Jubilee Avenue and Macpherson Street was
modelled as a 1D channel embedded within the 2D representation of the wider floodplain.
In order to better represent the existing design flood behaviour and enable the assessment of the channel
modification proposed as part of the earthworks for the site, a refined local model of the Narrabeen Creek
catchment was developed with a 2m grid resolution extending from 60m downstream of Brands Lane to
130m downstream of Macpherson Street as shown in Figure 1. The refined model consisted of an
upstream flow time series and downstream water level time series, both of which were extracted from the
original Narrabeen Lagoon catchment wide TUFLOW model. The model topography was defined by a
combination of LiDAR data and site survey provided by Craig and Rhodes. The modelled reach of
Narrabeen Creek was converted to a 2D representation based on the available survey data.
The refined model was used to determine flooding extents and behaviour for a range of design flood
events, including the 20% AEP, 10% AEP, 5% AEP, 1% AEP and PMF design events, , as well as the 1%
AEP design event with climate change (2100 sea level rise and 30% increase in rainfall intensity) (herein
referred to as 1% AEP+CC event).
The 2-hour event duration was identified as the critical storm duration in the vicinity of the site (with the
exception of the PMF event which had a critical duration of 5-hours).
Flood Behaviour
Modelled existing condition peak flood levels at selected locations (as presented in Figure 1) are
presented in Table 1, for the full range of design flood events considered. The existing 1% AEP, 1%
AEP+CC and PMF design flood conditions in the vicinity of the site are shown in Figure 2, Figure 3 and
Figure 4 respectively.
Table 1 Simulated Existing Peak Flood Levels
Peak Flood Level (m AHD)

Design Event (AEP)
Location 1 (L1)

Location (L2)

Location 3 (L3)

20%

3.45

3.46

3.45

10%

3.53

3.54

3.53

5%

3.61

3.63

3.61

2%

3.68

3.70

3.67

1%

3.73

3.75

3.72

1% + Climate Change

3.83

3.85

3.82

PMF

4.88

4.88

4.88
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Figure 1 Refined Model Configuration
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Figure 2 Existing 1% AEP Modelled Results
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Figure 3 Existing 1% AEP+CC Modelled Results
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Figure 4 Existing PMF Modelled Results
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It is evident that the design peak flood levels are relatively consistent across the site. As shown in Figure
2 and Figure 3, during the 1% AEP and 1% AEP+CC design events floodwaters exceed the capacity of
Narrabeen Creek causing overbank flows to fill low lying floodplain storage areas. A significant portion of
the site is inundated with floodwaters spilling from Narrabeen Creek along the southern property
boundary and from the low lying floodplain to the west of the site. Similarly, Figure 4 shows that during
the PMF event floodwaters exceed the conveyance capacity of Narrabeen Creek resulting in widespread
inundation of floodplain areas either side of Narrabeen Creek.
Peak flood levels in the lower section of Narrabeen Creek are dominated by the Narrabeen Lagoon water
level. The limit of the 1% AEP Narrabeen Lagoon water level influence on Narrabeen Creek is
approximately Macpherson Street Bridge. Upstream of this location, peak flood levels are driven by local
Narrabeen Creek channel capacity and catchment flows.
Hydraulic Categorisation
The results of the revised model were used to define the 1% AEP hydraulic categories as shown in Figure
5. The adopted hydraulic classification is consistent with Council’s DCP and is defined in Table 2.
Table 2 Hydraulic Categories
Areas and flow paths where a significant
Floodway

Flood Storage

Velocity * Depth > 0.5

proportion of floodwaters are conveyed (including
all bank-to-bank creek sections).

Velocity * Depth < 0.5

Areas where floodwaters accumulate before
being conveyed downstream. These areas are

and Depth > 0.5 metres

important for detention and attenuation of flood
peaks.

Flood Fringe

Velocity * Depth < 0.5
and Depth < 0.5 metres

Areas that are low-velocity backwaters within the
floodplain. Filling of these areas generally has
little consequence to overall flood behaviour.

It is evident that the majority of the 41 Warriewood Road site is classified as flood storage with some
areas of flood fringe along the northern edge of the flood extent and some localised areas of floodway.
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Figure 5 Existing 1% AEP Hydraulic Categories
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IMPACT OF PROPOSED DEVELOPMENT
Modelling Approach
In order to represent the post-development catchment conditions, the TUFLOW model terrain was
modified to represent the finished ground levels for the proposed development using survey data supplied
by Craig & Rhodes, as shown in Figure 6. It is evident that the proposed earthworks include in-channel
modifications (i.e. channel widening) to Narrabeen Creek and other modifications to the site topography
to enable the proposed subdivision. The low lying floodplain area in the southern portion of the site is
largely unchanged from existing conditions.
Modelling Results
Modelled post-development peak flood levels at selected locations (as presented in Figure 1) are
presented in Table 3, for the full range of design flood events considered. The post-development 1%
AEP, 1% AEP+CC and PMF design flood conditions in the vicinity of the site are shown in Figure 7,
Figure 8 and Figure 9 respectively.
Table 3 Simulated Post-Development Peak Flood Levels
Peak Flood Level (m AHD)

Design Event (AEP)
Location 1 (L1)

Location (L2)

Location 3 (L3)

20%

3.44 (-0.01)

3.45 (-0.01)

3.43 (-0.02)

10%

3.53 (0)

3.54 (0)

3.52 (-0.01)

5%

3.62 (+0.01)

3.63 (0)

3.61 (0)

2%

3.69 (+0.01)

3.70 (0)

3.68 (+0.01)

1%

3.74 (+0.01)

3.75 (0)

3.73 (+0.01)

1% + Climate Change

3.84 (+0.01)

3.85 (0)

3.82 (0)

PMF

4.88 (0)

4.88 (0)

4.88 (0)

Note: Bracketed value is change in peak flood level from base design conditions

It is evident that the proposed development has negligible impacts on simulated existing condition peak
design flood levels with impacts generally limited to ±0.01m for all design events.
1% AEP Event
The simulated 1% AEP post-development flood conditions are largely similar to the existing flood
conditions in that floodwaters spill from Narrabeen Creek and inundate the southern portion of the site. As
previously discussed, the proposed earthworks include in-channel modification and landscaping of the
floodplain adjacent to the channel, providing for an overall increased flow capacity within Narrabeen
Creek. The proposed earthworks also include some filling along the northern fringe of the inundated
floodplain area and along the northern bank of the Narrabeen Creek near the eastern property boundary.
This filling encroaches slightly on the 1% AEP flood storage area along the northern fringe of the
floodplain. However, this loss of flood storage is largely offset by the increased flood storage afforded by
the in-channel works along Narrabeen Creek resulting in a minor decrease in the net flood storage area
at the 1% AEP event. The slight loss of storage is also further countered by the increase in the both the
conveyance capacity and flow efficiency within Narrabeen Creek under post-development flood
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conditions. This is evident in the flood impact mapping, which shows negligible change to the peak flood
levels upstream of the site and localised areas of peak flood level reduction along the eastern property
boundary. It is noted that there is a small localised area within the Narrabeen Creek downstream of the
site that shows a minor increase in peak flood levels of 0.02-0.03m. This localised impact occurs at the
interface of the modified and natural (pre-development) channel shape of Narrabeen Creek and is directly
related to the length of the proposed bund along the northern bank of Narrabeen Creek near the eastern
boundary of the site. A slight increase in the length of the bund reduces the downstream impact but
results in a slight increase in flood levels upstream of the bund. Conversely, a slight reduction in the
length of the bund results in reduced flood levels upstream of the bund but exacerbates the downstream
impact within the Narrabeen Creek channel. The resulting localised flood impact of 0.02-0.03m within the
Narrabeen Creek channel is considered to be minor and does not adversely impact any neighbouring
properties.
1% AEP Event +CC
At the 1% AEP+CC event the modelled impact shows negligible change in the peak flood level other than
a localised decrease in the peak flood levels along the eastern property boundary. There are no adverse
flood impacts of the proposed development to the neighbouring properties. As shown in Figure 10, there
are three proposed lots located along the northern fringe of the floodplain that are inundated during the
1% AEP+CC event. However, the inundated sections of these lots are designated as bushfire asset
protection zones and as such are not considered developable land. The developable sections of these
lots are located along the northern lot boundaries outside of the 1% AEP+CC flood extent and are set at a
minimum elevation of 5.0m AHD.
PMF Event
Flood impacts are not typically assessed at the PMF event, which is used principally to plan flood free
evacuation. However, the flood modelling indicates that the impacts of the proposed development on the
PMF are negligible and do not adversely impact neighbouring properties.
Planning Considerations
In regards to the aforementioned flood planning considerations applicable to the site, the flood impact
assessment has shown that:
 There is no adverse flood impact on surrounding properties or on flooding processes for any event up
to the Probable Maximum Flood (PMF) event other than a localised minor increase in peak flood
levels of 0.02-0.03m in the section of the Narrabeen Creek downstream of the site at the interface of
the modified and natural (pre-development) channel shape of Narrabeen Creek.
 There is a slight decrease in the combined 1% AEP event floodway/flood storage volume as a result of
the proposed earthworks. However, this slight reduction in storage volume is offset by the improved
flow conveyance of Narrabeen Creek and does not result in adverse flood impacts on surrounding
properties.
 The adopted Flood Planning Level (FPL) for the site was calculated by adding a 0.5m freeboard
allowance to the simulated 1% AEP+CC existing peak flood level (refer Table 1). The adopted FPL for
the site is 4.35m AHD.

K:\N20714_41_Warriewood_Rd_FIA\Docs\L.N20714.002.docx

11

 With the exception of the three lots previously discussed located along the northern fringe of the
floodplain, there are no additional flood prone lots (i.e. lots located below the FPL) created within the
proposed subdivision. The proposed fill platform has a minimum of elevation of 5.0m AHD and is
therefore located outside of the Flood Planning Area (FPA) (i.e. the floodplain area below the FPL).
With regard to the three lots that are partially within the FPA, the developable land on each lot is
outside of the FPA with a minimum elevation of 5.0m AHD.
Flood Emergency Response
Given the small size of the upstream catchment there will be no flood warning available at the site.
Therefore people on-site will have to react and respond to flood events as and when they occur, which is
similar for all other flood affected locations in the area. However, the proposed fill platform of the
development means that flood inundation of the developed portion of the site is highly unlikely. From the
range of design events considered within this assessment only the PMF event results in flooding within
the proposed development site. Figure 11 presents the modelled post-development peak flood depths for
the PMF event. It shows that the vast majority of the lots and all of the likely building locations are floodfree.
It is evident that the lower sections of the three lots inundated during the 1% AEP+CC event are also
inundated during the PMF event. In addition, a section of the roadway within the development site is also
inundated by floodwaters to a maximum depth of 0.35m. This roadway inundation has a minor impact on
two of the proposed lots and could potentially impact upon the evacuation of up to 9 of the proposed lots
(including the three lots on the northern fringe of the floodplain). Most fatalities in such an extreme flood
event would likely occur on roadways and it would therefore be safer for residents to take refuge within
their properties (the vast majority of which are flood free) rather than attempting evacuation. All of the lots
in question have flood free land on site during the PMF event. The period of inundation would be
relatively short, being likely less than one hour and assistance for residents would therefore not be
required.
CONCLUSIONS
The objective of the study was to undertake a detailed flood impact assessment for a proposed
development at 41 Warriewood Road, Warriewood.
Central to this was the development of a refined 2D TUFLOW model with a 2m grid resolution. The
boundary conditions for the refined model were based on the TUFLOW model (6m grid resolution) of the
Narrabeen Lagoon catchment developed as part of the Narrabeen Lagoon Flood Study (BMT WBM,
2013).
Specifically the modelling undertaken for the proposed development aimed to:
 Confirm existing flooding conditions across the site including flood levels, flows and velocities to
establish baseline conditions for impact assessment and the flood planning requirements for the
proposed development; and
 Identify the potential flood impacts of the proposed development over a range of design flood
magnitudes.
The results of the modelling and flood impact assessment have confirmed:
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 There are minimal off-site flood impacts at the 1% AEP event and negligible impact on surrounding
properties at the 1% AEP+CC and PMF events;
 No additional flood prone lots are created within the proposed subdivision with the exception of three
lots along the northern fringe of the floodplain that each have developable land located well above the
FPL for the site; and
 The vast majority of the lots and all of the likely building locations are flood-free at the PMF event.
The proposed development does encroach on the 1% AEP flood storage area and results in a minor
decrease in the overall 1% AEP flood storage volume on the site. However, the model results show that
this minor loss of flood storage is offset by the increased flow conveyance within the Narrabeen Creek
and does not result in peak flood level impacts on surrounding properties.
We trust the above information satisfies your requirements. Please do not hesitate to contact the
undersigned if further information is required.

Yours Faithfully
BMT WBM

Joshua Eggleton
Environmental Engineer

K:\N20714_41_Warriewood_Rd_FIA\Docs\L.N20714.002.docx

13

Figure 6 Pre and Post Development Site Topography
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Figure 7 1% AEP Change in Peak Flood Level
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Figure 8 1% AEP+CC Change in Peak Flood Level
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Figure 9 PMF Change in Peak Flood Level
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Figure 10 Post-Development 1% AEP+CC Modelled Results
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Figure 11 Post-Development PMF Modelled Results
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