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1. INTRODUCTION
The proposed site (41 Warriewood Road, Warriewood) is located on the south side of
Warriewood Road near the intersection of Alameda Way and is part of the area defined by
Council for planning purposes as Buffer Area 1(i).
The subject site is currently zoned as medium density residential (R3) with a total area of
approximately 2.60ha. This area consists of a residential/farming area (north) and a densely
vegetated area (south).
Craig & Rhodes has been commissioned by Woolwich Pty Ltd (A/F Margret Street Unit Trust) to
prepare the following Stormwater Management Report to support their Development Application
for the subject site. The report provides details of the management of stormwater in accordance
with Council guideline “Warriewood Valley Urban Land Release – Water Management
Specifications”, February 2001 (WMS).
The following report is for the Development Application stage and has been prepared based on
the development layout shown in Appendix 1.
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2. EXISTING SITE CONDITIONS
The site is located at 41 Warriewood Road, Warriewood and is bounded by Warriewood Road to
the north, Narrabeen Creek to the south and semi-rural properties to the east and west. There
are also densely spaced residential properties on the other side of Warriewood Road.
The site consists of a brick house with tiled roof, a number of sheds and a single driveway. The
northern portion of the site is fenced into small areas for cattle farming whereas the southern
portion is densely vegetated.
The locality of the site and surrounding area is illustrated Figure 1.

SITE
Figure 1- Locality Map

2.1 Topography
The existing site has a moderate slope and generallly grades in a south west direction
from Warriewood Road to Narrabeen Creek. The levels of the site range from RL 11.0
AHD down (top north-east corner) to RL 1.0 AHD at the creek.
The levels of the exisiting site are documented by the Craig & Rhodes detailed site
survey in Appendix 2.
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2.2 Geotechnical Conditions
The geotechnical report prepared by Geotechnique denoted the sub-surface profile of
the site is expected to comprise of topsoil/fill (200-400mm) underlain by natural alluvial
soils. Sandy soil was found at a relatively shallow depth whereas clayey soil was found
at deeper depths. Bedrock was not encountred at the termination depth of the test pits.

2.3 Stormwater Catchment & Drainage
The existing catchment boundaries for the site and upstream areas were determined via
review of the survey data and orthophoto maps.
The site catchment itself directs all runoff from the 2.60ha site directly to Narrabeen
Creek,
The site is currently a mix of residential/farming area to the north and a densely
vegetated area to the south. It has been estimated that the existing impervious fraction of
the site is 5.0%.
The existing Council open drainage channel adjacent to the site western boundary is
proposed to be maintained as part of the development. The open channel conveys an
upstream catchment (1.70 ha) consisting of Warriewood Road as well as the existing
residential lots (north) to Narrabeen Creek. The upstream catchment discharges via a
series of headwall outlets adjacent to Warriewood Road. The open channel also captures
existing surface flow from a portion of 41 and 43 Warriewood Road lot catchments as well
(0.13 ha). A catchment plan of the site and surrounding upstream catchment area is
shown in Figure 2.

Upstream Catchment

Stormwater Open Channel

Narrabeen Creek

Site

Figure 2- Catchment Plan
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3. WATER QUALITY MONITORING
Prior to development, a monitoring plan has been developed in accordance with Council WMS
and AS/NZ 5667.6 1998: Water Quality Sampling- Guidance of Sampling of Rivers and Streams.
Extensive monitoring of Narrabeen Creek has previously been undertaken to date by others as
part of nearby development applications. The results of this monitoring are sufficient to form
baseline data. This data may be compared with future results to determine whether pollution
controls are operating adequately and if the water quality if satisfactory.
Appendix 7 provides a summary of the sampling results collected to date
Note that future monitoring shall commence at the beginning of the construction phase. During
the construction phase implementation of the monitoring plan will allow early detection of any
adverse impacts likely to risk the heath of the public or quality of receiving waters.
Monitoring will also continue for a period of two (2) years after construction has been completed
to ensure treatment measures are performing adequately
Three monitoring location have been selected upstream, intermediate and downstream ends of
the site adjacent to Narrabeen Creek. The approximate locations are shown in Appendix 7.

3.1 Water Quality Monitoring (Discrete Sampling)
The monitoring components of the plan consist of:
•

Dry weather sampling undertaken quarterly; and

•

Wet weather sampling undertaken for at least three (3) events (recording a rainfall depth
greater than 20mm over the catchment in a 24hr period) spread evenly over the year and
sampling throughout the rainfall event (rising and falling limbs of storm hydrograph)

Samples are tested for the constituents listed in Council’s WMS and reported to conform to
Council’s specification.
Following construction of the proposed stormwater treatment devices, sampling will be
undertaken at the major inflow points to the major treatment system and at the main discharge
points into Narrabeen Creek to monitor water quality during wet weather. A wet weather event
will be monitored for these treatment devices at least once every four (4) months and reported to
conform to Council’s specification.

3.2 Rapid Biological Assessment Monitoring
Rapid biological assessment monitoring is utilised in Warriewood Valley to provide and indicative
guide to creek health and associated biological activity. For Warriewood, all habitat monitoring
uses a Biotic Index Signal 2.0.
Habitat monitoring has already been undertaken for nearby site along Narrabeen Creek, the
results of which are contained in Appendix 7. As expected the monitoring generally indicates
poor creek heath and low biological activity.
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All habitat monitoring has been undertaken to conform with the requirements of Councils WMS
and will continue to occur on an annual basis during the development phase of the project

3.3 Sediment Toxicant Monitoring
Sampling and testing of bed sediment in Narrabeen Creek has already been undertaken for
nearby sites, the results of which are contained in Appendix 7. Further sampling will be
undertaken immediately prior to commencement of construction, during construction and
following completion.
All sediment samples will be tested for metals, pesticides and oils/greases. Reporting shall
conform to Council’s specifications.

3.4 Stormwater Quality Improvement Device (SQID) Monitoring
Following completion of construction, all stormwater quality improvement devices (SQID) will be
monitored for a period of two (2) years to assess performance. This will include:
•
•
•

Measurement of volume/mass of material removed from GPT’s and an assessment of
relative composition;
Discrete sampling at the inlet/outlet of the proposed bio-retention basin; and
Qualitative assessment of effectiveness of other proposed water quality control measures.

All reporting shall conform to Council’s specifications.

3.5 Flow Gauging for Monitoring
To assess the magnitude of wet weather events and determine the position of a particular sample
within a storm event, both the rainfall depth and flood depth has been recorded. Rainfall depth
data was obtained from the Bureau of Meteorology (BoM), whilst flood depths have been
recorded at the upstream and downstream sampling sites.
The total depth of rainfall experienced during the event will also determine if the event sampled
will comply with Council’s 20mm (min.) depth over 24hrs criteria and a sustained length of record
of the water levels at the downstream and upstream sites. This will allow the consultant to
determine if the sample has been taken on either the rising or falling limb of the regional storm
hydrograph.

3.6 Quality Assurance/Measurement Accuracy
All samples collected as part of this monitoring plan will be tested by a NATA certified laboratory.
Copies of all original data testing certificates will be provided along with information detailed the
collection and perseveration status upon delivery at the laboratory. The laboratory testing
detection limits will also be included on all test certificates.
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4. WATER QUALITY MANAGEMENT
4.1 Construction Phase
During the bulk earthworks and constructon phase of the development, sediment and
erosion control facilities will be designed and constructed/installed in accordance with
Council’s specifications and requirements of the NSW DECC publication titled “Managing
Urban Stormwater – Soils & Construction” January 2008.
A detailed sediment and erosion control plan will be prepared prior to construction,
outlining the strategies proposed to prevent excessive pollutant loads being exported from
the site in runoff during and immediately following construction. Refer Appendix 3 for
sediment control and erosion plan and details prepared for the project Development
Application.
A summary of the principle elements applied to the sediment and erosion control plan for
the site is summarised below:
•

Minimising the extent of disturbed surfaces at any one time through staging
of works

•

Stabilising disturbed surface immediately following completion of works

•

Diverting clean runoff around distributed area via diversion mounds
/channels

•

Protecting stockpiles via silt fencing or diversions bunds

•

Sediment control basin

•

Application of silt fencing on the downslopes of disturbed surfaces

•

Application of silt socks around drainage structures

•

Protection of exposed slopes

•

Restriction of constructions vehicles to particular entry/exit locations

•

Application of stablished site access points and vehicle wash down bays

4.2 Post Development Phase
The proposed water quality treatment for the site consists of the following elements:
• Bio-Retention Basin (total surface area 671 m2)
• Underground Gross Pollutant Trap (GPT)
• Lot Rainwater Tanks (4kL/lot) and associated reuse

4.3 MUSIC Modelling
The software package developed by the CRC for Catchment Hydrology termed “MUSIC”
(Model for Urban Stormwater Improvement Conceptualisation) was used to assess the
effectiveness of the proposed treatment under the following scenarios:
• Existing pre-development conditions
• Proposed post-development conditions (with treatment measures)
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MUSIC models were prepared adopting a 10th percentile rainfall (822.5mm in 2000), a median
rainfall (1169.6mm in 1996) and a 90th percentile rainfall (1649mm in 1934). The MUSIC models
show that pollutants, as well as annual volumes are less than the pre-development scenarios.
There is an increase in annual flow for the 10th percentile scenario and the median scenario,
however the increase in runoff is well below that of the 90th percentile scenario.
Details of the MUSIC modeling exercise and results are included in Appendix 4 and
summarised below.

a)

Site Catchment Areas

The total developable catchment of the subject site (i.e. 1.30ha from total lot area of
2.60ha) for both the existing pre-development and post development scenarios have
been modelled in MUSIC and represent the different land uses. The summary of the
catchment properties is contained in Table 1.
Catchment

Area (ha)

Impervious Fraction (%)

Pre-Development

1.3

5

a) Non-Roofed Catchment

0.47

10

b) Roofed Catchment

0.47

100

c) Road Catchment

0.36

95

Post Development

Table 1 – Catchment Modelling Properties

b)

Rainfall & Evaporation

Rainfall and evaporation data was sourced from the Manly Hydraulics Lab – Department
of Commerce and the Bureau of Meteorology.
The rainfall data utilised in the MUSIC model represented a mixture of rainfall years. The
years chosen were 2000, 1996 and 1934 for a dry, average and wet years respectively.
The data was sourced from the Observatory Hill weather station (Ref 066062) which is
operated by the Bureau of Meteorology. This data was modelled with 6 minute increments
to closely match the time of concentration of the catchment.

c)

Soil Properties

The soil property parameters adopted for the MUSIC modeling were based on the
defaults MUSIC/Duncan values.

d)

Pollutant Loads

The Event Mean Concentrations adopted for the total suspended solids (TSS), total
phosphorus (TP) and total nitrogen (TN) are based on the requirements of Council’s WMS
(Table 4.1). The EMC values applied to the MUSIC models are provided below in Table 2.
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Land Use

Fraction Impervious (%)

TSS EMC
(mg/L)

TP EMC
(mg/L)

TN EMC
(mg/L)

Existing Site (Rural
Residential)

5

35

0.10

1.00

10

100

0.30

1.50

100

100

0.30

1.50

95

100

0.30

1.50

Ground (Urban)
Roof(Urban)
Road (Urban)

Table 2 – Event Mean Concentrations

4.4 MUSIC Network
The MUSIC model network to represent both the pre-development and post development
scenarios with treatment are shown in Figure 3.

Figure 3 – MUSIC Network
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4.5 Treatment Objectives
A common and practical guideline that often applies throughout NSW is setting of the
treamtment objectives that are achievable using best practice. These best practice treatment
objectives are provided below in Table 3.
Pollutant Elements

Treatment Reduction Targets (%)

Gross Pollutants (GP)

90

Total Suspended Solids (TSS)

80

Total Phosphorus (TP)

65

Total Nitrogen (TN)

45

Table 3 – Best Practice Treatment Objectives
However, note that Northern Beaches Council (Pittwater Council) WMS clearly sets the
requirement that all post development loads must be equal to or less than exisiting conditions.
Therefore, the outcomes of the MUSIC modelling shall comply with this requirements but also
compare against the treatment objectives provided in Table 2.

4.6 Treatment Controls
a)

Lot Based Rainwater Tanks

4kL rainwater tanks (no air voids) are proposed on all future dwellings witin the new subdivsion.
These tanks will reduce runoff volumes, maximise non-potable supply/re-use and minimise peak
flows for more frequwnt stormw events by capturing the majority of roof water and recycling.
Roof runoff will be reused for toilet flushing, garden irrigation, car washing and cold water
laundry.

b)

Bio-Retention Basin

The bio-retention basin will provide a dual function of stromwater detention and water quality
treatment for the developed site. The bio-retention basin will consist on an above ground
depression containing landscaping of native grasses and shrubs. This is constructed on top of
an infiltration area with associated drainage. The infiltration zone typically features topsoil layers,
filter media layer and gravel transition layer and subsoil drainage at the base to collect filtered
water which cannot enter the groundwater due to infiltration.
For this development a basin with a total surface area and filter areas of 671m2 (min.) will be
constructed. The filter layer will be 0.4m (min.) deep and the basin will provide extended
detention depth of 0.3m (min.) dedicated to stormwater quality treamtent. Refer Table 4 for
further information.
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Av. Ext. Det.
Depth (m)

Total Basin Surface
Area Provided (m2)

Av. Filter
Depth (m)

Ag. Size
(mm) D90

Media Inf. Rate
(mm/hr)

0.3

671

0.4

5-10

100

Table 4 – Basin Characteristics

c)

Gross Pullant Trap (GPT)

The proposed GPT will be used to capture litter and coarse sediment from the majority of the
site. This has been modelling in MUSIC in accoradance with capture rates determined in the
report, Removal of Suspended Solids & Assocaited Pollutants by a GPT- Cooperative Research
Centre for Catchment Hydrology (1999). These capture rated are:
•

TSS = 70%

•

Litter = 95%

•

TP = 30%

•

TN = 0%

The proposed GPT will be designed to treat all peak flows up to and including the 1 in 3 months
ARI events. Preliminary calculations by Rocla have shown that a CDS Rocla 0708Maxi or
equvalent would be required for the subject site.

4.7 Music Modeling Results
The results from the MUSIC model for the development condition are shown below in Table 5. It
is evident that the stormwater quality complies with all best practice treatment performance
targets aswell as the requirements of Council.
PreDevelopment

PostDevelopment
(untreated)

PostDevelopment
(with treatment)

Warriewood
WMS
% Reduction

Best Practice
WSUD
% Reduction

Flow

1.68

6.06

1.63

3%

73%

TSS

2330

772

4.81

100%

99%

TP

0.185

2.04

0.11

41%

95%

TN

1.8

10.2

1.01

44%

90%

GP

16.1

187

0

100%

100%

Compliant with best practice objective (Table 3)

YES

YES

Compliant with Council post to pre-development objective

YES

YES

DRY
(2000)
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PreDevelopment

PostDevelopment
(untreated)

PostDevelopment
(with treatment)

Warriewood
WMS
% Reduction

Best Practice
WSUD
% Reduction

Flow

3.81

8.82

3.51

8%

60%

TSS

6540

1120

10.6

100%

99%

TP

0.433

3.09

0.223

48%

93%

TN

3.96

14.7

2.27

43%

85%

GP

24.9

218

0

100%

100%

Compliant with best practice objective (Table 3)

YES

YES

Compliant with Council post to pre-development objective

YES

YES

AVG
(1996)

PreDevelopment

PostDevelopment
(untreated)

PostDevelopment
(with treatment)

Warriewood
WMS
% Reduction

Best Practice
WSUD
% Reduction

Flow

9.61

15.9

8.07

16%

49%

TSS

19800

1980

19.9

100%

99%

TP

1.04

5.56

0.476

54%

91%

TN

10.5

26.6

4.95

53%

81%

GP

45.3

342

0

100%

100%

Compliant with best practice objective (Table 3)

YES

YES

Compliant with Council post to pre-development objective

YES

YES

WET
(1934)

Table 5 – MUSIC Results Summary

4.8 Mosquito Risk Assessment
The development does not propose to provide permanent waterbodies. As there are no
proposed permanent waterbodies, the risk of mosquito activity is considered to be low.
There are two areas of potential concern in regards to mosquito activity. The stormwater
drainage network for the development, and the creek corridor.
The stormwater drainage network consists of a pit and pipe network, with a bio-retention basin
and gross pollutant trap. The stormwater network has been designed to drain and not provide
areas for stagnant water to collect and allow mosquito and insects to breed. The combined bioretention and on-site detention basin is not expected to contain stormwater for an extended
period of time. Provided the basin is designed, constructed and maintained in line with the
industry best practices, there is minimal risk that the basin will act as a mosquito habitat.
The gross pollutant trap is a wet sump type device. This device will contain a small quantity of
standing water, however the volume of the water which is contained underground is relatively
small. Additionally, rainfall events will flush out the standing water and minimise the risk that the
device will act as a mosquito habitat.
The lot based rainwater tanks pose a minimal risk for mosquito breeding and habitat. Rainwater
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tanks must be adequately maintained with an emphasis on screening the inlets to the rainwater
tank to prevents insects and pests from entering the tank.
The proposed creek corridor is being regraded as part of the development. The proposed typical
section for the creek corridor is shown on drawing 063-16C-DA-102 Rev D of the Narrabeen
Creek Rehabilition Works drawings.
The typical section proposed for the development side is to continually fall towards the creek
centreline. As the section does not propose permanent pools of water along the creek line, the
risk for mosquito forming habitats will be reduced. Natural depressions will form over time which
may allow for mosquito habits to form, however this is not unlike the existing natural site
conditions. As a result of the proposed creek rehabilitation works, there will be no increase in
mosquito activity from existing site conditions, however as the proposed channel will be
formalised, it is expected that mosquito habitats will be reduced.
At this stage it is expected that there is low risk of forming additional mosquito and insect
habitats from what currently exists. It is expected that mosquito habitats will remain static or be
reduced due to the proposed works.
A further mosquito risk assessment shall be undertaken as required during the Construction
Certificate and Construction stages of the development to ensure that mosquito habits are not
encouraged or formed during the construction process.
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5. WATER BALANCE
The MUSIC model developed to simulate the performance of the proposed stormwater
treatment devices as detailed in Section 3 was also used to assess the sites water balance.
Since the impervious surface areas has increased from pre to post development conditions this
leads to a respective decrease in infiltration and therefore additional surface runoff. To counter
this, additional storage, reuse and infiltration is proposed as part of the development.
Stormwater runoff from the proposed roofs is collected via individual rainwater tanks. It is
proposed to use the collected water for toilet flushing, laundry, car washing and lawn/garden
irrigation. Assumptions of demand have been based on data published by Blacktown City
Council and Analysis of the Performance of Rainwater Tanks in Australian Capital Cities
(Coombes et al 2003).
As the individual dwelling sizes are not proposed as part of the subdivision, it is assumed that
each lot will contain a three (3) bedroom dwelling for water use on a per lot basis.
Coombes et al (2003) recommend that usage rates of 0.36kL/day be adopted for internal use for
urban dwellings with reticulated water supply and 55kL/year for external residential use (eg
irrigation & car washing). Blacktown City Council recommends that usage rates of 0.08kL/day
be adopted for internal use and 25kL/year be adopted for lots less than 320m2 in area.
As the majority of lots are less than 320m2, and the Blacktown City Council values are more
conservative in nature, it was assumed that these conservative values are used within the Water
Balance Model.
In addition to the water re-use within the development lots, the combined bio-retention and onsite detention basin has been designed without an impermeable liner to allow water to infiltrate
the groundwater after being treated by the bio-retention filter media.
A rate of 20mm/hr has been assumed for the area at the base of the bio-retention filter media.
This infiltration rate is based on a sandy media which will be laid prior to the construction of the
combined bio-retention and on-site detention basin.
It is the geotechnical report shows that the soils of this area are of a silty sand nature with
infiltration rates greater than we have assumed. It is expected that infiltration testing will be
carried out prior to the preparation of the Construction Certificate documentation to confirm the
above assumptions.
Refer to Table 5 for a summary of the water balance results in terms of pre- and postdevelopment annual flows for dry, average and wet rainfall conditions. Futher details of the
MUSIC modeling exercise and results are included in Appendix 5.
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6. STORMWATER QUANTITY MANAGEMENT
The strategy for stormwater quantity management comprises of the following:
a)

Stormwater Detention
• A dedicated detention storage volume of 536m3 above the extended detention area of the
bio-retention basin.

b)

Source Control
•
•
•

Lot based rainwater tanks (4kL for all 29 lots)
Minimising impervious surface to 65% of total site area
Landscaping to encourage the increase of infiltration

6.2 Hydrology
A DRAINS model was prepared to model the hydrology of both the existing and proposed site
conditions as illustrated in Figure 4.

Figure 4 – DRAINS Network

Page
17

41 Warriewood Road – DA Stormwater Management Report

IFD data used for the DRAINS model was derived from the BOM for the site coordinates. The
basic IFD coefficients adopted are included in Table 6.
Duration

2 year ARI

50 year ARI

1hr

39.6

80.5

12hr

8.9

17.5

72hr

2.6

5.5

(G=0.0, F2=4.3, F50=15.88)
Table 6 – Basic IFD Coefficients
A summary of the adopted existing and proposed conditions for each catchment is provided in
Table 7.
Parameters

Existing (Pre-Development)

Proposed (Post-Development)

Total Catchment
Area (ha)

1.30

1.30

Vectored Average
Slope (%)

5.0

Varies (1-5%) Refer DRAINS model

Impervious Fraction
(%)

5.0

Varies (70-95%) Refer DRAINS model

Time of
Concentration
(mins)

Impervious: 5.0min

Impervious: 5.0min

Pervious: 10.0min

Pervious: 10.0min

Retardance
Coefficient (n)

Impervious: 0.015

Impervious: 0.015

Pervious: 0.07

Pervious: 0.025

Figure 7 – DRAINS Catchment Conditions
6.3

Post Development (Detention)

To accommodate the increase of flows from the site as a result of the proposed development,
detention systems are proposed to be implemented. These detention systems have been sized
to ensure that post development flows do not exceed the pre-development flows. In DRAINS,
this has been modelled by introducing a basin node for detention with outlet control. This
configuration was determined through several iterations to optimise the design and ensure
compliance with Council stormwater management objectives. Table 8 provides a summary of
the modelling results.
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Storm Event

Pre-Development
Flow (m3/s) -PSD

Post-Development
Inflow (m3/s)

Post-Development
Outflow (m3/s)

Detention Volume
Used (m3)

1yr ARI

0.069

0.278

0.049

64

5yr ARI

0.220

0.502

0.200

157

20yr ARI + CC

0.501

0.869

0.501

386

100yr ARI + CC

0.670

0.963

0.670

458

Table 8 – DRAINS Results

6.4 On-Site Detention Requirements
a)

Site Storage Requirement

The total stormwater detention volume proposed for the site is 536m3. Hence, stormwater
detention storage is proposed at a rate of 412m3/ha (based on a net developable area of 1.30ha).
The proposed storage exceeds the detention rate of 368m3/ha stipulated in Council’s WMS Table
A.1 for the nearby Sector C and D. Note additional capacity of the individual lot rainwater tanks
has not been factored in the above detention calculation.

b)

Permissible Site Discharge

A pre-development node in RAFTS was prepared to simulate as best as possible the Permissible
Site Discharge (PSD) values in accordance with Table A.2 Sector C of Council’s WMS. The
hydrographs below denote the pre-development (base case) behaviour for the 100yr ARI storm
event 30min, 1hr, 2hr, 3hr and 6 hr durations. These flows are similar to the values noted in Table
A.2 Sector C of Council’s WMS. The peak flows for each storm event has been noted on Diagram
1-5.
It should be noted that without access to the RAFTS model used to prepare the WMS, the
catchment inputs to the model have been adjusted to best match the permissible site discharges
within the WMS where possible.

c)

Maintenance of Base Case Hydrograph

A post-development node in RAFTS (with detention) was also prepared to make a comparison with
the pre-development (base case) hydrograph. Diagrams 1-5 demonstrate this relationship for the
100yr ARI storm event 30min, 1hr, 2hr, 3hr and 6 hr durations.
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PSD Q Peak = 0.95m3/s based
on Table A.2 Sector C - 1.3ha

Diagram 1 – 100y ARI 30min

PSD Q Peak = 0.183m3/s based
on Table A.2 Sector C - 1.3ha

Diagram 2 – 100y ARI 60min
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PSD Q Peak = 0.209m3/s based
on Table A.2 Sector C - 1.3ha

Diagram 3 – 100y ARI 2hr

PSD Q Peak = 0.196m3/s based
on Table A.2 Sector C - 1.3ha

Diagram 4 – 100y ARI 3 hr
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PSD Q Peak = 0.214m3/s based
on Table A.2 Sector C - 1.3ha

Diagram 5 – 100y ARI 6 hr
Diagrams1-5 demonstrates that the proposed bio-detention basin will generally ensure the shape
of the pre-development hydrograph is maintained. There are a number of instances where the
post-development hydrograph is outside the limits set within Council’s WMS particularly for the
100year 30min and 60min storm durations. All other pre-development hydrographs are within the
limits set or below the discharge rates of the pre-development hydrograph.

6.5 Existing Stormwater Open Channel
Craig and Rhodes have undertaken a stormwater investigation on the Council existing open
channel adjacent to the subject site western boundary. A DRAINS model has been prepared to
calculate the flows generated at sections along the existing open channel. The maximum flows
generated in the major storm event (100yr ARI) range from 1.00 - 1.07 m3/s. This data has been
applied to Manning’s channel capacity calculations at several sections along the channel alignment
to assess conveyance. The results demonstrate that the existing open channel conveys the 100yr
ARI without any adverse impact upon the proposed or existing surrounding development. Refer
Appendix 5 for further details including letter and results.
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7. FLOODING AND RIPARIAN CORRIDOR
The subject site is primarily impacted by floodwater generated in Narrabeen Creek. BTM WBM
Consultants have undertaken a flood risk assessment to accompany the DA for the site (Refer
Appendix 6). TUFLOW modelling has been undertaken to assess existing flood conditions
across the site and identify potential flood impacts of the proposed development.
Refer Table 9 for a summary of the site peak flood levels for both existing and proposed
conditions.
Location

1% AEP ARI Flood
Level (m AHD)

1% AEP ARI Flood Level +
Climate Change (m AHD)

PMF Level (m
AHD)

Middle of Site

3.73 (3.74)

3.83 (3.84)

4.88 (4.88)

Upstream End of Creek CH 0.00

3.75 (3.75)

3.85 (3.85)

4.88 (4.88)

Downstream End of Creek CH 145

3.72 (3.73)

3.82 (3.82)

4.88 (4.88)

Note: Values in brackets are the proposed design peak flood levels
Table 9 – Flood Modelling Results
The results of the modelling and assessment have confirmed the following:
•

There are minimal off-site flood impacts at the 1% AEP event (limited to ±0.01m) and
negligible impact on surrounding properties for the 1% AEP+CC and PMF events;

•

No additional flood prone lots are created within the proposed subdivision; and

•

The vast majority of the development (including all of the allocated lots) are flood-free
during 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 significant peak flood level impacts on
surrounding properties at the 1% AEP event.
Under the developed scenario, the riparian corridor is proposed to be realigned and widened to
meet Councils WMS creek line geometry.
The extents of the proposed creek works are illustrated in the Craig and Rhodes Civil Design
Plans (Refer to Appendix 3). These works predominately involve cut and hence will increase
flood conveyance.
The net effect of the increase in flood conveyance in Narrabeen Creek and filling of the site
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under proposed conditions has been shown to maintain or reduce the flood levels compared
with the existing conditions.

7.1 Narrabeen Creek Design
Craig and Rhodes have prepared civil design drawings documenting the proposed creek line
rehabilitation (refer Appendix 3). As the creek line is formed along the boundary between two
different sites both an interim design and ultimate design has been documented. The interim
design allows for rehabilitation of the creek within the subject site and interface with existing
levels along the rear boundary (i.e. no works proposed on the adjacent property). The ultimate
design is the final arrangement with works to occur on the adjacent property, which will also
involve rock rifles, rock armoring and landscaping.
The current creek centerline deviates from the rear boundary. The proposed works will realign
the creek closer to the rear boundary line. The proposed creek line corridor adjacent to the site
will be rehabilitated 25m from the creek line centerline (i.e. cadastral rear boundary). In addition,
a second 25m setback will be provided from the first zone, which is to be clear of any new
dwellings.
The proposed creek bank slopes all conform to Council’s WMS requirements, apart from minor
deviation at the locations of existing trees to be retained. Bank batter grades are typically:
•
1(v) in 3 (h) – Up to 2yr ARI
•
1(v) in 6 (h) – Up to 5yr ARI
•
1(v) in 8 (h) – Greater than 5yr ARI

7.2 NSW Office of Water
A Controlled Activity Approval is required from the NSW office if Water as part of the detailed
design phase prior to CC issue.

7.3 Flood Planning Levels
The proposed development earthwork of all lots as well as the construction of Lorikeet Grove
ensures that all habitable floors will be located 500mm (min.) above the 100yr ARI flood levels
(i.e. Flood Planning Level). The minimum proposed lot height is at RL 5.0, which is over 1.0m
above the 100yr flood level and more than 0.1m above the PMF. The level of Lorikeet Grove
varies from RL 4.8 (sag) – RL 5.9, which is also over 1.0m above the 100yr flood level.
As the developable portion of the site will be filled above the Flood Planning Level and PMF no
Flood Notations will be required for the site.
Note that no basement entries are proposed.
No interim flood protection measures were determined to be required for the site.
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7.4 Flood Emergency Response
No flood warning or response plan will be available for the site given the small size of the
upstream catchment. Additionally, all proposed 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.
For further details refer to Appendix 6 for the BMT WBM Flood Assessment Report.
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8. STORMWATER DRAINAGE CONCEPT PLAN
The elements of the proposed stormwater drainage concept plan for the subject site are
illustrated by the Craig & Rhodes Civil Drawings (refer to Appendix 3) may be summarised as
follows:
•

All roof water is firstly captured by rainwater tanks on each lot and then
reused for toilet flushing, garden irrigation, car washing and laundry cold
water;

•

Impervious surface is restricted to maximize infiltration (limited to 65%
impervious for the site area);

•

Runoff leaving each lot then connects directly to the road kerb and gutter or
kerb side stormwater pits;

•

A 20yr ARI plus 30% Climate Change (minor) capacity drainage system will
convey all local site flows to the bio–retention/detention basin. Flows in
excess of the 20yr ARI + CC and up to the 100yr ARI + CC (major) shall be
conveyed by the road carriageway into the basin. All flows will then
discharge to Narrabeen Creek;

•

Local runoff will be treated in a single GPT near the basin outlet into the
basin. The GPT will be located within the road reserve and have clear
access for maintenance;

•

Outflows form the GPT will receive tertiary treatment in the bio-retention
basin; and

•

All flows up to and including the 100yr ARI will be contained within the
existing open channel adjacent to the site western boundary and be
directed to Narrabeen Creek.

Stormwater detention measures are proposed, primarily in the form of free storage. These
measures ensure flows generated by the site do not exceed those under existing conditions
Runoff water quality is proposed to be managed through a combination of treatment measures.
These measures ensure post development stormwater loads generated by the site do not
exceed those under existing conditions
No structures are proposed within the site that does not comply with Council flood planning
levels.
The proposed development complies with Council guidelines and achieves best practice
standards in sustainability and stormwater management.

Page
26

41 Warriewood Road – DA Stormwater Management Report

APPENDIX 1
Draft Subdivision Plan
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APPENDIX 2
Site Survey
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APPENDIX 3
DA Civil Plans
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APPENDIX 4
MUSIC Modelling Results
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APPENDIX 5
Existing Stormwater Open Channel Assessment
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APPENDIX 6
Flood Assessment Report BMT WBM
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APPENDIX 7
Water Quality Monitoring Data

Page
33

