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Executive Summary

Study objectives

CardnoTGM has been engaged by Anthony Robert Grant Pty Ltd to prepare a Stormwater Management
Plan (SMP) for the proposed development of 126-lot subdivision that is situated between Austin, Witcombe
and Stephenson Street, Winchelsea.

The proposed subdivision will create an increase in impervious surfaces resulting in an increase in
stormwater runoff volumes and contaminant loading. The SMP demonstrates that the site can be developed
using best practice stormwater management principles and techniques. The objectives will inform stormwater
designs and ensure that stormwater quality and quantity targets are achieved and maintained.

Study Methodology

Site pre-developed discharges were calculated using methods and data from the latest revision of Australian
Rainfall and Runoff (ARR2016) and measures undertaken to ensure best practice guidelines were achieved
namely;

1. Best Practice reductions for Water Quality

> 80% reduction in Suspended solids (SS)

> 45% reduction in total nitrogen (TN)

> 45% reduction in total phosphorus (TP)

> 70% reduction in gross pollutants (GP)
2. Stormwater conveyance

> Conveyance of flows up to and including the 1% AEP flows to the LPOD.
3. Stormwater Quantity

> Ensuring no increase in stormwater rates discharging from the LPOD for events up to and including
the 1% AEP flows.
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Figure 1-1 Existing Catchments — Austin Street.
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Figure 1-2 Developed Catchments — Austin Street
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Key Results

Stormwater peak discharge generated by the 1% AEP storm event from the fully developed site will be
managed utilising a combination of underground stormwater drainage, incorporation of stormwater detention/
treatment systems within the south catchment.

Table 1-1 Overall Site Pre-Development Discharge Summary
North Pre-Developed Peak Flow (m?3/s) 0.11 0.04
North Pre-Developed Storm Duration (min) 120 15
East Pre-Developed Peak Flow (m3/s) 0.062 0.022
East Pre-Developed Storm Duration (min) 120 20
South Pre-Developed Peak Flow (m3/s) 0.235 0.059
South Pre-Developed Storm Duration (min) 120 10
West Pre-Developed Peak Flow (m3/s) 0.048 0.012
West Pre-Developed Storm Duration (min) 120 15

Table 1-2 Overall Site Developed Discharge Summary

I N
North Developed Peak Flow (m?3/s) 0.062 0.033
North Developed Storm Duration (min) 15 15
East Developed Peak Flow (m3/s) 0.042 0.017
East Developed Storm Duration (min) 10 10
South Developed Peak Flow (m3/s) 0.235 0.057
South Developed Storm Duration (min) 540 540
West Developed Peak Flow (m3/s) 0.031 0.013
West Developed Storm Duration (min) 15 15
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Table 1-3 Stormwater Quality Treatment Efficiencies — Overall Site

Criteria

Reduction (%)

Results
Total Suspended Solids (kg/yr) 80.1 80
Total Phosphorus (kg/yr) 51 45
Total Nitrogen (kg/yr) 45.2 45
Gross Pollutants (kg/yr) 87.9 70

This report provides a prima facie assessment of the proposed development of Austin Street to show that the
stormwater runoff can be effectively managed to ensure all stormwater targets and objectives can be meet.
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1 Background

CardnoTGM has been engaged by Anthony Robert Grant Pty Ltd to undertake an assessment of a
proposed 126-lot subdivision and preparation of a Stormwater Management plan and report to
accompany a planning permit submission to Surf Coast Shire (SCS). The site is approximately 9.9
Hectares in size and is located approximately 33km South West of Geelong CBD within a parcel of
land recently rezoned General Residential Zone 1.

Council has previously purchased the northern corner of the site for the construction of a second
sporting field adjacent to Eastern Reserve with the proposal to close off Stephenson Street in
between.

Figure 1-1 Planning Zone

2 Study Objectives

The objective of this Stormwater Management Plan (SMP) is to demonstrate that the stormwater
treatment infrastructure proposed as part of the development can be designed in accordance with
best practice engineering guidelines and the Infrastructure Design Manual (IDM) (where appropriate).
This will provide guidance to the developer and SCS as to the scale of stormwater infrastructure
required in order to achieve and maintain stormwater quality and quantity targets.

Stormwater runoff from the site will[bé capture Vi Y T

for the minor storm events (20% Apnual Exceedﬁc% lg‘@ &}g?{%m g}gé:sgzg e
road network for the major storm e int%gpto a‘;‘? in H ] | 1% A t 5’3 ite’ Lea int of fCl
Discharge (LPOD). Within the south F?{ E)“'Ir? W&%‘TIL a %%ﬁ%gf 10 &ﬁg ’SFBE@&&" ause
to treat runoff before leaving the site at one of theﬁi;}cﬁ)%s%folt ; &%ﬂﬁ%ﬂ@%&?&w&e

East, West and North of the site arg proposed to discharge the site without undo%a/oin stormwater

treatment, these catchments are pijoposed to outlet to tl PP&QH@&N&'@Q&BJ’ % Qﬁﬁ drainage
infrastructure at, or near to, pre-deyelopment flows. Date: 4/08/2021 Sheet No: 11 of 56

The objectives of the Site Stormwater Managenmﬁifaﬂp @awé’a 55? Pﬁ@ﬂ?@s%ﬂ%ible Authority
Karen Hose
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2.1 Site Stormwater Objectives
The site stormwater objectives are:

1. Best Practice reductions for Water Quality

> 80% reduction in Suspended solids (SS)

> 45% reduction in total nitrogen (TN)

> 45% reduction in total phosphorus (TP)

> 70% reduction in gross pollutants (GP)
2. Stormwater conveyance

> Conveyance of flows up to and including the 1% AEP flows to the LPOD.
3. Stormwater Quantity

> Ensuring no increase in stormwater rates discharging from the LPOD for events up to and
including the 1% AEP flows.

Throughout this report the *20% AEP’ and ‘1% AEP’ will be referred to as the minor and major storm
events respectively.

The following stormwater management plan will provide details on the proposed stormwater treatment
facility and associated structures physical requirements for the mitigation of runoff from the
development to ensure stormwater discharge targets are achieved for the entire site.

PLANNING & ENVIRONMENT ACT 1887
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3 Study Area

3.1 Existing Site Conditions

The site is an approximately 9.9 Hectare land parcel that is bounded by three streets, Austin Street to
the south, Witcombe Street to the west and Stephenson Street to the west. Along the eastern side of
the property are existing Farm zone properties. Council have recently acquired a parcel of land that
was originally in the northern corner of the site earmarked for the future extension of Eastern
Reserve.

The surrounding existing drainage infrastructure is mostly open drains with some kerb and channel in
Austin Street. Along Austin Street an existing open drain fronts the site, there is also a small portion of
kerb and channel on the southern side of Austin Street and extending into Batson Street discharging
to the east. There is an existing underground drain located on the eastern side of Baston Street that
drains south towards Harding Street.

Witcombe Street has an open drain running on both sides of the road which fall both to the west, and,
to the north down Gladman Street. Stephenson Street has an open drain along the site frontage, on
the corner of Stephenson street and Austin Street a culvert runs underneath Stephenson Street and
connects to the existing kerb and channel in Austin Street that continues to the north west. At the
eastern end of Austin Street and existing open drain captures runoff and discharges to the east.

. BASTERN RESERVE/
1 ,

Figure 3-1 Austin Street Locality Plan

Approval Number: PG19/0086
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Figure 3-2 Proposed Council Reserve Plans*

A ridgeline runs from west to east creating a high point within the site resulting in two distinct
catchments that fall to the north and south. Within the south there are two minor catchments that fall
out to the west and east.

Thls Develupment Plan r;ompltes with the requirements of Clause
43.04 of the Surf Coast Planning Scheme

Approval Number: PG19/0086
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Figure 3-3 Existing Catchments

An existing dumping site exists along the eastern section of Austin Street originally used for night fill
from the district, this portion of site has existing tall trees mostly along the portion fronting Austin
Street. This area is identified as a medium density site is to be constructed under a different planning

permit, it has been included within this report.

Figure 3-4 Existing Night Fill Site

3.2 Developed Site Conditions

Development of the site is to include construction of 126 lots, a medium density residential area (to be
built with a sperate planning permit at a later date), drainage reserve and associated road networks.
Residential lots range in size from approximately 340m? to 900m2. The overall Development Plan

(ODP) is presented in Figure 3-5.

'@' EASTERN ; g it

\ RESERVE i,
A re L e i
o %, i e

T

amac 107 Y it

'*f‘ ING SCHEWE .....

e;ulrements of Clause

L . s S 14:_-1.:-
P o i R 1 8

o Approval Number: PG19/0086
. Date: 4/08/2021 Sheet No: 15 of 56
Figure 3-5 Overall Development Plan
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The majority of the site (approx. 8.87ha) will be directed to a drainage reserve containing a
stormwater treatment facility located along Austin Street. Flow conveyance will consist of an
underground drainage system designed for the 20% AEP and overland contained flows within the
road reserve for flows up to and including the 1% AEP.

Three catchments are proposed to discharge offsite without treatment;

> a 0.32ha northern catchment consisting of the lots fronting Witcombe Street. The size of the
catchment is smaller than the existing catchment of 1.13ha.

The catchment is to discharge into the existing open drain located on the eastern side of
Gladman Street via a new underground drainage system constructed during reconstruction of
Witcombe Street.

> An eastern catchment of 0.26ha will discharge via an underground drainage system connecting
to an existing open drain located in Austin Street to the east of the site.

> The western catchment is 0.11ha, this catchment is to drain to the existing culvert located on
the corner or Stephenson Street and Austin Street.

AEXISTING
OPEN

DRAIN

|RL:91.39

EXISTING G
_||OPEN DRAIN| "

NORTH DESIGN CATCHMENT

 EASTDESIGN CATCHMENT [ | | PLANNING & EN ‘*‘&L NT.ACT 1987
| WEST DESIGN CATCHMENT SURFCOAST PLANMING SCHEME  /
_ PROPOSED DRAINAGE his. Development Plan complies Wil ¢\ igeniSa Clause
FLOW DIRECTION \ 43.04 of the Surf Coast Placigiao<hemess | .
Approval Number: PG19/0086
Date: 4/08/2021 Sheet No: 16 of 56

Figure 3-6 Undetained Catchment Outfalls
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In order to limit flows from the site to the pre-developed flowrates a stormwater treatment facility
consisting of a gross pollutant trap (GPT), a sedimentation basin, detention and bioretention basin (or
approved proprietary product) is to be constructed in the south of the site fronting Austin Street prior
to LPOD in Baston Street.

| Commented [TD1]: Note bioretention as ‘bioretention
| or approved proprietary product

Al FERTuw ilhin R
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Figure 3-7 Concept Drainage Reserve Outfall

From the LPOD the treated stormwater runoff will discharge to the Barwon River via the existing
underground network outlined in Figure 3-8 and associated appendices. Provided drainage
longitudinal sections states that 235L/s was the allowable discharge rate allowed into the existing
drainage system.

From the analysis completed in the following sections of the report it was shown that for the southern
catchment a pre-developed rate of 235L/s was established for the site, which can be detained and
discharged to 235L/s through the analysis of the conceptual drainage reserve configuration shown
above and within following sections of the report.

PLANNING & ENVIRONMENT ACT 1987
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Figure 3-8 Existing Drainage Alignment to Barwon River
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4 Stormwater Mitigation Systems

To ensure the reductions in flow rate and contaminant loading are achieved a stormwater detention
and treatment facility is to be constructed prior to discharge point in Austin Street, the facility is to be
made up of a GTP, Sedimentation Basin and Bioretention Basin with stormwater detention.

Details on the different aspects of the stormwater mitigation system are detailed below;

4.1 Gross Pollutant Trap

At the start of the stormwater treatment facility a gross pollutant trap (GTP) is to be constructed. The
GTP is to trap gross pollutant’s i.e. rubbish from entering the system and also provides another form
of sediment removal. As bioretention basins are sensitive to sediment build up, by providing strong
sediment removal at the front of the system further protects the basin.

Within this treatment facility, the GTP has not been modelled for nutrient removal, it is solely been
modelled for gross pollutants and sediments.

4.2 Sedimentation Basin

Stormwater runoff generated within the development will be captured and conveyed in a traditional
underground drainage system to end of line sedimentation basins. Stormwater runoff will undergo
initial treatment via sedimentation to remove coarse sediments, reducing scour velocities due to
increased surface area for flow and limiting nutrient build-up prior to entering the bioretention system
proper. Treated flows then enter the centrally located wetland system through an outlet orifice up to
the extended detention depth.

Area for sediment —

£l

Sediment deposit
Inlet Hacd rock hotiom oc

PLATMINTE ENVIRONMENT ACT 1987
Basile SURF COAST PLANNING SCHEME
This Development Plan complies with the requirements of Clause
43.04 of the Surf Coast Planning Scheme

Figure 4-1 Typical Sedimentation
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4.3 Bioretention Basin

After flows have received pre-treatment from the sedimentation basin the flows enter a bioretention
basin. Bioretention basins generally have a smaller footprint than constructed wetlands whilst
providing high treatment efficiencies. Runoff is directed into the basin via an inlet pipe once runoff is
discharged into the basin area the runoff is treated by a filter media. The runoff filters through the filter
media which enables the finer sediments to settle, the filter media is highly vegetated with plant life
which allows the biological uptake of nutrients from the stormwater runoff.

MmAGS ChagR T - =
LT

Figure 4-2 Typical Filter Media Section with Submerged Zone.

Bioretention basin are sensitive system that require regular maintenance to ensure that the basin
works as intended. During construction of the subdivision the bioretention basin needs to be staged to
ensure that it is protected and not damaged, it is typical for bioretention basin to be constructed once
80% of the overall catchment has been constructed and online. Further ongoing maintenance needs
to be provided to ensure that plant life within the basins filter media is kept alive, also maintenance to
remove any fine sediment build up to ensure filter media remains free draining through its life span.

4.3.2 Proprietary Systems

A number of proprietary product also exist that can take place of a cast in situ bioretention system.
Some proprietary products that have the capacity to treat urban stormwater to the current best
practice standards include the ‘Hydrosystem’ by SPEL P/L and the ‘Filterra’ by Ocean Protect P/L.
When designed and installed correctly these systems often require less land take and less
maintenances. In the case of the ‘Filterra’ system maintenance in some situations can be at up to 5-
year intervals.

PLANNING & ENVIRONMENT ACT 1887
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4.4 Detention

Existing conditions are changed when developing sites, due to reducing the amount of pervious
surface that original existed. Relevant guidelines and best practices outline that when developing a
site there should be no worsen or increase in discharge to any downstream catchments, as an
increase in impervious surfaces increases the amount of runoff produce onsite. To ensure no
increasing downstream discharge a basin is proposed to be constructed and retain flows to ensure
site discharge generated is mitigated to pre-developed conditions. Within the proposed development
the detention volume, was calculated and a basin area footprint established. The volume of detention
required is measured from the top of the extended detention depth (ED) to the 1% AEP level.

1'_'.!'.%.'..'_1 '_ RN T P .| '. € _ .t N .1 '_ . I BN _| ,;.-'.E.';‘:‘_'
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Figure 4-3 Basin Typical Section
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5 Hydraulics and Hydrology

The hydrological analysis was simulated with XP-STORM by applying the rainfall and runoff,
Laurenson routing and one-dimensional (1D) hydraulic channel techniques based on Australian
Rainfall & Runoff 2016 (ARR2016) Methodology. XP-STORM provides features to allow interface with
the ARR Data Hub and Bureau of Meteorology (BOM) to obtain IFD and rainfall data to generate
temporal patterns for a range of event probabilities.

A distributed hydrological model of the study catchment was used to compute the stormwater
hydrographs to determine the discharge infrastructure sizing and distributed detention basin sizing for
input into 12D to further determine land area requirements.

5.1 Sub-areas Delineation.

51.1 Existing Catchments Delineation

Delineation of existing catchments was based on existing contours provided by a feature survey of the
site completed in November 2018. The feature survey allowed the catchments to be determined, and
was further enhanced by a site inspection which confirmed what was previously thought.

', .. 2 -

Figure 5-1 Overall Existing Catchment. Apprwal Number: PG19/0086
Date: 4/08/2021 Sheet No: 22 of 56
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5.1.2 Design Catchment Delineation

Determination of design catchments was devised by undertaking a conceptual design which indicated
the proposed developed flow paths within the site. Developed catchments can be seen in Figure 5-2.
R Ses |

a7

al ' .'. ‘E_Ei-' i :‘:"

N .
. NORTH DESIGN CATCHMENT

ST DESIGN CATCHMENT

Figure 5-2 Overall Design Catchments

52 Model Parameters

5.2.1 Permeability and Fraction Impervious

A fraction impervious percentage was assigned to the catchments to reflect the excepted permeability
based on planning context and actual land use.

To assign fraction impervious values for the developed conditions, lot sizes indicated within the
Overall Development Plan (ODP) were related to the relevant impervious fractions noted in

Melbourne Water®. PLANNING & ENVIRONMENT ACT 1987
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¢ Melbourne Water (2018). MUSIC Guidelings — Input parameters and modelling approaches for MUSIC users in Melbourne
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Table 5-1 Fraction Impervious
Land Use ’ Impervious Surface (%)
Pre-developed Agricultural 0.10

Residential Growth Zone — Standard Densities 0.75

Details of the existing conditions input values are shown in Table 5.2 below.

Table 5-2 Existing Catchment Parameters
e e e
2.7204 0.100 0.272
S2 2.0559 0.100 0.206 2.06
S3 1.4326 0.100 0.143 1.08
S4 1.2616 0.100 0.126 1.38
El 1.2263 0.100 0.123 1.22
W1 0.6107 0.100 0.061 2.81
N1 0.4053 0.100 0.041 2.46
N2 0.7282 0.100 0.073 3.14
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Details of the proposed conditions input values are shown in Table 5.3 below.

Table 5-3 Design Catchment Parameters
Catchment Area (ha) Fraction Impervious | Impervious Slope (%)
Area (ha)
S1 2.03 0.750 1.52 1.00
S2 3.32 0.750 2.49 0.52
S3 2.49 0.750 1.87 0.94
S5 0.57 0.750 0.43 2.71
S6 0.49 0.100 0.049 3.69
w1 0.11 0.750 0.08 3.38
E1l 0.26 0.750 0.19 2.55
N1 0.21 0.750 0.16 2.86
N2 0.11 0.750 0.08 2.46

522 Loss Parameters

XP-STORM was run as an Initial Loss (IL) and Continuing Loss (CL) model using parameters
provided from the ARR Data Hub?.

The hydrologic losses adopted in this study are summarised in Table 5-4 below.

Table 5-4 Adopted Hydrological Loss Parameters
Surface Storm Initial Loss | Pre-Burst Depth | Adopted Losses
(mm) (mm)

Burst Initial Loss | Continuing Loss
(mm) (mm/hr)

Pervious 20.00 19 3.5

1.80
Impervious 0 0 0

5.2.3 Manning’s Roughness CoUefficiemts

_ PLANNING & ENVIRONMENT ACT 1987
In the hydrological model, all sub-ayeas are also chgwwgﬁpmr}gﬁ mi%@@mg,mﬁlch
describe the hydraulic roughness Hrepeeief0lm Al A FISF complies with the requirements of Clause
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Table 5-5 Manning’s Coefficients ‘n’ Adopted in the Hydrological Model.
Surface ’ Manning’s Coefficients ‘n’
Pervious 0.050
Impervious 0.018

The Manning’s coefficients for the pervious surface have been further analysed through the sensitivity
analysis process (Section 5.2.4)

5.2.4 Sensitivity Analysis

The hydrological models’ parameters are determined through a calibration procedure to optimise the
model performances in relation to a specific site. Indeed, the choice of the hydrological model
parameters usually reflect the characteristics of the site and the soil properties.

The most used calibration procedure in rainfall-runoff hydrological models involves the comparison
between observed and computed data. In the calibration phase, hydrological model parameters are
adjusted to attain am output that matches the observed data. However, absence of gauged data, both
calibration and validation are not possible.

The Regional Flood Frequency Estimation (RFFE) tool provided by ARR2016 indicated peak flood
estimates for rural catchments and cannot be applied directly to urban catchments (where more than
10% of the catchment is affected by residential or urban development).> The RFFE cannot be used to
define the expected runoff discharge from the ‘existing catchment’, however, it can be used to define
excepted runoff discharges from a ‘pre-urban development’ catchment.

The RFFE tool was employed as a point of reference in the assessment of the suitability and
sensitivity of the selected hydrological parameters.

The sensitivity analysis was setup to reflect rural or pre-development catchments to allow the
comparison with flood estimation techniques. More in detall, all sub-areas have been considered as
rural, and the pervious fraction has been set at 100%.

A key element of the sensitivity analysis process is the identification of the stormwater catchments
that impact on the study area, the characteristics of those catchments and the configuration of
waterways.

Factors such as availability of observed rainfall data, soil type, soil conditions, land use and local
knowledge were considered in this investigation.

The sensitivity analysis has been undertaken to the 10% AEP event identified using the ARR2016 tool
for the lumped catchment.

The 10% AEP event was selected — as the recorded data used to generate the RFFE discharges
have a larger sample and more robust records of 10% AEP events. This provides more reliable flood
frequency estimate.

The sensitivity analysis procedure ha

pervious surfaces to better represel tthe energy I%Es!aﬁwllthj@tm EWETE}NME NT .ACT 198?

A further analysis of the model pre |ctab|l has beMrﬁe(agtﬁchkﬁgfl%% )%f‘gil‘%fﬂﬁl

model and the RFFE predicted pec Fg@’é‘?&fﬂ%‘ﬁf /%arﬂ(ﬁ%r’aﬁa%S/o‘"ﬂﬁbtpr?efﬁﬁu'remems of Clause
43.04 of the Surf Coast Planning Scheme
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5.2.5 ARR2016 Regional Flood Frequency (RFFE) Model

The ARR2016 RFFE model” available online at http://arr.ga.gov.au, was used to provide peak flow
estimates for the study catchments.

The RFFE model provide peak flood estimates for rural catchments, therefore, the lumped model was
initially considered to be undeveloped (pre-development) to allow comparison.

5.2.6 Storm Burst Pattern Ensemble

The XP-STORM model applied ensemble rainfall patterns, storm burst loss factors and runoff
estimation techniques from ARR20168 to the study catchment area to generate runoff hydrographs
and predict the volume of stormwater generated.

As detailed in ARR2016° the majority of hydrograph estimation methods used for flood estimation
require a temporal pattern that describes how rainfall falls over time as a design input.

The importance of temporal patterners has increased as the practice of flood estimation has evolved
from peak flow estimation to full hydrology estimation.

An ensemble of 240 storms was analysed within the XP-STORM model for each storm event
probability. For the sensitivity analysis process, the study catchment was set up as a rural catchment
with no impervious surfaces.

Using the burst initial loss and continuing loss identified in Table 5-4, and known catchment
characteristics, i.e. area, slope, overland flow path profiles, etc. the model was run using all 240 storm
burst patterns for each AEP.

ARR2016 states that the temporal pattern that represents the worst (or best) case should not be used
by itself for design. Testing has demonstrated that on most catchments large number of events in the
ensemble patterns are clusters around the mean and median'®. Based on this guidance the design
has adopted the temporal pattern producing the median peak flow rate at the catchment outlet.

5.2.7 Results Summary

Based on the sensitivity analysis, the Manning’s ‘n’ was refined. The comparison between the peak
discharges generated with the XP-STORM model and the estimated RFFE model for the catchment is
summarised in Table 5-6 and shown in Figure 5-3.

The hydrological parameters defined by the catchment characteristics, were capable of generating
discharges within an acceptable range of the predicted RFFE discharge targets for all event
probabilities.

PLANNING & ENVIRONMENT ACT 1987
6 Rahman. A, et al (2013). New Regional FIpod Frequency Estim%HﬁIgFl‘g%fﬁoE fﬁ%%ﬁﬁu@r{&ﬁgwﬁw of

progress. Paper. Flood plain conference 2003 his Development Plan complies with the requirements of Clause

7 Rahman. A, Haddad. K, Kuczera. G and V}einmann. E, 201%5;%;&5/#?&@%& @ﬂﬁgﬁﬁﬁghﬂ&&%&lﬁgmmll

and Runoff — A Guide to Flood Estimation, €ommonwealth of

8 Ball. J, Babister. M, Nathan. R, Weeks. W} Weinmann. E, Retallick. M, Testoni. I, (Editors), 2016, Australian Rainfall and
Runoff: A Guide to Flood Estimation, Comnjonwealth of Australia. %

9 Babister. M, Retallicj. M, Loveridge. M, Teptoni. | and Podger. S, 201%,%&1 gl%| ﬁmg%ﬁage%j%@g%ﬁAustralian
Rainfall and Runoff- A Guide to Flood Estinjation, Commonwealti ofAastdibls/ 2021 Sheet Mo 27 of 56

10 Babister. M, Retallicj. M, Loveridge. M, Tgstoni. | and Podger. S, 2016, Temporal Patterns. Chapter 5 Book 2 in Australian
Rainfall and Runoff- A Guide to Flood Estinfation, Commonwealth of Australia.

Digitally Signed by the Responsible Authority
Karen Hose

17797-03 (SSMP) Rev00 | 17 June 2021 | ommercial in Confidegrdds 1S WMOT A BUILDING APPROVAL 17




W Cardno

17797-03 Site Stormwater Management Plan

TGN Surf Coast Shire
Table 5-6 Manning’s ‘n’ and Peak Discharges
Event AEP (%) Area (ha) Manning’s ‘n’ RFFE Discharge | XP STORM
Adopted (m3/s) Discharge (m?3/s)
20 0.09 0.07
10 10.441 0.050 0.12 0.10
1 0.28 0.33
Catchment
1
—@— RFFE
1 STORM
@ 1
I52)
E
Gé) 1
©
<
2 1
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0
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Figure 5-7 Estimated Peak Discharge — XP-STORM vs RFFE

5.2.8 RFFE Accuracy Considerations

A RFFE technique essentially repr
flood quantile estimate. It is assum
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d that the use oPAARitdd Ruhiberi3E freditiokoaranres (éf.
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estimates of ‘acceptable’ accuracy
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ARR2016 identified ongoing concerns about estimation for parameter values (such as runoff
coefficient and time of concentration) that are the basis of using the Probabilistic Rational Method*?.

The use or application of the Probabilistic Rational Method, including the VicRoads variant, is no
longer supported or recognised in ARR2016 as being suitable RFFE technique for larger catchments
and volume driven designst?13,

All RFFE techniques are subject to uncertainty, which, generally, is likely to be greater than for at-site
Flood Frequency Analysis when a good quality and long record of streamflow data set is available at
the location of interest.

The RFFE model estimates of regional flood frequency included substantial error bounds and are
considered to be a best estimate or rarer events that cannot be described in the ungauged catchment.
Recent studies™ show how hydrological parameters from gauged catchments can be transferred to
nearby ungauged catchments with similar natural characteristics.

5.3 Temporal Pattern Selection

5.3.1 Temporal Pattern Concept

In order to properly understand the concept of temporal pattern, it is necessary to understand the
components of a storm event and how they relate to Intensity Frequency Duration Data (IFD) and
catchment response.

Components of a typical storm patterns have been characterised in Figure 5-4. It is important to note
the components can be characterised either by IFD relationships or by catchment response and are
highly dependent on the definitions used. The components of a storm include:

1. Antecedent rainfall (Pre-Storm Rainfall) — Is rainfall that had fallen before the storm event and
is not considered part of the storm but can affect catchment response. This is important to
understand when calibrating to or modelling historic events.

2. Pre-burst rainfall — Is storm rainfall that occurs before the main burst. With the exception of
relatively frequent events, it generally does not have a significant influence on catchment
response but is very important for understanding catchment and storage conditions before the
main rainfall burst. Pre-burst rainfall often accounts for a proportion of the initial losses within a
catchment. Pre-burst depths need to be quantified when only modelling storm burst patterns.

3. The burst — represents the main part of the storm but is very dependent on the definition used.
Bursts have typically been characterised by duration. The burst could be defined as the critical
rainfall burst, the rainfall period within the storm that has the lowest probability, or the critical
response burst that corresponds to the duration which produces the largest catchment
response for a given rainfall Annual Exceedance Probability (AEP).

4. Post-burst rainfall — Is rainfall that occurs after the main burst and is generally only considered
when aspects of hydrograph recession are important. This could be for draining down a dam
after a flood effect or understanding how inundation times affect flood recovery, road closures,
agricultural land or detention basin design.
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Figure 5-8 Elements of a Complete Storm Event and Hydrological Practice®s

For this study, the Bureau of Meteorology’s 2016 IFD data and ARR2016 temporal patterns were
used to produce an ensemble of storm burst patterns which were analysed for a whole catchment

response.

15 Coombes, P. Colegate, M. Barber, L. Bak
Creek and Canadian Creek catchments in H
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5.3.2 Intensity Frequency Duration (IFD) Data

The 2016 rainfall intensity frequency duration (IFD) climatic data used in the hydrological model was
extracted from the Bureau of Meteorology (BOM) website'é. The IFD curves are shown in Figure 5-5.

Depth

tmmii *AEP - Annual Exceedance Probability
*#*EY - Exceedance per Year

3000 T T T T T T T T T T T T
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Mote:
# The 50% AEP IFD does not correspond to the 2 year Average Recurrence Interval (ARI) IFD.

Rather it corresponds to the 1.44 ARI.
* The 20% AEP IFD does not correspond to the 5 year Average Recurrence Interval (ARI) IFD.

Rather it corresponds to the 4.48 ARI.

Figure 5-9 2016 IFD Curves — Bureau of Meteorology 2019
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demonstrated in Figure 5-4. It is important to understand the hydrological losses within the catchment
and the relationship of the losses to both full storms and storm bursts.

For this analysis, 10 storm burst temporal patterns were extracted for 24-hour duration periods, for
each AEP event. By analysing the hydrological response to the ensemble temporal patterns, one
critical pattern was selected for each of the 24 durations. The fixed temporal patterns over the entire
study for design flood estimation were implemented and the spatial variation was not considered. The
analysed events and durations are shown in Table 5-7.

Table 5-7 Analysed Rainfall Patterns, Durations and Events.

Event Probability Range

Number of Storm Burst Patterns in Storm Durations Analysed (AEP)
Ensemble (per event duration) Analysed (minutes)
10 120 1 100
15 180 10 10
20 270 20 5
25 360
10
30 540
45 720
60 1,080
90 1,440

The median value of the peak discharges generated for 10 temporal patterns under pre-developed
conditions has been calculated. The critical temporal pattern was selected by identifying the temporal
pattern characterised by the peak discharge closest to the median for each of the 24-hour durations.
The procedure has been then repeated for each of event probability.

5.4 Hydrological Model Simulations

Sensitivity analysis models applied 100% pervious surfaces within the catchments. Impervious
surfaces and urban characteristics were integrated into the temporal pattern selection and
existing/developed conditions hydrological models.

The modelling work was conducted through the study area for the 1%, 10% and 20% AEP. Adopted
Storm temporal Burst Patterns for the subject site can be seen in Table 5-8.
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Table 5-8 Adopted Storm Burst Patterns.

Duration

Temporal Pattern No.

10min

15min

20min

25min

30min

45min

1hour

1.5hour

2hour

3hour

4.5hour

6hour

9hour

12hour

18hour

24hour

1% AEP 10% AEP 20% AEP
1 1 1
3 1 1
7 1 1
1 1 1
8 1 1
1 1 1
3 1 1
4 7 3
5 4 1
7 2 5
8 7 2
2 2 1
8 6 6
7 4 4
3 2 4
4 1 1

6 Modelling Results

The results of the stormwater hydrology and water quality analysis are shown in this section. Design
has been undertaken to meet stormwater quality ‘best practice’ standards and to calculate the

requirements of site detention basi

ns and constructed wetlands within the developed catchment.

6.1 Existing Site Discha

The permissible site discharge (PS
the local hydrological model under
four catchments is shown in Figure
and 20% AEPs have been tabulate
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Table 6-1

Validated Peak Discharges — Northern Catchment

Critical Event Duration

Critical Peak Discharge (m?3/s)

1%

20min 0.11

20%

10min 0.04

Table 6-2

1%

Validated Peak Discharges — Southern Catchment

Critical Event Duration

Critical Peak Discharge (m?/s)

2hr 0.235

20%

10min 0.059

Table 6-3

1%

Validated Peak Discharges — Eastern Catchment

Critical Event Duration

Critical Peak Discharge (m?3/s)

2hr 0.062

20%

20min 0.022

Table 6-4

Validated Peak Discharges — Western Catchment

Critical Event Duration

Critical Peak Discharge (m?/s)

1% 2hr 0.048
20% 15min 0.012
Conduit Link55 from N1/MN2 to N Out
[ — | = B0
SSM_1pet_10min_t[Max 0.037]  SSM_1pct 15min_3{Max 0.038]  SSM_1pct_20min_7[Max 0.110]  SSM_Tpct_25min_1[Max 0.045]
e

S5M_1pct_30mn_8[Max 0.052]

SSM_Tpet_2hr_5{Max 0.060]

SSM_1pct She_8Mex 0.041)]

. ]
SSM_1pel_45min_1[Max 0.073]  SSM_ipel_ih_3[Max0.072]  SSM_ipct_1_Shr_4[Max 0.088]

] =_— === |
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Figure 6-3 1% AEP Hydrographs (Southern Catchment)
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Figure 6-4 1% AEP Hydrograph (Eastern Catchment)
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6.2 Developed Site Characteristics.

The characteristics of the major catchments guided the design process and the measures proposed
to be implemented to ensure the site meets best practice guidelines.

Based on the concept subdivision plan, the site is separated naturally into 4 distinct catchments.
> Northern Catchment
> Eastern Catchment
> Southern Catchment
> Western Catchment

The hydrological analysis simulated with XP-STORM provided a detail distributed hydrological model
of the study catchment. The resulting stormwater hydrographs were then evaluated to adopt an
appropriate stormwater mitigation approach for the whole site.

6.2.1 Developed Conditions — Southern Catchment

The majority of the development will be directed to the central located stormwater treatment facility
located within the southern catchment. The facility consists of a GPT, Sedimentation Basin and
Bioretention Basin above these quality treatment measures will be a detention system designed to
mitigate flows to pre-developed rates. The facility is proposed to discharge to the existing
underground drainage network located within Baston Street.

Table 6-5 Developed Peak Discharge — Southern Catchment
Critical Event Duration Critical Peak Discharge (m?3/s)
1% ohr 0.235
20% Shr 0.057
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Table 6-6 Southern Stormwater Treatment Basin Details Summary

1%AEP ‘ 20%AEP

Peak Outflow (m3/s) 0.235 0.057

Critical Duration (min) 540 540

Top Water Level 92.02 91.74

Sedimentation Area (m?) 750 750

Bioretention Area (m?) 341 341

Basin Volume (m?3) (Top Water Level to | 2996 1934

Top Extended Detention

Orifice IL (m AHD) 91.76 91.25

Outlet Configuration (modelled) 0.15m High, 0.22m Side | 0.8m Weir in top of
Orifice in Outlet Pit Outlet pit

T BOSETENTHR 34T , SETMENTATIN Eit Ty

| TEALE , | TETWENTATEN BASH | L 11 |
| 1] | | | ] |

BN ATF TOF WATER LEWVIN. W%
3% ALF 10F WATER LIVEL W

10F @ K[ & DTN

Figure 6-8 Typical Section of Proposed Basin.

6.2.2 Developed Conditions — Northern Catchment.

The northern catchment is located along the northern boundary of the site and consists of 0.606ha of
agricultural land. This catchment will be discharged offsite without going through a stormwater
treatment system, with additional treatment being undertaken in the south.

Table 6-7 Developed Peak Discharge — Northern Catchment
AEP Critical Event Duration Critical Peak Discharge (m?3/s)
1% IBIANNING & ENVIRONMERITSRZCT 1987
SURF COAST PLANNING SCHEME
20% This Develbpifent Plan complies with th8-P8duirements of Clause

43 U4 of the Surt Loast Hlann'mg acheme
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Due to the decrease in size of the northern catchment flows rates to not exceed pre-developed rates.

Table 6-8

Northern Catchment Outlet Summary

I

Developed Peak Flow (m?3/s) 0.062 0.033
Developed Storm Duration (min) 15 15
Pre-Developed Peak Flow (m3/s) 0.11 0.04

Pre-Developed Storm Duration (min) 120 15

During construction fronting Witcombe street new kerb and channel will be provided as well as an
underground drainage system that will take lot and road runoff and discharge in the open drain on the

eastern side of Gladman Street.

Flows in the 1% AEP are within 10%, minor flows are slightly higher but will be contained within the
large outfall open drain located within Gladman Street discharging North.

6.2.3

Developed Conditions — Eastern Catchment

The eastern catchment is located in the South East corner of the development and consist of 0.311ha
of agricultural land. This catchment is proposed to discharge into Austin Street un-detained.

Table 6-9

Developed Peak Discharge|

Critical Event D

vration

Critical Peak Discharae (m?3/s)

| Eastern Catchieh@NNING & ENVIRONMENT ACT 1987

Clause
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Figure 6-12 Developed 1% AEP Hydrograph — Eastern Catchment

By decreasing the size of the existing eastern catchment, the developed catchment discharge has
been limited to pre-developed flow rates or below pre-developed flow rates in both major and minor.

Table 6-10 Eastern Catchment Outlet Summary

1% 20%

Developed Peak Flow (m?3/s) 0.042 0.017
Developed Storm Duration (min) 10 10

Pre-Developed Peak Flow (m?/s) 0.062 0.022
Pre-Developed Storm Duration (min) 120 20

Kerb and channel will be constructed along Austin Street along with underground drainage and
discharge into an existing open drain out falling at the eastern corner of the site.
6.2.4 Developed Conditions — Western Catchment

The western catchment is located in the south-west corner or the development fronting both Austin
and Stephenson Street. The catchment is 0.169ha agricultural land, with the catchment being
proposed to drain freely into Austin Street and Stephenson Street.

Table 6-11 Developed Peak Discharge — Western Catchment
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Figure 6-14 Developed 1% AEP Hydrograph — Western Catchment

Table 6-12 Western Catchment Outlet Summary

I

Developed Peak Flow (m?3/s) 0.03 0.013
Developed Storm Duration (min) 15 15
Pre-Developed Peak Flow (m3/s) 0.048 0.012

Pre-Developed Storm Duration (min) 120 15

1% AEP flowrates are within 10% of the predeveloped rates, 20% AEP is 12 I/s above the pre-
developed initial flow estimations. It is anticipated that the additional storage provided within the
underground network and/or minor additional redirection of flow at the detailed design stage will
produce an satisfactory design discharge and design outcome.

6.3 Stormwater Quality Modelling

The ability of the development to meet stormwater quality ‘best practice’ standards and the
performance of the treatment system was continuously simulated using MUSIC. The MUSIC model
utilised rainfall data from the Winchelsea Post Office site from 1998 to 2010 which was sourced from
the eWater pluviography rainfall data.

An overall view of the MUSIC model is provided below in Figure 6-10.

Details of treatment measures profosed throughgut the sitejcabe foung in BEgLoOR $.3,8: T ands 7
6.3.3.3 below. SURF COAST PLANNING SCHEME
Due to the existing topography of the Sife i@ sseRREh BlRavemiosies inttadies. resieisuieents of Clause
stormwater quality best practice mi‘asures are mébt fhé ARt athhienBibs Freni BUcrrERdE 0

ensure that the overall site exceg¢ds water quality treatment requirements.
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Figure 6-15 Overall MUSIC Model Network
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6.3.2 Lot Based Inputs

The characteristics of the catchment modelled in MUSIC are detailed in Table 6-13. These

characteristics have been compiled

using City of Greater Geelong Design Notes No.3.

Table 6-13 MUSIC Simulations — Lot/Road Properties (Excluding Roof Area).

Catchment Characteristics

Rainfall Threshold (mm/day)

Zoning/Surface Type Mixed
Impervious Area (%) 75%
Pervious Area (%) 25%

Impervious Area Properties
1.00

Pervious Area Properties

Soil Storage Capacity (mm) 30
Initial Storage (% of Capacity) 30
Field Capacity (mm) 20
Infiltration Capacity Coefficient -a 200
Infiltration Capacity Coefficient — b 1

Groundwater Properties

Initial Depth (mm) 10
Daily Recharge Rate (%) 25
Daily Baseflow Rate (%) 5
Daily Deep Seepage Rate (%) 0

6.3.3 End of line Treatment Inputs

The characteristics of the end of line treatment measures modelled in MUSIC are detailed in Table 6-
14 to Table 6-16. The figures displayed below do not include additional land area requirements such
as land taken up by internal and external batters, access tracks, offsets to building etc, which may

form a large percentage of the ovefall footprint deppgplql{ngm@g f@gj W@ﬁmm?ﬁgms} 987

SURF COAST PLANNING SCHEME
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6.3.3.1  Gross Pollutant Trap (GTP)

Table 6-14 Gross Pollutant Trap — MUSIC Inputs

Inlet Properties

Low Flow By-pass (m?/s) 0
High Flow By-pass (m3/s)
Flow Based Capture Efficiency
Target Element
Inflow % Capture
0.0 99
Gross Pollutants (kg/ML)
1.0 99
0.0 55
Total Suspended Solids (kg/ML)
1.0 55
0.0 0
Total Phosphorus (mg/L)
1.0 0
0.0 0
Total Nitrogen (mg/L)
1.0 0
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6.3.3.2 Sedimentation Basin.
Table 6-15 Sedimentation Basin — MUSIC Inputs

Inlet Properties

Low Flow By-pass (m?/s) 0.0

High Flow By-pass (m3/s) 100.0

Storage Properties

Surface Area (m?) 750
Extended Detention Depth (m) 0.20
Permanent Pool Volume (m3) 450
Initial Volume (m?3) 450
Exfiltration Rate (mm/hr) 0
Evaporative Loss as % of PET 75

Outlet Properties

Equivalent Pipe Diameter (mm) 300
Overflow Weir Width (m) 2.0
Notional Detention Time (hrs) 0.444

PLANNING & ENVIRONMENT ACT 1887
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6.3.3.3 Bioretention Basin
Table 6-16 Bioretention Basin — MUSIC Inputs

Inlet Properties

Low Flow By-pass (m?/s) 0.0

High Flow By-pass (m3/s) 100.0

Storage Properties

Extended Detention Depth (m) 0.20

Surface Area (m?) 250

Filter and Media Properties

Filter Area (m?) 250

Unlined Filter Media Perimeter (m) 60

Saturated Hydraulic Conductivity (mm/hr) 100
Filter Depth (m) 0.50
TN content of Filter Media (mg/kg) 800

Orthophosphate Content of Filter Media (mg/kg) | 55

Infiltration Properties

Exfiltration Rate (mm/hr) 0

Lining Properties

Is base lined? No

Vegetation Properties

Vegetated with Effective Nutrient Removal Plants

Outlet Properties

Overflow Weir Width (m) 2.00

Underdrain Present

Plﬁtg\llNG & ENVIRONMENT ACT 1987
SURF COAST PLANNING SCHEME

Submerged Zone with Carbon Présene Developimggd Plan complies with the requirements o
3.04 of the Surf Coast Planning Scheme
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6.3.4 End of Lines Efficiencies

The efficiencies of the treatment train described above is as follows;

Table 6-17 Stormwater Quality Treatment Efficiencies

Reduction (%)

Criteria

Results
Total Suspended Solids (kg/yr) 80.1 80
Total Phosphorus (kg/yr) 51 45
Total Nitrogen (kg/yr) 45.2 45
Gross Pollutants (kg/yr) 87.9 70

Efficiencies and sizes of treatment measures noted throughout have the ability to be optimised
throughout the detailed design phase.

7 Conclusions

It can be seen that by conceptually designing the subdivision an 8.87ha catchment can be directed to
a centrally located treatment facility which allows developed flows to be detained to pre-developed
rates for both the 1%AEP and 20%AEP. Given the existing topography of the site three minor
catchments were unable to be routed to the treatment facility, by minimising the catchment size
developed flows were able to be restricted to pre-developed rates.

Table 7-1 Overall Site Pre-Development Discharge Summary
I N
North Pre-Developed Peak Flow (m3/s) 0.11 0.04
North Pre-Developed Storm Duration 120 15
(min)
East Pre-Developed Peak Flow (m3/s) 0.062 0.022
East Pre-Developed Storm Duration 120 20
(min)
South Pre-Developed Peak Flow (m3/s) 0.235 0.059
South Pre-Developed Storm Durgtion PLA h ING & EN‘;}]RUNMEN@ACT 1987
(min) SURF COAST PLANNING SCHEME
This Development Plancompli i ' ' Clause
West Pre-Developed Peak Flow (n3/s) 43094 the Surf Coast PlanRifrScheme
West Pre-Developed Storm Duratjon 1Zopproval Number: PG19/6086
(min) Date: 4/08/2021 Sheet No: 47 of 56

Digitally Signed by the Responsible Authority
Karen Hose

17797-03 (SSMP) Rev00 | 17 June 2021 | ommercial in Confidegrdds 1S WMOT A BUILDING APPROVAL 37




W Cardno
TGM

17797-03 Site Stormwater Management Plan
Surf Coast Shire

Table 7-2

Overall Site Developed Discharge Summary

1% 20%

North Developed Peak Flow (m?3/s) 0.062 0.033
North Developed Storm Duration (min) 15 10
East Developed Peak Flow (m3/s) 0.042 0.017
East Developed Storm Duration (min) 10 10
South Developed Peak Flow (m3/s) 0.235 0.057
South Developed Storm Duration (min) 540 540
West Developed Peak Flow (m3/s) 0.03 0.013
West Developed Storm Duration (min) 15 15

The site stormwater objectives for the Austin Street development can be achieved for stormwater
discharge quality and quantity control utilising techniques including GTP, Sedimentation, Detention
and Bioretention (or approved proprietary products) centrally located within a single overall basin. By
oversizing the basin to equate for the three untreated catchments quality targets can be achieved for

the site.

Table 7-3

Criteria

Stormwater Quality Treatment Efficiencies — Overall Site

Reduction (%)

Results
Total Suspended Solids (kg/yr) 80.1 80
Total Phosphorus (kg/yr) 51 45
Total Nitrogen (kg/yr) 45.2 45
Gross Pollutants (kg/yr) 87.9 70

PLANNING & ENVIRONMENT ACT 1887
SURF COAST PLANNING SCHEME
This Development Plan complies with the requirements of Clause
43.04 of the Surf Coast Planning Scheme

Approval Number: PG13/0086
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Appendix A Overall Development Plan
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Appendix B  Feature Survey

PLANNING & ENVIRONMENT ACT 1987
SURF COAST PLANNING SCHEME
This Development Plan complies with the requirements of Clause
43.04 of the Surf Coast Planning Scheme

Approval Number: PG19/0086
Date: 4/08/2021 Sheet No: 51 of 56

Digitally Signed by the Responsible Authority
Karen Hose

17797-03 (SSMP) Rev00 | 17 June 2021 | Gommercial in Confiddrdés |15 WNOT A BUILDING APPROVAL 40




= d LNYHO 143808 ANOHINY T T p— T L™
56007 V6 O 4 Wi Bupieng
[ddY PNIATING ¥V LON SYIETRHDNM s arnsazs v Loz uodn poseaq
ste sz ozl 133418 NILSNY S62 - S¢L pae— TR T 2pupIo-0g
N farss 54 pue Aua s1eusxo! = WOz 0 : (eneu] inojuog
] 574130 NI FHV SHLONA | r N s Buueyd pue A05°¢6 TH UM 82 W :uadn paseq 1S Ui JD/PUE SIYBW 20eLNS
8iALE0 9 o V34 40 N 1d e e . 18031 [0 sesoddnd ay) o) pasedad siueid sy | (V) UNIEQ WBie UBIIISNY ol stk ueld s uo Sion0] 1d 159 812y SI95SE PUE SADARS
ST TR oo ol S — e
T VR - T N — v
- 4 X p— e
96 JO ZS'ON J1e_ys i e E \ By & e e o & 5 s m
e - “ & e p F e ol e
9800/619d - . .. “ i o T __ .m P
> X A s = o
B 07 iy ok Y ] 'S ﬂv 4 [
awsyog buiuu = * ome I 1w
# s "o . 5 & B Wwh wis da
ashe|) Jo sjuswialinbs, I 00 U ks o ‘o ; i
- U s o v @ WYTH - VIISTL 2L
JNTHO INNY T @w “ - - vesm @
- 1 L GYM MIAO - ALORUIT '
1861 LOV \ ANT® L s s i - e o
¥ L L] o, i AR O
o =3 (Al ® ANd - MDMDIT n
s i - ..Hi._. f o v > . o4 O W
L] 1 - - L3 (1]
" { — o By
" - — AYA2AR Wy
= — W oy
— o e
— 16N - i
5 ) — a1 - | ”r
o L4 S o S— 003 - NBOIR ey
x — lods - NBOUIN 26Y
¥ — — NTAIND WY
p— LaAR 3dd -3
i = [TU BT
i e A ne
. v e e
r - Ad AHLG 35 N
¥ q . (%] ow
' = s g TVRNS LYY v
’ i - W 0L G
E, o .. Ry WX ML W
- - F _ i _‘ h'Y 130d S S0
A I \ H [
F ) . - PO
= e o B 4 —
.
- - ')
L 3 B S 'l ¥
s e, i
! :
i
: F
. . -
43 - o
i ) - ;
g
= 4 E
S
') e T
1 . ;
9516 852915 OEGILEL 1301 ¥v1s- s . K|
S-BHal ry ! F
L9 IE'OSLTILS 0Z4969LET 13N]1d YYLS - L HOL -’ »
L -
wLls 18LLATOLS ITELILEL 1314 ¥¥15- 9 WL ..-._ - G
$ET6 k15173749 SUSSILEL 134Id BYLS - § WAL - r -
§1413 85 TS0EILS 06 MILET 13X)1d ¥VLS - 9 Wal - - " L]
L1243 HRLTE9Ls 6E'LIILEL 13N)Nd Y¥LS~ E WAL F . 5, - -
9425 9296269 s01z9Le IBduvis-zHaL | . =
Wes STIVVEIS L990LLET ADIG YYLS - ) WL g '3 s . . 4 L)
ot 3y b
RETE] ONIHLMON ONILEV3 ¥
aHY INvId INVId NORCISos3a
8L02Z/LL/LO “AIANYNS 40 31va I
5
SINIOd TOHINOD AIAYNS iy h "
" i .
26046 EEOTLTIOLS S SLOLET Hd QUYTI0M XY m
10628 636 BLOEOLS TYSLYSLED Hd GHY110M 347 . B L] o
ONIHLYNON ONILSY3 - oA g f L
o 55 INOZ 55 INOZ NOILINOS30 - - i J
el PEVOIN W :
(SINS) SHIYIN ATAENS ININYWSI . o X E




(_Jh! caj"ﬂﬂﬂ 17797-03 Site Stormwater Management Plan
TGN Surf Coast Shire

Appendix C Existing Drainage Information from Council
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