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1 Introduction  

Strategic Environmental and Engineering Consulting (SEEC) have been commissioned by 
Rein & Warry Pty and Co on behalf of the owners of Lot 91, DP 751270 45 Bell Street, 
Thirlmere (the ‘Subject Site’, Figure 1) to prepare this Concept Stormwater and Water Quality 
Management Plan. It is required to accompany a Development Application to Wollondilly 
Shire Council to subdivide the existing semi-rural zoned allotment into seventeen new 
residential allotments with each lot averaging approximately 600m2 in size. 
 
The aim of this Concept Stormwater and Water Quality Management Report is to: 

 Identify areas of the site that could be potentially effected by localised 
flooding; 

 Identify existing stormwater infrastructure adjacent to the site; 

 Identify Pre and Post development stormwater flows from the site; 

 Discuss Pre and Post development stormwater quality objectives; 

 Provide concept Stormwater and Water Quality Management practices to 
be incorporated into the development of the site. 

 

Figure 1 - Site Locality Plan 
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2 The Proposal 

It is proposed to subdivide the existing semi-rural zoned allotments into seventeen new 
residential allotments, with each lot averaging approximately 600m2 in area. 
 

3 The Site 

3.1 Site Location and General Topographical Details 

‘The Site’ comprises Lot 91, DP 751270, 45 Bell Street Thirlmere and has a combined area of 
approximately 1.29 ha.  It is located on the fringe of the existing urban area (Figure 2) and 
is located approximately 400 m south east of the main centre of Thirlmere. 
 
There is one existing dwelling on the site along with various outbuildings/sheds. The site 
is reasonably flat with a constant fall from the south boundary to the northern boundary of 
the development of approximately 2-2.5 percent. There is an existing dam located on the 
southern boundary of the site with an overflow directed to an overland flow path (1st 
order stream) in the middle of the site draining to a low point (sag pit) in Bell Street. 



Conceptual Stormwater and Water Quality Management Report – 45 Bell Street, Thirlmere       3 

 
                                                                                                               

 
 

   
170000055-SWM-01 REV00 

 
Figure 2 – Development Area 

 
 

N 
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4 Hydrology 

4.1 Rainfall Data 

The Intensity Frequency Duration (IFD) rainfall data for the site is based on data presented 
in Australian Rainfall and Runoff (1987 IFD data) and site specific calculations for 
Thirlmere. A copy of the IFD Chart and table for the site is attached in Appendix A. 

4.2 Catchment Areas 

The existing and proposed catchment areas are shown in Figures 3 and 4.  

4.3 Pre and Post Development Hydrology 

A DRAINS model was set-up using the ILSAX hydrological model to determine the total 
pre-development and post development flows from the site and from the upstream sub-
catchment for all storm events ranging from 1 year ARI to 100 year ARI. The computer 
model also contained the following parameters: 
 

 Paved (impervious) area depression storage (mm) = 1 

 Supplementary area depression storage (mm) = 1 

 Grassed (pervious) area depression storage (mm) = 5 

 Soil Type = 3 

 AMC (Antecedent Moisture Condition) = 3 
  
The model includes the existing urban development upstream on the eastern side of 
Thirlmere Way but does not include the catchment on the western side of Thirlmere Way. 
These flows are to be diverted north along Thirlmere Way within a new piped drainage 
system to be constructed as part of the adjoining development. (Development Application 
numbers 010.2015.00000854.001, 010.2015.00000854.001 & 010.2015.00000854.001).  
 
The resultant combined flows from each of the sub-catchments are shown in Table 1 for 
both the pre-development and post development scenarios. Refer to Figures 3 and 4 for 
each contributing catchment size and location, pre and post development.  
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Table 1 – Pre and Post Development Peak Flows 

1 0.264 0.44

2 0.47 0.672

5 0.794 1.02

10 0.97 1.21

20 1.25 1.5

50 1.53 1.71

100 1.81 1.99

Storm Event ARI 

(Yr)

Pre-Development 

(m3/s)

Post-Development 

No OSD (m3/s)

 
 
The resultant post development flows indicate a significant increase in stormwater run-off 
from the site without any on site detention. Section 6 outlines how these increased flows 
would be managed within the development area so that downstream properties would 
not be impacted. 
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Figure 3 – Existing Site Catchment Plan 
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Figure 4 – Concept Development Site Catchment Plan 
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5 Flooding 

The site is located at the bottom of a 30.7 Ha catchment and is subject to localised flooding 
during significant storm events, particularly at the low point in Bell Street. This localised 
flooding is exacerbated due to blockage of the downstream overland flow path within the 
nominated drainage easement. This easement is located within existing downstream 
residential properties and is intermittently blocked by vegetation, fencing and some minor 
structures/garden sheds etc. 
 
As previously discussed in Section 4.3, Council requested that the 21.5 Ha catchment to 
the west of Thirlmere Way (Figure 4) be diverted to the north along Thirlmere Way via a 
new pipe drainage system. This would significantly reduce the size of the catchment 
draining to the low point and existing 750 diameter RCP in Bell Street, reducing it from 
30.7 Ha to just 9.2 Ha. Drainage modelling undertaken in DRAINS shows that the existing 
750 dia. RCP is sufficient to take flows from this reduced catchment for the 10 year ARI 
event. 
 
It is also recommended that Council enforce the downstream easement’s overland flow 
path by ensuring that any illegal structures or vegetation are removed from the 
stormwater easement and that clear openings with mesh screens are provided where 
existing fencing crosses the easement. 
 
 
 
  



Conceptual Stormwater and Water Quality Management Report – 45 Bell Street, Thirlmere       9 

 
                                                                                                               

 
 

   
170000055-SWM-01 REV00 

6 Concept Surface Water Management Plan 

The following stormwater management principles would be adopted as part of the 
development. 

6.1 Construction Phase Erosion and Sediment Control 

6.1.1 During Subdivision 

A construction-phase Soil and Water Management Plan (SWMP) will be required before 
commencing work on this development.  This Plan will be prepared in accordance with 
the guidelines and recommendations in Landcom (2004). The SWMP is to be developed to 
incorporate the following generic principles: 
 

(i) Sediment fencing is to be used downslope of any construction area until works 
are complete (Standard Drawing SD 6-8, Landcom, 2004). 

(ii) Topsoil will be stripped off any construction areas and stockpiled following 
Standard Drawing SD 4-1 (Landcom, 2004) for later re-use. 

(iii) The upslope catchment length of exposed soil areas will be kept below 80 m.  
Any slope length exceeding 80 m will have a berm installed to direct overland 
flows onto well-protected, vegetated lands. 

(iv) Show the location and sizing of sediments basins, if required, depending on the 
size of the area of exposed soils and any stage construction of the development. 

(v) Construction traffic access is to be limited to the minimum required for efficient 
construction.  Areas not essential for construction purposes are to be protected 
from traffic entry through the use of barrier and/or sediment fencing.  Table 2 
contains details of access limitations during construction in accordance with 
Landcom (2004). 

(vi) Any required pipe/culvert outlets shall be stabilised with riprap and geo-textile 
underlay (Standard Drawing SD 5-8, Landcom, 2004). Downslope of the riprap a 
good cover of vegetation is necessary. 

(vii) While C-factors are likely to rise to 1.0 during the work’s program, they will not 
exceed those given in Table 3. 

(viii) Diversion berms will be used to divert “clean” runoff from upslope of any 
construction areas away.  Discharges are to be onto a stabilised, well-vegetated 
area, preferably using a level spreader or sill. 

(ix) Rapidly rehabilitate disturbed lands to bring C-factors down to acceptable levels 
(see Table 3) and minimise the risk of erosion. 

(x) Areas of concentrated flow (e.g. drainage pathways, swales etc.) are to be 
protected using appropriate erosion control measures (see Table 2). We suggest 
an appropriate biodegradable Rolled Erosion Control Product (RECP) such as 
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coconut fibre matting or jute matting to provide stable ground cover until 
vegetation regenerates for low velocity concentrated flows. 

(xi) Dust Control Measures during earthworks. This would include re-using water 
from sediment basins and spaying exposed areas via water cart. 

 
The requirements of the SWMP would be implemented until at least 90 percent of the site 
was stabilised with hard surfaces or satisfactory vegetation. 
 

Table 2 - Limitations to access during construction works 

Land use Limitation Comments 

Construction 
areas 

Limited to 5 (preferably 2) 
metres from the edge of any 
essential construction 
activity as shown on the 
engineering plans 

All site workers should clearly recognise these 
areas that, where appropriate, are identified with 
barrier fencing (upslope) and sediment fencing 
(downslope) or similar materials. 

Access areas Limited to a maximum width 
of 5 metres 

The site manager will determine and mark the 
location of these zones on site.  They can vary in 
position so as to best conserve existing vegetation 
and protect downstream areas while being 
considerate of the needs of efficient works 
activities. All site workers will clearly recognise 
these boundaries 

Remaining lands, 
including re-veg 
areas 

Entry prohibited except for 
essential management 
works 

Thinning of growth might be necessary, for 
example, for fire reduction or weed removal 

 
 

Table 3 - Maximum Acceptable C-Factors at Nominated Times During Works 

Lands 
Maximum 
C-factor 

Remarks 

Waterways and other areas 
subjected to concentrated flows 
(e.g. table drains), post 
construction 

0.05 Applies after ten working days from completion of formation 
and before they are allowed to carry any concentrated 
flows. Flows will be limited to those shown in Table 5.2 of 
Landcom (2004). Foot and vehicular traffic will be prohibited 
in these areas 

Stockpiles, post construction 0.1 Applies after ten working days from completion of formation. 
Maximum C-factor of 0.10 equals 60% ground cover 

All lands, including waterways 
and stockpiles during 
construction 

0.15 Applies after 20 working days of inactivity, even though 
works might continue later. Maximum C-factor of 0.15 
equals 50% ground cover 
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6.1.2 Individual Houses 

Each new home construction would implement a lot-scale Erosion and Sediment Control 
Plan (ESCP) to the requirements of Landcom (2004). It would be important this is done to 
protect any stormwater quality devices installed as part of the development. 
 

6.2 Stormwater Drainage System 

6.2.1 Earthworks 

It is envisaged that some minor site earthworks and re-grading would be required for the 
installation of the new road and stormwater drainage infrastructure. All lots would drain 
to a road or interalottment drainage system. 

6.2.2 Road Drainage 

(i) Thirlmere Way  

A new kerb and gutter and associated lane widening is to be constructed along the eastern 
side of Thirlmere Way for the full length of the development frontage. The new kerb and 
gutter would include driveway laybacks for access to each allotment. It is also proposed to 
construct a new piped drainage system along Thirlmere Way with intermittently-spaced, 
grated kerb inlet pits. This new piped drainage line would extend down past the 
development site and connect into the proposed drainage line to be constructed 
downstream in Thirlmere Way as part of the adjacent development located on the western 
side of Thirlmere Way. Refer to drawing STW02 (Appendix C).  
 
The new trunk drainage system would be designed to convey all storms up to and 
including the 10 year ARI event in accordance with Section D5.04(4) of Wollondilly Shire 
Council’s ‘Design Specifications for Subdivision and Engineering Standards’. 
 
Storm flows greater than 10 year ARI and up to the 100 year ARI would be conveyed 
overland within the road system. 

(ii) Bell Street 

 
A new roll kerb and gutter and associated lane widening is to be constructed along the 
southern side of Bell Street for the full length of the development frontage.  
 
It is proposed to construct a new piped drainage system along the southern side of Bell 
Street with intermittently-spaced, grated kerb inlet pits. The new trunk drainage system 
would be designed to convey all storms up to and including the 10 year ARI event in 
accordance with Section D5.04(4) of Wollondilly Shire Council’s ‘Design Specifications for 
Subdivision and Engineering Standards’. 
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Storm flows greater than 10 year ARI and up to the 100 year ARI would be conveyed 
overland within Bell Street and directed to the exiting low point and 750 diameter pipe in 
Bell Street. 
 

(iii) Proposed New Road 1 

The proposed new Road 1 is to be a half-road construction. A roll kerb and gutter is to be 
constructed along the northern side of the development. 
 
It is also proposed to construct a new piped drainage system under the proposed roll kerb 
with intermittently-spaced, grated kerb inlet pits. The new trunk drainage system would 
be designed to convey all storms up to and including the 10 year ARI event in accordance 
with Section D5.04(4) of Wollondilly Shire Council’s ‘Design Specifications for Subdivision 
and Engineering Standards’. 
 
Storm flows greater than 10 year ARI and up to the 100 year ARI would be conveyed 
overland within the kerb and gutter along the road network. Refer to drawing STW01 
(Appendix C). 
 

6.2.3 Site and Inter-allotment Drainage & Flood Management 

Surface water flows from individual lots would be conveyed to the streets and inter-
allotment drainage lines located in dedicated drainage easements. These will also form 
dedicated overland flow paths for storms greater than the minor storm piped flow. Refer 
to drawing STW01 Appendix C for concept stormwater layout system design capacity. 
 

6.2.4 Rainwater Tanks 

Each new dwelling would be fitted with a rainwater tank to capture roof runoff. Each tank 
would: 

(i) Have a capacity of 10,000 L (minimum). 

(ii) Have the top 5,000 L of the tank(s) dedicated to on-site detention. 

(iii) Have a first-flush device. 

(iv) Be screened to prevent the entry of leaves, twigs and mosquitos. 

(v) Be plumbed to toilet and laundry, and at least one outdoor tap.  

(vi) Overflow to either a nearby gutter or directly into a bioretention swale (if 
required for water quality purposes). 

(vii) Be topped up from mains supply and that would require a back-flow prevention 
valve. 
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In addition to the above, each house is to employ water saving fittings with three-star 
rating or better. The tanks would be used to contribute to the total on-site detention 
requirements. 

6.2.5 On-Site Detention 

As discussed in Section 4.3, post development flows would increase due to increased 
impervious area without on-site detention. Flow will be reduced by the provision of 
rainwater tanks for the capture and use of rainwater within each dwelling (Section 6.2.1) 
and an above-ground on-site detention (OSD) basin located at the end of the catchment 
and located in a drainage reserve. Together, these would limit post-development flows to 
no more than pre-development flows.  
 
The location of the OSD basin is shown on the Concept Stormwater Drainage Plan – 
STW01 (Appendix C). The required OSD storage volume and post development outflow 
for all storms from the 1 Year to the 100 Year ARI storm events have been summarised in 
Table 4 below. 
 

Table 4 – On-Site Detention Basin Size Summary 

1 0.264 0.44 0.27 222

2 0.47 0.672 0.448 249

5 0.794 1.02 0.74 272

10 0.97 1.21 0.884 289

20 1.25 1.5 1.116 327

50 1.53 1.71 1.374 361

100 1.81 1.99 1.642 391

OSD1 Storage Provided 

(m3)

Storm Event ARI 

(Yr)

Pre-Development 

(m3/s)

Post-Development 

No OSD (m3/s)

Post-Development 

With OSD (m3/s)

 
 
The on-site detention basin is to be constructed using a combination of an earthen berm 
and block retaining wall. Discharge from the OSD would be controlled using a discharge 
control pit fitted with an orifice plate. 
 
It is proposed to use the road network to convey all off-site upstream flows around the 
development so that they bypass the on-site detention basin. 
 

6.2.6 Bioretention Basin 

A 100m2 bioretention basin is to be constructed within the base of the above ground on-site 
detention basin.  
 
The bioretention basin would have the following characteristics: 

o Have a filter area of 100 m2  

o Have a 300 mm ponding depth 
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o Have an overflow weir at the surface 

o Have a 400 mm thick filtration layer of loamy sand (see spec. 
below) 

o Have a 100 mm thick transition zone 

o Have a 300 mm thick drainage layer 

o Be unlined to allow infiltration into the naturally-permeable soils 

o Be planted with moisture loving species such as Carex and Juncus 
at 8 plants/m2 

 
Figure 5 – Typical Section Through Bioretention Basin 

 
Bioretention Basin Media Specification 
 
The filtration media will be well-graded loamy sand with: 
 
• Hydraulic conductivity (ASTM F1815-06) between 250 and 300 mm/hour 
• pH between 5.5 and 7.5 
• Organic content less than 5 percent 
• Electrical conductivity less than 1.2 dS/m 
• Orthophosphate content less than 20 mg/kg 
• Total nitrogen content <400 mg/kg 
 
Subject to adequate hydraulic conductivity the following particle size distribution is a guide: 
 
Clay and silt  < 3%   (<0.05 mm) 
Very fine sand  5-30%   (0.05 - 0.15 mm) 
Fine sand  10-30%  (0.15 - 0.25 mm) 
Med-Coarse sand 40-60%  (0.25 - 1.0 mm) 
Coarse sand  7-10%  (1.0 - 2.0 mm) 
Fine gravel  <3%  (>2.0 mm) 
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The filtration media will be compacted with one pass of a vibratory plate compacter or drum roller. 
 
The transition layer shall be clean, well-graded sand containing little or no clay and silt (<2%). 
D15 of the transition layer must be <5 x D85 of the filter media. 
 

The drainage layer shall be 2 - 7 mm washed screenings with <2% silt and clay. 

 

6.2.7 Diversion Swales 

Diversion swales located within Bell Street are to have a 1m wide base, 1 in 4 side slopes 
and minimum 300 deep and to be lined with turf for ease of maintenance. 
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7 Water Quality Modelling 

7.1 Pollutant Reduction Targets 

The Wollondilly Shire Council has a Water Sensitive Urban Design Policy that states their 
required pollutant reduction targets as:  

 70% reduction of gross pollutants (trash, litter, vegetation >5mm) 

  80% reduction in average annual load of coarse sediment 

  45% reduction in average annual load of total phosphorous 

  45% reduction in average annual load of total nitrogen 

  90% reduction in average annual load of hydrocarbons, motor oil & 
grease 

7.2 Water Quality Modelling Introduction 

Pre and post development sediment and pollutant loads were modelled using MUSIC 
(Model for Urban Stormwater Improvement Conceptualisation), developed by the CRC 
for Catchment Hydrology (now eWater).   
 
MUSIC contains algorithms based on the known stormwater runoff, pollutant generation 
from typical land uses and the performance characteristics of common stormwater quality 
treatment measures. These data are derived from research undertaken by eWater and 
others in Australia and overseas. The models have been developed using MUSIC default 
parameters (Tables 6 and 7) which has calibrated data for various land uses. Statistics are 
produced in MUSIC for the following parameters: 
 

 Flow (ML/yr) 

 TSS - Total Suspended Solids (kg/yr) 

 TP - Total Phosphorus (kg/yr) 

 TN - Total Nitrogen (kg/yr) 

 Gross Pollutants (kg/yr). 

 

7.3 Climate Data 

Creation of a MUSIC catchment file requires an associated meteorological data file that 
includes rainfall and evapotranspiration.  The data used here is supplied by SCA (2012), in 
particular for Zone 3 which covers land located near to the site (Figure 6 and Table 5). 
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Figure 6 – Time Series Graph for Adopted Rainfall Data (6 minute timestep) 

 
Table 5 – Rainfall and Evapotranspiration Statistics 
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7.4 Source Node Data 

Table 6 presents the stormflow concentration parameters of the various surfaces and land 
uses. They are the MUSIC default values. Table 7 presents the adopted pervious area runoff 
properties based on a clay loam soil (SCA, 2012). 
 

Table 6 - Storm flow concentrations (mg/L) 

 TSS mean 
(log 

mean) 

TSS std dev 
(log std 

dev) 

TP mean 
(log mean) 

TP std dev 
(log std 

dev) 

TN mean 
(log mean) 

TN std dev 
(log std 

dev) 

Mixed Urban 
Land 

141 

(2.15) 

2.09 

(0.32) 

0.251 

(-0.6) 

1.78 
(0.25) 

2 
(0.3) 

1.55 

(0.19) 

Roofs 20 
(1.3) 

2.1 
(0.320) 

7.8 
(-0.89) 

1.8 
(0.25) 

1.78 
(0.25) 

1.55 
(0.19) 

 

Table 7 - Pervious Area Properties 

 Clay Loam Soil 

Soil storage capacity mm 119 

Initial storage % 30 

Field capacity mm 99 

Infiltration capacity coefficient 180 

Infiltration capacity exponent 3 

Groundwater initial depth mm 30 

Daily recharge rate % 25 

Daily baseflow rate % 25 

Daily deep seepage rate % 0 

 

7.5 Other Assumptions 

For the purpose of modelling we have assumed: 

 Each new lot will be developed with a new house having a roof area of 300 
m2 

 At least 80% of the roof would drain to its associated rainwater tank 

 The remaining land on each lot has an impervious area sufficient to ensure 
that the total level of imperviousness equals 70% as required by the 
Wollondilly Shire Council Subdivision and Engineering Standard 

  Each new home would have a 10 kL rainwater tank with 5 kL of that 
dedicated to domestic use. The anticipated demands on that 5 kL are: 
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- Indoor use at 470 L/day per house (based on a four-bedroom home – 
toilet and laundry use -  SCA, 2012) 

- Outdoor use at 55 kL/year (SCA, 2012) 

  All catchment areas upstream of the development (south-east) will be 
diverted around the site and will not flow into the proposed stormwater 
system 

 Overland flow paths will include a swale as an initial stormwater 
treatment 

 The site will include a 400m3 above ground detention basin incorporating 
a 100m2 bioretention basin. 

 The bio-filtration filter media will be 400mm deep (excluding the drainage 
layer) and have a hydraulic conductivity of 100mm/hr – 300mm/hr. 

 

7.6 Treatment Train Effectiveness (Results) 

A screenshot of the model is provided below. It highlights the break-up of the catchment 
areas into roof areas that drain to a rainwater tank and areas that flow directly to the 
stormwater system. 
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Figure 7 - MUSIC Model Layout 

 
Table 8 below provides the results of the MUSIC modelling. The target reductions for 
nitrogen and phosphorous (45%) are more than met. The target reduction for total 
suspended solids (80%) is also more than met.  
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Table 8 - MUSIC Results1 

 
 

The results indicate that the bio-fitration area can be redcued and still achieve the desired 
standard of pollutant removal. This allows for some refinement during detailed design 
should it not be possible to achieve the nominated filter areas e.g. detailed survey differs 
from current survey. If the filter area can be reduced, it will allow the additional area to act 
as a sediment forebay and make cleaning and maintenenace much easier during operation. 

 

7.7 Monitoring and Maintenance 

7.7.1 The Developer’s Responsibilities 

The WSC Subdivision and Engineering Standard states that the developer shall be 
responsible for cleaning and maintenance of all water quality and detention systems 
including detention pits, GPTs, bio-retention ponds and filtration pits for a period of three 
(3) years from the date of Certificate of Practical Completion for the development or the  
last stage of the development or for any period specified as part of a Voluntary Planning 
Period Agreement.  
 
It goes on to state that the Developer shall be responsible for cleaning and maintenance of 
the devices or measures not included in a Voluntary Planning Agreement, for a period of 
three (3) years from the date of Certificate of Practical Completion. A maintenance and 
cleaning bond shall be lodged with Council at the time of issue of Certificate of Practical 
Completion equivalent to 10% of the installation cost or a minimum $3000. At the end of 
the maintenance period the devices or measures must be cleaned and any defects repaired 
prior to hand over to Council and release of bond. 

                                                 
1 SEEC Internal reference = 17000055-RUN9 
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7.7.2 The Council’s Responsibilities 

Council would ultimately become responsible for the trunk drainage and the subdivision-
scale water quality structures (i.e. the onsite detention basin and the bioretention basin). 
The bioretention basin would require ongoing maintenance to the requirements of Water 
by Design (2012b). A copy of this document is freely available from 
www.waterbydesign.com.au. 

7.7.3 The Residents’ Responsibilities 

The rainwater tank collection system (gutters, pipes, rainwater tanks, pumps and valves) 
would be maintained by each home owner. They would require periodic inspection and 
maintenance but the requirements are not great. Periodically the home owners would 
check all inlets, outlets and pumps for stability and operational performance.   
 
The tanks would be fitted with a back-flow prevention valve such that mains water can be 
used when the tank level falls below 5 percent. The valve must be checked annually by a 
registered plumber to the requirements of AS/NZS 2845.1:2010. 
 
 
 

http://www.waterbydesign.com.au/
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8 Recommendations 

The following recommendations have been determined based on this stormwater and 
water quality assessment: 
 

 The site slopes sufficiently to ensure stormwater drainage would not be 
problematic. 

 On-site detention is to be provided in rainwater tanks located on each lot 
and also within an above-ground OSD basin located within a dedicated 
reserve. This is to ensure that post development peak flows are controlled 
and are no greater than pre-development flows. 

 WSUD features are to be installed that include rainwater tanks on 
individual lots and a bioretention basin to be incorporated into the 
subdivision and to meet Upper Nepean Stormwater Management Plan 
and Council’s required stormwater quality targets.  Preliminary computer 
modelling using MUSIC has been used to show compliance can be met.  

 The site is currently affected by some localised flooding during large 
storm events. With this in mind, new stormwater drainage infrastructure 
is to be constructed within the development and along Thirlmere Way & 
Bell Streets to manage stormwater from within and around the 
development. This, in conjunction with the installation of on-site detention 
for the development and the diversion of the western upstream catchment 
to the north along Thirlmere Way, would alleviate some of the minor 
flooding issues that currently occur in Bell Street during larger these storm 
events. 

 
. 
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10 Appendices 

10.1 Appendix A – IFD Table and Chart 
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10.2 Appendix B – Site Survey Plan (Over page) 
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10.3 Appendix C – Concept Stormwater Management Plans 
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