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1 Introduction 
This section of the Blacktown Council Developer Handbook for Water Conservation, Water 
Quality and Waterway Stability Treatment Measures Part 4 provides guidance on the 
modelling of treatment measures and strategies using the Model for Urban Stormwater 
Improvement Conceptualisation (MUSIC).  MUSIC can be used by designers, consultants, 
developers and Council to undertake conceptual design (size, configuration, depths) of 
treatment measures. 
 
Part R of the Blacktown Development Control Plan (DCP) 2006 sets out what development 
types require water conservation and water quality treatments and any minimum area 
thresholds. Where Part R applies, Blacktown City Council requires that the MUSIC model 
must be used to assess conceptual stormwater quality treatment and harvesting strategies, 
unless the development satisfies the “Deemed to Comply Solutions” from Appendix A.  These 
guidelines are provided to ensure consultants, developers and Council have a consistent and 
uniform approach to stormwater quality and harvesting modelling within the Blacktown Local 
Government Area (LGA).  The guidelines provide specific guidance on rainfall and 
evaporation inputs, source node selection, rainfall runoff parameters, pollutant generation 
parameters and treatment nodes.   
 
This Handbook is an adaptation of the Gold Coast City Council MUSIC Modelling Guidelines 
and should be read in conjunction with the MUSIC User Guide.   
 
The original version was produced by EDAW and AECOM based on MUSIC 3.  This current 
version has been significantly updated to adapt to the use of MUSIC 5.1 and incorporate 
MUSIC modelling practises developed at Blacktown Council over a number of years following 
the adoption of Council’s Water Sensitive Urban and Integrated Water Cycle Management 
DCP Part R. 
 
 
These modelling guidelines apply to all of Blacktown City Council area including the growth 
centres and employment lands. 
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Select Meterological Data Define Source Node Position relevant drainage links 
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Define Catchment 
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Input Rainfall Runoff 
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Input Pollutant 
Generation Parametres 
as specified in Section 

 

Input Link Routing as 
identified within 
Section 2.6 

Select Rainfall and Evaporation 
Data and Time Step 

Screen Solutions  

Develop Appropriate Treatment Train 

Refer to Section 2.7 for 
assistance 

Input Conceptual Treatment 
Design Parameters 

Run MUSIC model simulation and compare 
results with water quality objectives 

Not 
Achieve

d 

 
Achieve
d 

Prepare Conceptual Stormwater 
Management Plan 

Open MUSIC 

2 MUSIC model setup 
There are several steps to be undertaken prior to running a MUSIC model network, as summarised in Figure 1.  These steps include selecting the appropriate 
meteorological data (rainfall and evaporation inputs), defining catchment areas (source nodes) to be incorporated into the model, and inputting soil properties 
(rainfall runoff properties) and pollutant generation characteristics for selected source nodes. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  Schematic of MUSIC modelling process (as adapted from the Gold Coast City Council MUSIC Guidelines) 
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3 Rainfall AND evaporation inputs 
Blacktown rainfall is typically 700 to 900 millimetres per year, with maximum rainfall in summer and 
minimum in winter.   
 
Stormwater runoff (represented as surface runoff and baseflow) is generated in MUSIC through the 
interaction of rainfall, evapotranspiration and the MUSIC Rainfall-Runoff Model (see MUSIC User 
Guide for a full description of Rainfall-Runoff Model).  The following sections outline Blacktown City 
Council’s preferred rainfall and evapotranspiration datasets. 

3.1 Rainfall Data for Water Quality Modelling   
 
Blacktown City Council requires the following approach to rainfall simulation be adopted for modelling: 
 

• Continuous simulation of a minimum of 10 years should be used. 
 

• A 6 minute time step should be used to allow for the appropriate definition of storm 
hydrograph movement through small-scale treatment measures such as vegetated swales 
and bioretention systems. 

 
To provide a consistent approach to modelling, Blacktown City Council has identified an appropriate 
rainfall station for the Blacktown LGA, and periods of modelling to be utilised within the MUSIC model.  
Two 6 minute data stations were investigated for their suitability. These were the rainfall stations at: 
 

• 067033 Richmond RAAF Base, located approximately 8 kilometres north-west of Blacktown 
LGA. 

 
• 067035 Liverpool (Whitlam Centre), located approximately 11 kilometres south of Blacktown 

LGA. 
 
Rainfall data from each of these stations was compared to daily data available at Blacktown (gauge 
no. 067059), to see which bore a closer resemblance to rainfall conditions within the Blacktown LGA.  
A common period was compared for all stations: 1964 to 1992.  The results of this investigation are 
shown in figure 2.  
 

 
Figure 2:  6 minute rainfall station comparison 
The recommended 6 minute rainfall station for use within Blacktown LGA is 067035 Liverpool 
(Whitlam Centre).   
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Both the Liverpool and Richmond stations provide a reasonable match to Blacktown in terms of 
average monthly rainfall, but the Liverpool data matches Blacktown’s rainday pattern better than the 
Richmond data.   
 
A reasonable length of record is available from Liverpool, with 6 minute records starting in 1965 and 
continuing to 2001 (with one significant gap during 1978 to 1980).  In 2001 the station was closed, but 
was replaced with Station 067020 Liverpool (Michael Wenden Centre). To ensure a continuous data 
set, data from both stations will need to be used. 
 
Given the above, Blacktown City Council requires all stormwater quality modelling in MUSIC to be 
undertaken using the Liverpool 6 minute rainfall data.  A modelling period of 1967 to 1976 is 
recommended, as for this period, the annual rainfall is representative of the long-term average.   
 
Table 1 includes details of the recommended data. 
 
Table 1: Recommended 6 Minute Rainfall Station 
Rainfall station Modelling period Annual rainfall (milllimetres) 
067035 Liverpool (Whitlam Centre) 1967 to 1976 857 

3.2 Rainfall Data for Hydrologic Modelling 
 
Blacktown City Council requires the following approach to rainfall simulation be adopted for hydrologic 
assessment modelling (that is, stormwater harvesting and stormwater storage design including 
rainwater tank sizing on a catchment basis): 
 

• Continuous simulation of a minimum of 20 years should be used. 
 

• A daily time step should be utilised for simulating rainwater/stormwater storage sizes and 
estimating supply reliability. 

 
A number of daily rainfall stations were investigated for use, as shown in Table 2.  The gauges 
investigated were those with longer available records. 
 
Table 2: Selected daily rainfall gauges in Blacktown LGA 

Station 
Approximate 
location in 
the LGA 

Data 
availability 

Mean annual 
rainfall 
(millimetres) 

Mean number of days 
per year with equal to 
or greater than 1 
millimetre rain 

067059 Blacktown Central 1963 to 1993 854 84 
067076 Quakers Hill 
Treatment Works 

Central 1948 to date 851 77 

067016 Minchinbury South west 1901 to 1970 778 59 
067026 Seven Hills 
(Collins Street) 

East 1950 to date 926 86 

 
To provide a consistent approach to modelling, Blacktown City Council has identified 2 appropriate 
daily rainfall stations for Blacktown LGA and periods of modelling to be utilised within the MUSIC 
model.  The preferred station is 067059 Blacktown, due to its longer record of good quality data (1963 
to 1993; 30 years), however 067076 Quakers Hill Treatment Works is also acceptable, for the years 
specified, due to its location within the catchment.  The 1971 to 1992 period has been recommended 
to avoid significant gaps in the data.   
 
The recommended daily rainfall stations are shown in Table 3.  For sub-daily simulation the Liverpool 
rainfall station must be used, however Liverpool is not recommended for daily simulation, as there is a 
gap in the data from 1978 to 1981 and the 1981 to 2001 period (the longest unbroken period of record 
available) has a relatively low average annual rainfall.  Minchinbury and Seven Hills gauges are not 
recommended as they exhibit average rainfall conditions somewhat different to those recorded at 
Blacktown. 
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Table 3:  Recommended daily rainfall station 
Rainfall station Modelling period Mean annual rainfall (milllimetres) 
067059 Blacktown (preferred) 1963-1993 854 
067076 Quakers Hill Treatment 
Works 

1971-1992 832 

3.3 Potential Evapotranspiration (PET) Data   
 
Blacktown City Council requires the following when considering potential evapotranspiration (PET) 
data in MUSIC: 
 

• Local PET information is preferred (where available). 
 

• In most cases, local data will not be available in which case average monthly data from 
Sydney (available within the MUSIC model) can be used. 

 
• Average Sydney PET data is suitable for use in modelling water quality and hydrology.  The 

monthly PET values for the Sydney region, including Blacktown, are shown in table 4. 
 
Table 4: Monthly evapotranspiration for the Sydney region 
Month Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec 
PET 
millimetres 180 135 128 85 58 43 43 58 88 127 152 163 

 
Evaporative loss should normally range from 75 per cent of PET for completely open water to 125 per 
cent of PET for heavily vegetated water bodies. 
 
 
14.4 Electronic Modelling 
 
Council is able to supply the Liverpool (Whitlam Centre) rainfall data and evapotranspiration data 
electronically upon request.  This MUSIC file also includes the Source Nodes and some Treatment 
Nodes acceptable to Blacktown. 

Page 72 



4 Source Nodes AND POLLUTANT GENERATION 
Once the meteorological data has been input into the model the user must then define the source 
nodes to reflect the details (that is, area and landuse) of the contributing catchments.  MUSIC 
currently has five standard land uses, these being:  
 

• Urban. 
 

• Agricultural. 
 

• Forest. 
 

• User Defined. 
 

• Imported Data.   
 
These five source nodes are however not commonly used in the Blacktown LGA.  The main exception 
is “Forest” that can only be utilised where there is a permanent forested conservation area and its use 
will need to be justified for the particular scenario.  Instead for Blacktown the “Urban” node is broken 
down into four components. 
 

• Roof. 
 

• Road. 
 

• Other Impervious Areas. 
 

• Pervious Areas. 
 
As outlined in the MUSIC User Guide, a comprehensive review of stormwater quality in urban 
catchments was undertaken by Duncan (1999) and this review forms the basis for the default values 
of event mean concentrations in MUSIC for TSS, TP and TN.  More recently, Fletcher et al (2004) has 
updated the values provided in Duncan (1999) and specifically provides guidance on appropriate land 
type breakdown.  Table 5 presents the recommended model defaults for various land use categories.  
These values are consistent with those recommended by the Growth Centres Commission (GCC).  
Note that for all simulations the MUSIC model must be run with pollutant export estimation method set 
to “stochastic generated”. 
 
Table 5: Stormwater water quality parameters for MUSIC source nodes  

Land-use category  

Log10 TSS 
(milligrams per litre) 

Log10 TP (milligrams 
per litre) 

Log10 TN 
(milligrams per litre) 

Storm 
flow 

Base 
flow* 

Storm 
flow 

Base 
flow* 

Storm 
flow 

Base 
flow* 

Roof Areas Mean  
Std Dev 

1.30 
0.32 

1.20 
0.17 

-0.89 
0.25 

-0.85 
0.19 

0.30 
0.19 

0.11 
0.12 

Road Areas Mean  
Std Dev 

2.43 
0.32 

1.20 
0.17 

-0.30 
0.25 

-0.85 
0.19 

0.34 
0.19 

0.11 
0.12 

Other 
Impervious 
Areas 

Mean  
Std Dev 

2.15 
0.32 

1.20 
0.17 

-0.60 
0.25 

-0.85 
0.19 

0.30 
0.19 

0.11 
0.12 

Pervious Areas Mean  
Std Dev 

2.15 
0.32 

1.20 
0.17 

-0.60 
0.25 

-0.85 
0.19 

0.30 
0.19 

0.11 
0.12 

* Base flows are only generated from pervious areas; therefore, these parameters are not relevant to impervious areas 
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5 Rainfall runoff parameters 
As outlined in Section 4, stormwater runoff (represented as storm flow and baseflow) is generated in 
MUSIC through the interaction of rainfall, evapotranspiration and the MUSIC Rainfall-Runoff Model.  A 
full description of the MUSIC Rainfall-Runoff Model is provided in the MUSIC User Guide.   
 
If the reader of this Handbook has no MUSIC modelling experience they should review MUSIC User 
Guide before reading further. 
 
MUSIC rainfall-runoff parameters have been derived for the Western Sydney region from model 
calibration studies.  The parameters recommended in Table 6 are the same as those recommended 
by the Growth Centres Commission (GCC) for use in GCC areas.  The GCC recommends adoption of 
these parameters, but also suggests that a sanity check can be performed on total runoff volumes by 
comparing with the values presented in Figure 2.3 of the CRC-CH’s Technical Report 04/8 
(Stormwater Flow and Quality, and the Effectiveness of Non-proprietary Stormwater Treatment 
Measures – A Review and Gap Analysis, Fletcher et. al., 2004).  
 
Table 6:  Rainfall-runoff parameters  
Parameter Recommended values 
Rainfall Threshold (millimetres) 1.4 
Soil Capacity (millimetres) 170 
Initial Storage (per cent) 30 
Field Capacity (millimetres) 70 
Infiltration Capacity Coefficient a 210 
Infiltration Capacity Coefficient b 4.7 
Initial Depth (millimetres) 10 
Daily Recharge Rate (per cent) 50 
Daily Baseflow Rate (per cent) 4 
Deep Seepage (per cent) 0 
 
 
The steps for setting up the rainfall runoff parameters are described below. 
 
Step 1: Estimate Fraction Impervious 
 
An initial estimate of the impervious fraction for the particular landuse should be made.  The 
impervious area should be based on building density controls developed by Blacktown City Council as 
well as the development’s urban planners and architects.   
 
The building density controls that are of relevance include minimum soft landscaping area, maximum 
building envelopes, floor space ratios and road design guidelines.  These estimates should also be 
compared to aerial photos of similar recent developments in the vicinity of the proposed development.  
Where differences between the estimates and the on ground impervious area are significant then 
estimates should be revised or the differences justified.   
 
As a guide, the fraction impervious for the different development types described in Table 3.3 of the 
Blacktown City Council Engineering Guide for Development (2005) are: 
 

• Public recreation areas - 50 per cent. 
 

• New residential lot only - 80 per cent. 
 

• Medium density development (villas etc) - 85 per cent. 
 

• Half width Road Reserve - 95 per cent. 
 

• Industrial areas / commercial areas - 100 per cent. 
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The above fraction impervious percentage for lots applies to areas outside the growth centres. In the 
growth centres new residential lots are considered as 85 per cent impervious. 
 
Where landscape areas are over below ground garages, podiums, or basements, consider the area 
100 % impervious. 
 
Step 2: Split MUSIC Catchments into Land Use Types 
 
The catchment must be split into the various land types (that is, roads, roofs, other impervious and 
pervious surfaces). Each individual source node, with the exception of the Imported Data Node, 
requires the total area and impervious percentage of the site to be defined.   
 
For a specific development, the site area is to be split into the four landuse source nodes from section 
4.  For new subdivisions calculate the area of new roads and the area of new lots. The lots can be 
agglomerated into the four source nodes upstream of the treatment devices.  
 
For low density residential subdivisions outside the growth centres allow the following percentages 
for land use for the new lots only, considering 80 per cent impervious: 
 

• Roof - 55 per cent (of which a maximum of 50% goes to the rainwater tank). 
 

• Road (driveways) - 10 per cent. 
 

• Other Impervious Areas (courtyards, paths) - 15 per cent. 
 

• Pervious Areas - 20 per cent. 
 

For low density residential subdivisions within the growth centres allow the following percentages 
for land use for the new lots only, considering 85 per cent impervious: 
 

• Roof - 55 per cent (of which a maximum of 50% goes to the rainwater tank). 
 

• Road (driveways) - 10 per cent. 
 

• Other Impervious Areas (courtyards, paths) - 20 per cent. 
 

• Pervious Areas - 15 per cent. 
 

 
When utilising this approach: 
 

• Roof areas are to be modelled as 100 per cent impervious.  If there is a rainwater tank then it 
should be modelled immediately downstream of the roof.  If only a portion of the roof drains to 
the rainwater tank, then the roof will need to be split into two separate nodes, one of which 
bypasses the rainwater tank.  Generally Council will only consider a maximum of 50% of the 
roof area of residential developments draining to the rainwater tank unless there is specific 
information that provides a different figure when considering a specific development.  In such 
cases the roof areas must match with the BASIX certificate for residential development. 

 
• Roads, driveways, car parks and other areas open to vehicular traffic should be modelled with 

all the impervious area in the “Roads” node.  Any pervious areas (for example, verges) 
associated with impervious areas such as roads and car parks should be included in the 
“Pervious areas” node.  Future Council roads however may be considered with the Roads 
node as 95% impervious and 5% pervious. 

 
• The “Other impervious areas” node should include areas such as footpaths, courtyards and 

decks (including timber decks). 
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• All pervious areas should be included in the “Pervious areas” node.  Pervious areas should be 
directly connected to the treatment systems. The area of the treatment device itself such as 
for a bioretention basin, swale, or wetland also needs to be included as a pervious source 
node.   
 

• The MUSIC model must account for all the areas being developed.  Where areas cannot 
drain to a treatment device these areas are considered as bypass and the specific land use(s) 
identified. 

 
 
 
Step 3: Set Soil Properties  
 
For impervious source nodes, the only rainfall-runoff parameter that plays a part is the rainfall 
threshold, which should be set to 1.4 millimetres.  For all pervious source nodes, the soil 
characteristics shown in Table 6 should be adopted in MUSIC.  For all treatment nodes the Exfiltration 
Rate (mm/hr) is to be set to zero. 
 
 

6 Link routing  
Drainage links are used in MUSIC to connect source nodes to treatment nodes and / or collection 
points.  The drainage links account for the passage of stormwater and the time of travel between 2 
nodes.  There are 3 options for the routing of stormwater available within the drainage link:  
 

• No routing. 
 

• Translation of the flood wave (only). 
 

• Muskingum Cunge method of stream routing. 
 
For single lots and subdivision developments with only a small number of lots no routing is required.  
For larger subdivisions the applicant may choose not to apply routing to reduce the complexity of the 
generated model, however, it is noted that this will result in the performance of the treatment 
measures being underestimated as peak inflows into the treatment nodes will increase.   For MUSIC 
model simulations of large catchments where routing is to be undertaken it is recommended that the 
translation routing option in MUSIC be used to reflect the travel time for flood wave propagation 
through the catchment.  The user is referred to the MUSIC User Guide for further details.  
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7 Stormwater quality treatment measures  
Following the determination of the site’s water quality and hydrologic objectives the user (if required) 
is to develop an appropriate treatment train for the development dependent on site constraints and 
opportunities.   
 
Within the current version of MUSIC the user has several treatment options available: 

 
 
 

• Wetland. 
 

• Pond.  
 

• Sedimentation Basin. 
 

• Detention Basin 
 

• Infiltration System. 
 

• Bioretention. 
 

• Media Filtration. 
 

• GPT. 
 

• Buffer. 
 

• Swale  
 

• Rainwater Tank. 
 

• Generic Node. 
 

Figure 3: Treatment options available in MUSIC 
 

The default parameters in MUSIC for the first order decay k-C* model used to define the treatment 
efficiency of each treatment measure should be used unless local relevant treatment performance 
monitoring can be used as reasonable justification for modification of the default parameters.  
Reference should be made to the MUSIC User Guide (2005, or subsequent versions).  
 
Note: The following measures are not to be modelled in MUSIC: natural waterways, natural wetlands, 
naturalised channel systems, trunk drainage, environmental buffers and ornamental lake / pond 
systems.  
 
In order to reduce the confusion of conflicting aspects of treatment node implementation Blacktown 
City Council provides the following advice for modelling stormwater quality treatment systems within 
Blacktown LGA. 
 
MUSIC gives the option under the “More” tab to access the “Advanced Properties” for each treatment 
nodes to k-C* values, orifice discharge and weir coefficients, void ratio and number of CSTR cells.  
Council does not permit these MUSIC default values to be changed. 
 
For residential developments Council does not permit treatment devices to be located in private 
courtyards or rear yards.  They must be positioned in common areas, or front yards. 
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7.1 Wetlands 
 
Constructed wetland systems use enhanced sedimentation, fine filtration and pollutant uptake 
processes to remove pollutants from stormwater.  
 
Constructed wetland systems consist of an inlet zone (sediment basin to remove coarse sediments), 
a macrophyte zone (a shallow heavily vegetated area to remove fine particulates and uptake of 
soluble pollutants) and a high flow bypass channel from the inlet pond (to protect the macrophyte 
zone).  Provide a deeper water zone typically 1.8 m deep and absolute maximum 2.0 m deep. 
 
Wetlands are suitable downstream of pre-treatment measures such as swales, sediment basins, or 
GPTs designed to remove coarse sediment.  

 
• Input the appropriate bypass characteristics to reduce the impacts on macrophytes within the 

wetland.  The high flow bypass flowrate should be set to the peak 1 year ARI flowrate. 
 

• Estimate the inlet pond volume based on a surface area of 10 per cent of the macrophyte 
zone surface area, and a maximum 
depth of 1.8 metres with batters. 

 
• Enter the proposed surface area of 

wetland macrophyte zone under 
“Storage Properties”. Note that the 
surface area is the figure that when 
multiplied by the Extended Detention 
Depth will give the volume of Storage.  
Where the sides of the basin are 
battered the Surface Area is the area at 
half the Extended Detention Depth i.e. 
the average basin area. 

 
• Set extended detention depth of 

between 0.25 to 0.75 metres.  Note that 
any flood storage above the extended 
detention depth must not be included in 
the extended detention depth. 

 
• Set the permanent pool volume as the 

volume of water permanently 
submerging macrophytes.  Set by 
multiplying the average depth (typically 
0.25 metres to 0.4 metres) by the 
surface area. 

 
• Exfiltration is the water lost from the 

treatment measure into the surrounding 
soil (Council requires 0 millimetres per 
hour for wetlands, which should have a 
liner or 300 mm of compacted clay under 
to retain water).  

 
• Adjust the Equivalent Pipe Diameter to ensure the treatment measure has a notional 

detention time of approximately 48 to preferably 72 hours.  This is assumed to be at the 
Extended Detention Depth. 

 
• Tick “Use Custom Outflow and Storage Relationship” where there is significant non linearity in 

the storage i.e. major variations in height versus area. 

Figure 4: Example of properties of a  
Wetland in MUSIC 
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Other design considerations for wetlands include: 
 

• Provide an internal wall system to increase residence time and avoid short circuiting. 
 

• Provide concrete vehicular maintenance access to the basin at a maximum 10 % grade. 
 

• When designing a wetland within a detention basin, the outlet control structure of the 
detention basin should be placed at the end of the wetland high flow bypass channel. This 
ensures flood flows as ‘backwater’ across the wetland thus protecting the macrophyte 
vegetation from scour by high velocity flows.  The detention node will be positioned 
downstream of the wetland node in MUSIC. 

 
• Allow for an internal drainage system that will allow for the permanent pool and remainder of 

wetland to be totally drained for maintenance. 
 

• Allow for  various water level controls to better control the operation of the wetland particularly 
during establishment. 
 

• Provide macrophyte zones at varying depths to allow planting of a diverse range of plant 
species typically from 0.25 to 0.5 m. 
 

7.2 Ponds 
 
Ponds can be sized for three different purposes: 
 

• Pollutant removal. 
 

• Stormwater storage for reuse. 
 

• Ornamental. 
 
For the former two purposes, MUSIC can be used to size the pond and assess its performance as 
described following. All ponds, though, should be preceded by appropriate pre-treatment to remove 
coarse sediment.   
 
Water Quality Ponds 
 
Water Quality ponds rely on settling of suspended solids as the principal treatment mechanism.  
Vegetation (including submerged macrophytes in a deep pond) can promote nutrient removal, and 
open water can promote ultra violet (UV) disinfection, however these processes are not currently able 
to be modelled in MUSIC.   
 
Pre-treatment is essential upstream of ponds.  In MUSIC, the pollutant removal parameters 
associated with ponds are based on an assumption that pre-treatment has occurred upstream, and 
therefore it is essential to include an appropriate treatment train upstream of a pond in the MUSIC 
model.  This could include a swale, sedimentation basin, or a suitable GPT, capable of removing a 
substantial proportion of coarse suspended solids.  
 

 
 
 

Input parameters include: 
 

Page 79 



• Identify any high flow or low flow bypasses proposed for the treatment measure. 
 

• Input the surface area of the pond.  Note 
that the surface area is the figure that 
when multiplied by the Extended 
Detention Depth will give the volume of 
Storage.  Where the sides of the basin 
are battered the Surface Area is the area 
at half the Extended Detention Depth i.e. 
the average basin area. 
 

• The extended detention depth is the 
depth between the top of the permanent 
pool and the lip of the overflow weir.  
Typically 0.25 to 01.0 m. 

 
• Estimate the permanent volume of water 

within the treatment measure. 
 

• Exfiltration is the water lost from the 
treatment measure into the surrounding 
soil (Council requires 0 millimetres per 
hour for ponds, which should be lined, or 
300 mm of compacted clay under to 
retain water). 
 

• Evaporative loss as % of PET - allow 75% 
for open water bodies with little to no 
vegetation. 

 
• Modify the discharge pipe diameter to 

ensure a detention time long enough to 
allow settling of the target particle size.  
This is assumed to be at the Extended Detention Depth. 
 

• Tick “Use Custom Outflow and Storage Relationship” where there is significant non linearity in 
the storage i.e. major variations in height 
versus area 

 
 
Storage ponds 
 
If a pond is used to store treated stormwater for 
reuse, its performance in balancing supplies and 
demands can be modelled using MUSIC.  In this 
case, the pond may or may not be modelled with 
extended detention.   
 
The permanent pool actually represents the volume 
available for reuse, and the quantity of water is 
likely to fluctuate widely depending on supplies and 
demands.   
 

If a storage pond has a permanent pool below the 
volume available for reuse, this permanent pool 
should be ignored.   
 
Input parameters are as for above, but add: 
 

Figure 5: Example of properties for a  
Pond in MUSIC 
 

Figure 6: Example of properties for  
Reuse in a Pond in MUSIC 
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• Enter Re-use details to represent the intended demands on water from the storage pond. 
 
The effectiveness of the pond as a storage system with reuse can be evaluated by checking the node 
water balance of the pond node once the model has run.   
 

7.3 Sedimentation Basins  
 
Sediment basins are used to retain coarse sediments from runoff.  They operate by reducing flow 
velocities and encouraging sediments to settle out of the water column. 
 
They are frequently used for trapping sediment in runoff during construction activities and for pre-
treatment to measures such as wetlands (for example, an inlet pond).   
 
Sediment basins can drain during periods without rainfall and then fill during runoff events.   
 
Sediment basins are sized according to the design storm discharge and the target particle size for 
trapping (generally 0.125 millimetres). 
 
 
Input parameters include: 
 

• Identify any high flow or low flow bypasses 
proposed for the treatment measure. 

 
• Input the surface area of the basin.  Note 

that the surface area is the figure that when 
multiplied by the Extended Detention Depth 
will give the volume of Storage.  Where the 
sides of the basin are battered the Surface 
Area is the area at half the Extended 
Detention Depth i.e. the average basin 
area  

 
• The extended detention depth is the depth 

between the top of the permanent pool (or 
ground if no permanent pool) and the lip of 
the overflow weir.   

 
• Estimate the permanent volume of water 

within the treatment measure.  Pool depths 
can be up to 2 m, but need to allow for 
batter slopes when calculating volumes. 

 
• Exfiltration is the water lost from the 

treatment measure into the surrounding 
soil (Council requires 0 millimetres per hour 
for sedimentation basins, which should be 
lined, or 300 mm of compacted clay under, 
to retain water). 
 

• Evaporative loss as % of PET - allow 75% for open water bodies. 
 

• Modify the discharge pipe diameter to ensure a detention time long enough to allow settling of 
the target particle size. 
 

• Tick “Use Custom Outflow and Storage Relationship” where there is significant non linearity in 
the storage i.e. major variations in height versus area 

 

Figure 7: Example of properties of a  
Sedimentation  Basin in MUSIC 
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Note: This treatment measure can be utilised as pre-treatment measure upstream of a wetland or 
sand filter and allows for a diversion of flows above recommended scour velocities. 
 

7.4 Detention Basins 
 
Detention basins can be above ground, or below ground in tanks.  Above ground basins are favoured 
by Council as they are easier to maintain and avoid confined space entry and the associated risks.  
Council current has two approaches to detention systems. The older established areas of Blacktown 
LGA use a High Early Discharge (HED) system.  HED directs as much of the site as possible straight 
to the small HED control pit which fills up and thereby reaches close to the maximum discharge 
quickly. Detention with HED requires a smaller storage volume than a conventional detention system. 
A conventional detention system is one where the discharge rate rises more slowly than with HED as 
the storage fills over the entire basin area.  The conventional detention system is predominantly used 
in the growth centres.  The default Detention Basin node in MUSIC is based on a conventional 
detention system with a single outlet.  It cannot be used to represent a detention basin with a HED 
outlet.  This needs to be represented differently in MUSIC. 
 
Where water quality treatment (e.g. bioretention, or proprietary filters or devices) is incorporated into a 
detention basin itself, or enlarged HED pit, the treated flow must discharge downstream of the 
discharge control pit to ensure ongoing treatment throughout a range of storms.  This may require 
adjustment to the discharge controls to ensure the design discharge is maintained and account for the 
bypass. 
 
Council’s requirement for concrete detention 
tanks, or above ground detention basins with a 
concrete base, is for the base to have a 
minimum grade of 2%.  This grade ensures that 
settled material is flushed from the system.  No 
allowance can therefore be made for the 
settlement of material and consequently no 
reduction in TSS, TP, or TN is permitted for 
concrete detention tanks, or above ground 
basins with a concrete base.  Reduction in TSS, 
TP or TN is only permitted for vegetated 
(including turfing) above ground detention basin 
where settled material can be trapped by the 
vegetation.  Where vegetated above ground 
detention basins incorporate bioretention in the 
base, the area of bioretention is to be excluded 
from the area in detention node. 
 
Conventional Detention Basins 
 
 
Input parameters include: 
 

• Identify any high flow or low flow 
bypasses proposed for the treatment measure. 

 
• Input the surface area of the basin.  Note that the surface area is the figure that when 

multiplied by the Extended Detention Depth will give the volume of Storage.  Where the sides 
of the basin are battered, the Surface Area is the area at half the Extended Detention Depth 
i.e. the average basin area. 

 
• The extended detention depth is the depth between the average base level of the storage 

(generally not the centreline of the outlet pipe or orifice) and the lip of the overflow weir, or 
design storage level.   

Figure 8: Example of properties of a 
conventional Detention Basin in MUSIC 
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• Evaporative loss as % of PET - allow 0% for tanks and 75% for above ground detention 

systems. 
 

• Exfiltration is the water lost from the treatment measure into the surrounding soil (Council 
requires 0 millimetres per hour for detention basins, which should be concrete, or on a 
compacted clay base, or lined to retain water). 

 
• The Low Flow Pipe discharge rate will be initially determined from the detention calculations. 

Using this discharge a nominal orifice size (low flow pipe diameter) is calculated using the 
extended detention depth from above and not the actual depth to the orifice or pipe centreline.  

 
• Tick the “Use Custom Outflow and Storage” box for more complex, or multiple basin 

discharges with the option of importing a discharge spreadsheet where required.  This 
method should be utilised for landscaped above ground basins with uneven base levels 
and/or batter slopes to better represent the settlement of pollutants over smaller surface 
areas in more frequent storm events. 
 

• Where a detention node is used for a concrete tank, or an above ground detention basin with 
a concrete base then, click the “More” tab in MUSIC, and set the “k” values for TSS, TP and 
TN all to “0”.  This ensures that no treatment occurs in this type of basin as settled material is 
flushed from the base. 
 

High Early Discharge (HED) Configuration in MUSIC 
 
The HED discharge control pit has no silt trap in accordance with Council requirements, but contains 
either a Maximesh, or Weldlok screen (for orifices greater than 150mm diameter).  A Generic Node is 
used to represent the HED pit.  As there is no way to contain any pollutants that settle out in the HED 
pit there is no reduction in TSS, TP, or TN (they simply wash through).  Gross pollutants are defined 
as material that would be retained by a five millimetre mesh screen.  It is common not to include 
Gross Pollutant removal in this HED node, however where required allow 50% removal for Maximesh 
Screens and 10% removal for Weldlok Screens.  The critical input for the HED node is the High Flow 
Bypass in (m3/s).  Council has produced a spreadsheet for calculation of the on-site detention 
systems with HED.  The spreadsheet provides a discharge rate for “High early discharge” in l/s.  This 
is the discharge before overtopping of the weir into the extended detention storage area.   To input 
into the node this flow needs to be converted to m3/s. 
 
A typical arrangement for a system with HED is detailed below in figure 9.  
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Figure 9: Example of a MUSIC model 
 
The MUSIC model above is set up with the primary flow from the orifice discharging downstream to 
the next node.  The red dashed secondary drainage link is then directed to the detention basin node.  
This secondary flow is set to the high flow bypass from the HED pit.  The detention basin node is as 
set up for the conventional detention basin excluding the area of the HED pit.  The Low Flow Pipe 
Diameter is set to the orifice size in the HED pit.  As Council requires as much of the site as practical 
to discharge direct to the HED pit, only the area that directly falls within the above ground basin, or for 
a tank the area above the tank that discharges straight into the tank due to the frequent pit grates, is 
permitted to be directed to the detention basin node.   
 
The use of this arrangement in MUSIC will provide some assistance in achieving the water quality 
objectives for above ground landscaped detention basins, but will not achieve overly significant 
benefits.  Many designers choose not to undertake this additional modelling step in smaller 
developments. 
 
As noted above in the introduction to section 7.4, for concrete detention tanks, or above ground 
basins with a concrete base, no allowance can be made for the settlement of material and 
consequently no reduction in TSS, TP, or TN is permitted.  Similarly the use of the HED generic node 
and secondary bypass to the detention node as a modelling approach has limited application for 
concrete detention tanks, or above ground basins with a concrete base.  The only benefit in 
undertaking this additional modelling step is where the water quality treatment device is downstream 
of the detention and the reduction in flow rates through this node provides improved performance of 
this water quality device.  Otherwise it is not required. 
 
 

7.5 Infiltration Systems 
 
Infiltration measures encourage stormwater to infiltrate into surrounding soils.  Infiltration measures 
are highly dependent on local soil characteristics and are best suited to sandy soils with deep 
groundwater.  Infiltration is not recommended in areas of sodic or saline soils or soil contamination, 
where infiltration could mobilise salts or contaminants.  Given the presence of clay throughout the 
LGA as well as significant areas of sodic and saline soils, infiltration will not be permitted in the 
Blacktown LGA. 
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7.6 Bioretention Systems 
 
Bioretention systems are a combination of vegetation and filter substrate that provides treatment of 
stormwater through filtration, extended detention and some biological uptake.   
 
The systems are designed to accept stormwater runoff and allow it to percolate through the filtration 
media.  At the base of the filter media, treated stormwater is collected within a drainage layer 
comprising a system of perforated pipes laid in gravel, to ensure the treatment measures are drained 
adequately.   
 
Bioretention systems need to be densely planted out with sedges and shrubs to help maintain the 
conductivity of the filter media, promote nutrient removal, and create an attractive landscaped 
form/feature.  Large shrubs and some trees are permitted subjected to larger filter media thicknesses.  
See also Handbook 5 for allowable plant species. 
 
 

 
 

 
Figure 10: Example of properties of a Bioretention System in MUSIC 

 
 
 
Input parameters include: 
 

• Identify whether a bypass structure shall be included within or upstream of the treatment 
measure to control flows. 

 
• Identify the Extended Detention Depth (ponding depth) in metres prior to overflowing the 

control weir of the treatment measure.  The maximum Extended Detention Depth is 0.4 
metres for Blacktown generally, however for public basins within Council property the 
maximum Extended Detention Depth is 0.3 metres.  Where a bioretention swale is 
proposed the Extended Detention Depth is set to zero. 
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• Provide the Surface Area (m2) of the treatment measure based upon site constraints.  Note 

that the surface area is the figure that when multiplied by the Extended Detention Depth will 
give the volume of Storage.  Where the sides of the basin are battered the Surface Area is the 
area at half the Extended Detention Depth i.e. the average basin area. 
 

• Filter Area (m) is the area of bioretention filter media available for planting and excludes the 
areas of pits, sediment traps, steps and scour protection. 
 

• Unlined Filter Media Perimeter (m) is set to 0.1 m. (Filter is fully lined). 
 

• The filter media is a sandy-loam mixture designed to provide adequate organic material for 
vegetation/root growth yet still ensure sufficient flow through drainage characteristics.  A 
typical rate of Saturated Hydraulic Conductivity is 100 millimetres per hour.   The maximum 
Saturated Hydraulic Conductivity permitted in Blacktown is 125 millimetres per hour.   
(Note Council requires certification from the filter media supplier that that the bioretention filter 
media has 
a minimum hydraulic conductivity as defined by ASTM F1815-06 (actual, not predicted) of 
twice the rate specified in MUSIC.) 
 

• Provide the proposed depth of filter media in metres within the treatment measure.  The 
minimum Filter Depth is 0.4 metres for Blacktown.  The following depths are 
recommended as a minimum within the treatment measure: 0.4 metres for sedges and small 
shrubs and up to 0.8 metres for tree species.  This will ensure adequate area for root growth 
is provided within the treatment measure.  This depth does not include the transition layer, or 
drainage layer. See also Handbook 5 for minimum depths for specific plant species.   

 
• TN Content of Filter Media (mg/kg) – Blacktown requires 800 mg/kg. 

 
• Orthophosphate Content of Filter Media (mg/kg) - Blacktown requires 40 mg/kg. 

 
• Exfiltration is the water lost from the treatment measure into the surrounding soil (Council 

requires 0 mm/hr for bioretention basins, which should be lined to retain water). 
 

• Is Base Lined? – tick “Yes” 
 

• Vegetation Properties.  Highlight “Vegetated with Effective Nutrient Removal Plants”. See 
Handbook 5 for specific plant species.  Grass is not acceptable. 
 

• Overflow Weir Width (metres) – as per design.   
 

• Underdrain Present? – Tick “Yes” (Council requires unsocked PSC slotted pipes within the 
drainage layer. 
 

• Submerged Zone with Carbon Present? – Tick “No”.   Blacktown does not permit submerged 
or saturated zones for bioretention. 

 
• The default k-C* values for the bioretention system must not be adjusted without prior 

approval from Blacktown City Council. 
 
 
 
 
 
Additional Design Information for Bioretention Systems 
 

• The bioretention system is to be encased in a low permeability compacted clay (typically 300 
mm), in an HDPE liner, or other approved liner. 
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• The invert levels of all pipes discharging to the bioretention system must be above the top of 
the filter media.  Surcharge pits are not permitted. 

 
• Where bioretention is incorporated as part of a detention basin the subsoil drainage must 

discharge downstream of the discharge control pit to ensure ongoing treatment through a 
range of storms. 

 
• Note that where bioretention basins are incorporated as part of an on-site detention system 

the detention basin storage must exclude the Extended Detention Depth of the bioretention. 
 

• Bioretention systems are very vulnerable to sediment loading and must be protected by pre-
treating discharges to remove as much sediment as possible.  A silt arrestor pit with screen, 
or a proprietary gross pollutant trap (GPT) is required upstream.   Pipe diameters 375 mm or 
greater must provide a proprietary GPT, but it is also preferred for smaller pipe sizes such as 
300 mm diameter, or even 225 mm.  Council will accept a MUSIC node for a proprietary GPT 
(where the device is approved for use in Blacktown), but not for the default silt arrestor pit.  
Minimum silt arrestor pit sizes are detailed below. 

 
 
 

Outlet Pipe 
Diameter (mm) 

Pit Dimensions (mm) Screen Type Minimum Silt 
Trap Depth (mm) 

100 600 x 600 Maximesh 
Rh3030 

300 

150 900 x 900 Maximesh 
Rh3030 

400 

225 1200 x 1200 Weldlok 
F40/203 

400 

300 (max) 2100 x 2100 Weldlok 
F40/203 

400 

 
Table 7: Silt Arrestor Pit Size and Configuration for Pre-treating Bioretention Systems 
 

7.7 Media Filtration 
 
Media filtration usually refers to sand filters that treat stormwater via infiltration through a soil or sand 
media.  Sand filters, unlike bioretention systems, are not vegetated, are often constructed in tanks 
underground and can be constructed with much higher filtration rates.   
 
Due to the fact that sand filters are not vegetated, they can be prone to clogging unless adequate pre-
treatment is provided upstream of the sand filter. They can also be maintenance intensive. Sediment 
removal is particularly important to minimise the risk of clogging, and it is recommended that pre-
treatment should meet the target for a minimum of 70 per cent removal of the TSS load.  Sand filters 
must be constructed of fine to fine/medium sand, or sandy loam. Coarse sand, or fine gravel materials 
are not permitted as the top layer for Media Filtration in Blacktown as they will not remove a significant 
pollutant load.  It is common to use the same media in the top layer as for bioretention.    
 
 
 
Media filtration should contain a number of common elements. 
 

• The media filtration system must include a sedimentation basin upstream of the filter as a 
node in MUSIC.  See section 7.3.  This basin is designed to capture a minimum 85% of 125 
µm particle size, or larger. 
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• The sedimentation basin must include a high flow bypass set to the 1 year flow or less with a 
baffle to retain oils and floatables. 

 
• The media filter material should be free of fines and have a relatively uniform grain size 

distribution. 
 

• Energy dissipaters and flow spreading is required to minimise scour prior to discharge to the 
filter media. 
 

•  System will include a transition layer and drainage layer. 
 

• Frequent safe access is required for maintenance for the raking or replacement of sand.  This 
is a major consideration with confined space entry into a tank. 

 
Input Parameters into the MUSIC node include: 
 

• Identify any high flow or low flow bypasses proposed for the treatment measure. 
 

• Identify the ponding depth of stormwater runoff prior to its overflowing the control weir of the 
treatment measure (extended detention depth). 

 
• Provide the estimated surface area (m2) of the storage.  Most sand filters in tanks will have 

vertical sides and the area will match the 
filter area, however where the sides of the 
basin are battered the Surface Area is the 
area at half the Extended Detention Depth 
i.e. the average basin area for storage. 
 

• Exfiltration is the water lost from the 
treatment measure into the surrounding soil 
(Council requires 0 mm/hr for media 
filtration basins, which should be lined or 
within a concrete tank to retain water). 

 
• Input the surface area of the filter media 

(m2) within the treatment measure. 
 

• Provide the proposed depth of filter media 
(m) within the treatment measure.  This 
depth does not include the transition or 
drainage layer.  Minimum is 0.2 m, but 0.4 
to 0.6 m is typical. 

 
• Identify the type of filter media proposed 

based upon Filter Median Particle Size 
(mm) and Saturated Hydraulic Conductivity 
(mm/hr).  See examples in Table 7. The 
maximum Saturated Hydraulic 
Conductivity for a sand media filter in 
Blacktown is 600 mm/hr.  (Note Council 
requires certification from the filter media 
supplier, or engineer that that the filter media has a minimum hydraulic conductivity as 
defined by ASTM F1815-06 (actual, not predicted) of twice the rate specified in MUSIC.). 
 

Soil Type Median Particle Size 
(mm) 

Saturated Hydraulic 
Conductivity (mm/hr) 

Sand 0.7 300 
Sandy loam 0.45 125 

 

Figure 11: Example of properties of  
Media Filtration in MUSIC 
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Table 7 : Typical Filter Median Particle Size and Saturated Hydraulic Conductivity  
 

• The depth below underdrain pipe should normally be zero.  This parameter is only relevant 
when the filter media extends below the slotted drainage pipe. 

 

7.8 Gross Pollutant Traps (GPTs) 
 
GPTs typically remove rubbish and debris, and can also remove sediment and hydrocarbons from 
stormwater runoff.   
 
These treatment measures can be very effective in the removal of solids conveyed within stormwater 
which are typically larger than 5 millimetres in size.  Some devices are capable of removing finer 
sediments. Many devices will not remove any TSS, TP or TN. 
 
All proprietary GPT nodes have to be pre-approved by Blacktown City Council.  Council currently has 
MUSIC nodes available for a range of devices 
and designers need to contact Council to 
obtain them. These nodes will set the removal 
rates for the pollutants within MUSIC.   
 
The only Input parameter is: 
 

• Calculate the required high flow 
bypass for the site (often the 3 or 6 
month ARI peak flow). Match this flow 
with the nearest appropriately sized 
approved proprietary device, or the 
upstream diversionary weir to the GPT.   
In some cases the allowable flow 
through the device approved by 
Council may be less than that claimed 
by the manufacturer. 

 
Vortex-type GPTs have been shown to remove 
some TSS and TP.  For further information see 
Appendix C of the MUSIC User Guide.   
Vortex-type GPTs have TSS removal up to 70 
per cent for inflow concentrations greater than 
75 milligrams per litre.  TP removal can be up 
to 30 per cent for inflow concentrations greater 
than 0.5 milligrams per litre.  TN removal 
should be left at zero. Other approved devices 
will have varying removal rates.  Check with 
Council. 
 
GPTs must have the ability to retain free oil, 
unless alternate specific hydrocarbon removal 
measures are undertaken. 

7.9 Buffers   
 
Buffer or filter strips, in the context of urban stormwater, are grassed or vegetated areas over which 
stormwater runoff from adjoining impervious catchments traverses en route to the stormwater 
drainage system or receiving environment.   
 
Buffer strips are intended to provide discontinuity between impervious surfaces and the drainage 
system.  They take water from impervious surfaces in a distributed manner, promote even flows and 
filter sediments and coarse pollutants entrained in the runoff.   

Figure 12: Example of TSS removal in a 
Vortex style CDS unit in MUSIC 
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The key to their operation is an even shallow flow over a wide vegetated area.  Utilise buffer treatment 
measures upstream of other treatment measures to assist in sediment drop out prior to stormwater 
entering secondary treatment measures such as swales. 
 
Distributed flows and a shallow grade (1 to 5 per cent) are essential.  The low hydraulic loading over 
the vegetation allows flows to filter through the vegetation and pollutants to settle out.  They also 
provide a detention role to slow flows down. Where grades exceed 5%, this area is not considered as 
buffer and is to be excluded from the MUSIC model. 
 
 
 
Input parameters include 
 

• Calculate the percentage of upstream area that shall actually pass over buffer. This refers to 
the proportion of the Source Node’s impervious area which has buffer strips applied to it. 
For example, in a Source Node with 20 ha of impervious area, 16 ha (or 80%) may have 
buffer strips applied.  Note that the pervious area of the source node is ignored. 

 

• Calculate the size of the proposed buffer 
area as a percentage of the upstream 
catchments impervious area. This is a 
measure of the actual size of buffer 
strips, defined as the percentage of the 
Source Node impervious area. The 
default value is 5%. This means that the 
total area of buffer strip is equivalent to 5% 
of the Source Node impervious area. 

• The exfiltration rate must be set to zero. 
 
 
 

7.10 Swales 
 
Vegetated swales are open vegetated channels that can be used as an alternative stormwater 
conveyance system to conventional kerb and channel along roads and associated underground pipe.  
The interaction of surface flows with the vegetation in a swale facilitates an even distribution and 
slowing of flows thus encouraging particulate pollutant settlement.  Swales can be incorporated into 
streetscape designs and can add to the aesthetic character of an area.  They are also ideal as a pre-
treatment measure for stormwater, particularly for coarse sediment removal.  Where there are 
significant point loads coming in partway along the length of the bioretention swale, the swale needs 
to be broken up into smaller swale lengths at these points. 
 
 
 
Standard Swale Input parameters include:  

 
 

• Identify the length of the swale based upon 
location and site constraints 

 
• Determine the longitudinal slope of the 

swale.  Swales with bed slopes greater than 
5 per cent are not recommended as 
treatment measures (however rock check 
dams can be used to design swales with 

Figure 13: Example of Buffer properties 
in MUSIC 
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steeper slopes and these can still be used as conveyance treatment measures).   
 

• Swales with bed slopes less than 1 per cent are to incorporate a gravel trench with un-socked 
subsoil line (the gravel trench is to be wrapped in geotextile) within the base of the treatment 
measure to promote adequate drainage. 

 
• Provide dimensions for the base and top 

width of the swale. 
 

• Calculate the depth of the treatment measure based upon the base and top width 
characteristics and identify the height of vegetation within the treatment measure.  Vegetation 
heights of 0.05 to 0.3 metres are acceptable, however MUSIC assumes that swales are 
heavily vegetated when modelling their treatment performance.  Mown grass swales should 
not be expected to provide significant stormwater treatment and should not be modelled in 
MUSIC. 

 
• Exfiltration is the water lost from the treatment measure into the surrounding soil (Council 

requires 0.00 mm/hr for swales). 
 
 
Special Requirements for Bioretention Swales 
 
Where a bioretention swale is specified in MUSIC the requirements are as for section 7.6 Bioretention 
except that: 
 

• The Surface Area must match the Filter Area. 
 

• The Filter Area is calculated as the length of the bioretention swale component multiplied by 
the width of the filter (this needs to be level across).  This ignores any other standard swales 
that may be further upstream and that need to be modelled separately.  

 
• The Extended Detention Depth is set to zero.   

 
• Where there are significant point loads coming in partway along the length of the bioretention 

swale, the swale needs to be broken up into smaller swale lengths at these points. 
 
There are two options for MUSIC modelling.  Firstly you can ignore the swale aspect altogether and 
simply model the bioretention component as detailed above. This is simpler and easier and commonly 
undertaken.  The second option is that you include the bioretention and swale as two separate nodes 
in MUSIC.   
 
The first node is the bioretention node as noted above (i.e. consider the bioretention filter surface by 
itself).  The second (downstream) node is the standard swale node with a single change.   
 

• Swale characteristics are as detailed above for a standard swale ensuring the bed slope does 
not exceed 5%. 

 
• The only change is that a low flow bypass into the treatment measure needs to be calculated.  

This is the flow infiltrating through the surface of the bioretention into the underdrain pipes. 
 
This low flow bypass is calculated by the following  formulae:  
 
Low Flow Bypass =  BSA x ksat / (1000 x 3600) in m3/s  
 
Where:  
BSA = Bioretention surface area  
ksat  = Saturated Hydraulic Conductivity of the filter media in mm/hr (max 125 mm/hr). 
 

Figure 14: Example of properties of a 
Swale in MUSIC 
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7.11 Rainwater and StormwaterTanks   
 
Rainwater tanks can serve two main purposes.  Primarily, they are designed to provide an alternative 
source of water for non-potable uses such as irrigation, toilet flushing, laundry, hot water, or industrial 
process water.  They are not intended, nor should they be seen as a component of detention.  
Rainwater tanks are to only accept runoff from a Roof source node. 
 
To design a rainwater tank for reuse involves balancing the supply and demand and selecting an 
appropriate tank size to meet a reasonable proportion of demand.  This can be achieved in MUSIC.   
 
Rainwater tanks can also be designed to act as a treatment measure, as some settling occurs in the 
tank, and when rainwater is utilised, some pollutants are removed along with the water.   
 
 
 
 
Non-potable Reuse Rates for Modelling Rainwater Tanks in MUSIC 
 
The following rates are provided as a guide for MUSIC modelling purposes.   
 
Residential development (excluding home units or multistorey dwellings) allow for rainwater 
reuse per dwelling based on the area of lots as follows: 
 

• Lots > 720 m2 allow 0.14 KL/day internal use & 100 KL/year as PET- Rain 
• Lots > 520 & < 720 m2 allow 0.12 KL/day internal use & 75 KL/year as PET- Rain 
• Lots > 320 & < 520 m2 allow 0.10 KL/day internal use & 50 KL/year as PET- Rain 
• Lots < 320 m2 allow 0.08 KL/day internal use & 25 KL/year as PET- Rain 
 
NOTE: Consider each Villa and/or Townhouse dwelling as Lots < 320 m2 

 
 
Industrial and commercial developments, including schools, child-care centres, hotels/motels, 
hospitals, halls, sporting fields and aged care and places of worship (including not-for-profits), allow 
for rainwater reuse as follows: 
 

• For internal rainwater reuse, allow 0.1 KL/day per toilet, or urinal in industrial/commercial 
developments and generally ignore any disabled toilet.  However where the site is only occupied 
say 6 days per week the daily usage rate is to be proportioned by 6 / 7. Similarly where there is 
an additional afternoon, or night shift using less staff, increase the rate proportionally. 
• Other internal usage may involve vehicle washing or other industrial usage and specific data 
will need to be supplied to justify these reuse rates. 
• For irrigation of landscaped areas only allow 0.4 kL/year/m2 as PET-Rain for sprinkler 
systems and 0.3 kL/year/m2 for subsurface irrigation.  For bioretention filter areas only allow 0.4 
kL/year/m2 as PET-Rain (subsurface irrigation only).  Higher rates may be required by the 
landscape architect for specific landscape requirements, however such rates will not be accepted 
by Council in the MUSIC model.  This does not stop the Landscape Architect increasing the 
rainwater tank size to cover such requirements. 

 
 
First Flush Systems and Rainwater Tank Pre-Treatment 
 
As a means of improving the water quality of the stored water in a rainwater tank, it is common to 
remove a certain volume of runoff off the roof, referred to as the first flush, on the understanding that 
most of the pollutants will be contained in this runoff.  This reduces the chance of thes pollutants 
entering the rainwater tank.  Typically this may be the first one or two millimetres of runoff off the roof. 
These systems are then drained via a low flow or dribble pipe.  In MUSIC the roof node would 
connect direct to a detention node to represent the properties of the first flush tank and low flow outlet.  
The primary flow will be directed to wherever the low flow pipe drains to and the weir overflow will be 
directed as secondary flow to the rainwater tank. 
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Where a first flush system is not used, other pre-treatment is usually required for the rainwater tank 
typically as a screen and silt trap.  Unless these are a proprietary device accepted by Council, no 
credit will be given in MUSIC.  Specific 
requirements for such devices may be required in 
charged systems under pressure. 
 
 
Rainwater Tank Sizes 
 
Allow for a 20% loss in rainwater tank volume in 
MUSIC to allow for anaerobic zones, mains water 
top up levels and overflow levels. e.g. where a 10 
kL tank is specified on the drainage plan it is to be 
modelled as 8 kL in MUSIC. 
 
For residential development the tank size is as 
required for BASIX.  Where rainwater tank sizes 
are proposed by the designer are larger than 
those specified in BASIX, or the roof area draining 
to the tank varies, the BASIX certificate is to be 
amended to match.   
 
When assessing low density residential 
subdivisions allow for a rainwater tank size of 2.5 
kL supplied, but modelled as 2.0 kL in MUSIC per 
dwelling.  Also allow for a Surface Area of 
rainwater tank of 1.7 m2 per dwelling. 
 
For industrial and residential development the 
rainwater tank size will be determined to meet the 
80% non-potable reuse requirement.   
 
  
 
 
Input parameters include: 
 

• Identify any high flow or low flow bypasses proposed for the treatment measure.  Generally 
the default values are retained. 

 
• Input the tank volume (with 20% reduction as noted above). 

 
• The depth above overflow, can be estimated roughly or left at default values.  This parameter 

does not have a significant influence on the results. 
 

• The surface area can be determined from available information, or roughly estimated. 
 

• The overflow pipe diameter can be estimated roughly or left at default values.  This parameter 
does not have a significant influence on the results. 
 

• Tick “Use stored water for irrigation or other purpose”.  For irrigation usage PET - Rain is 
recommended.  It is defined as an annual demand (kL/yr) and scaled according to the daily 
PET value minus the daily rainfall data contained in the Meteorological Template used to 
create the model rainfall (i.e. when PET exceeds rainfall, reuse will occur, or more simply you 
don’t water the garden when it is raining.)  Daily demand (kL/day) refers to more constant 
internal usage such as toilet flushing, laundry use, some industrial processes, or vehicle 
washing.  Monthly distribution would only apply to a specific industrial reuse.  Details of 
general allowable rates are indicated above. 
 

Figure 15: Example of properties of a  
Rainwater Tank in MUSIC 
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The effectiveness of the rainwater tank at meeting the demands upon it can be evaluated by clicking 
on the Rainwater Tank Node after running MUSIC.  Right click on “Statistics” and under “Node Water 
Balance” review the “% Reuse Demand Met” result in the Flow column.   For residential development 
there is no specific reuse target as the development is subject to BASIX.  For commercial and 
industrial development, Council requires a minimum of 80 % non-potable reuse to be met through 
rainwater.  Residential development is subject to BASIX and has no minimum % reuse requirement 
for Council. An example MUSIC model setup, showing the location of a rainwater tank, was shown in 
figure 9. 
 
 Stormwater Tank Modelling Constraints 
 
Stormwater tanks differ from rainwater tanks in that they may collect water from a variety of sources 
including driveways, parking areas and landscaped areas as well as rainwater tank overflows.  This 
adversely affects the quality of water and the range of pollutants that may be captured.  Some such 
pollutants may be adverse to public health and may include poisons used on the garden or chemicals 
spilt on the driveway, or parking areas.  Consequently stormwater reuse is not permitted for 
residential development at all, nor is it permitted for toilet flushing for commercial or industrial 
developments.    Stormwater reuse is permitted for subsurface drainage of landscaped area for 
commercial or industrial developments subject to a high level of filtering and any other additional 
treatments as required by your consultant.   Stormwater reuse may also permitted for some industrial 
processes subject to a more detailed review and risk assessment. 
 
The characteristics of a Stormwater Tank in MUSIC is identical to that of a Rainwater Tank.  The 
designer mainly needs to ensure that when the “Use stored water for irrigation or other purpose box” 
is checked, that the demands are appropriate and fit for purpose. 

7.12 Generic Node  
 
This node allows the user to simulate the treatment performance of treatment measures not listed 
within the default parameters.  The use of these nodes for specific treatment devices is not permitted 
without direct approval from Blacktown City Council.  A range of approved Generic Nodes is available 
from Council for a range of existing proprietary devices. 
 
The use of the generic node is permitted when used for a flow transfer function without any treatment.  
This may be to represent a diversion weir, or as an HED pit as detailed in Figure 9.  Such nodes are 
also used when determining the Stream Erosion Index (SEI) as detailed in section 8. 

7.13 Hydrocarbons  
 
Council requires the post development average annual load reduction of 90% for Total Hydrocarbons. 
Hydrocarbons in water can be found as free floating, emulsified, dissolved, or adsorbed to suspended 
solids.  A hydrocarbon, by definition, is one of a group of chemical compounds composed only of 
hydrogen and carbon.  Microbes in the soils and water have a natural ability to breakdown many of 
these compounds and any hydrocarbon which is exposed to the air will also have an affinity to 
volatilise. As well, reactions including photochemistry and the various transformations of the 
hydrocarbon through these reactions, can enhance the hydrocarbon decomposition. This includes 
free oils and emulsified hydrocarbons.  
 
MUSIC at this time is unable to assess the removal of Total Hydrocarbons.  Consequently empirical 
methods are required to achieve the required load reduction. 
 
To meet the 90% target for hydrocarbon removal for on-line flows, a system is to be provided capable 
of retaining hydrocarbons through an appropriately sized baffle system that reduces the flow velocities 
sufficiently to contain and store the hydrocarbons for the peak flow.   
 
To meet the 90% target for hydrocarbon removal for off-line flows, the system is to be designed to 
treat the six (6) month flow using a proprietary hydrocarbon removal device, or gross pollutant trap 
with oil baffle, or an appropriately sized baffle system that reduces the flow velocities sufficiently to 
contain the hydrocarbons. 
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Industrial or commercial development with carparks, or manoeuvring areas greater than 1000 m2 
must provide a device that specifically targets the removal of hydrocarbons from the treatment train. 
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8 CALCULATION OF THE STREAM EROSION INDEX  

8.1 How to estimate the Stream Erosion Index (SEI)   
 
Blacktown City Council uses the method developed in the Draft NSW MUSIC Modelling Guide (Aug 
2010) that is adapted from Blackham and G. Wettenhall (2010). 
 
Water Sensitive Urban Design (WSUD) strategies are typically modelled using the Model for Urban 
Stormwater Improvement Conceptualisation (MUSIC). MUSIC can be used to estimate the SEI for a 
development’s stormwater management strategy to determine compliance with the SEI objective. 
 
Blacktown Council requires that the post development duration of stream forming flows shall be no greater 
than 3.5 times the pre developed duration of stream forming flows with a stretch target of 1. 
  
The Four Steps for Estimating Stream Erosion Index 

1. Estimate the critical flow for the receiving waterway above which mobilisation of bed material 
or shear erosion of bank material commences. 

2. Develop and run a calibrated MUSIC model of the area of interest for pre-development 
conditions to estimate the mean annual runoff volume above the critical flow. 

3. Develop and run a MUSIC model for the post developed scenario to estimate the mean 
annual runoff volume above the critical flow. 

4. Use the outputs from steps 3 and 4 to calculate the SEI for the proposed scenario. 

8.2 Estimating the critical flow for the receiving waterway   
 
The critical flow for a waterway is defined as the flow threshold below which no erosion is expected to occur 
within the waterway. This has been estimated (EarthTech, 2005) as a percentage of the pre-development 
two year ARI peak flow at the location in question.  For Blacktown this percentage is 25% based on 
the dispersive characteristics of the typical local clay soils.  The peak flow from the two year ARI storm 
event corresponding for pre-developed conditions is to be calculated using the probabilistic rational method 
as described in Australian Rainfall and Runoff1.    
                                                                                                                  

1. Using the area of the site (in km2), calculate the Time of Concentration using the probabilistic 
rational method from equation 1.4 of AR&R Volume 1, Book 4. 

𝑡𝑐 = 0.76𝐴0.38        (𝐴(𝑘𝑚2 = 𝐻𝑎/100), 𝑡𝑐(ℎ𝑜𝑢𝑟)) 
 

2. Select I2 (mm/hr) from the Rainfall Intensity Chart in the Engineering Guide for Development 
based on the 2 year ARI and the calculated 𝑡𝑐 in minutes. 
 

3. Determine the two year ARI runoff coefficient C2 using equation 1.5 of AR&R Volume 1, Book 
4,  
C2 = C10  x FF2  = 0.6 x 0.74 = 0.444 
where C10 is the 10 year runoff coefficient from Fig 5.1 from AR&R Volume 2 = 60%, and 
FF2 =  the 2 year frequency factor from Table 1.1 of AR&R Volume 1, Book 4 = 0.74. 
 

4. Using the rational method Q2 = 0.278 x C2 x  I2 x A,  substitute results from 2 and 3 above.  
Q2 (m3/s) =  0.278 x 0.444 x I2 x A = 0.1234 x I2 (mm/hr) x A (km2)        
 

5. Qcritical = Q2 x 25%. 
 
 

Page 96 



8.3 Estimating the mean annual flow for pre and post-development.   
 
The data required for estimating SEI can be directly extracted from MUSIC by interrogating a generic 
node that is added to the treatment train immediately upstream of the receiving waterway or in this 
case the receiving node. The generic node in MUSIC provides a flow transfer function which can be 
simply defined to easily calculate the annual volume of flow above the critical flow. The generic node 
should be set up to convert all inflows at, or below the critical flow to zero outflows. Flows above the 
critical flow will be passed through the node at the magnitude by which flow exceeds the critical flow, 
as described below: 
 
Qout = 0   if  Qin < Qcritical  
Qout = Qin - Qcritical  if  Qout > Qcritical  
 
Two MUSIC models are to be prepared.   
 
The pre-development model shall incorporate a realistic assessment of the site impervious 
percentage and any natural features such as ponds or farm dams.  The use of the default MUSIC 
source nodes for Agriculture and Forest may be applicable for some pre-development modelling. 
 
The post development MUSIC model is the same model required to meet the water quality systems 
targets, but with the Generic flow transfer node added.   Note for some subdivisions where Generic 
nodes are needed to represent future on-site treatment for certain development types, an additional 
MUSIC model may need to be developed to reflect the use of rainwater tanks and other flow 
attenuating systems to ensure compliance with the Stream Erosion Index targets. 

8.4 Calculating SEI.   
 
Check the flow transfer generic nodes at the downstream end of the MUSIC models for pre and post-
development conditions by: 
 

1. Right clicking the generic node 
2. Clicking on ‘Statistics’ then ‘Mean Annual Load’ 
3. Copying the flow output value 

The SEI is calculated as the ratio of the output mean annual flow from the generic node for the post-
developed model over the corresponding value for the pre-development model as detailed below: 
 
 
SEI = ∑(Qpost – Qcritical)  /  ∑(Qpre – Qcritical) 
 
 
The SEI has to be less than 3.5 with a stretch target of 1. 
 

Page 97 


	12 Introduction 66
	13 MUSIC model setup 69
	14 Rainfall AND evaporation inputs Error! Bookmark not defined.
	15 Source Nodes AND POLLUTANT GENERATION 73
	16 Rainfall runoff parameters 74
	17 Link routing 76
	18 Stormwater quality treatment measures 77
	19 CALCULATION OF THE STREAM EROSION INDEX 96
	1 Introduction
	2 MUSIC model setup
	3 Rainfall AND evaporation inputs
	3.1 Rainfall Data for Water Quality Modelling
	3.2 Rainfall Data for Hydrologic Modelling
	3.3 Potential Evapotranspiration (PET) Data

	4  Source Nodes AND POLLUTANT GENERATION
	5 Rainfall runoff parameters
	6 Link routing
	7 Stormwater quality treatment measures
	7.1 Wetlands
	7.2 Ponds
	7.3 Sedimentation Basins
	7.4 Detention Basins
	7.5 Infiltration Systems
	7.6 Bioretention Systems
	7.7 Media Filtration
	7.8 Gross Pollutant Traps (GPTs)
	7.9 Buffers
	7.10 Swales
	7.11 Rainwater and StormwaterTanks
	7.12 Generic Node
	7.13 Hydrocarbons

	8  CALCULATION OF THE STREAM EROSION INDEX
	8.1 How to estimate the Stream Erosion Index (SEI)
	8.2 Estimating the critical flow for the receiving waterway
	8.3 Estimating the mean annual flow for pre and post-development.
	8.4 Calculating SEI.


