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MUSIC Auditor Training

Dale Browne - E2Designlab, Microburst Software
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Agenda

 MUSIC as a compliance tool

 Assessing a MUSIC model

– What the assessor needs to do

– How the MUSIC Auditor can help

– How the MUSIC Auditor works

– Parameter range checks

– Upper and lower limits

 Reviewing climate data

 Reviewing catchment data

– Area and impervious fraction

– Soil parameters

– Pollutant concentrations

 Reviewing treatment data

– Wetland case study

– Bioretention case study

– Guideline and recommended 
ranges Interpreting results

– Warnings vs hard limits

– Justification of variations

 Q&A
15 minute break at 11:45
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MUSIC as a compliance tool
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MUSIC as a compliance tool



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MUSIC as a compliance tool

South Australia WSUD Policy: Water sensitive urban design –

Creating more liveable and water sensitive cities in South Australia
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When is MUSIC likely to be used?

 Development planning assessments

 Stormwater management plans

 WSUD retrofits

Demonstrate compliance with relevant stormwater 

quality objectives
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Draft South Australia MUSIC Guidelines (2020)

• Provide guidance on typical usage and support 

consistency while allowing for innovation

• Applicants should explain and justify any 

variations from guidelines

• Refer Water Sensitive Urban Design Technical 

Manual for the Greater Adelaide Region (2009) 

for design guidance where available
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Assessing a MUSIC Model
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Assessing a MUSIC Model
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Assessing a MUSIC Model?

 Assessing a MUSIC model

– What the assessor needs to do

– How the MUSIC Auditor can help

– How the MUSIC Auditor works

– What the MUSIC Auditor does not do

– Parameter range checks

– Upper and lower limits
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What the assessor needs to do

• Review the MUSIC model to determine whether

• The model complies with the MUSIC Guidelines

• The model layout and inputs are consistent with the 

proposed design and best practice approaches

• The model is a realistic and reasonable model 

representation of the proposed design and 

anticipated constructed assets

• The designer has provided adequate explanation and 

justification of the assumptions and inputs used
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How the MUSIC Auditor can help

 ‘Audits’ input parameters 

– Guideline ranges 

– Checks parameters are defaults 

where changes are not expected or 

– Checks that inputs are typical or 

reasonable to identify obvious 

errors
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How the MUSIC Auditor can help

 A quick screen to draw attention to the 
main parameters likely to require 
attention and identify obscure changes  

 Quickly checks all parameters, so you 
can focus on the key issues and 
parameters

 The Auditor tool provides processing 
power and information to support 
decisions

 The assessor ultimately needs to 
decide whether parameters used are 
realistic and compliant with the 
guidelines or are reasonable 
assumptions given the context and 
justification provided.
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Creating a summary report in MUSIC
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Creating a summary report file in MUSIC

• Open the model in MUSIC

• Run the model (optional)

• Generate a summary report 

(Run and analyse menu : Summary Report)
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Open example model in 

MUSIC (Example 1)
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Select ‘Summary Report’ 

from the ‘Run and Analyse’ 

Menu
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Save the Summary Report 

(*.mrt file)
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Using the MUSIC Auditor
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MUSIC Auditor

 Go to www.musicauditor.com.au

http://www.musicauditor.com.au/
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MUSIC Auditor

 Register a new user account
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MUSIC Auditor

 Register a new user account

 Record your email, username and password
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MUSIC Auditor

 Log in using the username and password created
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Running the MUSIC Auditor

 Click the ‘MUSIC Auditor’ tab

 Select your Authority as South Australia
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Running the Auditor

 Select your Summary Report (*.mrt file)
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Running the Auditor
 Select your Authority as South Australia

 Select your Summary Report (*.mrt file)

 Click the “Submit” button

 You should now see the results report
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Results
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How it works
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How it works

 MUSIC Guidelines have recommended 

parameter values or ranges:

– Guideline requirement (Usually design 

requirement from another source or 

modelling requirement)

– Internal guideline requirement 

– Recommendation – Common or typical 

usage or preferred approach

 MUSIC Auditor compares all parameter 

values from input file with reference 

values or ranges
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How it works

 MUSIC Auditor compares all parameter 

values from input file with reference 

values or ranges

– Equal or not equal to a value

– Greater than or less than

– Within a range

 Anything outside is flagged for 

consideration by assessor

 Comment provided to assist assessment
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Interpreting results
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 MUSIC Auditor expects one of 

the following climate templates 

will be used

Region
Rainfall band 

(mm)
Rainfall station Period

Period mean 

annual rainfall 

(mm)

Mean Annual 

PET (mm)

Adelaide Dry 300 – 500 23013 Parafield Airport 1979-1988 450 1159

Adelaide Wet and 

Foothills
500 - 700 23090 Adelaide Kent Town 1983-1992 585 1143

Adelaide Hills 700 +
23875 Parawa (Second Valley 

AWS)
2001-2010 866 1132

Northern Yorke 300 – 500 23122 Roseworthy AWS 2001-2010 404 1145

Climate data
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Climate data

Checks whether rainfall and 

evapotranspiration data match a recognised 

South Australia rainfall template

 Start and end dates

 Rainfall station

 Timestep (6 minute)

 Rainfall total

 Evapotranspiration total
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Climate data

 If a different template has been used 

usually all the climate checks will fail. 

 Will also pick up small variations e.g. 

mean annual rainfall doesn’t match 

even though the period was correct
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Climate data

When are variations ok?

 Region where no registered template 
available

 Consultant has done their homework

– Calculated mean annual rainfall for site or 
region for long term (or a long recent period)

– Chosen a representative period in terms of 
mean annual rainfall and other statistics, 
preferably 10 or 20 years

– Checked for gaps and/or infilled
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Catchments (Source nodes) – What gets checked

 Catchment  ≠ 1 ha (not default) – Because few 
catchments are the default of 1 ha

 Soil moisture storage capacity = 40 (Proposed guideline)

 Field capacity = 30 (Proposed guideline)

 All other soil parameters are defaults

 All pollutant concentration parameters are defaults or 
correspond to a surface type in the guidelines

 Legacy models:

– Initial storage capacity default is 30 (v4 was 25)

– Serial correlations should be zero (v4 defaults were non-zero)
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Catchments – Source nodes

 Guidelines allow for:

– Lumped or land use approach; or

– Split surface type approach
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Source nodes – soil parameters

MUSIC rainfall runoff model

S = Soil moisture storage capacity

FC = Field capacity



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Catchments and source nodes

 Soil properties

Guideline

Soil storage capacity = 40 mm

Field capacity = 30 mm

All other soil parameters = default values
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Guideline soil parameters

 eWater parameters for Adelaide

– Soil moisture storage capacity 40

– Field capacity 30

 Goyder calibrations (2 catchments)

– Soil moisture storage capacity ~50

– Field capacity ~40

 Note: These are lower than results for calibrations in 
Melbourne

– Soil moisture storage capacity 120

– Field capacity 50

 Would really like to see more calibrations done in SA 
to provide a stronger basis for soil parameterisation
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Soil parameters

Dominant soil description

Root zone soil depth (0.5 m)

Soil moisture store capacity (mm) Field capacity (mm)

Sand 175 74

Loamy sand 139 69

Clayey sand 107 75

Sandy loam 98 70

Loam 97 79

Silty loam 100 87

Sandy clay loam 108 73

Clay loam 119 99

Clay loam, sandy 133 89

Silty clay loam 88 70

Sandy clay 142 94

Silty clay 54 51

Light clay 98 73

Light-medium clay 90 67

Medium clay 94 70

Medium-heavy clay 94 70

Heavy clay 90 58

 Refine soil parameters for 
context where pervious 
runoff likely to be 
significant:

– Impervious fraction <30%

– Sandy soils

 Choose soil parameters 
corresponding to catchment 
soil conditions

 Tables in guideline adopted 
from WaterNSW MUSIC 
Guidelines 2019 which in 
turn are an interpretation of 
Macleod 2008
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Soil parameters

Dominant soil description

Soil rainfall-runoff parameters1

Infiltration 

capacity 

coefficient – a 

(mm/d)

Infiltration 

capacity 

exponent - b

Daily 

recharge 

rate (%)

Daily 

baseflow 

rate (%)

Daily 

seepage rate 

(%)

Sand, loamy sand 360 0.5 100 50 0

Clayey sand, sandy loam, 

loam, silty loam, sandy clay 

loam

250 1.3 60 45 0

Clay loam, sandy clay loam, 

silty clay loam, sandy clay, 

silty clay

180 3.0 25 25 0

Light clay, light medium clay, 

medium clay, medium heavy 

clay, heavy clay

135 4.0 10 10 0
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Source Nodes

 Soil/Pervious Area Parameters

– Soil moisture storage capacity: 40

– Field capacity: 30

– All other parameters left unchanged

 Expect different parameters where:

– Soil parameters adjusted to be representative of site soils

– A calibrated model has been used

• Useful reference: Dotto, 2009

– Document and justify these where they are used
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Source nodes
 Soil properties

 In this case the user should adopt ‘40’ and ’30’ 
as recommended in the guideline not the 
MUSIC defaults of ‘120’ and ’80’ for a node with 
pervious areas
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Source nodes

• Soil properties – roof

• There is no pervious area runoff from a roof so this 
has no effect

• Can safely accept if roof impervious fraction is 
100% (which it is)
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Surface type pollutant concentrations

Land use Flow type

Total suspended solids 

(TSS) Total Phosphorus (TP) Total Nitrogen (TN)

Mean (log 

mg/L) SD (log mg/L) Mean (log mg/L) SD (log mg/L)

Mean (log 

mg/L)

SD (log 

mg/L)

Road

Baseflow 0.96 0.401 -0.731 0.36 0.346 0.309

Stormflow 2.431 0.333 -0.301 0.242 0.342 0.205

Roof

Baseflow n/a* n/a n/a n/a n/a n/a

Stormflow 1.301 0.333 -0.886 0.242 0.301 0.205

All other urban

Baseflow
0.96 0.401 -0.731 0.36 0.346 0.309

Stormflow 1.882 0.333 -0.68 0.242 0.224 0.205
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Land use pollutant concentrations

Land use
Flow 

type

Total suspended solids 

(TSS) Total Phosphorus (TP) Total Nitrogen (TN)

Mean 

(log 

mg/L)

SD (log 

mg/L)

Mean (log 

mg/L)
SD (log mg/L)

Mean 

(log 

mg/L)

SD (log 

mg/L)

Mixed urban
Baseflow 1.100 0.170 -0.820 -0.450 0.320 0.420

Stormflow 2.200 0.320 0.190 0.250 0.120 0.190

Urban residential
Baseflow 1 0.34 -0.97 0.31 0.2 0.2

Stormflow 2.18 0.39 -0.47 0.32 0.26 0.23

Commercial
Baseflow 0.78 0.39 -0.6 0.5 0.32 0.3

Stormflow 2.16 0.38 -0.39 0.34 0.37 0.34

Industrial
Baseflow 

0.78 0.45 -1.11 0.48 0.14 0.2

Stormflow 1.92 0.44 -0.59 0.36 0.25 0.32

Rural residential
Baseflow 0.53 0.24 -1.54 0.38 -0.52 0.39

Stormflow 2.26 0.51 -0.56 0.28 0.32 0.3

Agriculture
Baseflow 1 0.13 -1.155 0.13 -0.155 0.13

Stormflow 2.477 0.31 -0.495 0.3 0.29 0.26

Forest
Baseflow 0.51 0.28 -1.79 0.28 -0.59 0.22

Stormflow 1.9 0.2 -1.1 0.22 -0.075 0.24
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Example – Guideline concentrations

 Townhouse

– Split surface types

– Pollutant concentrations entered as per guidelines

Follow along and upload: 

023031_Parafield_TownhouseSurfaceTypes.mrt
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Example – Non guideline concentrations

 Pollutant concentrations not matching Urban (Mixed) 

or any of the road, roof, general surface types

Follow along and upload: 

023031_Parafield_TownhouseSurfaceTypesNonCompliant.mrt
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Pollutant concentrations

• Default MUSIC (‘Mixed’)

• Roof

• Road

• General urban

These should be used together to 
represent a catchment where the 
breakdown is known

Better to use this when 
demonstrating compliance

• This is roof – just some rounding differences so ok 
– but careful as rounding log values can make a 
difference
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Source nodes – when are variations ok?

 Soil parameters

– When adopting a specific soil type based on geotechnical 
testing for the site/catchment

– A calibrated model to observed flow data may be used to 
justify variations (needs to have a mostly pervious catchment 
or events large enough to generate pervious area runoff)

 Pollutant concentrations 

– When using the land use parameters in the guideline 
(currently not checked due to the number of them but we will 
aim to add these)

– When representing specific land uses outside guidance (e.g. 
quarry)

– When published data is available and will be more accurate
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Treatments
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Wetland parameters

MUSIC Development Team, 2005
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Wetland parameters

Extended detention depth 
0.2 m recommended < EDD < 0.35 
m guideline

Permanent pool depth
0.2 m < PP < 0.4 m 
<= 0.4 m preferred
~<= 0.5 m guideline

Outlet pipe equivalent pipe diameter
Size for 72 hour detention time 
Use a pipe with orifices or slot sized to 
achieve this flow rate (the constructed 
pipe will be larger)
70 hours < Detention time < 80 hours
(minimum 48 hour, reduce below 72 
hours for retrofit systems ONLY)

Overflow weir 
Use real if available, if too small 
can cause unrealistic depths
>= 10 m
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Wetland parameters
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Wetland parameters
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Example wetland

Follow along and upload: 02301_Parafield_Wetland1.mrt
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Wetland results
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Wetland – Extended detention depth

No specific guidance in WSUD Technical Manual

Consider best practice from other jurisidictions –

e.g. constraints of MW Wetland Guidelines

• Must be less than or equal to 0.35 m

• If greater than 0.35 m an inundation frequency analysis should 

be undertaken – but must have a really good reason why the 

wetland EDD needs to be deeper (that has nothing to do with 

just fitting the wetland into a smaller space)

– Should usually be coupled with a shallower than usual 

permanent pool
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Wetland – Permanent pool volume
No specific guidance in WSUD Technical Manual

Consider best practice from other jurisidictions – e.g. 

constraints of MW Wetland Guidelines

• No specific restriction, but ≥80% of wetland must be vegetated 

marsh (with depth up to 0.4 m), and ≤20% for submerged marsh 

or open water, also consider requirements for safety benches etc

• Therefore unlikely to be greater than ~0.4 or 0.5 m
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Wetland results
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Wetland – Notional detention time

Consider WSUD Technical Manual

 Preferably 72 hours (and not less than 48 

hours) to remove nutrients effectively
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Wetland – Infiltration (Exfiltration in MUSIC)

 Seepage Loss 

– Usually minimise infiltration for wetlands to maintain a permanent 

pool of water for aquatic life

– If using, demonstrate assumptions are reasonable – geotechnical 

investigation for infiltration rates, c.f. ‘standard’ values

– See ARQ Ch. 10 for comments on measured vs long term infiltration 

rates

– Check inundation frequency for extended dry spells

– Must consider implications for groundwater – is recharge 

sustainable?

– Check that exfiltrated pollutant loads routed back to outlet to 

account for potential loads reaching groundwater
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Advanced parameters
• Number of CSTR’s

–Default is 4 for v5 on which is relatively 
generous (see basin shapes) 

–Usually allow, seek to improve design if obvious 
short-circuiting or poor flow distribution

• Weir Coefficient

– Standard weir equation for sharp crested 
weir, adjust if known for a specific weir design

• Orifice Discharge Coefficient

– Standard, may adjust if known for specific 

design

• K and C* - Typically use defaults unless 
published data

Generally no 

changes to these
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k-C*

MUSIC Development Team, 2009

Bioretention

Extended detention depth (m) 
0.1 < EDD < 0.3 recommended

Filter depth (m)
0.4 < Filter depth < 1 

Saturated hydraulic conductivity (mm/hr)
100 < Ks < 300 

TN content (mg/kg)
400 < TN content < 1000
≠ 800 also flagged 

Orthophosphate content (mg/kg)
30 < TP content < 50
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Bioretention

MUSIC Development Team, 2009

Overflow weir width (m)
>2

A range of other parameters checked to 
be defaults
-Advanced parameters
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Townhouse model

Follow along and upload: 023031_Parafield_TownhouseSurfaceTypes.mrt
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Bioretention parameters

 What are we checking:

 EDD 100-300 mm

 Filter depth >= 400 mm 

 Saturated hydraulic conductivity 100-300 mm/hour 
(CRCWSC), <500 with 150-350 recommended 
(Technical manual)

 Submerged zone 200-400 mm if rainfall <500 

mm/year

 TN content 400-1,000 mg/kg

 Orthophosphate 30-50 mg/kg

 Advanced parameters at defaults
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Infiltration parameters

 What are we checking:

 EDD 100-300 mm

 Filter depth >= 400 mm 

 Saturated hydraulic conductivity 100-300 mm/hour 
(CRCWSC), <500 with 150-350 recommended 
(Technical manual)

 Submerged zone 200-400 mm if rainfall <500 mm/year

 TN content 400-1,000 mg/kg

 Orthophosphate 30-50 mg/kg

 Advanced parameters at defaults
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Rainwater tank parameters
What are we checking:

 High flow bypass ≠ 100 (Set to 5% AEP) 

 EDD 100-1,000 mm (higher depths only likely for on-site detention)

 Overflow pipe >5 mm (90 mm typical residential)

– Stormwater harvesting – Check is appropriately sized

 Reuse demands – Check if used (should be)

 Annual demand = Pet – Rain, monthly distribution also ok but need 
review

 Custom demands – Need to review if used

 Advanced parameters at defaults

 Mostly recommendations for typical usage or defaults expected as little 
existing design guidance.

 Expect demands used to be documented
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Assessment
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Objectives of assessment

WSUD assets will:

 Meet planning objectives and requirements

 Protect the environment

 Be sustainable and durable

Assessment process:

 Fair and objective (applicants should be treated equally)

 Recognise that modelling is not an exact science but there 
need to be clear expectations.

 Clear laws and requirements need to be balanced with 
competent judgement and common sense for grey areas, 
variations and innovation. 
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Guideline requirements and recommendations

Guideline requirement (Red flag, stop!)

 Expect compliance with these most of the time

 Variations should be rare and need a very good justification

Internal guideline requirement

 Current best practice

 These are provided in absence of clear guidance for SA. Draw on 
guidelines from other jurisdictions and expert judgement

 Variations may be accepted but consider whether asset is likely to 
be sustainable

Recommendation (Yellow flag, proceed with caution)

 Preferred approach; or

 Typical or common practice

 Variations reasonably common with justification subject to 
agreement by responsible authority
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Assessing a model

What we recommend an assessor checks but the MUSIC 
Auditor does not do for you:

 Catchment and drainage layout makes sense

 Catchment areas match design plans

 Whole catchment in model (all areas upstream of treatment 
measures)

 Impervious fractions are reasonable

 Selection or order treatments forms a suitable treatment train

 Treatment asset dimensions and assumptions reasonable 
and match design plans

• Gross pollutant traps and generic treatment nodes

• Link routing
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Data Submission

Applicant should provide the following to support the 
WSUD response for a development.

• Design report and plans, report should summarise model 
inputs and results

• Should specify rainfall location, timestep used etc

• Results presented as Treatment Train Effectiveness for 
development to outlet

• Model itself (electronic copy) must be submitted. Ideally 
include a summary report or MUSIC Auditor report

• Explain and justify any variations from guidelines or 
parameters flagged by Auditor
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MUSIC Guidelines and versions

Currently supported

\ Proposed South Australia MUSIC Guidelines

\ MUSIC Version 6.2 and 6.3 (functionally the 

same)

Planned

\ Future guideline revisions (current and 

previous version will be supported)

\ MUSIC X (current and previous version will be 

supported)

\ Climate templates for other locations
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Wetland Analysis Tool

 Web service available through the MUSIC 

Auditor website

 Calculates the inundation frequency curve

 Allows user to select plants

www.musicauditor.com.au
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Wetland Analysis Tool

• Inundation frequency graph

• Compares results with plant heights

• Compares selected plant heights with depth exceeded 

for 20% of time to check if they are likely to survive

• Effective normal water level – is it significantly above 

normal water level?

• Residence time – is 90th percentile 

residence time at least 90 days?
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Q&A
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THANK YOU

Dale Browne, E2Designlab and Microburst Software

dale@e2designlab.com.au
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -


