
Introduction and Background
Impacts from urban stormwater, both flow and water quality related, act to degrade receiving
waters. This CRC project aimed to integrate the disciplines of science and engineering into
stormwater management strategies by developing a suite of models for estimating stormwater
pollutant loads from different sources areas, defining their impacts on aquatic ecosystems, and
predicting the performance of stormwater management practices. The project aimed to package
this into a Decision Support System (DSS) for stormwater managers.

Scientific Outcomes
This product has delivered an integrated decision support system for urban catchment managers
to facilitate cost-effective strategies for improved urban stormwater quality and aquatic ecosystem
health at the regional, catchment and sub-catchment scale. The Model for Urban Stormwater
Improvement Conceptualisation (MUSIC – see www.toolkit.net.au/music) is an integrated tool
that incorporates the findings from the two Urban Stormwater Program projects completed during
1999 -2003. MUSIC is made up of the following algorithms:

Rainfall-runoff model: The daily lumped model of Chiew (Chiew and McMahon, 1997; Chiew
and McMahon, 1999) – which has an impervious store, and two pervious stores - has been
disaggregated to run at timesteps of down to 6 minutes. The disaggregation allows the model to
operate at the temporal scales appropriate for simulating stormwater treatment processes.

Stochastic pollutant generation: Pollutant concentration time-series are generated by a static or
stochastic algorithm, with the user specifying event mean concentration and dry weather
concentrations (along with standard deviation). Default values are provided by an exhaustive
review undertaken by Duncan (1999).

Flow and pollutant routing: Drainage links between the nodes in MUSIC allow for straight ‘pass-
through’, or user-specified routing (translation only, or Muskingum-Cunge routing).

Stormwater treatment processes: The primary breakthrough in MUSIC is the development of a
Universal Stormwater Treatment Model (Wong et al., 2001) resulting from the research
undertaken in CRC Project 4.2 ‘Stormwater Best Management Practices’ during 1999-2003.

This model has demonstrated the effective use of a first-order kinetic decay algorithm (known as
the “k-C*” model) to model pollutant decay through a treatment measure. Hydraulic behaviour
within a treatment measure is modelled using the concept of continuously stirred tank reactors
(CSTR), after the work of Persson et al. (1999).
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Pollutant characterisation and speciation undertaken as part of this project has provided useful
insight to identify (a) typical particle size distributions of pollutants in urban stormwater (b) the
association of contaminants with particle size ranges. Future work will use this to refine designs
of stormwater treatment measures to achieve removal of target pollutants.

In addition to the research on the quality and treatment of urban stormwater, this project also
made significant advances in the prediction of ecosystem response to urban stormwater
management. Conducted in collaboration with the CRC for Freshwater Ecology, this project has
delineated the importance of catchment imperviousness, and the nature of drainage
infrastructure, in determining the health of aquatic ecosystems. Importantly, the research
demonstrates that ‘disconnecting’ impervious areas from their receiving waters could significantly
reduce their ecological impact

Application of findings
• The public release of MUSIC in May 2001 has fundamentally changed the urban stormwater

management industry. It is now the standard method of assessing urban development
proposals in Brisbane and Melbourne, and in several cases throughout Australia is being used
to derive stormwater management guidelines. MUSIC is now used by over 350 licensed users
worldwide – visit www.toolkit.net.au/music

• The project team has worked closely with Brisbane City Council (BCC) in the Brisbane River
catchment to enhance whole-of-catchment understanding. BCC have used combined results
from the Environmental Management Support System (EMSS) and MUSIC to support their
decision-making framework for this catchment.

• Stormwater quality monitoring in Brisbane and Melbourne has improved the prediction of
pollutant loads. This information has been utilised to improve the assessment of pre- and post-
development pollutant loads in relation to catchment geology and land-use.

• Stormwater characterisation has informed the design of Stormwater Quality Improvement
Devices (SQIDs), targeted to treatment specific pollutant types.

• Project work in the Yarra River catchment in Melbourne has supported Melbourne Water’s
integrated approach to catchment planning and prioritisation.

• Modules from MUSIC (e.g. the Universal Stormwater Treatment Model) are being made
available for deployment to other models within the Toolkit (2003-2006).

• Water quality data from research undertaken as part of this project provides a useful resource
for the application of the Catchment Modelling Toolkit.

References and further information
Further information on MUSIC is available from www.toolkit.net.au/music. 

References relating to research undertaken during this project are listed below:

Bingham, C., Muthukaruppan, M. and Chiew, F.H.S. (2003) Particle size distribution and size
distribution of pollutants in urban stormwater through a storm event. 28th Hydrology and
Water Resources Symposium, Wollongong, November 2003.

Chiew, F.H.S., Duncan, H.P., Wong, T.H.F. and McMahon, T.A. (2002) Urban stormwater
pollution. In: Urban Drainage in Specific Climates - Urban Drainage in Arid and Semi Arid
Climates (Editors: C. Maksimovic and M. Nouh), UNESCO Monograph, IHP-V Technical
Document in Hydrology, Number 40, Volume 3, UNESCO, Paris, pp. 75-87. 

Duncan, H. P. (1999). Urban Stormwater Quality: A Statistical Overview (Report 99/3).
Melbourne, Australia: Cooperative Research Centre for Catchment Hydrology.

Completed Projects

1999-2002

C R C  F O R  C AT C H M E N T  H Y D R O L O G Y  1 9 9 9  -  2 0 0 6

Project 4.1: 
Stormwater quality
pollutant sources,
pathways and impacts



Fletcher, T. D., Wong, T. H. F., Duncan, H. P., Coleman, J. R., and Jenkins, G. A. (2001).
Managing the impacts of urbanisation on receiving waters: a decision-making framework.
Paper presented at the Third Australian Stream Management Conference: The Value of
Healthy Streams, Brisbane, August 24-27th, 2001, pp. 217-224.

Fletcher, T. D., Wong, T. H. F., Duncan, H. P., Jenkins, G. A., and Coleman, J. R. (2002). MUSIC
Users Manual. Melbourne: CRC for Catchment Hydrology.

Greenway, M. and Woolley, A. (2000). Changes in Plant Biomass and Nutrient Removal over
three years in a Surface Flow Wetland, Cairns, Australia. 7th International Conference on
Wetland Systems for Water Pollution Control. Orlando, Florida 11-16 November.

Greenway, M., Polson, C. and Proctor, H. (2001) A comparison of aquatic biota and water
quality in two tributaries of Native Dog Creek with different land use activities. 3rd Australian
Stream Management Conference. Brisbane 27-29 August.

Hatt, B., and Fletcher, T. D. (2002). Impacts of stormwater drainage and sewerage design on
pollutant transport. Paper presented at the 41st Annual ASL Congress, Margaret River, 29
September - 2 October.

Hatt, B. E., T. D. Fletcher, et al. (in press). The influence of urban density and drainage
infrastructure on the concentrations and loads of pollutants in small streams. Journal of
Environmental Management.

Lloyd, S.D., Wong, T.H.F., Liebig, T. and Becker, M. (2001), Sediment Characteristics in
Stormwater Pollution Control Ponds.  Australian Journal of Water Resources.

McAlister, T., Mitchell, G., Fletcher, T. D., and Phillips, B. (2003). Modelling urban stormwater
management systems. In T. H. F. Wong (Ed.), Australian Runoff Quality. Sydney, Australia:
Institution of Engineers, Australia.

McMahon, T.A., Chiew, F.H.S., Wong, T.H.F. and Duncan, H.P. (2002) Storm hydrology of
urban drainage. In: Urban Drainage in Specific Climates - Urban Drainage in Arid and Semi
Arid Climates (Editors: C. Maksimovic and M. Nouh), UNESCO Monograph, IHP-V Technical
Document in Hydrology, Number 40, Volume 3, UNESCO, Paris, pp. 58-74. 

Muthukaruppan, M. and Chiew, F.H.S. (2003) Particle size distribution in urban stormwater.
28th Hydrology and Water Resources Symposium, Wollongong, November 2003.

Muthukaruppan, M., Chiew, F. and Wong, T. (2002) Characterisation of urban street solids.
Proceedings of the 27th Hydrology and Water Resources Symposium, Melbourne, May 2002,
Institution of Engineers Australia, CDROM (ISBN 0-8582-5778-5).

Muthukaruppan, M., Chiew, F.H.S. and Wong, T. (2002) Size distribution and partitioning of
urban pollutants. Proceedings of the 9th International Conference on Urban Drainage,
Portland, USA, September 2002, American Society of Civil Engineers (CD-ROM).

Muthukumaran, M., Chiew, F., and Wong, T. H. F. (2002) Size Distribution and Partitioning of
Urban Pollutants. Paper presented at the 9th International Conference on Urban Drainage
(Extended Abstracts), Portland, Oregon, USA, pp. 172.

Newton, D.B. and Jenkins, G.A. (2002) Urban Stormwater Modelling: How Important is Model
Calibration?, SIA (QLD) 2002 Regional Conference on Stormwater Management, Hervey
Bay, Queensland, September 2002.

Persson, J., Somes, N. L. G., and Wong, T. H. F. (1999) Hydraulic efficiency of constructed
wetlands and ponds. Water Science and Technology, 40(3), 291-300.

Vaze, J. and Chiew F.H.S. (2002) Experimental study of pollutant accumulation on an urban
road surface. Urban Water, 4: 379-389.

Vaze, J. and Chiew, F.H.S.  (2003) Experimental study of pollutant washoff from impervious
surfaces. Wat. Resour. Res., In Press.

Completed Projects

1999-2002

C R C  F O R  C AT C H M E N T  H Y D R O L O G Y  1 9 9 9  -  2 0 0 6

Project 4.1: 
Stormwater quality
pollutant sources,
pathways and impacts



Vaze, J. and Chiew, F.H.S. (2000) A field study to investigate the effect of raindrop impact
energy and overland flow shear stress on pollutant washoff. Proceedings of the 3rd
International Hydrology and Water Resources Symposium (Hydro 2000), Perth, November
2000, Institution of Engineers Australia, Volume 1, pp. 255-260.

Vaze, J. and Chiew, F.H.S. (2003) Comparative evaluation of urban stormwater quality models.
Wat. Resour. Res., In Press.

Vaze, J. and Chiew, F.H.S. (2003) Nutrient loads associated with different sediment sizes in
urban stormwater and surface pollutants. J. Env. Mgm., In Press.

Vaze, J., Chiew, F.H.S., Suryadi, L. and Khanal, K. (2000)  Pollutant accumulation on an urban
road surface. Proceedings of the 3rd International Hydrology and Water Resources
Symposium (Hydro 2000), Perth, November 2000, Institution of Engineers Australia, Volume
1, pp. 265-270.

Walsh, C. J., and Fletcher, T. D. (submitted). The relative importance of drainage connection and
imperviousness for the degradation of stream ecosystems. Journal of the American Water
Resources Association.

Walsh, C.J., Fletcher, T.D., Wong, T.H.F. and Breen, P.F. (2001) Developing predictive ecological
capacity for a stormwater management decision-making framework, accepted for presentation
at Third Australian Stream Management Conference: The Value of Healthy Streams, Brisbane,
August 24-27th, 2001, pp. 625-631.

Wong, T. H. F., Duncan, H. P., Fletcher, T. D., Jenkins, G. A., and Coleman, J. R. (2001, 27-29
June 2001) A unified approach to modelling urban stormwater treatment. Paper presented at
the Second South Pacific Stormwater Conference, Auckland.

Wong, T. H. F., Fletcher, T. D., and Mag, V. (in press). Austroads Stormwater Runoff Management
Guidelines. Sydney, Australia: Austroads.

Wong, T. H. F., Fletcher, T. D., Duncan, H. P., Coleman, J. R., and Jenkins, G. A. (2002) A model
for planning and prioritisation of urban stormwater improvement measures. Paper presented
at the Hydrology and Water Resources Symposium, 2002

Wong, T. H. F., Fletcher, T. D., Duncan, H. P., Coleman, J. R., and Jenkins, G. A. (2002) A Model
For Urban Stormwater Improvement Conceptualisation. Paper presented at the 9th
International Conference on Urban Drainage (Extended Abstracts), Portland, Oregon, USA,
pp. 598.

Wong, T. H. F., Fletcher, T. D., Duncan, H. P., Coleman, J. R., and Jenkins, G. A. (2002) A model
for urban stormwater improvement conceptualisation. Paper presented at the Biennial Meeting
of the International Environmental Modelling and Software Society, Lugano, Switzerland

Wong, T.H.F, Duncan, H.P., Fletcher, T.D. and Jenkins, G.A. (2001) A Unified Approach to
Modelling Urban Stormwater Treatment, accepted for presentation at the Second South Pacific
Stormwater Conference, Auckland, New Zealand, 27 – 29 June 2001.

Wong, T.H.F. (2000), Improving Urban Stormwater Quality – From Theory to Implementation,
Water – Journal of the Australian Water Association, Vol. 27 No.6, November/December,
2000, pp.28-31.

Wong, T.H.F. (2001), Urban Stormwater Management – From Research to Practice, keynote
address, Second South Pacific Stormwater Conference, Auckland, New Zealand, 27 – 29
June 2001.

Wong, T.H.F., Chiew, F.H.S., McMahon, T.A. and Duncan, H.P. (2002)  Urban drainage
maintenance and management issues in arid and semi-arid regions. In: Urban Drainage in
Specific Climates - Urban Drainage in Arid and Semi Arid Climates (Editors: C. Maksimovic
and M. Nouh), UNESCO Monograph, IHP-V Technical Document in Hydrology, Number 40,
Volume 3, UNESCO, Paris, pp. 121-131.

Completed Projects

1999-2002

C R C  F O R  C AT C H M E N T  H Y D R O L O G Y  1 9 9 9  -  2 0 0 6

Project 4.1: 
Stormwater quality
pollutant sources,
pathways and impacts


