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Darwin Harbour WSUD Guidelines and Tools

Guidelines and Tools available

Stages in the development process
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:

Initiation of
Development

Preliminary consideration:

l Fact Sheet 1: Introduction to WSUD

Fact Sheet 2: WSUD process, tools and resources

desktop
Site assessment and L
gete sonechon WSUD Planning Guide
) ) (describing how to prepare a WSUD Strategy for a new development)
Preparation of Establish design Concept
objectives :
Development design — - -
o ; . stage | - [ ~
Application Device selection - 7 ~
_ WSUD Site Assessment WSUD Concept Design WSUD Water Quality )
Conceptual design Guide Guide \ Modelling Guide ,
DA submission P, S ="
3\
Approved treaiment WSUD Technical Design Guideline
train (describing how to undertake detailed design for WSUD)
Detailed design: Detailed
Approval for _ > design
Construction -Calculations stage |
-Drawings WSUD Standard WSUD Vegetation
Drawings Selection Guide
Design submission Y,
Construction )
Construction, Establishment .
operation & ‘ implecrisntation ‘gsst‘;gsiﬂ?:guﬂgn’ WSUD Operation and | | WSUD Monitoring
maintenance, Titles Release > stage Aseet Fiandover Guide Maintenance Manual Protocol
ongoing Ongoing operation and
monitoring maintenance
Monitoring Y
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Need for Stormwater
Quality Modelling

. To predict or determine water quality from a specific
catchment (land use)

. Predict the relative performance of treatment systems

. Evaluate the performance of treatment systems against
specified standards
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Benefits of Stormwater
Quality Modelling

Urban catchments include multiple land uses and an
extensive drainage network

Every rainfall event is different

Stormwater pollutant loads in stormwater are highly non-
linear; pollutant loads depend partly on antecedent
conditions but are also stochastic in nature

There are typically a wide range of alternative
management options

Stormwater treatment performance depends on a large
number of variables including antecedent rainfall and
individual storm patterns
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Role of MUSIC

. MUSIC is a concept design tool that is used for decision
support primarily for stormwater management

. MUSIC assists in the evaluation of concept designs of
possible treatment systems

. MUSIC assists in indicative size and layout of treatment
systems

. MUSIC is NOT a detailed design tool

. MUSIC does not assist in design of stormwater drainage
and has limited application for wastewater systems
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Need for Stormwater Quality
Modelling

. To predict or determine water quality from a specific
catchment (land use)

. Predict the relative performance of treatment systems

. Evaluate the performance of treatment systems against
specified standards
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Where does MUSIC Fit?

Pollutant
Characteristics
7/
A1)

M Catchment
M Hydrology

|
i T
\
‘\ Climate
\
\
\

—

Non-structural stormwater BMPs
= Planning Policy

e Awareness and Education

e etc

Decision Making
eLifecycle costs

= Ecological
Impacts

<\Water Resources
eetc

Performance of Best
Management Practices

Structural stormwater BMPs
e \Wetlands

e Bioretention systems
e etc
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Modelling Considerations

Runoff quality and quantity
Spatial scale
Temporal scale

Data reguirements
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MUSIC is a user friendly computer based system
that enables users to evaluate the performance

and cost of stormwater management options
e flow
- water quality
« |ifecycle cost

Can model treatment measures
including

« wetlands

= bioretention systems/rain gardens

« infiltration systems

= swales and buffers

e ponds & basins

= stormwater harvesting and reuse

(including tanks & to some extent
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music
What is MUSIC?

< Models urban stormwater flow and quality
= Continuous simulation
< Range of spatial and temporal scales

Music functions through:

e Pollutant Generation Module
e Runoff Generation Module
e Pollutant Removal Module

fmmf’[f'iu WL -Lifecyce costing Module
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miusic
What is MUSIC Used For ?

e Stormwater Treatment
e Rainwater Harvesting and Reuse

e Stormwater Harvesting and Reuse

e Catchment Hydrology and Waterway Processes
e Lifecycle Costing

e Catchment Management/Planning
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Where to get MUSIC?

Catchment Modelling

TOOLKIT

Home = Tools = MUSIC

MUSIC

Software

o

Download software
Arcess &licence fee
System requirements
Features and Limitations
Histary & credits

o

o

o

o

Support
< Mailing list
9 Bugs

Mews and events

Documentation

9 Publications

MUSIC Home

Contact

eWater Head Office

eWater CRC (eWater Ltd.)
Innavation Centre

Building 22

University of Canherra ACT 2601
phone: [E~ +61 26201 5168 &
fac: +61 26201 5038

email: toolkit@ewatercre.com.au
weh: v Bwalercrt corm.au

About | Contact Us | Privacy Statement | Site Map | This site brought to you by

emailto a friend | share
Overview

Purpose

MUSIC is designed to simulate urban storrmwater systerns operating at a range of ternporal and spatial
scales; catchments from 0.01 km2 to 100km2 and madelling tirme steps ranging from 6 minutes to 24 hours
to match the catchiment scale

Target user group

MUSIC is designed for urban stormwater engineers, planners, policy staff and managers in consultancies
and state, regional and local govemrment agencies

Complexity

MUSIC is designed for use by a range of Urban storrmwater professionals. It requires a sound knowledge of
urban stormwater managerment principles and practices. The MUSIC sofware, with its user-friendly interface
and supporting documentation, enakle users to quickly commence applying MUSIC to their own real
applications.

Example applications

MUSIC has had widespread application around Australia, including:

o Melbourne Water is using MUSIC to plan future and assess land development proposals, and to design
stormwater treatment strategies for new and existing drainage schemes. Application of MUSIC has
resulted in significant savings on capital works, whilst still satisfying water quality criteria.

o Brishane City Council uses MUSIC for urban catchment planning, and to design new starmwater treatment
measures in Brishane.

o Engineering consultants around Australia have used MUSIC to design urban development proposal,
which meetWater Sensitive Urban Design standards

Overview of teatures, advantage and benefits
MUSIC provides a user-friendly interface, to allow complex starmwater management scenarios {o be guickly
and efficiently created, and the results to be viewed using a range of graphical and tabular formats. This

reduces the uncerainty surrounding the planning of stormwater management strategies, and may generate
substantial costsavings

—

Water--
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Rainfall Runoff Process




MUSIC rainfall runoff model

and key parameters

Rainfall Threshold (mm)

Soil Capacity (mm)

Initial Storage (%)

Field Capacity

Infiltration Capacity Coefficients
Initial Depth (mm)

Daily Recharge Rate (%)

Daily Baseflow Rate (%)

Deep Seepage (%)

)

Impervious

| Store |

Ground I

Pervious

Store

Runoff

Water

Baseflow

¢Deep Loss
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Runoff Parameters

Parameter Recommended
value

Rainfall Threshold (mm) 1
Soil Capacity (mm) 300
Initial Storage (%) 30
Field Capacity 250
Infiltration Capacity Coefficient a 200
Infiltration Capacity Coefficient b 1
Initial Depth (mm) 10
Daily Recharge Rate (%) 25
Daily Baseflow Rate (%) 5
Deep Seepage (%) 0

atica
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Rainfall Runoff Model Notes

Daily model with disaggregation

In urban areas runoff dominated by impervious areas
— Good estimate of catchment impervious important

Relatively insensitive to pervious areas parameters
Local Calibration??

Routing?
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Pollutant Generation Process




Stormwater Quality Basics

Suspended Solids
Normal Probability Plot
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Figure 3.1 Suspended Solids Normal Probability Plot
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Stormwater Quality Basics

Suspended Solids
Mean £ 1 Standard Deviation

All Roads(37)
Urban Roads(29)

Rural Roads(8)

All Roofs(11)

All Urban(247)
Residential{ 109)
Industrial(12)

Commercial(25

Other Urban( 101

Land Use (sample size)

)
)

All Rural(50)
Agricutural(14)

Foresi(11)
Other Rural(25)

1 10 100 1000
Concentration (mgiL)

Figure 3.2 Suspended Solids Concentration vs Land Use
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Stormwater Quality

Stormwater quality is stochastic
Log-normal distribution

MUSIC creates distributions using means and standard
deviation inputs

Default values have been determined for different land
uses
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Pollution Generation

Log10 TSS (mg/L) Log10 TP (mg/L) Log10 TN(mg/L)

Land-use category
Storm Base Storm Base Storm Base
Flow Flow Flow Flow Flow Flow
st Mean 1.90 0.9 -1.10 1.5 -0.075 -0.14
Std Dev 0.20 0.13 0.22 0.13 0.24 0.13
Agricult- | Mean 2.30 1.40 -0.27 -0.88 0.59 0.074
ure Std Dev 0.31 0.13 0.30 0.13 0.26 0.13
Roof Mean 1.55 1.1 -0.92 -0.82 0.42 0.32
Areas Std Dev 0.39 0.17 0.29 0.19 0.19 0.12
Road Mean 2.38 1.1 0.6 -0.82 0.42 0.32
Reserves | Std Dev 0.4 0.17 0.5 0.19 0.19 0.12
General | Mean 2.2 1.1 -0.45 -0.82 0.42 0.32
Urban Std Dev 0.32 0.17 0.25 0.19 0.19 0.12
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Pollutant Removal Process




Pollutant Removal Mode|

» First order kinetic Model (k-C* Model)
(Cou—C*) / (Cjy— C*) = @

A

C

9

@

< Rate of decay (k)

2

3

= Background

g / Concentration (C*)
S

o

v

Retention time vaiice









Pollutant Removal Mode|

« Dependent on two factors: Areal loading rate and
Inflow concentration

(Cou=C*)/(Cpp=C*) =€+
Rate of decay (k)

Background
Concentration (C*)

Pollutant concentration

»
»

. . -'.T_'
Retention time Qquatica



Continuously Stirred Tank
Reactors

« Commonly used in chemical engineering processes

 Assumes that inflow is immediately and completely well
mixed with the existing contents
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Flow

Continuously Stirred Tank

Reactors
1Plug Flow Plug Flow
|_ - | —
I : Reasonable : :
. Flow |
I Distribution 1IN
|
I : \
I
I
I Poor Flow
: ! Distribution
I
I
I
I
I
|

Time
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Continuously Stirred Tank
Reactors

 The hydraulic efficiency can be related to the number
of CSTRs through this equation

— Hydraulic Efficiency = 1 - 1/(1- Ngrr)
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Life Cycle Costing Module




Lifecycle Costing

A process to determine the sum of all expenses
associated with a product or project including
construction, installation, operation, maintenance,
discarding and disposal costs

Identifies all costs over life of system
Accounts for time value of money

Discounts costs back to given date (typically today)
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Lifecycle Costing

A process to determine the sum of all expenses
associated with a product or project including
construction, installation, operation, maintenance,
discarding and disposal costs

Identifies all costs over life of system
Accounts for time value of money

Discounts costs back to given date (typically today)
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Discounted Real Costs ($2009)

I Total Acquisition Cost 79 %
I Sum of Annual Maintenance Costs 11 %
[ ]Sum of Renewal Costs 8 %
I Decommissioning Cost 3%

$26,099

$886

$2,495
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Data for LCC Module

Regression analysis of data collected around Australia

— b states
— 46 stormwater managers

TAC [2004 AUD$]

Greenfield Constructed Wetlands:
Total acquisition cost [T AC]vs T reatrment z one area [A]

10,000,000 <
1,000,000 -+
+ Achual TAC date
= Uppesr bound B8 %
predidion infenval]
= Loweer bound 55 %
200,000 - predidion inbenal]
) ——Pawer(Pradided TAC)
Ragrassion information
p 2001, RE =080, 0= 21, TAC= 191140 "
10,000 . - ,
100 1,000 10,000 100,000

A [mf]
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