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Executive Summary

Many decades of urban development in South East Queensland (SEQ) have had a measurable
adverse impact on the health of the region’s waterways. To control the potential effects of
ongoing urban growth, the Queensland Government Office of Urban Management has adopted a
policy of requiring the design of all new urban development to be undertaken according to “Water
Sensitive” design principles. This design approach, referred to as Water Sensitive Urban Design
(WSUD), aims to minimise negative impacts on the natural water cycle and protect the health of
aquatic ecosystems through appropriate planning and design of the urban landscape.

Since 2004, the South East Queensland Healthy Waterways Partnership (the Partnership) has
been working with government and industry stakeholders in SEQ to develop a strategy for the
effective implementation of WSUD across the region. An important issue identified during this
process was the need for design standards that ensure WSUD is implemented in a regionally
consistent way to achieve defined outcomes. This report provides technical details of studies
undertaken to develop a suite of proposed design objectives for WSUD in SEQ. The proposed
objectives focus on the stormwater management aspects of WSUD. However, as regional water
supply planning proceeds, further objectives may be developed in the future for other elements of
the water cycle.

The proposed WSUD design objectives presented in this report have been developed through
consultation with various stakeholders, as well as a panel of nationally recognised technical
experts. The objectives have been tested for their effectiveness in meeting environmental
objectives, as well as their practicality for application to typical developments in the region. The
design objectives have not yet been adopted as formal requirements under any form of state
government regulation or guideline. However, some local governments have already adopted a
stormwater quality management objective similar to one of the objectives proposed in this report.

The proposed suite of stormwater management design objectives consists of:

A Frequent Flow Management Design Objective . This objective aims to protect in-stream
ecosystems from the significant effects of increased runoff frequency by capturing the initial
portion of runoff from impervious areas. This approach ensures that the frequency of
hydraulic disturbance to in-stream ecosystems in developed catchments is similar to pre-
development conditions.

A Waterway Stability Management D&iggigRiiijticive . This objective aims to prevent
exacerbated in-stream erosion downstream of urban areas by controlling the magnitude and
duration of sediment-transporting flows.

A Stormwater Quality Management Design Objective . This objective aims to protect receiving
water quality by limiting the quantity of key pollutants discharged in stormwater from urban
development.

Summary details of the proposed design objectives are provided in the following table.

Note that not all of the proposed design objectives are recommended for application to every
development. This report provides recommendations on the application of the objectives to
various development types and receiving water conditions.

The proposed design objectives do not address every aspect of waterway health or every type of
development (for example, Environmentally Relevant Activities). It is intended that the proposed
design objectives work in concert with existing state and local government requirements to cover a
range of waterway issues, such as riparian corridor protection, flooding, and sediment and erosion
control during the construction phase of development.
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Summary of Proposed WSUD Assessment Criteria and De

sign Objectives for Protecting Waterway Health

Assessment Criteria

Intent

Design Objective

Recommended Application

1. Frequent Flow
Management

To minimise the change in
frequency of disturbance to
aquatic ecosystems by
managing the volume and
frequency of surface runoff
during small rainfall
events.

Capture and manage the following design runoff
capture depth (mm/day) from all impervious
surfaces:

Developments with a total fraction impervious
<40%: design runoff capture depth = 10mm/day

Developments with a total fraction impervious
40%: design runoffcapture depth = 15mm/day

Note, Runoff capture capacity needs to be
replenished within 24 hours of the runoff event.

Applicable where runoff from or within the site passes through or drains
to an unlined channel, or non-tidal waterway or wetland.

Where a receiving waterway is degradedl, the local or regional authority
may choose not to require compliance with this objective, on the basis
that the receiving waterway and its associated catchment/s have been
identified by the authority as having limited potential for future
rehabilitation and/or WSUD retrofitting.

Management of captured stormwater should include one or more of the

following:

- stormwater evaporation
stormwater reuse (including roofwater collection and use)
infiltration to native soils or otherwise filtered through an
appropriately designed soil and plant stormwater treatment system,
such as bioretention.

Developments with a total Fraction Impervious < 40% should also ensure
all overflows from the runoff capture storage(s) are directed onto
pervious surfaces and NOT direct to a formal (pipe or open channel)
drainage system.

2.  Waterway
Stability
Management

To control the impacts of
urban development on
channel bed and bank
erosion by limiting changes
in flow rate and flow
duration within the
receiving waterway.

Limit the post-development peak one-year Average
Recurrence Interval (ARI) event discharge to the
receiving waterway to the pre-development peak
one-year Average Recurrence Interval (ARI) event
discharge.

Applicable where runoff from or within the site passes through or drains
to an unlined channel, or non-tidal waterway or wetland.

Where a receiving waterway is degradedl, the local or regional authority
may choose not to require compliance with this objective, on the basis
that the receiving waterway and its associated catchment/s have been
identified by the authority as having limited potential for future
rehabilitation and/or WSUD retrofitting. The local authority may substitute
an alternative criterion where catchment-scale studies have been
undertaken to develop a catchment-specific approach to the
management of in-stream erosion impacts.

! For the purposes of this guideline, a waterway is defined as degraded where:

the proportion of impervious area within the catchment, prior to the proposed development, is greater than 30%; or

it is designated as highly disturbed under Schedule 1 of the Environment Protection Policy (Water).
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Assessment Criteria Intent Design Objective Recommended Application
3.  Stormwater To control the impacts of Achieve the following minimum reductions in total Applicable to all development, excluding development that:
Quality urban development on pollutant load, compared to untreated stormwater - comprises six or less dwellings with no internal road; or
Management pollutant loads discharged | runoff from the developed part of the site: - has a total fraction impervious < 25% and complies with Criterion 1
to receiving waters in the - 80% reduction in total suspended solids (i.e. captures and manages the first 10 mm of runoff per day from all
post-construction period. - 60% reduction in total phosphorus impervious areas).
45% reduction in total nitrogen
90% reduction in gross pollutants. Management of captured stormwater should include one or more of the
following:
- stormwater evaporation
stormwater reuse (including roofwater collection and use)
infiltration to native soils or otherwise filtered through an
appropriately designed soil and plant stormwater treatment system,
such as bioretention.
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1.1 A Strategy to Improve Waterway Health in South East t Queensland

The waterways of South East Queensland are an invaluable natural asset. However, decades of
land development have had a negative impact on many of these waterways, due to the combined
effects of effluent discharges and polluted stormwater runoff. As a result, water quality in many of
the region’s creeks, rivers and bays is below a level considered acceptable by the community, as
reflected in environmental values and water quality objectives recently scheduled by the
Queensland Environmental Protection Agency (Qld EPA).

Current predictions for the next 20 years are that South East Queensland’s strong population
growth will continue, with an expectation of the need for an additional 575,000 new dwellings over
this period. If the health of the region’s waterways is to improve, rather than continue its historical
decline, a coordinated strategy is required to reduce the impacts of both point and diffuse source
pollution.

The South East Queensland Healthy Waterways Strategy, currently being developed by the South
East Queensland Healthy Partnership (the Partnership), represents a strategic approach to water
quality management across the catchments of South East Queensland. The Strategy is a
collection of 15 separate actions plans, each based on commitments from regional stakeholders,
to improve management of a wide range of issues affecting waterway health. Implementation of
the Strategy aims to deliver the Healthy Waterways Vision:

‘By 2020, our waterways and catchments will be heal  thy ecosystems supporting the
livelihoods, lifestyles and health of people in SEQ  , and will be managed through
collaboration between community, govemment and ind ustry”

1.2 Water Sensitive Urban Design

An important component of the Healthy Waterways Strategy is the management of impacts from
urban land. These impacts include elevated nutrient levels in treated sewage discharges, and
increased loads of sediment, nutrients and other pollutants in urban stormwater. Addressing
these issues will require a new “water sensitive” approach to the planning and design of urban
development. Hence, the Healthy Waterways Strategy includes an action plan to promote the
wide-spread adoption of Water Sensitive Urban Design (WSUD). This action plan is referred to as
the Strategy for Water Sensitive Urban Design in South — East Queensiand .

Water Sensitive Urban Design is a holistic approach to the planning and design of urban
development that aims to minimise negative impacts on the natural water cycle and protect the
health of aquatic ecosystems. It promotes the integration of stormwater, water supply and
sewage management at the development scale. The objectives of WSUD are to:

protect existing natural features and ecological processes;

maintain the natural hydrologic behaviour of catchments;

protect water quality of surface and ground waters;

minimise demand on the reticulated water supply system;

minimise sewage discharges to the natural environment; and

integrate water into the landscape to enhance visual, social, cultural and ecological values.

The principles of WSUD are now recognised and adopted internationally to reduce urban impacts
on receiving waterways.

Development of the Strateqy for Water Sensitive Urban Design in SEQ ~ commenced in 2004 with
an assessment of existing barriers to the adoption of WSUD. These barriers were identified by
interviewing a wide range of industry and government water professionals to determine their
opinions about issues currently preventing organisations from implementing effective WSUD
policies and practices. The WSUD Strategy focuses on actions that will overcome the various
identified barriers to ensure that WSUD is applied to the planning and design of new urban areas,
and that WSUD objectives are also achieved in areas of existing development.



. 1.3 Design Objectives for WSUD
waterbydesign
Creating water sensitive communities in SEQ The findings of the barriers study indicated the need for clear, quantitative design objectives that
provide performance standards for developments to meet via WSUD practices. To address this
barrier, a key action proposed under the WSUD Strategy was the development of regionally
consistent design objectives for urban water management infrastructure. This report documents
the work of the Partnership in developing and testing the practicality of such objectives for typical
urban developments in SEQ.
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WSUD in SEQ

2.1 Existing Design Objectives

Water sensitive development should use less mains water, generate less ‘wastewater’, have a
lower impact on catchment hydrology and generate smaller quantities of stormwater pollutants
than traditional development practice. To ensure that development consistently achieves these
goals, the design of urban water management infrastructure requires quantifiable design
objectives for water management. At present, these objectives (where they exist) are set
individually by each local authority in SEQ using a range of methodologies. To ensure effective
management of water impacts, a key component of the Strateqy for Water Sensitive Urban Design
in SEQ is to promote adoption of a consistent suite of urban water management design objectives
across the region.

Few authorities in SEQ currently have clear objectives for water conservation and wastewater
minimisation. It is expected that appropriate design objectives for achieving water conservation
outcomes on urban developments in SEQ will be developed through the South East Queensland
Regional Water Supply Strategy (SEQRWSS).

For stormwater management, the typical form of design objective is presently based on achieving
median pollutant concentrations in stormwater discharges. Most authorities also have a design
objective that requires no increase in peak stormwater discharges at the development boundary
for a range of defined flood events, such as the 2 year and 100 year Average Recurrence Interval
(ARI) design events. However, there are presently no design objectives that aim to manage the
important impacts of hydrologic change on the health of aquatic ecosystems.

The present concentration-based approach to stormwater quality management, as well as the
current method of setting the target concentration values, introduces several ambiguities and
inconsistencies to the regional framework for urban stormwater management. Setting
concentration-based targets for stormwater discharges relies upon some statistical assessment of
stormwater quality and quantity. A typical approach is to set a target median (50th percentile)
concentration. However, stormwater in SEQ is ephemeral with “zero” flow for a substantial
proportion (often more than 50%) of the time. The definition of the median is therefore
ambiguous. This ambiguity is commonly resolved by taking the median concentration during
periods when flow is non-zero. However, since demonstration of compliance of a proposed
stormwater management system relies on numerical modelling, the median concentration can be
highly sensitive to the adopted model parameters. Adjusting these parameters to generate a long
period of very low baseflow can make it easier to demonstrate compliance with the target
concentration, while the majority of pollutant load is discharged during events.

At present, receiving water quality objectives, derived from ambient “dry weather” pollutant
concentrations measured in receiving waters, are commonly adopted as the target concentrations
for stormwater discharges. This approach fails to recognise the substantial difference between
the pollutant characteristics of urban diffuse sources during dry and wet weather flows, as well as
the impact of pollutant load on receiving waters. In addition, it is inconsistent with ANZECC (2000,
p.2-17) and the Environmental Protection (Water) Amendment Policy N o. 30, 2006 (No. 1) (p 13)
which notes that scheduled receiving water quality objectives do not apply to stormwater
discharges. ANZECC (2000, p.3.3-2) recommends that load based guidelines be developed for
nutrients (Total Nitrogen and Total Phosphorus), biodegradable organic matter and suspended
particulate matter (or Total Suspended Solids). This is in recognition of the important impact of the
total mass (or load) of these pollutants on aquatic ecosystem health.

2.2 The Process of Developing New Regional Design Objec  ctives

To achieve measurable improvements in waterway health across the region, it is desirable to have
consistency in the form of design objectives between different local government areas.
Stakeholders identified the lack of such consistency as a batrrier to the effective implementation of
WSUD (MBWCP, 2005). To overcome this barrier, in September 2004, the Partnership convened
a workshop of industry experts from across Australia to offer opinions on the appropriate form of
consistent regional design objectives for WSUD. The workshop participants included experts in
the fields of water conservation, wastewater management, stormwater quality and quantity
management, urban aquatic ecosystem health, and computer modelling and hydrology.
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The expert workshop recommended the form of appropriate regional design objectives for each of
the three streams of the urban water cycle; stormwater, potable water and wastewater (the full list
of documented recommendations from the workshop is provided in Appendix E). However, due to
the dynamic state of water supply planning in South East Queensland, including the development
of the SEQRWSS, it was decided that development of design objectives for potable water
conservation and wastewater management could not be progressed prior to release of key
recommendations from the regional planning studies currently underway. Hence, the
Partnership’s development of WSUD design objectives for SEQ has focussed on stormwater
management.

In summary, the technical expert workshop recommended two design objectives for stormwater
management:

A stormwater quality management criterion, which requires specified reductions in pollutant
load based on best practice stormwater treatment, and

A waterway stability criterion (initially referred to as the “geomorphic design objective”), which
aims to limit the impacts of urban development on in-stream habitat disturbance and erosion
by controlling the magnitude and duration of stormwater discharges.

Following a recommendation from the expert workshop, desktop feasibility studies were
undertaken to refine and test the practicalty and achievabilily of the proposed design objectives
for different types of development. This work, presented in later chapters of this report, confirmed
the feasibility of the proposed objectives for application to most development types in SEQ.
However, feedback from various stakeholders indicated the need to provide more information on
the effectiveness of the proposed “geomorphic design objective” under local climatic conditions
and local stream morphologies. To derive an appropriate methodology for this purpose, a second
technical expert panel workshop was convened by the Partnership and was held in May, 2006.

The May 2006 expert panel included some of the technical experts from the original September
2004 workshop, as well as additional members with expertise in urban stormwater management
and stream ecology. The panel agreed on a suitable approach for testing the effectiveness of the
waterway stability criterion, but also identified the need for a new criterion to address the
ecologically significant impacts of urbanisation on runoff during small rainfall events. This
additional criterion, referred to as the “frequent flow management design objective”, aims to
capture and manage small runoff events from impervious surfaces to mimic the natural frequency
of surface runoff in urban streams.

Following the May 2006 expert panel workshop, a further round of technical studies was
commissioned to:

Define the required runoff capture volume for the frequent flow management design objective
and test the feasibility of this design objective on a range of typical development types in
SEQ, and

Establish the target Average Recurrence Interval (ARI) flow to be used in the waferway
stabilty management design objective , establish the effectiveness of this objective for
managing habitat disturbance and erosion in SEQ streams, and test the feasibility of this
design objective on a range of typical development types in SEQ.

The methodology and results of these investigations are presented in later sections of this report.

2.3 Recommended Regional Design Objectives

Table 2-1 summarises the three recommended new stormwater management assessment criteria
and associated design objectives for South East Queensland. Tables 2-2, 2-3 and 2-4 provide
further information on each of the assessment criteria. Details of the technical studies undertaken
to derive the quantitative targets within each assessment criteria’s design objectives are provided
in Appendices A, B and D.

It should be noted that proposed assessment criteria and associated design objectives in Tables
2-1 through 2-4 do not address every aspect of waterway health or every type of development (for
example, Environmentally Relevant Activities). It is intended that the proposed design objectives
work in concert with existing state and local government requirements to cover a range of
waterway issues, such as riparian corridor protection, flooding, and sediment and erosion control
during the construction phase of development.
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Table 2-1: Summary of Proposed VW¥SD D\#sesesemart Qeteriarathd DESigio0 bjeptivesferfor Pieretsicing\Matermaly ekdtith

Assessment Criteria Intent Design Objective Recommended Application
1. Frequent Flow | To minimise the change in | Capture and manage the following design runoff capture Applicable where runoff from or within the site passes through or

erosion by limiting changes
in flow rate and flow
duration within the
receiving waterway.

year Average Recurrence Interval (ARI) event discharge.

Management frequency of disturbance to | depth (mm/day) from all impervious surfaces: drains to an unlined channel, or non-tidal waterway or wetland.
aquatic ecosystems by . L . .
managing the volume and De\{elopments with a total fra_ctlon impervious <40%: Where a receiving waterway is degradedz, the local or regional
frequency of surface runoff design runoff capture depth = 10mm/day authority may choose not to require compliance with this objective,
during small rainfall Developments with a total fraction impervious 40%: | on the basis that the receiving waterway and its associated
events. design runof capture depth = 15mm/day catchment/s have been identified by the authority as having limited
] ) potential for future rehabilitation and/or WSUD retrofitting.
Note, Runoff capture capacity needs to be replenished
within 24 hours of the runoff event. Management of captured stormwater should include one or more of
the following:
- stormwater evaporation
stormwater reuse (including roofwater collection and use)
infiltration to native soils or otherwise filtered through an
appropriately designed soil and plant stormwater treatment
system, such as bioretention.
Developments with a total Fraction Impervious < 40% should also
ensure all overflows from the runoff capture storage(s) are directed
onto pervious surfaces and NOT direct to a formal (pipe or open
channel) drainage system.
2. Waterway To control the impacts of Limit the post-development peak one-year Average Applicable where runoff from or within the site passes through or
Stability urban development on Recurrence Interval (ARI) event discharge to the drains to an unlined channel, or non-tidal waterway or wetland.
Management channel bed and bank receiving waterway to the pre-development peak one-

Where a receiving waterway is degradedz, the local or regional
authority may choose not to require compliance with this objective,
on the basis that the receiving waterway and its associated
catchment/s have been identified by the authority as having limited
potential for future rehabilitation and/or WSUD retrofitting. The local
authority may substitute an alternative criterion where catchment-
scale studies have been undertaken to develop a catchment-
specific approach to the management of in-stream erosion impacts.

2 For the purposes of this guideline, a waterway is defined as degraded where:

the proportion of impervious area within the catchment, prior to the proposed development, is greater than 30%; or

it is designated as highly disturbed under Schedule 1 of the Environment Protection Policy (Water).
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Intent

Design Objective

Recommended Application

Assessment Criteria

3.  Stormwater
Quality
Management

To control the impacts of
urban development on
pollutant loads discharged
to receiving waters in the
post-construction period.

Achieve the following minimum reductions in total
pollutant load, compared to untreated stormwater runoff
from the developed part of the site:

80% reduction in total suspended solids

60% reduction in total phosphorus

45% reduction in total nitrogen

90% reduction in gross pollutants.

Applicable to all development, excluding development that:

- comprises six or less dwellings with no internal road; or
has a total fraction impervious < 25% and complies with
Criterion 1 (i.e. captures and manages the first 10 mm of runoff
per day from all impervious areas).

Management of captured stormwater should include one or more of

the following:

- stormwater evaporation
stormwater reuse (including roofwater collection and use)
infiltration to native soils or otherwise filtered through an
appropriately designed soil and plant stormwater treatment
system, such as bioretention.
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Table 2-2: Frequent Flow Management

Obijective:

Capture and manage the following design runoff capture depth  (mm/day) from
all impervious surfaces:

Developments with a total fraction impervious <40%: design runoff
capture depth = 10mm/day

Developments with a total fraction impervious 40%: design runo#
capture depth = 15mm/day

Note, Runoff capture capacity needs to be replenished within 24 hours of
the runoff event.

Background:

Under pre-development conditions, small rainfall events are absorbed by
catchment soils and vegetation and do not produce surface runoff in small
urban creeks. In an urban catchment, impervious surfaces generate runoff
during these small storms, which if directly connected to a formal stormwater
drainage system, is transported directly to receiving waterways. This increase
in the number of surface runoff events results in frequent delivery of urban
pollutants to streams and regular disturbance of in-stream ecosystems.
Studies within Australia and overseas have shown strong correlation between
the total fraction impervious of a catchment and the level of aquatic ecosystem
degradation in the catchment (eg. Walsh 2000).

Using local hydrologic data from South East Queensland, it has been shown
that capturing the first 10mm to 15 mm of runoff from the impervious surfaces
within a development will ensure a similar frequency of flow in the receiving
urban streams to pre-development conditions. Details of the technical studies
undertaken to establish the design runoff capture depths  presented above are
provided in Appendix A.

Recommended
Application:

Since this objective aims to protect in-stream ecology in ephemeral freshwater
waterways, the objective should only be applied where runoff from or within
the site the site passes through an unlined channel, creek or non-tidal river
that is not a highly disturbed ecosystem.

Demonstrating
Compliance:

Compliance with this objective may be easily demonstrated by providing a total
stormwater capture volume (m3) calculated as follows:

Capture volume (m °) = Imperious area (m *) x target design runoff capture
depth (mm/day) x 0.001

The spatial distribution of the required capture volume may be adapted to suit
individual site conditions, provided that the required volume from all
impervious areas is captured and managed before leaving the site.

Implementing the required capture volume will reduce pollutant load, providing
a synergistic benefit for water quality. Hence there may be opportunity to
incorporate the required capture volume within stormwater quality treatment
measures by providing additional “extended detention” storage.

Since the objective requires that this capture volume be available each day,
the management system (whether infiltration, evaporation, reuse or discharge
via bioretention) must be capable of draining the captured stormwater within
24 hours.
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Table 2-3: Waterway Stability )\ aaggeraent

Objective:

Limit the post-development peak 1 year Average Recurrence Interval (ARI)
event discharge within receiving waterways to the pre-development peak 1
year Average Recurrence Interval (ARI) event discharge.

Background:

Urbanisation typically increases the duration of sediment-transporting flow in
urban streams, often leading to increased rates of bed and bank erosion. The
purpose of this design objective is to limit changes in downstream sediment
transport potential by “over-attenuating” events of intermediate magnitude.
These events are responsible for a large proportion of total sediment
movement in streams.

Details of the technical studies undertaken to develop the design objective are
provided in Appendix B.

Recommended
Application:

Since this objective aims to control in-stream erosion, the objective should only
be applied where runoff from or within the site the site passes through an
unlined channel, creek or non-tidal river.

Demonstrating
Compliance:

Compliance with this design objective can be demonstrated using one of the
following methods depending on the scale of the development:

Method A (for all developments < 10 ha gross site area)
Calculate Required detention storage using the following simple hydrograph
method in QUDM (1994, Equation 6.01):

Vs/Vi=1-0.5 Qo/Qi

Where:

Vs = Required Detention Storage (m3)

Vi = Volume of inflow hydrograph (m3)

Qo = Desired peak 1yr ARI outflow rate (m3/s)
Qi = Peak inflow rate (m?/s)

Qo is to be calculated using the Rational Method and pre-developed site
conditions (assuming zero % impervious and vegetation cover representative
of the development site and surrounding areas over recent years) and a storm
duration of 60 minutes for selecting the design 1 yr ARI rainfall intensity.
Special Note 1 in Appendix C provides the basis for using the 60minute storm
duration for calculating Qo.

Qi is to be calculated using the Rational Method and post-developed site
conditions. Values of Qi should be calculated for storm durations from 5
minutes up to 60 minutes.

Values of Vi corresponding to each of the calculated values of Qi are to be
calculated using the following equation:

Vi=4xtdxQi/3

Where
td = storm duration (minutes)

The maximum value of Vs calculated using QUDM (1994, Equation 6.01), for
values of Vi and Qi calculated for storm durations from 5 minutes to 60
minutes, is the Required Detention Storage to be provided for on the
development site. The outlet hydraulics for the detention storage must be
designed to limit the peak 1 yr ARI discharge to calculated value of Qo.

Method B: (for all developments > 10 ha gross site area)

This method uses runoff routing methods to establish the Desired Peak 1yr
ARI Outflow (m3/s) and Required Detention Storage (m3) for development
sites. The recommended method is described in detail in Appendix C.

It is recommended that Local Government apply Method B to establish
catchment specific values for Desired Peak 1yr ARI Outflow (m3/s) and
Required Detention Storage (m3). These values can then be prescribed in
relevant planning assessment and approval instruments.
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Table 2-4: Stomwater Quality Management

Obijective:

Achieve the following minimum reductions in total pollutant load, compared to
untreated stormwater runoff:

80% reduction in Total Suspended Solids

60% reduction in Total Phosphorus

45% reduction in Total Nitrogen

90% reduction in Gross Pollutants

Background:

Receiving water quality objectives are typically specified in terms of desired
pollutant concentrations. However, experience within Australia and overseas
has identified difficulties with the application of concentration-based receiving
water targets as discharge criteria for urban stormwater. These difficulties
include the possibility that the median (or some other percentile)
concentrations of pollutants in stormwater may be low, but pollutant
concentrations and loads during infrequent storm events may be very high. In
addition, the increase in runoff volume that typically accompanies urban
development can significantly damage urban streams through increased
disturbance and erosion, even if discharged pollutant concentrations are low.
For these reasons the proposed design objectives for stormwater quality
management adopt a load-based approach. Further discussion on
consistency between the load-based design objectives and the Queensland
Government Water Quality Objectives is provided later in the Section of this
report.

The numerical values of the load-based targets are based on achievable load
reductions from current best practice stormwater management infrastructure
operating in SEQ climatic and pollutant export conditions and operating near
the limit of its economic performance. This means that higher load reductions
could potentially be achieved, but substantial extra cost would be incurred to
obtain a very small additional water quality benefit.

Details of the technical studies undertaken to quantify the load-based targets
are provided in Appendix D.

Recommended
Application:

It is recommended that this design objective be applied to all development,
except for small residential re-development projects with less than six
dwellings with no internal roadways or very low density developments (less
than 25% total imperviousness).

Demonstrating
Compliance:

For small developments, some local governments may provide pre-determined
infrastructure solutions that are “deemed to comply” with the stormwater
quality management design objective. This eliminates the need for detailed
modelling.

For larger development proposals, numerical modelling of pollutant export and
stormwater treatment performance will be required to demonstrate
compliance. The “MUSIC” model is widely adopted for this purpose.
Modelling should be undertaken based on a continuous simulation of
catchment hydrology using models, parameters and methodologies in
accordance with local government requirements.
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2.4 Consistency of Proposed Design Objectives with Quee  ensland Government

Water Quality Objectives

The Queensland Environmental Protection Agency (EPA) has recently scheduled concentration-
based Water Quality Objectives (WQQOSs) for the majority of freshwater and estuarine streams in
SEQ. The scheduled WQOSs represent target pollutant concentrations in receiving waterways
necessary to achieve Environmental Values under ambient (dry-weather) conditions.

Pollutant concentrations in receiving waterways are influenced by a wide range of factors,
including the quality of stormwater from urban and other land-uses within the catchment, point
source discharges and in-stream pollutant assimilation processes. For this reason, the scheduled
WQOs do not apply directly to stormwater discharges (ANZECC 2000, p.2-17, Environmental
Protection (Water) Amendment Policy No. 30, 2006 (N o. 1) — p. 13), although some local
authorities have used the WQOs for this purpose. The application of concentration-based
objectives to wet-weather discharges would require collection of appropriate wet-weather data
from reference streams in the region. When such wet-weather concentration targets are available
they should then be applied in concert with the load reduction targets shown in Table 2.4 to
ensure that stormwater pollutant concentration and load are appropriately managed.

The proposed Stormwater Quality Management design objective (Table 2.4) aims to reduce
pollutant loads in accordance with “best practice” stormwater treatment (see Appendix D for
discussion on the definition of best practice). The adoption of a load-based objective overcomes
many of the difficulties associated with the application of ambient concentration-based objectives
to stormwater (see Section 2.1), and is consistent with ANZECC (2000, p.3.3-2) which
recommends that load-based guidelines should be developed for some pollutants, such as
nutrients and suspended particulate matter (TSS).

The proposed Frequent Flow Management and Waterway Stability Management criteria aim to
limit runoff volume, protect aquatic organisms from the effects of increased flow frequency and to
protect the structural integrity of streams. Hence, the proposed suite of design objectives goes
beyond the protection of water quality alone.

Pollutant export modelling undertaken for a range of case study developments in SEQ (see
Appendix F) indicates that, in many cases, stormwater management infrastructure that complies
with the proposed design objectives will discharge stormwater from minor events at or below
concentrations representative of the scheduled WQOs. In addition, catchment-scale numerical
modelling of pollutant export and receiving water pollutant dynamics, undertaken on behalf of the
Partnership (Beling, 2006), indicates that this suite of objectives, applied within the context of a
catchment-wide management strategy, can achieve the scheduled WQOs in many of the region’s
waterways. On this basis, the proposed suite of regional design objectives represents a practical,
best practice approach to stormwater management that will contribute to achieving the scheduled
water quality objectives.
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Proposed WSUD Design
Objectives

3.1 Overview

An important recommendation from the industry expert workshop held in September 2004 was the
need to test the feasibility of the proposed design objectives for WSUD in SEQ. Hence, a
feasibility assessment was undertaken to establish the practicality of complying with the
guantitative targets for each WSUD design objective by considering their application to a range of
typical development types in SEQ. Practicality was assessed by considering the number of
possible complying solutions, as well as the cost of compliance for different development types in
different climatic areas within SEQ.

To enable the feasibility of each of the proposed WSUD design objectives to be fully tested using
contemporary modelling tools a number of case study developments were selected from actual
development applications received by SEQ Councils. This allowed the quantitative models to be
configured using the actual physical site conditions and development layouts rather than relying
on hypothetical information. To test the influence of climatic variability across SEQ on the
feasibility of the proposed WSUD design objectives, each of the selected case study
developments was assessed using climatic data from four different climatic regions in SEQ.
These climatic regions were selected based on an assessment of mean annual rainfall and mean
number of rain days per year using climate records obtained from the Bureau of Meteorology.

The following sections describe:
the selection of case study development for the feasibility assessments,
the derivation of the four ‘climatic regions’ for SEQ,
the baseline assumptions adopted for the feasibility assessments, and

the methods used to assess the feasibility of each of the proposed WSUD design objectives
for SEQ.

3.2 Selection of Case Study Developments

The feasibility of the design objectives was tested on a selection of recently approved
developments. This ensured that development characteristics were consistent with current town
planning scheme provisions, as well as represent housing/building product types and
site/allotment layouts that reflect current stakeholder expectations in SEQ. Using actual case
studies allowed for rapid access to basic development characteristics required for the desktop
assessments (e.g. development density, site impervious area coverage, site topography, point of
legal discharge, etc.).

Gold Coast City Council, Brisbane City Council, Maroochy Shire Council and Ipswich City Council
offered recently approved development projects from their municipalities as potential case studies.
To enable extrapolation of the findings from the feasibility assessments to other development
types, care was taken to select a range of developments that offered a variety of:

Land surface conditions and building types with varying percentages of imperviousness and site
coverage.

On-site non-potable water demand, which influences the effectiveness of the use of rainwater
tanks as a stormwater management device (note, the use of rainwater tanks sized to meet
assumed water conservation targets was a generic assumption for all development types).

Seven development types were selected for the case studies:

Case study 1 : Residential A Greenfield (approximately 15 lots per hectare) — selected
because this will be a common development type requiring development approval from
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Councils in SEQ under the development intent expressed in the SEQ Regional Plan (Office of
Urban Management, 2005).

Case study 2 : Residential A Infill (‘one into two’ sub-division) — selected because this is a
common development type in municipalities undergoing urban consolidation and is expected
to play an important role in facilitating projected future population growth in SEQ (Office of
Urban Management, 2005).

Case study 3 : Residential Townhouse Development — selected because it represents a
development type with extensive areas of both roof and ground level impervious surfaces.

Case study 4 : Residential Three Storey Walk-up — selected for similar reasons as Case Study
3 and because it typically has a much higher proportion of roof area compared to Case Study
3.

Case study 5 : Residential High Rise — selected for similar reasons as Case Study 4 and
because it has a much higher on-site non-potable water demand relative to its available roof
area than Case Study 4.

Case study 6 : Industrial Warehouse — selected for its high imperviousness and typically low
on-site non-potable water demand relative to its available roof area.

Case study 7: Commercial (Local Retail) — selected for its high imperviousness and in
particular its extensive area of ground level impervious surfaces (i.e. car parking areas).

Figures E1 to E7 in Appendix E show the selected case study developments.

3.3 Selection of ‘Climatic Regions’ for SEQEQ

A review of Bureau of Meteorology records for SEQ identified four distinct ‘climatic regions’ as
shown below in Table 3-1.

Table 3-1: ‘climatic regions’ for SEQ

Figure 3-1 shows the delineation of the four ‘climatic regions’.

%



waterbydesign

Creating water sensitive communities in SEQ

Figure 3-1: Delinesition af dlinvettic egjions' for SEQ

3.4 Baseline Assumptions used in Feasibility Assessment  ts

A set of baseline assumptions covering the approach to water conservation, stormwater quality
management and stormwater quantity management on each of the seven case study

developments was developed to guide the feasibility assessments. These assumptions are
summarised in Table 3-2.

3.5 Methods used for the Feasibility Assessments

The methods for demonstrating compliance with the proposed three new stormwater management
assessment criteria and their associated design objectives, as presented in Tables 2-2 through 2-
4, are presented below. These methods were applied to each of the seven case study
developments to evaluate the feasibility of complying with the quantitative design objectives.
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Table 3-2: Case Study Baseline Assumptions

Res A
Greenfield
Res A
1into 2

3 Storey
Walk-up

Water Conservation Assumptions Stomwater Quali

Rainwater tanks for hot water and laundry (cold water)
use - alternative non-potable supply for garden and
toilet (target 75% reduction in traditional household
potable water use allowing also for demand
management)

Rainwater tanks for garden, toilet and hot water use
(target 40% source substitution of traditional
household potable water use)

Rainwater tanks for toilet and hot water with light
greywater to gardens (target 40% source substitution
of traditional household potable water use)

Rainwater tanks for toilet, hot water and laundry (cold
water) use with light greywater to gardens (target 40%
source substitution of traditional household potable
water use)

Rainwater tanks for toilet, hot water and laundry cold
with light greywater to gardens (maximise use of roof
runoff with tank size selected based on the point of
diminishing yield)

Rainwater tanks to all internal amenities excluding
kitchen cold water (maximise use of roof runoff with
tank size selected based on the point of diminishing
yield)

Rainwater tank to supply toilets for shop workers and
customers (maximise use of roof runoff with tank size
selected based on the point of diminishing yield)

Management Assumptions
Rainwater tank sized for water conservation
imperatives, balance of treatment required to comply
with Stormwater Quality Management Design
Objective provided within public realm areas (e.g.
road reserves and public open space) on the
development site

Rainwater tank sized for water conservation
imperatives, balance of treatment required to comply
with Stormwater Quality Management Design
Objectives provided on-site (i.e. within private realm)

‘As above’

‘As above’

Rainwater tank sized for compliance with the
Stormwater Quality Management Design Objectives.

Rainwater tank sized for water conservation
imperatives, balance of treatment required to comply
with Stormwater Quality Management Design
Objectives provided on-site (i.e. within private realm)

‘As above’

Stomwater Quantity Management Assumptions

1yr ARI peak flow (i.e. Waterway Stability Management Design
Objective) managed by shallow storage provided in
landscape/open space areas and by additional flood storage
provided within rainwater tanks

Frequency and volume of surface runoff events (i.e. Frequent flow
Management Design Objective) managed by shallow temporary
storage provided in landscape/open space areas with on-site re-
use, infiltration/evapotranspiration or discharge to sewer.

1yr ARI peak flow (i.e. Waterway Stability Management Design
Objective) managed by underground ‘tank’ storage and by
additional flood storage provided within rainwater tanks

Frequency and volume of surface runoff events (i.e. Frequent flow
Management Design Objective) managed by underground ‘tank’
storage with on-site re-use, infiltration/evapotranspiration or
discharge to sewer.

‘As above’

‘As above’

1yr ARI peak flow (i.e. Waterway Stability Management Design
Objective) managed by additional flood storage provided within
rainwater tanks.

Frequency and volume of surface runoff events (i.e. Frequent flow
Management Design Objective) managed by rainwater tank
storage and re-use.

‘As for Res A 1into 2’

‘As above’
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feasibility of complying with the Frequent Flow Management Design Objective was tested on

Creating water sensitive communities in SEQ each case study development using the following assessment steps:

The

Estimate the proportion of impervious area for the development.

Identify the design runoff capture depth  (from Table 2-2).

Calculate the required Capture Volume for the development (from Table 2-2).

Evaluate the practicality of providing the required Capture Volume on the development site.
Estimate the capital cost of providing the required Capture Volume .

Calculate the available on-site re-use demand (this step required some assumptions to be
made in relation to appropriate end uses for the captured stormwater and the daily demand
associated with each end use).

Evaluate if sufficient daily demand is available to draw down the required Capture Volume
within 24 hours.

results from the feasibility testing of the Frequent Flow Management Design Objective are

presented in Section 4 of this report.

Waterway Stability Management:

The

feasibility of complying the Waterway Stability Management Design Objective was tested on

each case study development using the following assessment steps:

Detention Storage (m /ha)

Identify the required Detention Storage for the development from Figure 3-2 (which was
derived using Method A in Table 2-3).

Evaluate the practicality of providing the required Detention Storage on the development site
Estimate the capital cost of providing the required Detention Storage .

Simple Hydrograph Method (Method A) Detention Stora  ge

300

280

=—&—Brisbane Region = North Coast

260 =—Western Region South Coast

240 A

220 /-/.

0 20 40 60 80 100
Fraction Impervious

Figure 3-2 — Required Detention Storage for Waterway Stability =~ Management Design Objective
(developments <10Ha)

The

results from the feasibility testing of the Waterway Stability Management Design Objective are

presented in Section 4 of this report.
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Stormwater Quality Management:

The feasibility of complying with the Stormwater Quality Management Design Objectives was
tested on each case study development by configuring conceptual layouts for best practice
stormwater ‘treatment trains’ and quantifying the performance of these ‘treatment trains’ using the
Model for Urban Stormwater Improvement Conceptualisation (MUSIC — Version 2.1) developed by
the Cooperative Research Centre for Catchment Hydrology (CRCCH, February 2005). MUSIC is a
continuous simulation pollutant export model that allows stormwater ‘treatment trains’ to be
simulated to assess their performance in mitigating pollutant loads and concentrations exported
from various surface types.

The MUSIC models established for each of the Case study developments used the following
surface types (where applicable) to define the development’s hydrologic and pollutant generation
characteristics:

Roof areas.

Road reserves.

Ground level impervious (car parks).

Ground level impervious other (e.g. pedestrian, courtyards).
Ground level pervious (parks and landscape areas).

The hydrologic characteristics of each surface type was expressed in the MUSIC model by
defining the relative percentage of impervious and pervious areas and adopting the pervious area
soil property parameter values recommended by Brishane City Council (2005, p.11).

The pollutant generation characteristic of each surface type was obtained from a review of the
literature. Brisbane City Council (2005, p.13) recommends pollutant concentration parameters for
use in the MUSIC model, which have been derived from their extensive program of ambient, and
event water quality monitoring on streams throughout Brisbane. The pollutant concentration
parameters recommended by Brisbane City Council are for ‘lumped’ land uses (residential,
commercial, industrial, etc) and do not consider the variation of pollutant concentrations generated
from the discrete surface types (roofs, roads, etc) within these ‘lumped’ land use categories. To
enable each of the case study development to be accurately modeled in MUSIC it was necessary
to derive pollutant concentration parameters for discrete surface types (roofs, roads, etc). This
was done by reviewing the stormwater data collected and interpreted by Duncan (1999) which
was partitioned into categories of ‘lumped’ land use and also sub-categories such as roofs and
roads. Duncan’s work enabled pollutant concentration data for discrete surfaces types such as
roofs and roads to be compared to ‘lumped’ land use pollutant concentrations and ‘average’ ratios
derived. The ‘average’ ratios were then used to estimate pollutant concentrations from discrete
surface types in SEQ by applying the ‘average ratios’ to the ‘lumped’ land use pollutant
concentration parameters recommended by Brisbane City Council (2005, p.13).

Table 3-3 shows the resultant pollutant concentrations derived from this process. Pollutant
concentrations for baseflows, typically one order of magnitude lower than in surface flows, were
left as the MUSIC model defaults.
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Table 3-3: Surface Runoff EMC Values Used in MUSIC Model Si  imulations

Land Use
Roofs 35 0.11 1.82
Roads 250 0.60 1.82
Car Parks 150 0.34 1.82
Other Impervious 150 0.34 1.82
i 150 0.34 1.82
Commercial Precincts/Allotments
Roofs 35 0.17 2.34
Roads 260 0.89 2.01
Car Parks 260 0.89 2.01
Other Impervious 260 0.89 2.01
Pervious Landscape Areas 150 0.34 1.82
Inaustrial Precincts/Allotments
Roofs 35 0.13 1.78
Roads 250 0.70 1.74
Car Parks 250 0.70 1.74
Other Impervious 250 0.70 1.74
Pervious Landscape Areas 150 0.34 1.82

Climatic data suitable for use in the MUSIC model was sourced from the Bureau of Meteorology.
Table 3-4 shows the rainfall stations and period of record used for the MUSIC modeling. The
climatic data used in the MUSIC modeling adopted a six minute timestep.

Table 3-4: Climatic Data usseddoMUISIOmddéls

Conceptual layouts for contemporary ‘best practice’ stormwater quality ‘treatment trains’ were
developed for each case study development. Rainwater tanks sized for water conservation were a
fundamental element in all of the ‘treatment trains’ developed for each case study development.
Where the specific case study development allowed, overflows from the rainwater tanks were
routed along with runoff generated from ground level impervious and pervious surfaces through a
ground-level stormwater treatment measure (typically either a bioretention system or a
constructed wetland). In some of the case study developments the scenario of not routing
overflows from rainwater tanks through the ground level treatments was also assessed to
determine if a smaller sized ground-level treatment measure could be used to achieve compliance
with the ‘Design Objective’. No consideration was given to ‘treatment trains’ that did not include a
rainwater tank(s).

Gross pollutant traps (GPTs) were not included in the treatment trains as the ground level
treatment measures used would all provide for complete capture of gross pollutants. However,
GPTs have a potential role on development sites with a low organic litter load and high
anthropogenic litter load, such as on commercial and some industrial sites, to provide litter and
coarse sediment capture as pre-treatment to bioretention treatment systems and wetlands.

The ground-level treatment measures used in the ‘treatment trains’ were all assumed to be
located within landscape areas provided for on each of the case study developments. It was
assumed for the two Residential A case studies (i.e. ‘greenfield’ and ‘one into two’) that not more
than 50% of the total landscape/open space area could be used for stormwater treatment. This
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allows for active recreation on the balance of the landscape/open space area. For all other case
study developments it was assumed that 100% of the total landscape/open space area could be
used for stormwater treatment subject to an assessment of its suitability (e.g. location relative to
impervious surfaces, slope, etc.). As all of the case study developments are recently approved
development proposals, it was assumed that the area of landscape/open space provided is
compliant with the minimum requirements of current planning regulations.

Figures F1 to F7 in Appendix F outline the ‘treatment trains’ considered for each case study
development. It was not possible to cover all potential ‘treatment trains’ in this study, however, the
adopted ‘treatment trains’ all use contemporary stormwater treatment measures that are currently
being adopted within new developments in SEQ. Other treatment measures such as porous
pavements, xeriscaped gardens, and non-structural stormwater treatment measures could all be
incorporated in complying ‘treatment train’ solutions. However, insufficient reliable information on
their treatment performance has precluded their inclusion in the MUSIC model assessments
undertaken for this study.

The results from the feasibility testing of the Stormwater Quality Management Design Objective
are presented in detail in Appendix F and summarised in Section 4 of this report.

3.6 Lifecycle Cost Analyses

In addition to assessing the physical practicality of the proposed design objectives, the anticipated
life-cycle costs to comply with the design objectives was also investigated. The lifecycle cost
analyses aimed to assess cost of compliance across development types and ‘climatic regions’ and
to identify potential inequities in compliance cost.

Cost data used for assessment of surface and sub-surface temporary flow detention storage
systems for compliance with the Frequent Flow Management Design Objective and Waterway
Stability Management Design Objective were estimated from recent contractor rates.

Life-cycle cost data for the stormwater quality treatment measures required for compliance with
the Stormwater Quality Management Design Objectives was obtained from cost data compiled by
the Cooperative Research Centre for Catchment Hydrology (CRCCH) and published in the
MUSIC (Version 2.1) User Manual. The cost data compiled by the CRCCH is considered to
represent upper bound estimates of cost for the construction and maintenance of stormwater
quality treatment facilities. Three key factors influence the accuracy of the current cost data,
being:

WSUD implementation in Australia is still in its infancy and as a consequence construction
contractors have tended to load contract prices with a contingency factor to reflect their lack
of experience constructing WSUD systems.

Maintenance costs for vegetated stormwater treatment systems such as bioretention and
wetlands can be high in the first few years of establishment (e.g. watering of plants, weed
management) and then typically reduce substantially following successful plant establishment
(Lloyd, 2002). Most of the maintenance cost data has been collected from recently
constructed stormwater quality treatment systems and therefore is likely to biased by the high
initial establishment phase costs.

The scalability of stormwater treatment technology has only recently been proved and
consequently new decentralised applications of treatment technologies such as bioretention
(e.g. streestcape bioretention systems) are not captured in the existing cost data. The
accuracy of the CRCCH cost data for application to these small-scale systems is therefore
guestionable.

Notwithstanding the above limitations of the CRCCH lifecycle cost data, it has been used in this
study because it is the only published cost data currently available in Australia, and the study aims
to assess the comparative cost of compliance between different development types and climatic
regions, rather than the actual cost. The life-cycle cost analyses undertaken for this study have
used the Australian Standard Methodology for life-cycle costing (Australian Standard: 4536:1999).
A 30 year life-cycle analysis was used with a 10% nominal discount rate.

The results from the lifecycle cost analyses are presented in detail in Appendix G and summarized
in Section 4 of this report.
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4.1 Frequent Flow Management Design Objective

The results from testing the feasibility of the proposed Frequent Flow Management Design
Objective on each of the seven case study developments are given in Table 4-1 and discussed
below.

Complying with the Frequent Flow Management Design Objective entails the provision of an on-
site stormwater capture storage, provided as either a shallow surface storage or as sub-surface
storage (or a combination of these), and capable of capturing and storing the Capture Volume
calculated in accordance with the following equation:

Capture Volume (m °) = Impervious area (m °) x target design runoff capture depth  (mm/day)
x 0.001

The captured stormwater runoff must be drawn down completely within 24 hours to ensure the
Capture Volume is available for subsequent runoff events. Providing the on-site storage facility to
retain the Capture Volume is not difficult for any of the seven case study developments. However,
the cost of providing the required on-site storage increases significantly if the storage needs to be
provided as sub-surface storage. This would be the case for the majority of developments with the
exception of Residential Greenfield type developments (Case Study 1), which typically have
sufficient provision of landscape areas to accommodate shallow surface storage. The most
difficult aspect of complying with the Frequent Flow Management Design Objective is identifying a
means of drawing down the Capture Volume within 24 hours. Ideally, the capture volume would
be used as an alternative water supply source to the regional potable water supply. This requires
connecting the captured stormwater to a reliable daily demand to ensure the demand is available
each day so as to ensure the complete draw down of the Capture Volume . Finding a reliable daily
demand that is significant enough to achieve complete draw down of the capture storage would be
difficult for all seven case study developments. The following example demonstrates this:

Example.

Consider a typical Residential Greenfield development of 10Ha and a development density of
15lots/ha. This type of development would typically have a total fraction impervious of 50%. From
Table 2-2 (Section 2) this development is required to capture the first 15mm/day from the
impervious area. The total impervious area is 5Ha (50,000m2) and the Capture Volume =
50,000m2 x 15mm/day x 0.001 = 750m°/d.

To fully draw down the Caprture Volume in 24 hours the daily demand required to be connected to
the storage needs to be 750m3/day (750KL/day). The Office of Urban Management’s SEQ
Regional Plan (2005, p.101) establishes a potable water consumption target of 230L/person/day
by 2020. Assuming an average of 2.5 persons per dwelling then the population of the 10Ha
development is 2.5 persons x 10Ha x 15 dwellings/Ha = 375 persons. Therefore the total daily
water demand = 375 persons x 0.23KL/day = 86.25KL/day, which is much less than the
750KL/day required daily demand.

Development types with greater population density (i.e. vertical density) than Residential
Greenfield such as Residential Townhouse (Case Study 3), Residential Three Storey Walk-up
(Case Study 4) and Residential High-rise (Case Study 5) may have sufficient actual daily demand
to achieve complete draw down of the Capture Volume depending on their overall ‘permanent’
population densities. It would be necessary however to connect the captured stormwater to
several ‘internal’ uses such as toilets and laundry cold in order to guarantee the daily demand.
Garden watering cannot be relied upon as a daily demand as it is unlikely to be available within 24
hours of a stormwater runoff event. The quality of the treated stormwater would need to be
appropriate for the connected end uses and therefore it would be necessary to provide treatment
to at least Class A+ to ensure fit for purpose re-sue of the captured stormwater. This level of
treatment would require disinfection (on top of meeting the Stormwater Quality Management
Design Objectives) and therefore would add additional cost to compliance with the Frequent Flow
Management Design Objective.

High impervious, low population development such as industrial warehouses and commercial
precincts will be unlikely to have an on-site reuse demand sufficient to draw down the Caprure
Volume within 24 hours. Therefore it would only be in situations where these developments had a
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large adjoining water demand (say a golf course or a water intensive industry such as pulp mill)
that the Frequent Flow Management Design Objective could be achieved by re-use of the
captured stormwater runoff.

Drawing down the complete Capture Volume by infiltration would only be possible on porous
sandy sites of which most of SEQ, with the exception of the coastal strip, is characterised by low
permeability surface soils.

For these reasons, the primary method of achieving this design objective for the majority of
development types will be to discharge the captured stormwater through an appropriately
designed soil and plant system, such as bioretention. Using this approach, the required Capture
Volume can be incorporated within the design of the device to meet the Stormwater Quality
Management objective.

%l
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Table 4-1: Results of Feeatibility’ssessmentdorreegaeht-lowidahsgergenient [R2aignDigettee

Total Capture Capture Storage Storage Storage Total
Gross Site | Fraction Depth Volume Storage Type Area Area Unit cost Acquisition TAC/Ha
Case Study Asn(fity) | Imp (%) (mmiday) (m) (m?) (%6GSA) | (s Cost ($)

1 Resdiential A Greenfield 4.5 50% 15 337.5 Surface 1350.00 3.0% 100 $33,750 $7,500
2. Resdiential A "1 into 2" 0.043 70% 15 4.515 Sub-surface 4.52 1.1% 400 $1,806 $42,000
3. Resdiential Townhouse 0.1019 70% 15 10.6995 Sub-surface 10.70 1.1% 400 $4,280 $42,000
4. Residential Three Storey Walk-up 0.0885 80% 15 10.62 Sub-surface 10.62 1.2% 400 $4,248 $48,000
5. Residential High Rise 0.195 100% 15 29.25 Sub-surface 29.25 1.5% 400 $11,700 $60,000
6. Industrial Warehouse 1 90% 15 135 Sub-surface 135.00 1.4% 400 $54,000 $54,000
7. Commercial "Local Retail" 0.42 100% 15 63 Sub-surface 63.00 1.5% 400 $25,200 $60,000

TAC excludes pumping costs and reticulation infrast

ructure to re-use demand
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The results from testing the feasibility of the Waterway Stability Management Design Objective on
the seven case study developments are summarized in Table 4-2 and discussed below.

Complying with the Waterway Stability Management Design Objective requires the provision of an
on-site detention storage provided as either shallow surface storage and/or sub-surface storage.
Sub-surface storage is constrained by the topography of the development site as it is necessary to
be able to drain, by gravity, the captured stormwater runoff to a ‘legal point of discharge’. The
provision of the required on-site detention storage volume, calculated from either of Method A or
Method B (whichever applies) in Table 2-3, is considered feasible for all development types,
particularly as it is already a common requirement for development in SEQ to provide on-site flood
detention storage to attenuate peak flows leaving the developed site, for all ARI's up to 100yr ARI,
to pre-developed rates of discharge.

An important aspect of the Waterway Stability Management Design Objective is that the
permissible peak rate of discharge for the 1yr ARI event from the development site is NOT the
same as the pre-developed peak 1yr ARI discharge at the development boundary (refer to
Appendix B for the technical investigations undertaken to establish the 1yr ARI as the target ARI
for Waterway Stability Management). Rather, it is the allowable peak 1yr ARI discharge from the
development site to ensure the effect of the development on the peak 1yr ARI flow in the receiving
waterway(s), at all locations downstream from the development site, are maintained at or below
the pre-developed 1yr ARI flow. Methods A and B in Table 2-3 have been developed specifically
to ensure that outcome is achieved.

Table 4-2 shows that most of the case study developments could comply with the Waterway
Stability Management Design Objective by incorporating the required on-site detention storage
within areas of landscape provision and in some cases by supplementing this with the provision of
dedicated flow detention storage within rainwater tanks. However, two of the case study
developments, being Residential Townhouse (Case Study 3) and Commercial Local Retail (Case
Study 7) were not able to provide the required volume of on-site detention. In these two cases, the
reasons for non-compliance were:

The location of the landscape areas provided for within the proposed development layout
relative to the development stormwater drainage system and the ‘legal point of discharge’
precluded provision of an adequately sized on-site detention storage, and

The total provision of landscape areas within the development layout was insufficient to
accommodate on-site detention storage of adequate size (Case Study 7 only).

In both of the above, non-complying cases, it may have been possible for the developments to
achieve compliance using sub-surface detention storage had there been sufficient fall on the site
to allow the sub-surface detention storage to ‘fee drain’ under gravity to the ‘legal point of
discharge’. However, in both cases this opportunity was not available.

To provide an adequately sized on-site detention volume as shallow surface storage, it may be
necessary for developers to increase the total landscape area and to adjust the location of
landscape areas relative to the development’s stormwater drainage system and legal point of
discharge.

The on-site detention storage required for compliance with the Waterway Stability Management
Design Objective will typically have a very slow rate of discharge in order to achieve the
permissible peak 1yr ARI discharge from the development. For this reason there is likely to be
minimal overlap between the storage volume required for waterway stability management and that
required for mitigation of major flood events. Flood storage routing would be required to identify
whether the on-site detention storage can provide some flood mitigation benefit.

O
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Table 4-2: Results of Feasibility Assessment for Waterway S Stability Management Design Objective

Assessment of maximum ‘Available’ On-site Storage
5
‘Required Detention Storage’ to ()
comply with the Waterway Stability
Design Objective ()
Climatic Using simple hydrograph method MRainwater tank storage ‘Detention Storage able to be provided on-sit
Zone

for sites < 10Ha Surface Storage (t (m3) -

Case study

Res A “Greenfield” 1 Not required
Area = 4.5 Ha 2 865 1250 Not required Yes
50% Impervious 3 750 1250 Not required Yes
4 630 1250 Not required Yes
Res A “linto 2" 1 7 16 Not required Yes
Area = 0.043ha 2 8 16 Not required Yes
40% Impervious 3 7 16 Not required Yes
4 8.5 16 Not required Yes
Townhouse 1 195 15 1.25 No
Area = 0.102ha 2 215 15 1 No
70% Impervious 3 18.5 15 2.75 No
4 225 15 1.25 No
3 Storey Walk-up 1 17.5 21 Not required Yes
Area = 0.088Ha 2 19.5 21 Not required Yes
80% Impervious 3 16.7 21 Not required Yes
4 20.2 21 Not required Yes
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Table 4-2: Results of Feasibility Assessment for Waterway S Stability Management Design Objective

Assessment of maximum ‘Available’ On-site Storage
(m°)

‘Required Detention Storage’ to
comply with the Waterway Stability
Design Objective ()
Climatic Using simple hydrograph method MRainwater tank storage ‘Detention Storage able to be provided on-sit
Case study Zone for sites < 10Ha Surface Storage (t (m3) ?

Residential High rise 1 Not required
Area 0.195Ha 2 46 Not required 54 Yes
100% Impervious 3 40 Not required 51 Yes
4 48 Not required 59 Yes
Industrial Warehouse 1 205 250 Not required Yes
Area 1Ha 2 225 250 Not required Yes
90% impervious 3 195 250 Not required Yes
4 235 250 Not required Yes
Commercial Local Retail 1 90 Not available 15 No
Area 0.42Ha 2 100 Not available 175 No
100% Impervious 3 85 Not available 17.5 No
4 105 Not available 30 No
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The results from testing the feasibility of the Stormwater Quality Management Design Objective on
the seven case study developments are summarized in Appendix F and discussed below.

All case study developments with the exception of the industrial warehouse development
(Case Study 6) and the commercial (local retail) development (Case Study 7) were shown to
be able to comply with the proposed load reduction targets without any loss of developable
area.

For Case Studies 6 and 7, the lack of suitably located landscape areas within the
development layouts (and in the Case of Case Study 7 insufficient overall provision of
landscape area) precluded the use of constructed wetland and bioretention systems of
sufficient size to achieve the specified Design Objectives.

In most cases, the complying ‘treatment train’ requiring the least land take was roof areas
connected to a rainwater tank(s), sized in accordance with Table 3-2, with bioretention for
treatment of all ground level runoff and rainwater tank overflows.

Roofs connected to rainwater tanks with a constructed wetland(s) providing treatment to all
ground level runoff and tank overflows was also shown to be a practical ‘treatment train’ for
compliance with the design objective on developments where provision of landscape areas
and/or public open space typically exceeds 10% (e.g. Residential Greenfield).

It is considered, based on the testing of the Stormwater Quality Management Design objective on
the seven case study developments, that all developments in SEQ can demonstrate compliance
with the Design Objectives with more than one design solution available. However, some
modifications to landscape areas within development layouts may be required to accommodate
the provision of stormwater ‘treatment trains’ sized to comply with the Stormwater Quality
Management Design Objectives.

Whilst it has been shown that it is technically feasible for all development types in SEQ to
demonstrate compliance with the Stormwater Quality Management Design Objectives, the cost of
compliance and considerations of asset ownership and management, as discussed in the
following sub-sections, may influence the final range of development types to which the Design
Objectives is applied.

4.4 Life-Cycle Cost Aradjgsas

Frequent Flow Management

The cost of complying with the Frequent Flow Management Design Objective depends on the
approach adopted to demonstrate compliance.

Method 1: Stormwater Capture and Re-use

If stormwater capture and re-use is the adopted method of compliance then the capital cost for
provision of the storage facility to contain the calculated Capiture Volume (refer Table 2-2 and
Section 3) and the infrastructure required to connect the collected stormwater runoff to the re-use
demand are the two major cost components. As discussed in Section 3, for most development
types the storage facility is likely to be a sub-surface storage tank that will have no impact on
developable area but has a comparatively high unit cost ($300-$400/m3) compared to surface
storage ($50-$100/m3). The infrastructure required to connect the storage facility to the re-use
demand will be highly site specific but is likely to include pressure pump, rising mains and
reticulation pipes. The costs for this connecting infrastructure have not been estimated for this
study.

By reference to Table 4-1 (Section 4) the capital costs per hectare of development for provision of
the on-site storage facility to contain the calculated Capture Volume increase significantly when
sub-surface storage is required and when the percentage of impervious area increases. This is to
be expected and is not seen as an inequity between development types with the exception of
Case Studies 1 and 2. It was assumed that provision of the storage facility on Case Study 2 (i.e.
Residential ‘one into two’) would be sub-surface storage to avoid the inconvenience of having
temporarily stored stormwater runoff on the landscape areas of private allotments. This
assumption drives the cost of compliance (per hectare of development) for this type of
development up by an order of magnitude compared to a Greenfield Residential development,
which is more likely to be able to locate the storage facility within public realm landscape areas.

9%
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Given the clear inequity between the cost of compliance for Case Studies 1 and 2, consideration
may need to be given by individual Local Councils as to whether small scale residential
developments such as ‘one into two’ type developments, where the provision of storage facility will
be on private land, can be excluded from having to demonstrate compliance using on-site storage.
A possible alternative is for the Local Council to consider opportunities for the provision of local
‘precinct’ scale storage facilities whereby the cost for these facilities can be recovered through
inclusion of the storage facility in stormwater infrastructure charges.

Method 2: Treatment of all impervious area runoff by discharge through a bioretention system.

Using this method to demonstrate compliance with the Frequent Flow Management Design
Objective means a substantial component of the cost of compliance will be covered by the costs
to comply with the Stormwater Quality Management Design Objective, as discussed later in this
Section.

For all other development types (Case Studies 3 through 7), the cost of compliance with the
Stormwater quality Management Design Objective, and hence the Frequent Flow Management
Design Objective, are considered to be commensurate with the type, density and level of
environmental impact risk associated with the development. Therefore, cost of compliance for
those types of development are considered to be fair and reasonable to ensure environmental
impacts are mitigated.

Waterway Stability Management

The cost of complying with the Waterway Stability Management Design Objective is sensitive to
the form of on-site detention storage used to attenuate the 1yr ARI flows discharged from the
development site. As indicated in Table 4-2 and the subsequent discussion of the results
summarized in that table, it is considered feasible that all development types can provide the
required volume of on-site detention storage to comply with the Waterway Stability Management
Design Objective, provided the development layout makes adequate provision of landscape area,
correctly located in relation to the development’s stormwater drainage network and ‘legal point of
discharge’, to accommodate provision of a shallow surface detention storage integrated within the
landscape area. Provision of additional storage within rainwater tanks, dedicated to on-site
detention, can also contribute to the required on-site detention storage.

The cost for provision of shallow surface detention storage, integrated within landscape areas, is
comparatively much smaller than sub-surface storage ($50-$100/m*® compared to $300-$400/m®
for sub-surface storage).

Table 4-3 below applies a unit rate of $100/m?® for shallow surface on-site detention storage to the
calculated on-site detention storage volumes shown in Table 4-2.

%ot
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‘Required Detention Storage’

to comply with the Waterway Capital Cost
Stability Design Objective Capital Cost | for Detention
(m°) for Detention | storage / Ha of
Using simple hydrograph Storage development

Case study Climatic Zone method for sites < 10Ha ($,000) ($/Ha)
Res A “Greenfield” 1 788 78 17,350
Area =451 Hal 2 865 86.5 19,220
50% Impervious 3 750 75 16,670

4 630 63 14,000
Res A “linto 2" 1 7 0.7 16,280
Area = 0.043ha 2 8 0.8 18,600
40% Impervious 3 7 0.7 16,280

4 8.5 0.85 19,770
Townhouse 1 195 1.95 19,110
Area = 0.102ha 2 215 2.15 21.080
70% Impervious 3 18.5 1.85 18,140

4 225 2.25 22,060
3 Storey Walk-up 1 17.5 1.75 19,890
Area = 0.088Ha 2 195 1.95 22,160
80% Impervious 3 16.7 1.67 18,980

4 20.2 2.02 22,950
Residential High rise 1 42 4.2 21,540
Area 0.195Ha 2 46 4.6 23,590
100% Impervious 3 40 4.0 20,510

4 48 4.8 24,615
Industrial 1 205 20.5 20,500
Warehouse

2 225 22.5 22,500
Area 1Ha

3 195 195 19,500
90% impervious

4 235 135 13,500
Commercial Local 1 90 9 21,430
Retail

2 100 10 23,810
Area 0.42Ha

3 85 8.5 20,240
100% Impervious

4 105 105 25,000

It can be seen from Table 4-3 that there is an equitable distribution of capital cost for provision of
on-site detention storage across all development types and across climatic regions with cost
increasing in line with increased levels of percentage impervious. There will be minimal on-going
operating and maintenance costs associated with the on-site detention storage and therefore
lifecycle cost will be dominated by the initial capital acquisition costs.
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Stormwater Quality Management

The results of the life-cycle cost analysis for complying ‘treatment trains’ for each of the seven
case study developments are tabulated in Appendix | and summarized below in Table 4-4 and on
Figure 4-1.

The lifecycle cost analyses indicate that the cost of compliance (total acquisition cost $/ha and life-
cycle cost in $/ha) varies significantly across development type and to a lesser extent across the
four ‘climatic regions’. By considering the least cost complying ‘treatment train’ for each case
study, it can be seen that:

- Residential high-rise and Residential A (Greenfield), have the lowest compliance capital costs
($30K/ha to $40K/ha) and life-cycle costs ($30K/ha to $65K/ha).

- Residential Three Storey Walk-up, Residential Townhouse, Residential A (one into two) and
Industrial Warehouse have compliance capital costs of between $50K/ha - $140K/ha and life-
cycle costs of between $140K/ha to $445K/ha.

- The commercial (local retail) case study, whilst typically unable to comply with the has the
highest capital cost being $220K/ha and life-cycle costs $750K/ha. The extremely high costs
for the Commercial (local retail) case study are due to the high capital and annual
maintenance costs associated with sand filters.

- The South Coast climate region typically incurs the highest life-cycle cost of compliance whilst
the Western region typically incurs the lowest life-cycle cost of compliance. This is explained
by the climatic variability across SEQ.

- The variation of life-cycle cost of compliance across the four climatic regions ranges from 10%
(for the Residential Townhouse case study) to 50% variation for the Residential High-rise
case study.

The complying ‘treatment trains’ that include wetlands attract a higher compliance cost than those
including bioretention. This result is explained by the fact that wetlands typically need to detain
stormwater for a significantly longer duration than bioretention in order to achieve the same level
of pollutant removal (i.e. 48 to 72 hours for wetlands compared to 12 to 24 hours for bioretention).
Therefore, wetlands typically need to be more than five times the size of bioretention to achieve
the same stormwater treatment outcome.

The complying capital and life-cycle costs include the costs associated with implementing
rainwater tanks sized to achieve compliance with the assumed water conservation targets (Table
3-2). The rainwater tanks have an inherent stormwater quality (and quantity) management benefit
by removing stormwater flows through collection and re-use. As such the complying capital and
life-cycle costs presented in this report are the cost to comply with the Stormwater Quality
Management Design Objective as well as contributing toward the compliance of a possible future
Water Conservation Design Objective.

Considering the pollutant load generation rates (kg/ha) and the life-cycle cost per kilogram of
pollutant retention ($,000/kg) values summarized in Appendix I, the following observation were
made:

Residential A (one into two) has the lowest pollutant load generation rate of all seven case
studies but incurs the highest (by a significant margin) life-cycle cost per kilogram of pollutant
retention. This suggests that imposing the Design Objective on this type of development
would have the least cost-effective outcome.

Residential A (Greenfield) also has a comparatively low pollutant generation rate (compared to
the other case study developments) but unlike the Residential A (one into two) has a life-cycle
cost per kilogram of pollutant retention that compares more favourably with the other case
study developments. This suggests that imposing the Design Objective on this type of
development would be cost-effective.

Of the remaining five case study developments, only the Commercial (local retail) case study
delivers a comparatively poor cost-effectiveness. This can be attributed to the lack of
landscape area provision on this type of development, which precludes the use of
bioretention as a ground level treatment measure.

Figure 4-1 provides a graphical representation of the points raised above (in this case using
TSS as the pollutant of interest). The columns represent the life-cycle cost of compliance
whilst the lines represent the relative load of TSS generated by each of the case study
developments.
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Table 4-4: Life~cycle Cost Analysis - - Summary of Results for Stormwater Quality Manageme ent Design Objediive (all costs in 2004%)

Zone 1 — Greater Brisbane Zone 2 — North Coast Zone 3 — Western Region Zone 4 — South Coast
Complying Total Life-cycle Complying Total Life-cycle Complying Total Life-cycle Complying Total Life-cycle
Acquisition Cost Acquisition Cost Acquisition Cost Acquisition Cost
‘Treatment Cost ‘Treatment Cost ‘Treatment Cost ‘Treatment Cost
Train(s) $,000/ha Train’ $,000/ha Train’ $,000/ha Train’ $,000/ha
Case study $,000/ha $,000/ha $,000/ha $,000/ha
Res A TtoB 30 (20) 60 (30) TtoB 30 (15) 55 (25) TBo 35 (25) 60 (37) TtoB 35 (20) 65 (30)
Greenfield
TtoW 78 (25) 100 (37)
Res A TtoB 95 (60) 430 (85) TtoB 90 (50) 430 (70) TtoB 90 (70) 345 (95) TtoB 95 (55) 445 (75)
1linto 2
TtoW 465 (60) 520 (85) TtoW 595 (50) 680 (70) TtoW 365 (70) 410 (95) TtoW 710 (55) 810 (75)
Townhouse TtoB 115 (90) 315 (125) TtoB 105 (75) 300 (110) TtoB 140 (120) 320 (160) TtoB 120 (90) 335 (125)
TtoW 355 (90) 420 (125) TtoW 320 (120) 380 (160)
3 Storey T+B 50 (40) 160 (45) T+B 50 (35) 165 (40) T+B 50 (40) 140 (45) T+B 55 (35) 180 (45)
Walk-u
- T+W 195 (40) 220 (45) T+W 240 (35) 270 (40) T+W 155 (40) 170 (45)
Residential T 30 35 T 30 35 T 25 30 T 40 45
High-rise B 30 145 B 30 135 B 25 130 B 35 150

Industrial TtoW 130 (5) 150 (5) TtoW 150 (5) 180 (5) Tvo 95 (5) 110 (5) _ _ _
Warehouse

Commercial _ _ _ _ _ _ Tto SF 220 (10) 750 (10) _ _ _
Local Retail

() Costs in open brackets are for the rainwatgc tdlement only; T: Rainwater Tank only; B: Biorgien only; T + B: Rainwater Tank and Bioretenti@verflows from tank not directed to bioretentiom) W:
Rainwater Tank and Wetland (overflows from tank dictcted to wetland); T to B: Rainwater Tank totention (overflows from tank directed to biorgien); T to W Rainwater Tank and Wetland (overfiow
from tank directed to wetland); T to SF: Rainwakank to Sand Filter (overflows from tank directedsand filter). In all cases bioretention, wetlamdl sand filter treats all ground level imperviansl pervious
surfaces.
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Life-cycle cost of compliance and TSS Aerial Loadin g Rate
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4.5 Recommendations from Feasibility and Lifecycle Cost Assessments

Frequent Flow Management:

Complying with the Frequent Flow Management Design Objective by capturing and re-using
stormwater runoff will be difficult for a number of developments, particularly high impervious
development with low on-site demand such as industrial warehouse type development and low-to-
medium density residential developments. It is therefore important that an acceptable alternative
complying solution be available to ensure the important intent of this Design Objective is
preserved and delivered. To this end, the capture and slow ‘bleed’ of stormwater runoff by
contemporary stormwater quality treatment facilities such as bioretention systems is considered to
provide outcomes consistent with the intent of the Frequent Flow Management Design Objective,
for both hydrology and water quality.

It is therefore recommended that development proponents be given the option to comply
with the Frequent Flow Management Design Objective by capturing the design runoff
capture depth from Table 2-2 and managing the captured runoff by one or more of:

Stormwater re-use; or
Evaporation, or
Infiltration to native soils, or

Discharge through an appropriately designed soil and plant stormwater treatment
system such as bioretention.

The design capture volume may be included in the capture volume required to treat
stormwater to meet water quality objectives and vice versa).

It is recommended that the Frequent Flow Management Design Objective not be
required for highly disturbed waterways. Where a receiving waterway is degraded, this
design objective should only be applied if the local municipality has identified some
potential for future rehabilitation of the stream.

Waterway Stability Management:

Complying with the Waterway Stability Management Design Objective by providing temporary
storage of 1yr ARI storm flows within on-site detention facilities provided by either temporary
shallow surface storage within landscape areas and/or tank storage is feasible for all development
types in SEQ.

It is therefore recommended that the Waterway Management Design Objective be
applied to all developments in SEQ that discharge to an unlined, non-tidal, waterway.
Where a receiving waterway is degraded, this design objective should only be applied if
the local municipality has identified some potential for future rehabilitation of the stream.
Further, it is recommended that the on-site detention storage required to comply with the
Waterway Stability Design Objective not be credited as ‘available’ storage for flood
mitigation unless a detailed storage (reservoir) routing assessment is undertaken to
demonstrate otherwise.

Stormwater Quality Management:

The feasibility assessments indicate it would be feasible to apply the Stormwater Quality
Management Design Objectives to all types of development in SEQ. There is however some
compliance cost inequity that appears to disadvantage the development of small scale residential
projects, such as ‘one into two’ (Case Study 2) and other similar detached dwelling developments
that typically have the majority of their impervious areas comprised of roofs with minimal ground
level imperviousness (i.e. no internal road network). These developments generate comparatively
low pollutant loads and concentrations per hectare of development compared with the other types
of development yet require treatment facilities of similar size (i.e. treatment area per hectare of
development) to the other development types. This is because stormwater quality treatment
facilities are sized to capture a certain volume of runoff from the development, independent of the
actual load or concentration of pollutants within the runoff.

A possible approach for these small scale residential development projects could be the use of a
‘deemed to comply’ solution which could be a rainwater tank sized for water conservation



objectives. In addition to this, the ‘deemed to comply’ solution could also include the requirement

WaterhydES'igl‘l for payment of an appropriate infrastructure charge calculated by the local Council for the
stormwater catchment within which the development lies.

Creating water sensitive communities in SEQ

It is recommended that the Stormwater Quality Management Design Objective should
be applied to all developments in SEQ, with individual councils determining a policy for
dealing with small-scale residential development projects. Such policies may include
deemed-to-comply solutions and/or contributions to regional management
infrastructure through infrastructure charges. A suitable threshold for defining small-
scale development is a development consisting of no more than 6 detached residential
dwellings.
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The current absence of regionally consistent design objectives for WSUD in SEQ is an important
barrier to effective implementation of WSUD. The Staftegy for Water Sensitive Urban Design in
South East Queensiand, developed by the Partnership, seeks to overcome this barrier by providing
a set of appropriate design objectives.

Based on two workshops of national and local industry experts, three new stormwater management
design objectives suitable for application in SEQ have been developed. The proposed design
objectives, detailed in Tables 2-2 through 2-4, have been derived from detailed technical studies
(Appendices A, B and D) using locally relevant SEQ data and experience. The proposed new
stormwater design objectives have been tested on seven case study developments typical of the
development occurring in SEQ to establish the feasibility of complying with the design objectives
and to assess the cost of compliance and any inequities that may exist between development types
and across the four climatic regions of SEQ (Sections 3 and 4).

This study has confirmed the feasibility of the proposed three new stormwater management design
objectives and has made recommendations for the application of the design objectives (Section 4
and Tables 2-2 though 2-4 in Section 2).

Application of the proposed new stormwater management design objectives to all new
development (greenfield and brownfield) in SEQ will improve the protection of community derived
environmental values assigned to the waterways, wetlands and Bays throughout SEQ and will lead
to improved protection of key ecological systems and biodiversity in the SEQ region.

It is recommended that the proposed stormwater management design objectives presented in this
report be adopted at the earliest possible time to ensure that stormwater impacts of current urban
expansion are adequately addressed.
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Appendix A - Derivation of
Frequent Flow Management
Design Objective

A.l. Introduction

This Appendix summarises the numerical modelling studies undertaken to define an appropriate
design capture volume for the Frequent Flow Management design objective. The design Capture
Volume was selected to provide a similar frequency of surface runoff for small rainfall events and
to achieve a similar overall volumetric runoff coefficient to an undeveloped catchment.

A.2. Methodology

The design capture volume was estimated as follows:

The daily rainfall-runoff model within MUSIC was calibrated to approximately 4 years (1996
—19999) of daily data from the Cressey St catchment in the Brisbane suburb of Wavell Heights.
The Cressey St catchment has an area of 107 ha and is fully developed with typical detached
residential dwellings. The total fraction impervious is approximately 40%. Figure Al shows a
comparison of recorded and predicted flow-duration curves for the Cressey St catchment for the
calibration period.

Using the 10 year time series for each of the four climatic zones, simulated daily runoff
volumes were generated for different proportions of impervious area using the calibrated model
parameters with different proportions of impervious area.

A pre-development MUSIC model was developed to describe the “reference condition”,
represented by a 100% urban pervious catchment condition (using the pervious area soil moisture
store parameters from the calibrated Cressey Street MUSIC model). Studies elsewhere in
Australia (Walsh 2000) have shown that stream health substantially declines in catchments with
impervious area of greater than 2 to 3%. Using the pre-development model, a target volumetric
runoff was established for each of the four climatic regions.

The models with different proportions of impervious area were then run with capture and
management of the first 10, 15, 20 and 25mm of daily runoff from impervious surfaces. The
resulting flow duration curve and annual volumetric runoff (AVR) were compared to the reference
condition model to determine the capture volume required to mimic pre-development conditions.

A.3. Results

Tables Al to A4 show estimated AVR for the different climatic zones for different daily Capture
Volumes and proportions of impervious area. Tables Al to A4 also show the recommended daily
runoff capture depth for each fraction impervious and climatic region and the resultant reduction in
pollutant load due to the reduced runoff volume. These results indicate that runoff capture and
management can substantially reduce pollutant loads.

Figures A2 to A13 show the flow duration curves derived from the MUSIC model for each fraction
impervious and climatic region with the curves showing the “reference condition”, impervious area
runoff with no capture, and impervious area runoff with 20mm (where relevant), 15mm, 20mm and
25mm daily runoff capture depths. The X-axis on the flow duration curves is the percentage of time
exceeded (expressed as a fraction and NOT as percentage). Where the flow duration curves depart
from what is obviously the zero (or near zero) flow condition reveals the frequency of occurrence of
surface runoff events. For example, on Figure A2 the flow duration curve for the 40% impervious
development with NO runoff capture and management diverts from the zero flow condition at an
excedence frequency of 0.2 (20% of the time or 70 days per year on average). The 10mm capture
condition flow duration curve departs from the zero flow condition at an excedence frequency 0.07
(7% of the time or 25 days per year).
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Figure A1

Table A1 — Brisbane Region AVR Calculation Results

Recommended Mean Annual Pollutant Load Reduction (%)
Total Fraction Daily Capture M Target Actual Daily Capture | due to capture and management of stormwater runoff
Impervious and Management AVR AVR and Management
(%) (mm/day) (ML/yr) (ML/yr) (mm/day) TSS TP TN
40 0 25 57.0
5 25 38.3
10 25 33.7 10 40.00% 40.00% 40.00%
15 25 29.9
60 0 25 73.2
15 25 37.7 15 48.00% 48.00% 48.00%
20 25 32.3
25 25 28.2
80 0 25 89.3
15 25 41.9 15 53.00% 53.00% 53.00%
20 25 34.7
25 25 29.3
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| |
Recommended Mean Annual Pollutant Load Reduction (%)
Total Fraction Daily Capture M Target Actual Daily Capture due to capture and management of stormwater runoff
Impervious and Management AVR AVR and Management
(%) (mm/day) (ML/yr) (ML/yr) (mm/day) TSS TP TN
40 0 47.7 84.5
5 47.7 60.1
10 47.7 53.5 10 47 47 47
15 47.7 48.9
60 0 47.7 103.0
15 47.7 56.4 15 45 45 45
20 47.7 49.6
25 47.7 44.4
80 0 47.7 121.0
15 47.7 59.3 15 51 51 51
20 47.7 50.2
25 47.7 43.3

Table A3 — Westem Region AVR Calculation Results

Recommended Mean Annual Pollutant Load Reduction (%)
Total Fraction Daily Capture M Target Actual Daily Capture due to capture and management of stormwater runoff
Impervious | and Management AVR AVR and Management
(%) (mm/day) (ML/yr) (ML/yr) (mm/day) TSS TP TN
40 0 10.3 33.3
5 10.3 24.3
10 10.3 19.3 10 42 42 42
15 10.3 16.1
60 0 10.3 44.8
15 10.3 18.9 15 58 58 58
20 10.3 15.7
25 10.3 13.3
80 0 10.3 56.3
15 10.3 21.8 15 62 62 62
20 10.3 17.5
25 10.3 14.3

Table A4 — South Coast Region AVR Calculation Results

Recommended Mean Annual Pollutant Load Reduction (%)
Total Fraction | Daily Capture M Target Actual Daily Capture |due to capture and management of stormwater runoff
Impervious |and Management AVR AVR and Management
(%) (mm/day) (ML/yr) (ML/yr) (mm/day) TSS TP TN
40 0 60.0 95.4
5 60.0 72.3
10 60.0 66.3 10 31 31 31
15 60.0 61.9
60 0 60.0 113.0
15 60.0 69.4 15 39 39 39
20 60.0 62.8
25 60.0 57.5
80 0 60.0 131.0
15 60.0 725 15 45 45 45
20 60.0 63.6
25 60.0 56.6
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Figure A5 — North Coast Region: 40% Total Impervious Flow Dura ation Curves
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Figure A7 — North Coast Region: 80% Total Impervious Flow Dura ation Curves
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Figure A8 — Westem Region: 40% Total Impervious Flow Duration n Curves

Figure A9 — Westem Region: 60% Total Impervious Flow Duration n Curves
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Figure A10 — Westem Region: 80% Total Impervious Flow Duration n Curves

Figure A11 — South Coast Region: 40% Total Impervious Flow Guiauratiom Cuness
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Figure A12 — South Coast Region: 60% Total Impervious Flow Dura ation Curves

Figure A13 —South Coast Region: 80% Total Impervious Flow Durat  tion Curves
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A.4. Conclusions

The results shown in Tables Al to A4 and Figures 4.2 to 4.10 indicate that the required capture
volume increases with impervious area. However, there is little variation in the required capture
volume across different climatic regions. Recommended capture volumes are shown in Table A5
below.

Table A5 — Recommended Daily Runoff Capture Depths

Total Fraction Impervious Recommended daily runoff capture
(%) depth for impervious area runoff
< 40% *10 mm/d
40% 15 mm/d

* Developments with a total Fraction Impervious < 40% should also ensure all overflows from the runoff
capture storage(s) are directed onto pervious surfaces and NOT direct to a formal (pipe or open channel)
drainage system.

The recommended daily runoff capture depths will not achieve 100% replication of the “reference
condition” hydrology. The calculated AVR and flow duration curves illustrate an increase in AVR,
relative to the respective “reference cases”, of between 10 and 100% and an increase in the
frequency of surface runoff events from 3 to 4 events per year (on average) to 15 to 20 events per
year (on average). However, when compared to the AVR values and flow duration curves
calculated for impervious areas with no runoff capture and management, the hydrologic benefits of
the recommended daily runoff capture depths are more evident. In all cases, except for the lower
fraction impervious developments (<40%), the reduction in AVR resulting from capturing and
managing the first 15mm runoff from impervious surfaces is > 50% and the frequency of surface
runoff events reduced by 70-80% from 70+ events per year (on average) to 15 to 20 surface
runoff events per year (on average).

Capturing and managing the first 20 to 20mm runoff from impervious surfaces achieves close to
the pre-developed catchment hydrology based on consideration of AVR and flow duration.

The decision to select the above recommended daily runoff capture depths over adopting the
more stringent values was taken based on a balanced consideration of compliance feasibility and
anticipated ecological benefits. Because the science underpinning industry’s current
understanding of aquatic ecosystem health and its response to catchment urbanization is still
developing it is not possible to be precise about the actual level of hydrologic management
required to protect or enhance aquatic ecosystem health. Therefore, it is recommended that Local
Government and State Government undertake (or require developers undertake) monitoring of
waterway health (using an appropriate measure such as SIGNAL score) to evaluate the affect on
waterway health of compliance with this design objective. If the monitoring reveals discernable
ecological degradation then it may be necessary to reconsider the above recommended daily
runoff capture depths.
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Appendix B - Derivation of
Waterway Stability Management
Design Objective

B.1 Introduction

Urban development increases both the volume and frequency of stormwater runoff. An important
consequence of these effects is the potential for increased erosion of the bed and banks of natural
waterways downstream of urbanising areas. Without control measures in place, this increase in
erosive potential typically leads to channel enlargement and a reduction in aquatic habitat value.
These effects are now regarded by some (Roesner et al. 2001) as being of greater importance
than reductions in water quality due to urbanisation.

B.1.1. Flow management requirements in Australia

A commonly applied flood management requirement in Australia is to maintain the pre-
development peak flow for major flood events (up to 100 year Average Recurrence Interval event)
under post-development conditions. The purpose of this requirement is to protect downstream
infrastructure and residents from increased flood risk. There is no consideration of the
geomorphology or ecology of the receiving stream in this approach.

In addition to the management of extreme floods, recent stormwater management guidelines
identified the retardation of the post-development 1.5 year ARI flow to the pre-development level
(Victorian Stormwater Committee, 1999). The purpose of managing this more frequent flow was
to ‘protect channel form and aquatic ecosystems from flow-related impacts’ (Victorian Stormwater
Committee, 1999). The implementation of stormwater and flood detention and retardation facilities
to meet various objectives are referred to in this report as flow management strategies. The
retardation of flows to meet pre-development discharge rates with ARIs in the order of 1-2 years
are referred to in this report as Waterway Stability Management design objectives.

B.1.2. Geomorphological and ecological impacts of flow man  nagement

The flow management strategies described above are classified as peak control objectives. Little
research has been carried out on the impact of peak control flow management strategies on the
geomorphology and ecology of Australian streams. However, a number of studies have
investigated this issue in other countries, and they are briefly reviewed below.

B.1.3. Impacts of 100 year ARI only retardation

Flow management strategies that only target extreme flood events (e.g. the 100 year ARI event
provide little attenuation of more frequently-occurring flows, which means post-development flows
of considerable size (e.g. 10 year ARI) may have limited retardation and attenuation.
Consequently, the strategy reduces downstream flooding but does not provide significant
protection to the geomorphology and ecology of receiving stream channels. For example, the pre-
development two year flow in a Maryland, USA, catchment was estimated to occur up to three
times a year following urban residential development and up to eight times a year following
industrial development (Roesner et al., 2001). The limited (or lack of) retardation for events more
frequent than the 100 year ARI means it is likely that many of the degrading impacts on the
geomorphology and ecology described above will occur in streams where flow management only
considers large events.

B.1.4. Impact of restactdiionadfifeepeentifoves

A number of municipalities in the USA require that post-development peak two year flow should
match the pre-development peak two year flow, on the basis that research by Leopold et al.
(1964) indicated the flow that occurs at intervals of 1 to 1.5 years on average is the ‘channel
forming’ or ‘dominant’ discharge. This is also the rationale for the 1.5 year ARI objective presented
in Victorian Stormwater Committee (1999). Published research has identified two main issues
with this approach:

The post-development two year event will contain a greater volume of runoff than under
pre-development conditions; by limiting the peak flow to the same level, the flow duration of the
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event may increase leading to an increase in sediment transport capacity. If the two year flow is
competent to transport bed material in the receiving channel then channel erosion will be
exacerbated. MacRae (1997) found the hours of exceedance of morphologically-significant flows
(i.e. those that cause erosion) increased by 4.2 times following development of 34% of a small
catchment. Channel erosion led to elevated sediment yields and a threefold increase in pre-
development cross-sectional area, despite a two year ARI flow management target. Bledsoe
(2002) reported an increase in erosive flows of over 50% for post-development conditions in a
catchment in Fort Collins, Colorado.

With increased development and associated increased runoff, the bankfull event often
shifts to rainfall events smaller than the two year ARI. Consequently, the total energy available to
transport bed materials can actually increase when two year peak discharge control is used, as it
neglects the increased frequency of bankfull and sub-bankfull flows in urbanised catchments

B.2. Problem statement and purpose of analysis s

Managing increased flows from areas that are being developed into urban and suburban land
uses is an integral part of protecting the ecological health of streams in SEQ. The purpose of the
analyses presented in this report is to investigate the impact of flow management practices such
as retardation on the erosion potential in streams in south-east Queensland (SEQ) and to
recommend the Average Recurrence Interval (ARI) to be used in SEQ for peak control flow
management for the protection of waterway stability.

B.3. Methodology

The methodology used to analyse the impact of flow management strategies on erosion potential
for a stream system in SEQ was based on the analyses previously presented by Ecological
Engineering to the Healthy Waterways Partnership for a stream at Mernda in Victoria. A key
extension of the Mernda analyses was to consider the impact of flow management on erosion
potential at the catchment-scale. A number of additional elements were therefore included in the
analyses carried out as part of this current study, as shown in the outline methodology:

Data acquisition
Analysis of catchment characteristics
Fluvial geomorphological analysis

. Hydrological modelling — simulation of shear stress time series for multiple locations
throughout catchment

Hydraulic modelling — derivation of discharge-shear stress relationships

Analysis of shear stress timeseries to estimate erosion potential index (EPI) in Paynters
Creek

The elements are discussed in detail in the following sections.

B.3.1. Data acquisition
A range of data were required to carry out the analyses:

B.3.1.1. Channel geometry

Channel and network geometry data were used to characterise the fluvial geomorphology of the
stream system in the Paynters Creek catchment. A MIKE11 flood model had previously been
developed for the catchment (SKM, 1999) and the cross-section and chainage data were
extracted from the model and supplied by Maroochy Shire Council (Newell, pers. comm.) in the
form of an .xns MIKE11 file. The MIKE11 data also provided hydraulic roughness values for each
cross-section in the form of Manning’s n values. It should be noted the purpose of surveying these
cross-sections was to populate the flood model rather than provide data specifically for
geomorphological analysis. Consequently the spatial resolution of in-channel geometry data
provided by the cross-sections is limited.

B.3.1.2. Catchment characteristics
A range of physical catchment characteristics data were provided in GIS format:
Paynters Creek stream network
Paynters Creek catchment boundary
Flood model subcatchment boundaries
Flood model cross-section locations
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Topographic contours (1 m elevation intervals)

These data were used as the basis for the development of the hydrological models of the
catchment.

B.3.1.3. Rainfall data
Two rainfall datasets were used in the modelling:

Intensity-frequency-duration (IFD) data for the Maroochy Shire Council area derived from
Australian Rainfall and Runoff Volume 2. The IFD data provided the basis for the design
event rainfall-runoff event modelling used to estimate pre-development and post-development
discharges for design events within the Paynters Creek catchment.

High temporal resolution rainfall data (six minute interval) from the Nambour rainfall gauging
station for the period 1991-1998. The continuous rainfall data were used to precisely estimate
discharge and shear stress in the Paynters Creek channel. A high resolution record is
required to allow maxima to be identified; mean daily or hourly data would mask short
duration peaks in shear stress that are likely be important in controlling geomorphological
processes.

B.3.2. Analysis of catchment characteristics

The overall purpose of the analysis was to estimate the impact of flow management at a number
of analysis locations throughout the Paynters Creek catchment. In order to do this, a distributed
hydrological model was developed to simulate discharge at a number of analysis locations within
the catchment. Discharge timeseries would be converted into shear stress timeseries using two-
dimensional models developed for each analysis location.

The catchment characteristics data were used to identify subcatchments that included the higher
resolution flood model subcatchments. The subcatchments formed the basis of the hydrological
models used in this analysis and were delineated on the basis of:

Comparable topography (e.g. upland/lowland location)
Requirement to have comparable areas for all subcatchments

Requirement to have subcatchment outlets distributed throughout Paynters Creek catchment
to allow analysis to be carried out at a range of analysis locations

Six distributed subcatchment units with areas ranging from 524 ha to 917 ha were defined
(Figure B1).

The cross-section in the main stem of Paynters Creek closest to the subcatchment outlet was
selected as an analysis location to allow the impact of flow management in each
subcatchment on discharge/shear stress in the main channel to be estimated as accurately
as possible (Figure B1).

The representativeness of the selected cross-sections to channel form throughout Paynters Creek
was investigated in a catchment-scale analysis of variability in fluvial geomorphology
(Section 3.3).

B.3.3. Fluvial geomorphological analysis

The MIKE11 flood model of Paynters Creek incorporated 58 cross-sections. A number of these
were not included in the geomorphological analysis on the basis that they were not on the main
stem of Paynters Creek or did provide sufficient resolution for meaningful cross-section-scale
analysis. Following filtering 24 cross-sections located throughout the catchment were selected for
geomorphological analysis.

In order to develop a meaningful analysis of the impact of flow management on erosion in
Paynters Creek it was necessary to select representative cross-sections from the filtered cross-
section database for detailed analysis. Two geomorphological metrics were analysed to identify
the representativeness of the cross-sections: channel bed slope and cross-section width/depth
ratio. The longitudinal profile of the main stem of Paynters Creek was plotted to identify reaches
with relatively consistent bed slopes (Figure B2).
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Figure B1. Paynters Creek hydrological modelling subcatchme ents and analysis locations
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Figure B2. Longitudinal profile analysis of Paynters Creek

The width/depth ratio is a commonly used cross-section-scale geomorphological metric used to
characterise stream channels. The width/depth ratio was calculated for the 24 filtered cross-
sections and used to assess the representativeness of the cross-sections at the analysis locations
that were identified following the catchment analysis.

To assess the geomorphological representativeness of the cross-sections at the outlet to each
subcatchment compared to the channel in the rest of each reach, the width/depth ratio of selected
cross-sections was compared to the average width/depth ratio for the cross-sections in each of
the three reaches. The width/depth ratio of the cross-sections at all analysis locations was within
the mean width/depth ratio of the relevant reach +/- one standard deviation, so the cross-sections
were considered representative.

B.3.4. Estimation of discharge and shear stress in Paynter  rs Creek under various flow
management scenaridss

Having defined a number of representative analysis locations and acquired all necessary data a
series of modelling analyses were carried out to estimate the effect of various flow management
strategies on erosion in Paynters Creek. A number of stages were incorporated into the analyses:

Design event rainfall-runoff modelling to estimate pre-development discharges at the analysis
locations for specified average recurrence intervals (using the RORB model)
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Design event rainfall-runoff modelling to estimate post-development discharges at the
analysis locations for specified average recurrence intervals (RORB)

Design event rainfall-runoff modelling and flood retardation analysis to size retarding basins
and outlet configurations required to match the discharge at the outlet of each subcatchment
under post-development conditions to pre-development discharge for the range flow
management strategies under consideration (RORB)

Continuous rainfall-runoff modelling to generate timeseries of discharge at all analysis
locations for each the period of record (using the MUSIC rainfall-runoff model). Continuous
discharge simulation was carried out for all flow management strategies

Two-dimensional hydraulic modelling of the cross-sections at the analysis locations to derive
relationships between discharge and bed shear stress. The relationships were incorporated
into the MUSIC models to convert the discharge timeseries to shear stress timeseries for all
flow management strategies

Spreadsheet analysis of the shear stress timeseries to quantify erosion potential at each
analysis location for all flow management strategies

The analysis stages are described in detail in the following sections.

B.3.4.1. Flow management scenarios
Six flow management scenarios considered in this investigation were:

Pre-development with no flow management
Post development with no flow management

Post development with peak discharge for the 100 year ARI event matched to pre-
development rate

Post development with peak discharge for the 1 year and 100 year ARI event matched to pre-
development rates

Post development with peak discharge for the 1.5 year and100 year ARI event matched to
pre-development rates

Post development with peak discharge for the 2 year and100 year ARI event matched to pre-
development rates

Details of the modelling parameters adopted for each scenario are presented in Table B1.
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Table B1. Key input parameters and outputs for modelling in

n Paynters Creek

Scenario

Model

Output

Pre-development

RORB model developed with 5% impervious, subcatchments based on
delineation and natural channel network

Peak discharges for 1, 1.5, 2 and 100 year ARI under pre-
development conditions for all analysis locations

MUSIC model developed with soil moisture store parameters for SEQ
calibrated to achieve an annual volumetric runoff coefficient (AVRC) of
0.39 (as specified in Design Objectives for Stormwater Volume Control in
Maroochy Shire)

Continuous timeseries of discharge under pre-development
conditions at all analysis locations

Post-development
with no flow
management

RORB model developed with 40% impervious, subcatchments based on
delineation and natural channel network

Peak discharges for 1, 1.5, 2 and 100 year ARI under post-
development conditions without flow management for all
analysis locations

MUSIC model developed with soil moisture store parameters for SEQ
calibrated to achieve an AVRC of 0.58 (as specified in Design Objectives
for Stormwater Volume Control in Maroochy Shire). MUSIC routing
parameters calibrated so 1 year ARI discharge in partial series analysis
matched 1 year ARI event discharge from RORB

Continuous timeseries of discharge under post-
development conditions at all analysis locations

Post-development
with flow
management

RORB model developed with 40% impervious, subcatchments based on
delineation and natural channel network. Retarding basins sized to match
post-development discharges for the following scenarios:

100 year ARI retardation

1 year and 100 year ARI retardation
1.5 year and 100 year ARI retardation
2 year and 100 year ARI retardation

Storage volume and retarding basin outlet configurations
for each of the flow management scenarios for each
subcatchment.

MUSIC model developed with soil moisture store parameters for SEQ
calibrated to achieve an AVRC of 0.58 (as specified in Design Objectives
for Stormwater Volume Control in Maroochy Shire) and retarding basins
implemented as per the scenarios detailed above. MUSIC routing
parameters calibrated so 1 year ARI discharge in partial series analysis
matched 1 year ARI event discharge from RORB

Continuous timeseries of discharge under post-
development conditions at all analysis locations for all three
flow management scenarios




waterbydesign

Creating water sensitive communities in SEQ . . .
B.3.4.2. Design event rainfall- -runoff analysis
The RORB rainfall routing model (www.civil.eng.monash.edu.au/expertise/water/rorb) was used to
simulate discharge and size flood retardation infrastructure for the flow management scenarios.
RORSB is an areally distributed, nonlinear hydrological model that is applicable to both urban and
rural catchments. It makes provision for temporal and areal variation of rainfall and losses, and
can simulate baseflow, channel inflow and outflow processes (both concentrated and distributed).
RORB has been widely used across Australia and is accepted as an industry standard
hydrological modelling application.

A RORB model was developed based on the six subcatchment units identified in Section 0. Each
subcatchment was further divided into six smaller subcatchments to provide accurate routing to
the analysis locations at each outlet. The reach length (i.e. the length from the catchment
boundary to the outlet) for each subcatchment was derived from topographic data in Mapinfo
(Table B2).

Table B2. Reach lengths for RORB models

Subcatchment Reach length (km)
A 10.6
BC 10.0
DE 4.9
FG 6.0
HIJ 5.8
K 5.5

An initial loss/continuing loss approach was adopted, following the approach developed for the
flood study of Paynters Creek (SKM, 2000). Initial loss was set at 25 mm and continuing loss at
2.5 mm/hour. These values are consistent with the data presented in the flood study (SKM, 2000).

RORB models were developed for the pre-development and post-development situations. The
pre-development model assumed a 5% fraction impervious throughout the catchment and the
post-development assumed 40% fraction impervious. The IFD data for Maroochy Shire Council
used to estimate runoff were taken from Australian Rainfall and Runoff Volume 2 (Table B3).

Table B3. Intensity--frequency--duration data for Maroochy Shire Council

2y1lh 2y12h 2y72h 50y1h 50y12h 50y72h Skew F2 F50 Zone
51 10.3 3.62 96 22.6 8.94 0.13 4.4 17.5 3

Runoff for the 1 year, 1.5 year, 2 year and 100 year design rainfall events was simulated for pre-
and post-development conditions to derive discharge at the outlet from each subcatchment and at
the analysis locations (which are located within the main stem of Paynters Creek).

Having determined the pre-development discharges at the outlet from each subcatchment, flow
management infrastructure (flood management in retarding basins) was sized using RORB. A
simplified approach that represented the flood storage throughout each subcatchment as a single
retarding basin (RB) at the outlet was adopted. Although in reality flow management infrastructure
would be distributed throughout a catchment as development and regulation dictates, they do not
currently exist in the undeveloped Paynters Creek catchment. The simplified approach adopted in
this investigation allows the overall impact of flow management on erosion in the main stem of
Paynters Creek to be assessed in the absence of detailed information on the retarding basin
locations and characteristics.

The output from the design event modelling was storage volumes and outlet configurations of the
retarding basins required for each flow management strategy. These data were used to develop
MUSIC continuous simulation models for each strategy.

B.3.4.3. Continuous simulation rainfall- -runoff analysis

The continuous simulation models of Paynters Creek were developed using the MUSIC software.
The rainfall-runoff algorithm used in MUSIC is based on a simplified model that allows for
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separate runoff processes on pervious and impervious areas in a catchment. A range of storages
and losses represent surface and subsurface hydrological processes. Flood routing is simulated to
account for hydrograph attenuation and lag. Full details of the algorithm are provided in Chiew and
McMahon (1997).

The pre-development MUSIC model catchment parameters were based on the Brisbane City
Council (BCC) rural residential values. The model was calibrated by adjusting the infiltration
capacity until the annual volumetric runoff coefficient was 0.39 (as per the Design Objectives for
Stormwater Volume Control in Maroochy Shire (MSC, 2005)). The post-development MUSIC
model was based on the BCC urban residential catchment parameters and calibrated by adjusting
the infiltration capacity until the annual volumetric runoff coefficient was 0.59 (as per the Design
Objectives for Stormwater Volume Control in Maroochy Shire (MSC, 2005)).

Flow routing between analysis locations in the main stem of Paynters Creek was represented by
Muskingum-Cunge routing. The routing parameters were estimated for each link in the model
based on an assumed flood wave celerity of 0.5 m/s.

Table B4. Muskingum--Cunge routing parameter K for Paynters Creek MUSIC ~ model

Reach (between analysis locations) K value (mins)
11743-12784 35
12784-16045 109
16045-18350 77
18350-21924 119

The flow management strategies were represented in MUSIC by retarding basins at the outlet of
each subcatchment, immediately upstream of the confluence with the main stem of Paynters
Creek. The retarding basins were represented as pond nodes in the model, with pipe outlet and
weir height and width corresponding with the outlet characteristics determined in the design event
analyses). The relationships between discharge and bed shear stress were incorporated into
generic nodes located on the main stem of Paynters Creek in the MUSIC models. Timeseries of
shear stress at each analysis location were directly exported from the generic nodes for each
model.

B.3.4.4. Hydraulic analysis

In order to simulate the shear stress exerted on the stream channel at each of the five analysis
locations, a GENFLO2D model was developed for each cross-section using the detailed channel
geometry and roughness data from MIKE11 dataset. GENFLO2D is a two-dimensional hydraulic
model that uses the depth-averaged version of the Navier-Stokes equation to predict the lateral
distribution of velocity, and the logarithmic velocity profile method to predict shear stress at any
location in a cross-section. The model uses a steady state approach and assumes uniform
discharge (in common with other steady state hydraulic models). The GENFLO2D models were
applied at a range of discharges at each analysis location and the output used to develop
relationships between discharge and bed shear stress. Further details on the theory and operation
of GENFLO2D are provided in (Macintosh, 1997).

GENFLO2D generates an estimated distribution of bed shear stress across the cross-section at
each analysis location. Shear stress distributions were developed for the range of simulated
discharges at each analysis location, and the maximum bed shear stress extracted for each
discharge. Maximum bed shear stress typically occurs in the middle of the channel and using it to
predict erosion provides a conservative approach (as the shear stress exerted on the banks for
example, will be lower than the maximum). The use of maximum rather than mean bed shear
stress is discussed in Section B4. However, the erosion of many streams across Australia is
caused by bed degradation leading to bank erosion. Bed shear stress in the centre of the channel
is a key driver of this process so is an appropriate metric. The discharge and shear stress values
for each run were used to develop the relationships that were incorporated into the continuous
simulation modelling. An example of the discharge-shear stress relationship is provided in

Figure B3.

4y



waterbydesign

Creating water sensitive communities in SEQ 90

80

70

60

50

40 ~

Shear stress (N/m2)

O T T T
0 50 100 150 200

Discharge (m3/s)

Figure B3. Discharge--shear stress relationship at analysis location 1174 43

As described above, the discharge-bed shear stress relationships derived from the GENFLO2D
analysis for each analysis location were directly incorporated into generic nodes at the appropriate
locations in the MUSIC models of Paynters Creek.

B.4. Estimation of erosion pqietdinfialdedefE(ER 1) RdBayntets Si€adek

The entrainment of sediment from the bed and banks of stream channels drives erosion of the
channel. Entrainment occurs when the hydraulic force (measured in terms of shear stress) exerted
on a sediment particle is greater than the resisting force of the particle weight and any resistance
due to sediment cohesion. Sediment entrainment can be evaluated by comparing the estimated
bed shear stress ( 0) to the critical shear stress threshold ( C) for the bed material (defined as the
shear stress above which entrainment will occur). In this investigation, bed shear stress is
estimated for the full range of discharges at each analysis location in the Paynters Creek
catchment using the GENFLO2D model, as described in Section B3.4.4. Channel erosion is a
function of the erodibility of the boundary materials and excess shear stress (i.e. the shear stress
greater than the critical shear stress threshold) . Erosion rates were estimated using an excess
shear relationship described by Foster et al. (1977) cited in Rohrer et al. (2005):

Where is the erosion rate, k is an erodibility or detachment coefficient and A is an exponent with
an average value of 3/2. The analyses carried out in this investigation were designed to provide
comparisons between different flow management scenarios (i.e. relative rather than absolute
differences) so k was assigned a value of 1.0 for simplicity.

The potential for erosion in a channel can be quantitatively evaluated by the erosion prediction
index (EPI), developed by Bledsoe (2002), that estimates an increase or decrease in erosion
potential by calculating a ratio of post-development to pre-development ‘work’ on a channel. The
‘work’ carried out on a channel can be estimated using erosion rates. For this study an overall
erosion potential index was calculated as a ratio of the sum of excess shear values raised to the
3/2 power for each time step modeled using continuous simulation. This index uses a simple
finite-difference approximation to estimate the time-integrated sediment transport capacity over
the duration of the continuous discharge record:

4&
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Where E is the erosion potential; is the erosion rate at time t; T is the length of the continuous
simulation (8 years); and ‘pre’ and ‘post’ represent pre-development and post-development
conditions, respectively.

A critical component of an EPI analysis is the selection of a critical shear stress threshold.
Thresholds of critical shear stress for non-cohesive sediments are well established (Marsh et al.,
2004). A typical relationship between particle size and critical shear stress is provided in

Figure B4. The relationship shows a critical shear stress of approximately 1.3 N/m2 for non-
cohesive particle sizes less than 0.3 mm and a near-linear relationship of increasing critical shear
stress with patrticle size for particles larger than 0.3 mm.

Figure B4. Relationship between particle size and critical s  shear stress for erosion US Dept. of
Transportation, Hydraulic Engineering Circular No. 15 — Design of Roadside Channels with
Flexible Lining, 2nd Ediion, 1998

The understanding of the critical thresholds of shear stress for cohesive sediment is comparatively
poor. The threshold is strongly influenced by the complex and highly variable nature of bonds
between soil particles, compaction and vegetation cover, and can vary significantly over very
small spatial scales (Papanicolaou, 2001). Simon and Thomas (2002) conducted 153 hydraulic jet
tests to determine the critical shear stress threshold of two clay bed streams in Mississippi. The
results varied over four orders of magnitude from nearly 0.0 N/m2 to greater than 400 N/m2. A
literature review of critical shear stress thresholds for clay streams was carried out by (2006)
carried out as part of the Little Stringybark Creek Geomorphic Assessment in Victoria. Critical
shear stress values were reported as ranging from 1 N/m2 to 100 N/m2 in this review, which
focused on data relevant to the Australian geomorphological context.

A range of laboratory studies have investigated the drivers in the wide variability in critical shear
stress of cohesive sediment, including Julian and Torres (2006) who related the critical shear
stress to percentage silt-clay (Figure B5).
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Figure BS5. Critical shear stress estimate from sit— —clay percentage ({Jidiareadddores22066)

The strong binding inter-particle forces in cohesive sediment lead to generally higher critical shear
stress thresholds than non-cohesive sediment. Henderson (1966) presented data that indicates
the critical shear stress for cohesive sediment can be as much as 10-30 times that of non-

cohesive material (Figure B6). It is therefore reasonable to assume that the critical shear stress
applicable to Paynter Creek would be of the order of 15 N/m2 to 45 N/m2 (i.e. approximately 10 to
30 times 1.3 N/m2).
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Figure B6. Critical shear stress threshold for a range of co  ohesive and non- -cohesive sediment
(Henderson, 1966)

In the absence of detailed data on the characteristics of the channel boundary materials (e.g. soll
particle size distributions, vegetation data) it was determined that a method based on flow
frequency analysis was the most effective way of investigating the effect of the flow management
strategies on erosion potential in Paynters Creek. A partial series frequency analysis of shear
stress was undertaken for the most upstream site (chainage 11743) (where minimal interaction
between hydrographs from different subcatchments and channel routing effects allows the
simplest analysis) based on a cumulative frequency analysis of daily maxima (Figure B7).
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Figure B7. Shear stress frequency analysis at analysis locat  tion 1 (dhaimage 11743)

The EPI values derived from the simulations for a range of critical shear stress thresholds were
collated. The variation in EPI with critical shear stress threshold was plotted for all of the tested
flow management strategies (Figure B8).

EPI
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—&— Post-development with 1.5 yr and 100 yr ARIRB

1.50 —o6— Post-development with 2 yr and 100 yr ARI RB
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Figure B8. Variation in erosion prediction index with critic  cal shear stress threshold for flow
management strategies at analysis location 1 (chain  age 11743)

The analyses show erosion potential will be reduced for the 1 year, 1.5 year and 2 year (plus 100
year for all) strategies for all critical shear stress thresholds greater than 30 N/m2 at this analysis
location. The average recurrence interval of a shear stress of 30 N/m2 is 24 days. The recurrence
interval of channel-forming or dominant discharge has been the subject of much research, and is
generally considered to be in the range of 1-1.5 years (Leopold et al., 1964). It is therefore unlikely
that discharges occurring on average more frequently than once a month are an important
influencing factor in terms of sediment entrainment and transport and channel erosion. Thus it is
reasonable to adopt a critical shear stress threshold of 30 N/m2 or higher in this analysis, and to
consider the impact of flow management on the EPI at thresholds greater than this value. The
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analyses thus show that all of the flow management strategies can be expected to have a
beneficial effect on mitigating stream erosion at the most upstream analysis location.

The flow frequency approach outlined above provides a robust method of analysing the effect of
the flow management strategies on Paynters Creek without requiring detailed data from the
stream or relying on site-specific and highly variable threshold data from other locations reported
in the literature.

The same approach was applied to the other analysis locations and a bed shear stress of

30 N/m2 was found to apply to occur between once every 16 and 54 days. This relatively small
variation is consistent with the notion that while discharge increases downstream for a given flow
frequency, changes in channel form will offset the higher discharges (i.e. cross-section area would
tend to increase and bedslope decrease) such that the resulting shear stress for the increased
discharge would not increase significantly. For simplicity, a common critical shear stress
threshold of 30 N/m2 was thus adopted for all locations.

A large volume of data was generated by the analyses carried out during this study. The key
results of the analysis of those data are presented in this section. As discussed in the previous
section, the analyses are focusing on the effect of flow management on the EPI for critical shear
stresses above 30 N/m2. The effects of the various flow management strategies on EPI are
presented in this section and discussed below. To assess the performance of the different
management strategies, two possible critical shear stress frequencies were adopted, the first
corresponding to a 1 in 1 month ARI (45 N/m2) and the second corresponding to a 1 in 3 month
ARI (60 N/m2).

Table B5. Impact of flow management strategies on erosion p  potential index at analysis location at
chainage 11743

Discharge Pre- Post- Post- Post- Post- Post-

(recurrence | development | development | development | development development development

interval) 100 yr ARI with 1 yr and with 1.5 yrand | with 2 yr and
RB 100 yr ARIRB | 100 yr ARIRB | 100 yr ARI RB

Monthly

(45 N/m?) 1.00 1.21 1.20 1.02 1.10 1.16

3 month

discharge 1.00 1.10 1.06 0.81 0.88 0.94

(60 N/m?)

At chainage 11743 the results show that development will lead to a 21% increase in the erosion
potential index for a critical shear stress equating to a monthly discharge if no flow management is
implemented. If a flow management strategy that matches the post-development 100 year ARI
discharge to the pre-development 100 year ARI discharge is implemented, there is a small
decrease (relative to no flow management) in the percentage increase in the EPI to 20%. A
strategy that matches both the 1 year and 100 year ARI post-development discharge to pre-
development reduces the post-development increase in EPI to 2%, an effective reduction in the
EPI from post-development condition of 90%. A strategy that matches the post-development 1.5
year and 100 year ARI discharges to pre-development rates provides a smaller benefit, with the
EPI for this management option increasing by 10% from the pre-development value, an effective
reduction in the EPI from post-development condition of 52% Similarly a strategy based on
matching post-development 2 year and 100 year ARI discharges to pre-development rates
provides smaller benefit again, with the EPI increasing by 16%, an effective reduction in the EPI
from post-development condition of 24%. It is evident that as the frequent flow discharge criterion
for the retarding basin increases, the effectiveness of the flow management option in mitigating
the effect of urbanisation on stream erosion potential diminishes such that if the 100 year ARI pre-
development peak discharge is the sole discharge criterion for the retarding basin, its effect on
post-development EPI is marginal.

A similar pattern is observed if the critical shear stress is set at the level generated by the 3 month
discharge. The 100 year ARI only strategy is least effective in mitigating the increase in stream
EPI compared to the strategies involving the adoption of a frequent flow objective (i.e. 1 year,

1.5 year and 2 year ARI). Of the strategies tested with a frequent flow objective, it was the 1 year
ARI and 100 year ARI detention strategy that provided the greatest reduction in EPI (Table B5).

The impact of flow management on EPI at the downstream analysis locations (i.e. chainages
12784, 16045, 18350 and 21924) varies from that at the most upstream analysis location
(chainage 11743). Figure B9 shows the variation in EPI with critical shear stress threshold at the
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analysis location at chainage 16045 — a similar pattern is followed at the other three downstream
analysis locations.

EPI
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Figure B9. Variation in erosion prediction index with critic  cal shear stress threshold for flow
management strategies at the analysis location atc  hainage 16045

The reason for the variation in the impact of flow management between the upstream analysis
location and the downstream analysis locations is discussed in Section 0. The impacts of the flow
management strategies on EPI were tested at the 30 N/m2 critical shear stress threshold.
Sensitivity analysis of the impact on EPI of the tested flow management strategies to critical shear
stress threshold were carried out at all downstream analysis locations (results for the analysis
location at 16045 presented as an example in Figure B9). The analyses indicate that the impact at
the 30 N/m2 threshold is replicated at greater ARI at all downstream analysis locations.

The increase in EPI for a 30 N/m2 critical shear stress threshold following development is smaller
at the four downstream analysis locations, ranging from 8% to 13%, compared to 21% at the
upstream analysis location. This is due to the damping effects of routing and hydrograph
interaction on post-development flows in the mid-catchment and downstream reaches of Paynters
Creek. All of the flow management scenarios reduce the increase in EPl compared to no flow
management, and all flow management strategies with a frequent flow objective (i.e. 1 year,

1.5 year and 2 year ARI) lead to a decrease in EPI below unity (i.e. below the pre-development
level of erosion potential). The implications of this are discussed in Section 5.

A flow management strategy that matches 1 year and 100 year ARI discharges to pre-
development rates provides the greatest reduction in EPI of the tested strategies at all four of the
downstream analysis locations for all critical shear stress thresholds above 30 N/m2 (to the upper
limit of the analyses, 100 N/m2).

B.5. Discussion

An assessment of the results for the most upstream analysis location demonstrates the
implementation of a flow management strategy that matches the post-development 1 year and
100 year ARI discharges to pre-development levels provides the greatest benefit to erosion
control and stream stability. Although field data are not available to support the conclusions of the
study, the high frequency of discharges at which frequent flow management creates a dishenefit
provides confidence in this outcome, regardless of the exact critical shear stress threshold. For
monthly discharges, a 1 year and 100 year ARI strategy will reduce the EPI by 90%, which is
comparable to the previously presented study at Mernda. The 1 year and 100 year ARI strategy
provides maximum reduction in EPI for all discharges greater than the five day discharge at the
most upstream analysis location in Paynters Creek.
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The effects on EPI of flow management strategies at the analysis locations further downstream in
the catchment, whilst also positive, are less clear, due to the masking effect of routing and
hydrograph inflow from smaller subcatchments to the main stem of Paynters Creek. However, it is
clear that restricting post-development discharges in the 1 year to 2 year ARI range to pre-
development rates reduces the EPI at all sites when compared to the post-development scenario
with no flow management. All of the frequent flow management strategies involving a dual
discharge criterion associated with the 1 year, 1.5 year or 2 year ARI pre-development peak
discharge, plus the 100 year ARI peak discharge will reduce the EPI to below unity at the four
downstream analysis locations. An EPI of less than unity indicates the risk of erosion is reduced,
however it raises the possibility that sediment aggradation may occur. However, given the
reduction in sediment load that follows urbanisation (e.g. Wolman and Schick (1967)) it is likely
that the reduction in EPI below unity will work towards preventing stream incision and is therefore
beneficial.

The option involving the discharge criteria based on the 2 year ARI and 100 year ARI pre-
development peak discharges leads to a greater reduction in EPI at the four downstream analysis
locations, which is counter intuitive as the reduced retardation in this strategy would be to trend
the EPI from upwards towards the 100 year ARI only EPI. Detailed analysis of the hydrographs
at analysis locations indicates that the simulated retarding basins in the model subcatchments are
operating as expected, so it likely the greater EPI reduction in the main stem of Paynters Creek
provided by the 2 year ARI and 100 year ARI flow management strategy is due to a complex
interaction of timing and routing of hydrographs through the catchment. The topology of the
Paynters Creek catchment (large ratio of downstream to cross-catchment distance) is likely to be
exerting a strong influence on these hydrological interactions, in combination with the retarding
basins that have been sized to manage discharges from their respective subcatchments. It not
possible to disentangle these catchment-specific influences, and as such, the results from the
most upstream analysis location are considered to most accurately represent the impact of the
various flow management strategies on EPI.

In comparison to a previous pilot study carried out by Ecological Engineering for the Creek at
Mernda in Victoria, the absolute increase in EPI is much smaller, although it is important to note
that the percentage reduction in EPI gained by implementing a flow management strategy is
similar. The smaller post-development increase in EPI is due to the smaller increase in discharges
following development in the Paynters Creek catchment compared to Mernda. The difference in
response is likely to be due to the higher infiltration capacity in the sandy loam soil in the Mernda
catchment, and the higher intensities of rainfall that will generate saturation excess and possibly
Hortonian overland flow in the Paynters Creek catchment.

The hydraulic model developed for each analysis location generates a relationship between
maximum bed shear stress and discharge, which is converted into a timeseries of bed shear
stress as described in Section B3.4.4. The selection of a shear stress metric is an important factor
in the analyses — the selection of maximum bed shear stress allows the extreme case of change
in erosion potential following hydrological changes to be investigated. Mean cross-sectional and
maximum bed shear stress are related, so an analysis based on mean bed shear stress would
produce a similar pattern of outcomes as maximum bed shear stress.

B.6. Conclusions and recommendations

Of the management options considered, a flow management strategy that restricts post-
development 1 year and 100 year ARI discharges to their pre-development rates provides the
greatest reduction in EPI within the receiving waterway. The effect of the various management
strategies is most clearly shown at the most upstream analysis location (Chainage 11743) due to
the absence of any significant interaction between inflows from other subcatchments and channel
routing effects.

It is therefore recommended that the flow management objectives for SEQ, for flooding
management and waterway stability management, are set so that post-development 1 year and
100 year ARI peak discharges along the receiving waterway are attenuated to their pre-
development rates. Controlling both the 1yr ARI and 100yr ARI peak flows will typically result in
the peak flows for all ARI's (i.e. 1yr ARI through to 100yr ARI) being attenuated so as to be similar
to the pre-developed rates.

For completeness, it is also recommended that a further study be undertaken on a catchment with
a lower downstream to cross-catchment distance ratio (i.e. catchment aspect ratio) to determine
the sensitivity of the results reported in this study to significant variations in catchment aspect
ratio.
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Storage to comply with the
Waterway Stability Management
Design Objective

METHOD A: Simple ‘H raph Method' for developmen _ ts < 10ha (gross site area

Adopt the simple ‘hydrograph based’ method as described by Equation 6.01 in QUDM (Edition 1-2
November 1994):

Vs/Vi=1 - 0.5 Qo/Qi — Equation 6.01 (QUDM 1994)

Vs = the required detention storage - m?

Vi = the inflow volume — m*

Qo = the desired peak outflow - m¥s

Qi = the peak inflow rate (determined by the Rational Method) — m¥s

Method:

1. Calculate the Peak Inflow (Qi) for a 3sufficient number of 1yr ARI storm durations using the
Rational Method. The coefficient of runoff C1 should be determined in accordance with
Chapter 5.4 (QUDM 1994) or the relevant local municipalities supplement to QUDM (if this
exists) and be based on the fraction impervious of the proposed development. The average
rainfall intensity for each of the storm durations investigated should be read from the relevant
Intensity Frequency Duration (IFD) chart derived for the development site or recommended
by the local municipality for use on the development site.

2. Calculate the inflow volume (Vi) for each of the storm durations investigated using the
following equation:

Vi=4xtdxQi/3

Vi = inflow volume — m3
Td = storm duration — seconds
Qi = peak inflow rate — m3/s

3. Calculate the desired peak outflow (Qo) for the development using the Rational Method and
the 1yr ARI 60 minute Rainfall Intensity read from the relevant Intensity Frequency Duration
(IFD) chart derived for the development site (or recommended by the local municipality for
use on the development site). The Coefficient of Runoff C1 should be determined in
accordance with Chapter 5.4 (QUDM 1994) or the relevant local municipalities supplement to
QUDM (if this exists) and be based on 0% fraction impervious (i.e. forested condition). Note,
the desired peak outflow calculated in this step applies to all of the storm duration
investigated. Special Note 1 below provides the basis for using the 1yr ARI 60minute Rainfall
Intensity to calculate desired peak outflow (Qo).

4. Apply Equation 6.01 (QUDM 1994) to calculate the required detention storage (Vs) for each
of the storm durations investigated. By comparing the calculated values of Vs for each of the
storm durations investigated, identify the storm duration requiring the largest detention
storage. The detention storage that is to be provided on the development must match this
largest detention storage. A sufficient number of storm durations need to be investigated to
ensure the largest detention storage is accurately identified.

Figure C1 shows pre-calculated required detention storage (Vs) for the four climatic regions of
SEQ and for the full range of development fraction impervious.

Size detention basin outlet to restrict discharge from the retarding basin to the desired peak
outflow (Qo) using the small orifice equation:

% A sufficient number of storm durations, starting from the “post-developed” time of concentration for the
development site must be investigated to ensure the maximum required storage (Vs max) can be determined
from application of equation 6.01.
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Qo=C.A (2.g.h)

C = 0.6 (orifice discharge coefficient)

A = orifice area (m?)

g = 9.81m/s2 (gravity)

h = hydraulic head above centroid of orifice (m)

Note, for the small orifice equation to be accurate the ratio of h (m) to orifice diameter (m) should
be greater than 2 otherwise hydraulic equations relevant to flow through a large orifice should be
used.

Special Note 1:

Practitioners may be more familiar with setting the desired peak outflow (Qo) based on the pre-
developed peak 1lyr ARI discharge at the development site boundary, calculated using the
Rational Method and a design rainfall intensity corresponding to the development site’s pre-
developed time of concentration. The reason for departing from this convention is that this
approach does not guarantee the post-developed peak 1yr ARI flows in the receiving waterway,
along all reaches downstream from the development site, is maintained at (or below) the pre-
developed catchment condition peak 1yr ARI flows. The specification of the 1yr ARl 60minute
Rainfall intensity for use in the calculation of the desired peak outflow (Qo) overcomes this
problem, as shown below.

The selection of the 1yr ARI 60minute Rainfall Intensity for use in the calculation of desired peak
outflow (Qo) was based on catchment scale runoff routing model simulations, using the XP-Rafts
model for Paynters Creek in Maroochy Shire. The Paynters Creek catchment has less than 5%
urban and has significant areas in an undisturbed ‘forested’ condition. A pre-developed catchment
condition XP-Rafts model was configured for the Paynters Creek catchment using the same sub-
catchment delineation as the existing conditions Paynters Creek XP-Rafts Model with the sub-
catchment discharges calibrated to Rational Method derived peak flows. A post-developed
catchment conditions XP-Rafts model was also configured assuming all sub-catchments were
urbanized to a fraction impervious of 50%. Each sub-catchment was then routed through a
retarding basin (located at the sub-catchment outlet and ‘off-line’ to the main channel flow of
Paynters Creek). For each sub-catchment (note, each sub-catchment was assumed to represent
a development site), the retarding basin was sized (i.e. detention storage volume and desired
peak outflow) using the steps outlined for Method A. Three scenarios were then simulated in order
to establish the ‘optimal’ storm duration Rainfall Intensity to be used in the calculation of the
desired peak outflow (Qo) for each sub-catchment. The three scenarios were:

Desired peak outflow (Qo) for each sub-catchment calculated using:
180 minute Rainfall Intensity
120 minute Rainfall Intensity
60 minute Rainfall Intensity

For each of these three scenarios the estimated post-developed peak 1yr ARI flows along the full
length of Paynters Creek were compared to the estimated pre-developed 1yr ARI flows to ensure
the requirement of no increase in the pre-developed 1yr ARI flows was achieved. The results of
the simulations are plotted graphically on Figure C2.

The simulation results indicate that all three scenarios achieve the requirement of no increase in
the pre-developed 1yr ARI flows with the scenario that uses the 60 minute Rainfall Intensity to
calculate the desired peak outflow (Qo) for each sub-catchment providing the closest fit to the pre-
developed 1yr ARI flows. The scenarios using the 120 minute and 180 minute Rainfall Intensity to
calculate the desired peak outflow (Qo) for each sub-catchment were shown to significantly ‘over-
attenuate’ the post-developed 1lyr ARI flows long Paynters Creek.

It was assumed that the results of the runoff routing model simulations for the Paynters Creek
catchment are transferable to other SEQ catchments. Testing of this assumption on other SEQ
streams is recommended, in particular on streams that exhibit a different catchment shape (aspect
ratio) and drainage relief (topography) to the Paynters Creek catchment.

6Y



waterbydesign

Creating water sensitive communities in SEQ

Simple Hydrograph Method (Method A) Detention Stora  ge

300

280

260

240 -

—&—Brisbane Region —— North Coast

—&—\Western Region South Coast

N
N
o

[y

o]

o
I

Detention Storage (m ¥ha)
N
o
o

160

140

120

100

20 40 60 80 100
Fraction Impervious

Figure C1 — METHOD A: Required Detention Storage (m3/Ha of gr ross development area) versus Fraction Impervious




waterbydesign

Creating water sensitive communities in SEQ

Figure C2 — XP-Rafts Simulation Results

METHOD B: Runoff Routing Model Method for developme  nts > 10ha (gross site area)

Developments larger than 10ha MUST use a runoff routing method as described in Section 6-06
of QUDM (1994) to determine the required detention storage and desired peak outflow to
demonstrate compliance with the Waterway Stability Management Design Objective. The runoff
routing model must consider the whole catchment area within which the development is located.
The whole catchment area is defined as (whichever is the smaller):

The catchment area to its outfall to a tidal estuary; or
A maximum catchment area of 50km2 (5,000ha)

Developments located within catchments where the catchment area upstream of thepoint where
the majority of the development’s stormwater discharges enter the main creek (as opposed to
local tributary creek) exceeds 50km2 are not required to provide on-site detention storage for
Waterway Stability Management except where the following applies:

The stormwater discharges from the development enter a tributary creek that is an un-lined creek
and where the distance from the principal point of discharge into the tributary creek to its
confluence with the main creek is more than 200m.

In this instance, the whole catchment area that is to be considered by the runoff routing model is
to be the catchment area of the tributary creek to its confluence with the main creek.

Method:

1. Establish a “pre-developed” conditions runoff routing model for the whole catchment area
assuming , zero initial and continuing losses, zero imperviousness and vegetation
characteristic of the site and surrounding areas over recent years. Where suitable local
stream flow and climatic records exist calibrate the runoff routing model to achieve strong
compliance between predicted and recorded stream flows for frequent (i.e. 1yr ARI) flood
flows. Where there is insufficient data to calibrate the runoff routing model use Rational
Method to estimate the “pre-developed” peak 1lyr ARI flows at sub-catchment outlets and
calibrate the runoff routing model to the Rational Method flows.
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10.

Establish a “post-developed with no detention” conditions runoff routing model for the
whole catchment area using the appropriate local strategic land use planning information
from the local municipality to identify fraction impervious for each sub-catchment. Include
the development site as a discrete sub-catchment in the “post-developed” runoff routing
model. Set initial and continuing losses to zero and assume all pervious areas remain as
per the “pre-developed” conditions model

Run both the “pre-developed” and “post-developed with no detention” runoff routing
models with the full range of 1 yr ARI storm bursts derived in accordance with Australian
Rainfall and Runoff (ARR, 1987). Tabulate the peak 1yr ARI flows and resultant critical
storm durations at regular reference locations along the creek, commencing from the top
of the whole catchment area and continuing to the catchment outfall and including the
principal point of discharge into the creek system of the stormwater runoff discharged
from the development site.

Establish a “post-developed with detention” conditions runoff routing model by modifying
the “post developed with no detention” model to include a retarding basin at the outlet of
each sub-catchment where the total fraction impervious exceeds 5%.

Calculate the optimal ‘common permissible unit area 1yr ARI discharge rate (i.e. m*/s Eer
hectare of gross development areas) and the associated detention storage volume (m®)
required for each sub-catchment with a retarding basin to ensure the peak 1yr ARI flow
along the main channel and tributary channels is less than or equal to the pre-developed
peak 1lyr ARI flows calculated in Step 3. The following iterative procedure is
recommended:

Set the initial trial common permissible unit area 1yr ARI discharge rate as the pre-
developed condition peak 1yr ARI discharge (m3/sec) at the whole catchment area outfall
(as determined in Step 3) divided by the total area of the whole catchment area (Ha).

For each sub-catchment with a retarding basin, calculate an initial trial permissible unit
area 1yr ARI discharge rate by multiplying the total sub-catchment area (Ha) by the
common permissible unit area 1yr ARI discharge rate (m3/sec).

For each sub-catchment with a retarding basin, enter the initial trial permissible unit area
1lyr ARI discharge rate into the selected runoff routing model using a stage (m) versus
discharge (m3/sec) relationship that sets the discharge, for all stage ordinates, equal to
the permissible unit area 1yr ARI discharge rate (except the first stage ordinate which
should always have the discharge rate set to zero).

For each sub-catchment with a retarding basin, enter the initial trial required detention
storage as a stage (m) versus storage (m3) relationship. As the required detention
storage cannot be accurately known until the optimal common permissible unit area 1yr
ARI discharge rate is determined, it is recommended that the initial trial required
detention storage (m3) be set as very large detention storage volume such that all storm
duration 1yr ARI inflow hydrographs will be fully routed through the detention storage
without any uncontrolled overflows. This approach will allow the runoff routing model to
calculate the maximum required detention storage volume for each sub-catchment. It is
recommended that the initial trial required detention storage volume be calculated based
on 400m? detention storage per hectare of total sub-catchment area. This should ensure
the initial trial required detention storage is set sufficiently large such that all 1yr ARI
inflow hydrographs will be fully routed through the detention storage with no uncontrolled
overflow.

Run the “post-developed with detention” conditions runoff routing model with the full
range of 1yr ARI storm burst durations to calculated the peak 1yr ARI flows at each of the
reference locations used in Step 3. Compare these flows with the pre-developed
condition peak 1yr ARI flows at each of the reference locations to determine if the
requirement that all peak 1yr ARI flows be kept less than or equal to the pre-developed
condition peak 1yr ARI flows is achieved. If this requirement has not been achieved at
ALL reference locations, or if the level of peak 1 yr ARI attenuation achieved is deemed
to be too great, then it will be necessary to repeat the above methodology by adjusting
up (if the first trial provided too much attenuation) or down (if the first trial provided too
little attenuation) the trial common permissible unit area 1yr ARI discharge rate. This
methodology may need to be repeated several times in order to identify the optimal
common permissible unit area 1yr ARI discharge rate for the whole catchment area.

* The use of a common permissible unit area 1yr AR/ discharge rate for all sub-catchments ensures all
development provides the same level of peak 1yr ARI flow attenuation regardless of where the development is
located within the whole catchment area . This approach ensures an equitable application of the Waterway
Stability Design Objective.
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It should be noted that the methodology described above will normally result in a
significant over-attenuation of the developed 1lyr ARI flows in the upper half of the whole
catchment area. This is to be expected as it reflects the key principal that all development
shall provide the same level of peak 1yr ARI flow attenuation regardless of where the
development is located within the whole catchment area. Therefore, if the initial trial, or
any subsequent trial, of the above methodology yields an apparent over-attenuation of the
peak 1yr ARI flows in the upper half of the whole catchment area this should NOT
necessarily be interpreted as requiring further iterations of the methodology. Rather, the
modeler should consider the comparison between developed and pre-developed peak 1
yr ARI flows at the reference locations within the lower half of the whole catchment area to
determine if additional iterations of the methodoloay are warranted.

11.

When the optimal common permissible unit area 1yr ARI discharge rate has been
determined from the above methodology the modeler should then identify the maximum
required detention storage volume for the development site. This is determined by
reviewing the runoff routing model results for the detention storage provided at the outlet
of the sub-catchment representing the development site and assessing the critical 1yr
ARI storm burst duration resulting in the maximum “used” detention storage volume. This

will be the maximum required detention storage volume (m3) that MUST be provided on
the development site.
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Appendix D - Derivation of
Stormwater Quality Management
Design Objective

The Stormwater Quality Management Assessment Criteria in Table 2-4 adopts pollutant load
based design objectives whereby the mean annual pollutant loads generated from an un-mitigated
development are to be reduced by at least the percentage reduction rates prescribed in the design
objectives. This form of design objective for stormwater quality management is consistent with the
current load based design objectives adopted in Victoria and NSW and is consistent with the
recommendations of Australian Runoff Quality (2005, p1-7) and ANZECC (2000, p.3.3-2), as
discussed earlier in Section 2 of this report.

The derivation of the mean annul pollutant load reduction rates for SEQ adhered to three
underpinning principles, being:

Locally relevant: The design objectives must, to the extent possible, be derived using locally
relevant information on urban stormwater pollution generation rates and stormwater quality
treatment measure performance,

Practical: The design objectives must be achievable with more than one design solution, and
Best Practice: The design objectives must result in the adoption of the most effective and
efficient forms of contemporary ‘best practice’ designed stormwater quality treatment
infrastructure sized to operate at their respective limit of economic performance (i.e. beyond
which any further increase in treatment size will not result in any appreciable increase in
treatment performance).

The current mean annual reductions of urban stormwater pollutant loads adopted in guidelines for
urban stormwater quality treatment in Victoria and NSW are presented in Australian Runoff
Quality (2005, p 1-6, Table 1.2) and are reproduced below.

Total Suspended Solids: 80% reduction of mean annual load

Total Phosphorus: 45% reduction of mean annual load

Total Nitrogen: 45% reduction in mean annual load

Litter: Retention of litter greater than 50mm for flows up to the 3month ARI peak flow.

Of interest in the above Victorian and NSW guidelines is that both Total Phosphorus (TP) and
Total Nitrogen (TN) have been given the same guideline, being 45% reduction in mean annual
load. However, TP has a strong correlation and association with TSS, being predominantly
generated in a particulate form bound to both organic and inorganic forms of suspended
particulate matter. Thus, the removal of TP from urban stormwater runoff occurs predominantly by
sedimentation, as with TSS, with vegetation and soil based stormwater quality treatment
measures such as bioretention and wetlands “locking up” the accreted particulates in an aerobic
state to prevent the desorption of phosphorus under chemically reducing conditions. It is therefore
reasonable to expect the mean annul reduction of TP by contemporary stormwater quality
treatment technologies would be similar to TSS with perhaps slightly lower overall removal
performance for TP due to its slightly higher association with the finer fraction of the TSS particle
size distribution range. Total Nitrogen on the other hand occurs in urban stormwater in particulate
and dissolved forms with a much higher proportion generated in dissolved forms than TP.
Removing nitrogen from urban stormwater occurs by nitrification/denitrification and to a lesser
extent nitrogen fixation by plants. Generating the aerobic conditions (for nitrification) and
anaerobic conditions (for denitrification) is difficult in urban stormwater treatment systems due to
the episodic nature of urban stormwater. Therefore, achieving complete nitrogen cycling whereby
nitrogen is removed from solution to the atmosphere as N2(gas) is rarely fully achieved within
contemporary stormwater quality treatment technologies and hence the mean annual removal
rates for TN can be expected to be lower than for TSS and TP.

The derivation of mean annual pollution load reduction guidelines for SEQ has used predictive
modelling techniques employing continuous simulation based on a continuous period of typical
SEQ climatic conditions. Australian Runoff Quality (2005, p.7-5) states that the ANZECC
Guidelines propose the application of physico-chemical conceptual time series models as a
means of summarising our best understanding of the pathways and transformation processes of
key stressors such as TSS, TP and TN. The computer model MUSIC (model for Urban
Stormwater improvement conceptualisation) developed by the Cooperative Research Centre for
Catchment Hydrology (CRCCH) is one such conceptual model that represents our current best
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understanding of the transformation of rainfall to runoff (surface and baseflow) in urban
environments, the generation of key stormwater pollutants (stressors) in surface flows and base
flows from various land surfaces, and the removal of key pollutants (stressors) from urban
stormwater runoff by contemporary best practice stormwater treatment technologies. For this
reason the MUSIC model was used to derive the guideline values for SEQ.

The MUSIC model was configured as follows:

1ha urban source node with the % impervious parameter set to 100% (this ensured that all
development densities up to 100% would be covered by the results of the continuous
simulation analysis).

11 year climatic time series (Brisbane Aero 1980 to 1990) at six minute time steps.

Pollutant generation data for TSS, TP and TN based on storm event and ambient (baseflow)
water quality monitoring data collected by Brisbane City Council for typical urban residential
catchments (Cressey Street and sandy Creek catchments). Table D-1 presents the pollutant
generation data used in the MUSIC model.

Stormwater quality treatment performance parameters for constructed wetlands and
bioretention (these two treatment technologies considered to be the most efficient and
effective in reducing mean annual loads of urban stormwater pollutants, particularly nutrients)
derived from performance monitoring data collected from across Australia and Internationally
by the CRCCH (refer to MUSIC Version 3.01 User Manual, Appendix F). Insufficient local
SEQ stormwater treatment performance data was available for these two treatment
technologies to allow for specific local performance data set to be used for the derivation of
the guideline values.

Best practice design layouts for constructed wetland and bioretention in accordance with the
Water Sensitive Urban Design Technical Design Guidelines for SEQ (Moreton Bay
Waterways and Catchments Partnership 2006). Figures D-1 and D-2 show the adopted
design layout ‘parameter values’ used in the MUSIC model simulations for constructed
wetland and bioretention.

Table D-1: MUSIC Base and Stormflow Concentration Parameter rs for Brisbane Catchments

The MUSIC model simulations produced predicted stormwater quality treatment performance
curves for both constructed wetland and bioretention operating in SEQ climatic and stormwater
pollutant generating conditions. These curves are shown on Figures D-1 and D-2.

It can be observed from Figures D-1 and D-2 that both technologies exhibit pollutant removal
performance curves that reveal their respective limitations in pollutant load reduction and in
particular their limitations in removing Total Nitrogen from urban stormwater runoff, as discussed
above.
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The shape of the performance curves enables the informed selection of the ‘optimal’ treatment
size for both technologies beyond which any further increase in treatment area (and thus cost)
yields only limited incremental increase in pollutant load removal. This so called “point of
diminishing performance (or return)” can be considered to represent the reasonable limit of
performance of each technology and has been adopted as the measure of practical ‘best practice’
stormwater quality treatment performance in SEQ.

Pollutant load removal by a constructed wetland tre ating a
100% impervious residential catchment in Brisbane
(48 hours detention time and 0.5m extended detentio n)
Approximate ‘point of deminishing performance’
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Figure D-1: Wetland performance in SEQ climatic and polluta  ant generation conditions

Pollutant load removal by a bioretention basin trea  ting a 100% impervious residential
development in Brishane
(filter media: k = 200mm/hr; D50 = 0.5, extended de tention 0.2m)
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Figure D-2: Bioretention Performance in SEQ climatic and p  pollutant generation conditions

Figures D-1 and D-2 reveal the reasonable limit of performance of constructed wetland and
bioretention operating in SEQ. Table D-2 expresses this in terms of percentage reductions in
mean annual load.

Table D-2: Reasonable limit of performance of ‘best practic  ce’ stormwater treatment in SEQ
Pollutant =~ Wetland Bioretention

80% reduction in mean annual load 85% reduction in mean annual load

TP 65% reduction in mean annual load | 65% reduction in mean annual load

TN 35% reduction in mean annual load | 45% reduction in mean annual load

The principal of requiring practical compliance with the selected guideline values by more than
one design solution would suggest the selected guideline values for SEQ should be set equivalent
to the simulated predicted performance of the constructed wetland. However, to ensure the
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guideline values represent a “stretch” scenario a further assumption was applied to the derivation
of the guideline values. That assumption was that all developments, irrespective of physical
setting and building design can implement rainwater tanks sized for water conservation outcomes.
Under this assumption, it was considered that a minimum water quality benefit derived from the
use of rainwater tanks would be a further 10% reduction in the mean annual load of TN. A
stormwater treatment train comprising roofs connected to rainwater tanks with overflows from the
tanks together with runoff generated from ground level surfaces routed through a constructed
wetland would therefore achieve the same reasonable limit of performance as bioretention.

The recommended guideline values for SEQ are provided in Table D-3.

Table D-3: Stormwater Quality Management Design Objectives for SEQ
Pollutant  Design Objective

80% reduction in mean annual load

TP 65% reduction in mean annual load

TN 45% reduction in mean annual load

Appendix F presents the results from the testing of the feasibility of the recommended design
objectives on a range of typical development types and across the four climatic regions of SEQ.
By way of comparison with the Qld EPA’s scheduled WQOs, it is worth considering the simulated
pollutant concentrations estimated for the highest pollutant load generating development type
being the industrial warehouse case study (Case Study 6). In particular the discharge
concentration statistics achieved for the complying treatment train of roofs to tanks with overflow
from tanks and ground level runoff routed through bioretention (i.e. tank to bio) as shown below in
Table D-4.

Table D-4: Summary of mitig i ntration for Case Stud
Discharge pollutant concentration statistics (mg/L)
Zone 1 Zone 2 Zone 3 Zone 4
50%ile 90%ile 50%ile 90%ile 50%ile 90%ile 50%ile 90%ile
6 0.57 . . . . 9.27 0.56 4.8
P 0.05 0.03 0.11 0.03 0.07 0.03 0.12 0.03 0.09
N 0.5 0.87 1.37 0.75 1.23 0.84 1.42 0.78 1.31

median dry weather conditions receiving waterway concentrations (based on 80™ percentile of monthly grab samples collected
from a pristine undisturbed reference catchment over a minimum 2 year period).

The simulation results presented in the table above reveal the adoption of contemporary best
practice stormwater ‘treatment trains’ (in this instance rainwater tanks and bioretention) sized to
comply with the recommended design objectives for SEQ can deliver stormwater discharge
concentrations that are consistent with, and in most cases the median discharge concentrations
are below, the scheduled WQOs (which as discussed previously are trigger values for receiving
water guality under ambient (i.e. baseflow) conditions derived from ambient monthly grab
sampling of pristine, undisturbed, reference catchments). This result indicates that best practice
stormwater treatment measures sized to comply with the recommended design objectives for SEQ
can mitigate the highly polluted stormwater discharges from urban catchments to conditions that
are comparable to a pristine undisturbed reference stream.

A further point of comparison with the scheduled WQOs is the resultant reduction in the 50" and
90" percentile stormwater discharge concentrations from the ‘un-mitigated’ industrial warehouse
development condition (i.e. base (ho BMP) in the results tables in Appendix F) that are achieved
by the complying ‘treatment train’. Median discharge concentrations of TSS are reduced by
99.5% (i.e. 190mg/L to <1mg/L) whereas 90percentile discharge concentrations are reduced by
97% (i.e. 370mg/L to < 10mg/L). Similarly, medlan dlscharge concentrations of TP and TN are
reduced by 95% and 60% respectively and the oo™ percentile discharge concentrations for TP
and TN are reduced by 85% and 65% respectively. This demonstrates how significantly
contemporary best practice stormwater quality treatment technologies can reduce urban
stormwater runoff pollutant concentrations in both lower flow conditions (represented by the 50"
percentile concentrations) and infrequent higher flow conditions (represented by the 90™
percentile concentrations).

Ambient and storm event receiving water quality data collected by Brisbane City Council (using
autosamplers for event monitoring) for Enoggera Creek, within Brisbane Forest Park, provides a
useful local SEQ data set for pollutant (stressor) concentrations inherent in both ambient baseflow
runoff and storm runoff generated from an un-disturbed catchment. The data is summarised in
Table D-5 on the following page. This data indicates that even in a pristine, undisturbed catchment
the storm event pollutant concentrations are of one order of magnitude hlgher than the ambient
baseflow concentrations. If a comparison is made between the mitigated 90" percentile
stormwater discharge concentrations form Table D-4 and the median of the storm event
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concentrations measured on Enoggera Creek (within Brisbane Forest Park), as shown in Table D-
5, one can observe that the mitigated 90" percentile stormwater discharge concentrations are all
of similar magnitude to the median of the storm event receiving waterway water quality
concentrations. This provides further evidence that adoption of contemporary stormwater quality
treatment technologies sized to comply with the recommended load-based design objectives for
SEQ can deliver stormwater discharge concentrations comparable to a pristine, undisturbed
stream across the full range of dry and wet weather flow conditions.

The results discussed above are significant when one considers the highly pollutant condition of
un-mitigated urban stormwater runoff. Further, when one also considers the natural assimilative
capacity of stream networks Australian Runoff Quality (2005, Appendix 7B) it can be concluded
that compliance with the recommended load based design objectives for SEQ will also deliver
receiving water quality that is consistent with the scheduled WQOs (which, as mentioned in
Section 2 are trigger values for catchment based risk management and NOT discharge consent
targets for urban stormwater).

Table D-5: Water Quality Monitoring Results for Enoggera Cr  reek in Brishane Forest Park (data

d courtesy of Brisbane City Council)
vent vent ain Flow Weighted EMC (mg/L)
Area Event Rain Start Length  Intensity
Site Landuse (ha) no Season Date (mm) Time Decimal (mm/Hr) FlowML TSSconc TPoone TN cone
Forest Park Forest 2192 1 Summer  1/02/2001 28 12:54 1.48 18.88 7.02 46 0.087 0.098
Forest Park Forest 2192 2 Summer  1/02/2001 205 14:44 43.55 4.71 1455.49 40 0.053 2.900
Forest Park Forest 2192 3 Autumn  9/03/2001 93 17:50 29.53 315 757 35 0.053 39.000
Forest Park Forest 2192 4 Autumn  23/04/2001 12 2:42 0.98 12.20 3.47 8 0.055 15.000
Forest Park Forest 2192 5 Spring  11/11/2001 39 1:10 20.33 1.92 10.12 26 0.070 7.800
Forest Park Forest 2192 6 Spring  19/11/2001 18 9:52 3.52 512 584 31
Forest Park Forest 2192 7 Summer 21/02/2003 78 13:06 95.85 0.81 119.27 8 0.030 2.100
median 31 0.054 27.784
20%ile 11.6 0.053 0.626
80%ile 39 0.07 15.000
Forest Park Forest 2192 grab 7/02/2001 <5 0.01 0.390
Forest Park Forest 2192 grab 6/03/2001 <5 0.014 0.220
Forest Park Forest 2192 grab 6/04/2001 <5 0.015 0.250
Forest Park Forest 2192 grab 18/04/2001 <5 0.013 0.210
median of ambient monthly grab samples <5 0.012 0.250
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Case Study 1 — Residential Greenfield

Case Study 2 — Residential ‘1 into 2’
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Case Study 3 — Residential Townhouse

Case Study 4 — Residential Three Storey Walk- -up
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Case Study 5 — Residential High- -rise

Case Study 6 — Industrial Warehouse
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Case Study 7 — Commerdial (local retai)
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Case Study 1 — Stormwater Treatment Trains Considered

Case Study 2 ~ Stomwater Treatment Trains Considered
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Case Study 3 — Residential Townhouse Stormwater Treatment Trains Considered

Case Study 4 — Residential Three Storey Walk- -up Stormwater Treatment Trains Considered
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Case Study 5 — Residential Highrise Stormwater Treatment Trains C Considered

Case Study 6 — Industrial Warehouse Stormwater Treatment Trains C Considered
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Case Study 7 — Commercial |((tmzaIres¢al)) Stommwester TrecdneentTTeains iCofxitsideeeed
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Case Study 1 Music Model Results - Zone 1 (Brisbane  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario HIL m? m? $ $ TSS TP N median 90%ile | median 9%l | median Il
base (no BMP) 0 0 0 $0 $0 0% 0% 0% 156.00 347.00 0.356 0.659 1.98 3.02
tank only 1.5 0 0 $92,742 $146,334 3% 3% 8% 166.00 435.00 0.386 0.819 1.98 2.84
tank to bio 1.5 600 0 $145,197 $263,648 84% 2% 45% 0.58 5.00 0.0304 0.0739 0.875 1.17
tank + wetland 1.5 0 2800 $408,561 $535,951 82% 69% 45% 6.00 6.01 0.0901 0.0902 1.31 1.34
Case Study 1 Music Model Results - Zone 2 (north Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP N median 90%ile | median 9%l | median Il
base (no BMP) 0 0 0 $0 $0 0% 0% 0% 155.00 344.00 0.35 0.65 1.98 3.02
tank only 1 0 0 $66,932 $120,524 2% 2% 6% 169.00 432.00 0.39 0.82 1.98 2.83
tank to bio 1 650 0 $122,710 $243,054 86% 74% 45% 0.56 2.26 0.03 0.05 0.75 1.06
tank + wetland 1 0 4100 $470,595 $626,086 82% 70% 46% 6.00 6.00 0.09 0.09 1.31 1.33
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Case Study 1 Music Model Results - Zone 3 (Western  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario HIL m? m? $ $ TSS TP N median 90%lle | median IXile | median Wik
base (no BMP) 0 0 0 $0 $0 0% 0% 0% 155.00 342.00 0.35 0.65 1.99 3.02
tank only 2 0 0 $114,202 $167,794 6% 3% 12% 181.00 461.00 0.42 0.87 1.96 2.89
tank to bio 2 360 0 $149,648 $257,287 82% 69% 46% 0.61 7.11 0.03 0.09 0.89 1.22
tank + wetland 2 0 1800 $351,864 $456,271 81% 69% 47% 6.00 6.02 0.09 0.09 1.31 1.35
Case Study 1 Music Model Results - Zone 4 (South Co ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario HIL m? m? $ $ TSS TP N median 90%lle | median I0Xile | median Wik
base (no BMP) 0 0 0 $0 $0 0% 0% 0% 156.00 343.00 0.36 0.65 1.98 3.01
tank only 15 0 0 $92,742 $146,334 2% 2% 6% 170.00 438.00 0.39 0.82 1.97 2.82
tank to bio 1.5 880 0 $163,117 $291,176 88% 75% 46% 0.56 3.73 0.03 0.06 0.78 1.11
tank + wetland 1.5 0 5600 $586,088 $772,386 82% 69% 46% 6.00 6.01 0.09 0.09 1.31 1.33
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Case Study 2 Music Model Results - Zone 1 (Brisbane

Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP TN median @0%ille | median 9%l | median Tl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 89.30 220.00 0.215 0.43 1.93 3.2
tank only 3 0 0 $5,040 $6,888 13% 11% 25% 91.60 282.00 0.234 0.529 1.95 2.79
tank to bio 3 6 0 $8,104 $36,126 82% 70% 53% 1.04 8.52 0.0384 0.0889 1 1.36
tank + wetland 3 0 30 $39,140 $44,338 82% 69% 58% 6.00 6.01 0.0901 0.0902 1.31 1.35
Case Study 2 Music Model Results - Zone 2 (North Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP TN median @0%ille | median @D%ile | median Tl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 95.70 230.00 0.23 0.44 1.94 3.21
tank only 2.25 0 0 $4,258 $6,106 9% 8% 20% 91.20 251.00 0.23 0.48 1.96 2.72
tank to bio 2.25 6.5 0 $7,516 $36,262 82% 69% 52% 0.93 13.90 0.04 0.10 0.99 1.39
tank + wetland 2.25 0 48 $50,400 $57,180 80% 68% 59% 6.00 6.00 0.09 0.09 1.31 1.34
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Case Study 2 Music Model Results - Zone 3 (Western  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP TN median 0%l | median YO%ille | median Tl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 91.00 222.00 0.22 0.44 1.93 3.21
tank only 8 0 0 $6,070 $7,918 24% 22% 46% 105.00 334.00 0.27 0.63 1.85 2.86
tank to bio 8 2.5 0 $7,634 $28,904 83% 71% 63% 2.18 43.30 0.05 0.17 1.02 1.65
tank + wetland 8 0 18 $30,616 $34,670 81% 72% 67% 6.00 6.01 0.09 0.09 1.31 1.36
Case Study 2 Music Model Results - Zone 4 (South Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP TN median ®0%lle | median YOl | median Tl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 98.70 243.00 0.23 0.46 1.93 3.19
tank only 2.5 0 0 $4,548 $6,396 13% 9% 18% 98.30 277.00 0.25 0.52 1.94 2.73
tank to bio 2.5 7 0 $7,996 $37,432 82% 67% 47% 1.11 28.30 0.04 0.13 1.01 1.50
tank + wetland 2.5 0 64 $60,074 $68,176 80% 67% 56% 6.00 6.01 0.09 0.09 1.31 1.35
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Case Study 3 Music Model Results - Zone 1 (Brisbane  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP ™ median ®0%lle | median YO%ile | median Tl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 168.00 324.00 0.378 0.62 2.03 2.81
tank only 2.5 0 0 $9,096 $12,792 7% 6% 17% 187.00 427.00 0.428 0.814 1.96 2.65
tank to bio 2.5 12 0 $11,703 $31,985 81% 69% 47% 1.29 11.60 0.0446 0.109 0.962 1.27
tank + wetland 2.5 0 62 $36,298 $43,039 80% 68% 45% 6.00 6.01 0.0901 0.0902 1.31 1.34
Case Study 3 Music Model Results - Zone 2 (North Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP ™ median @0%lle | median YO%ile | median Tl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 169.00 329.00 0.38 0.63 2.03 2.80
tank only 2 0 0 $7,876 $11,572 6% 4% 13% 201.00 455.00 0.46 0.86 1.96 2.73
tank to bio 2 12 0 $10,483 $30,765 84% 71% 46% 0.69 7.12 0.03 0.09 0.92 1.18
tank + wetland 2 0 90 $42,450 $50,291 83% 71% 46% 6.00 6.00 0.09 0.09 1.31 1.33
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Case Study 3 Music Model Results - Zone 3 (Western  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP TN median 0%l | median YO%ille | median Tl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 169.00 326.00 0.38 0.62 2.02 2.79
tank only 55 0 0 $12,416 $16,116 10% 8% 26% 195.00 453.00 0.45 0.87 1.90 2.69
tank to bio 5.5 8 0 $14,326 $32,464 82% 69% 51% 1.75 31.10 0.05 0.16 0.96 1.42
tank + wetland 5.5 0 40 $32,933 $38,755 81% 69% 50% 6.00 6.01 0.09 0.09 1.31 1.34
Case Study 3 Music Model Results - Zone 4 (South Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgntation (mg/L) _
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP TN median @0%ille | median @D%ile | median Tl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 169.00 328.00 0.38 0.63 2.03 2.79
tank only 2.5 0 0 $9,096 $12,792 6% 4% 11% 202.00 457.00 0.46 0.87 1.97 2.72
tank to bio 2.5 16 0 $12,347 $34,347 84% 71% 45% 0.85 9.84 0.04 0.10 0.93 1.23
tank + wetland 2.5 0 125 $51,808 $60,947 83% 70% 46% 6.00 6.01 0.09 0.09 1.31 1.33
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Case Study 4 Music Model Results - Zone 1 (Brisbane  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _

Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario AL m? m? $ $ TSS TP N median  90%lle | median  IDXile | median IVl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 124.00 243.00 0.282 0.477 1.95 3.07
tank only 5 0 0 $5,277 $6,201 18% 20% 49% 212.00 481.00 0.463 0.888 1.93 2.94
tank + bio 5 7.5 0 $7,095 $22,142 81% 71% 64% 1.67 13.80 0.0503 0.123 0.996 1.47
tank to bio 5 8.5 0 $7,278 $22,942 82% 73% 66% 1.30 15.20 0.0446 0.118 0.956 1.35
tank + wetland 5 0 42 $26,449 $29,582 80% 70% 61% 7.76 123.00 0.101 0.321 141 1.91
tank + wetland 5 0 45 $27,410 $30,672 80% 70% 62% 6.01 93.60 0.0902 0.266 1.35 1.85

Case Study 4 Music Model Results - Zone 2 (North Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgntation (mg/L) _

Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario L m? m? $ $ TSS TP TN median  90%lle | median IV%ile | median  IWKille
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 124.00 244.00 0.28 0.48 1.94 3.06
tank only 2.5 0 0 $4,407 $5,331 15% 16% 37% 176.00 427.00 0.40 0.80 1.93 2.78
tank + bio 2.5 9 0 $6,498 $22,453 81% 69% 54% 2.28 14.80 0.06 0.12 1.06 1.56
tank to bio 2.5 10 0 $6,674 $23,180 81% 70% 57% 0.78 14.80 0.04 0.11 0.93 1.35
tank + wetland 2.5 0 65 $32,449 $36,539 81% 69% 54% 6.01 16.80 0.09 0.13 1.35 1.77
tank + wetland 2.5 0 80 $36,457 $41,141 80% 69% 58% 6.00 17.90 0.09 0.12 1.32 1.53
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Case Study 4 Music Model Results - Zone 3 (Western  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario HIL m? m? $ $ TSS TP N median 90%le | median 9%k | median IVl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 81.20 242.00 0.29 0.48 1.95 3.08
tank only 5 0 0 $5,277 $6,201 22% 25% 52% 217.00 489.00 0.47 0.90 1.97 2.98
tank + bio 5 4.5 0 $6,505 $19,293 81% 2% 67% 2.59 38.80 0.06 0.18 1.04 1.58
tank to bio 5 5 0 $6,609 $19,830 82% 72% 68% 2.10 39.90 0.06 0.18 1.02 1.52
tank + wetland 5 0 26 $20,827 $23,241 80% 71% 63% 97.30 202.00 0.28 0.45 1.85 2.13
tank + wetland 5 0 27 $21,209 $23,670 80% 71% 64% 104.00 197.00 0.29 0.44 1.84 2.14

Case Study 4 Music Model Results - Zone 4 (South Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgntation (mg/L) _

Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario L m? m? $ $ TSS TP TN median  90%ile | median  IW%ile | median Il
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 127.00 246.00 0.29 0.48 1.95 3.04
tank only 4 0 0 $4,979 $5,903 15% 14% 34% 177.00 430.00 0.40 0.80 1.92 2.78
tank + bio 4 10.5 0 $7,332 $24,101 81% 66% 51% 2.75 19.40 0.06 0.13 1.07 1.60
tank to bio 4 12.5 0 $7,669 $25,413 80% 67% 54% 0.97 24.40 0.04 0.13 0.94 1.46
tank + wetland 4 0 100 $41,978 $47,425 81% 68% 54% 6.00 15.10 0.09 0.13 1.32 1.70
tank + wetland 4 0 118 $46,136 $52,249 80% 69% 57% 6.00 19.90 0.09 0.13 1.31 1.53
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Case Study 5 Music Model Results - Zone 1 (Brisbane  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario HIL m? m? $ $ TSS TP N median 90%lle | median IXile | median Wik
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 34.70 110.00 0.11 0.275 1.82 3.6
tank only 90 0 0 $5,533 $6,457 81% 63% 64% 34.70 110.00 0.11 0.275 1.82 3.6
bio only 0 45 0 $7,188 $33,314 88% 67% 45% 0.56 1.44 0.0283 0.0368 0.812 1.26

Case Study 5 Music Model Results - Zone 2 (North Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario HL m? m? $ $ TSS TP N median 90%lle | median I0Xile | median Wik
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 34.60 110.00 0.11 0.28 1.82 3.61
tank only 130 0 0 $6,088 $7,012 81% 60% 62% 34.60 110.00 0.11 0.28 1.82 3.61
bio only 0 38 0 $6,314 $30,958 88% 66% 45% 0.56 1.00 0.03 0.03 0.74 1.15




waterbydesign

Creating water sensitive communities in SEQ

Case Study 5 Music Model Results - Zone 3 (Western  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario HIL m? m? $ $ TSS TP N median 90%lle | median IXile | median Wik
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 35.30 110.00 0.11 0.28 1.82 3.60
tank only 60 0 0 $4,979 $5,903 81% 68% 68% 35.30 110.00 0.11 0.28 1.82 3.60
bio only 0 35 0 $5,928 $29,883 88% 66% 45% 0.56 1.42 0.03 0.04 0.79 1.24

Case Study 5 Music Model Results - Zone 4 (South Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)
Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario HL m? m? $ $ TSS TP N median 90%lle | median I0Xile | median Wik
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 35.00 110.00 0.11 0.27 1.82 3.61
tank only 290 0 0 $7,500 $8,424 85% 60% 64% 35.00 110.00 0.11 0.27 1.82 3.61
bio only 0 48 0 $7,553 $34,268 89% 66% 45% 0.56 1.33 0.03 0.04 0.76 1.24
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Case Study 6 Music Model Results - Zone 1 (Brisbane  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _

Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario L m? m? $ $ TSS TP N median  S0%ile | median  IV%ile | median IVl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 190.00 374.00 0.523 0.948 21 3.83
tank only 50 0 0 $4,749 $5,673 4% 3% 6% 184.00 397.00 0.515 1.01 2.1 3.45
tank to bio 50 140 0 $21,922 $61,598 86% 74% 45% 0.57 6.48 0.0304 0.107 0.872 1.37
tank + wetland (max) 50 0 1000 $167,563 $199,456 90% 82% 42% 6.00 31.70 0.0901 0.142 1.31 1.95
tank to wetland (6% total) 50 0 600 $121,950  $143,037 83% 73% 44% 6.00 61.40 0.0901 0.246 1.31 1.84
tank to wetland 50 0 650 $128,145 $150,632 83% 74% 45% 6.00 52.50 0.0901 0.226 1.31 1.78

Case Study 6 Music Model Results - Zone 2 (North Co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)

Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario L m? m? $ $ TSS TP TN median  90%le | median  3W¥ile | median Il
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 191.00 375.00 0.53 0.96 2.11 3.89
tank only 40 0 0 $4,481 $5,405 5% 3% 6% 195.00 403.00 0.55 1.03 2.13 3.53
tank to bio 40 130 0 $20,704 $59,390 86% 75% 46% 0.56 3.04 0.03 0.07 0.75 1.23
tank + wetland (max) 40 0 1000 $167,295  $199,188 85% 7% 37% 6.00 42.30 0.09 0.17 1.31 2.34
tank to wetland (6.5% total) 40 0 650 $121,682  $142,769 81% 71% 42% 6.00 7.11 0.09 0.10 1.31 1.39
tank to wetland 40 0 850 $151,128 $179,065 85% 75% 46% 6.00 6.06 0.09 0.09 1.31 1.35
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Case Study 6 Music Model Results - Zone 3 (Western  Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)

Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario L m? m? $ $ TSS TP ™ median  30%ile | median IVl | median IVl
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 189.00 372.00 0.52 0.95 2.10 3.87
tank only 80 0 0 $5,366 $6,290 4% 3% 11% 198.00 420.00 0.55 1.06 2.08 3.54
tank to bio 80 85 0 $17,076 $50,565 82% 70% 45% 0.56 9.27 0.03 0.12 0.84 1.42
tank + wetland 80 0 710 $135,976  $160,122 89% 81% 46% 6.00 38.60 0.09 0.16 1.31 2.10
tank to wetland (5% total) 80 0 500 $109,593 $127,821 84% 76% 50% 6.00 37.40 0.09 0.18 1.31 1.71
tank to wetland 80 0 400 $95,652 $110,930 81% 72% 46% 6.00 73.20 0.09 0.28 1.31 1.90

Case Study 6 Music Model Results - Zone 4 (South co  ast Region)

WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg/L)

Treatment Train Tank Bio Wetland TAC LCC TSS TP TN
Scenario KL m? m? $ $ TSS TP N median SD%ile | median SD%lle | median  IWille
base (No BMP) 0 0 0 $0 $0 0% 0% 0% 190.00 374.00 0.53 0.95 211 3.87
tank only 50 0 0 $4,749 $5,673 3% 2% 5% 189.00 396.00 0.53 1.01 2.13 3.48
tank to bio 50 170 0 $24,680 $67,083 87% 75% 45% 0.56 4.80 0.03 0.09 0.78 1.31
tank + wetland (max) 50 0 1000 $167,563 $199,456 82% 74% 33% 6.00 36.10 0.09 0.15 1.31 2.10
tank to wetland (8% total) 50 0 800 $145,785 $172,380 7% 68% 39% 6.00 53.90 0.09 0.23 1.31 1.81
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Case Study 7 Music Model Results - Zone 1 (Brishane  Region)
WSUD Component Size Treatment Train Cost |Reduction of Mean Annual Load _ Pollutant Concgtation (mg/L) _
Treatment Train Tank Sed Trap Sand Filter Bio Wetland TAC LCC TSS TP TN
Scenario L m? m? m? m? $ $ TSS TP TN | median 30%ile | median S%ile | median VXl
base (No BMP) 0 0 0 0 0 $0 $0 0% 0% 0% 149.00 459.00 0.668 1.42 2.19 4.33
tank only 30 0 0 0 0 $4,158 $5,082 4% 4% 13% 188.00 519.00 0.659 1.62 2.12 3.52
tank + sand filter 30 9.5 63 0 0 $132,696 $414,046 85% 70% 43% 27.20 38.10 0.17 0.23 1.74 2.01
** tank to bio 30 0 0 55 0 $12,543 $41,469 83% 73% 49% 0.89 12.70 0.0465 0.183 0.969 1.52
**tank to wetland 30 0 0 0 250 $70,880 $81,496 80% 73% 47% 6.00 6.01 0.09 0.09 1.3 1.32
Case Study 7 Music Model Results - Zone 2 (North Co ast Region)
WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg

Tank Sed Trap  Sand Filter Bio Wetland TAC LCC TSS TP
Scenario HaL m’ m? m? m’ $ $ TSS TP TN median 0%l | median Y0%ille
base (No BMP) 0 0 0 0 0 $0 $0 0% 0% 0% 195.00 462.00 0.67 1.43
tank only 35 0 0 0 0 $4,328 $5,252 4% 3% 14% 197.00 519.00 0.69 1.62
tank + sand filter 35 9.5 42 0 0 $132,866 $414,216 85% 70% 39% 26.60 35.80 0.17 0.22
** tank to bio 35 0 0 45 0 $11,516 $38,566 82% 2% 46% 0.56 5.89 0.03 0.12
**tank to wetland 35 0 0 0 320 $82,537 $95,372 82% 75% 46% 6.00 6.01 0.09 0.09
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Case Study 7 Music Model Results - Zone 3 (Western  Region)
WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg
Tank Sed Trap Sand Filter Bio Wetland TAC LCC TSS TP
Scenario HaL m? m? m? m’ $ $ TSS TP TN median 0%l | median Y0%ille
base (No BMP) 0 0 0 0 0 $0 $0 0% 0% 0% 193.00 462.00 0.67 1.43
tank only 60 0 0 0 0 $4,979 $5,903 9% 8% 23% 201.00 550.00 0.70 1.70
tank + sand filter 60 9.5 42 0 0 $91,370 $313,747 86% 73% 46% 2.72 37.00 0.17 0.23
** tank to bio 60 0 0 40 0 $11,546 $37,555 83% 2% 50% 0.74 18.50 0.04 0.21
**tank to wetland 60 0 0 0 200 $62,776 $71,747 83% 7% 51% 6.00 6.01 0.09 0.09
Case Study 7 Music Model Results - Zone 4 (South Co  ast Region)
WSUD Component Size Treatment Train Cost Reduction of Mean Annual Load Pollutant Concentation (mg
Tank Sed Trap Sand Filter Bio Wetland TAC LCC TSS TP
Scenario KL m? m? m? m? $ $ TSS TP N median 30%ile | median  IOXile
base (No BMP) 0 0 0 0 0 $0 $0 0% 0% 0% 194.00 465.00 0.68 1.45
tank only 35 0 0 0 0 $4,328 $5,252 2% 1% 10% 191.00 516.00 0.67 1.60
tank + sand filter 35 9.5 63 0 0 $132,866 $414,216 86% 70% 39% 27.00 36.60 0.17 0.23
** tank to bio 35 0 0 65 0 $13,860 $44,454 83% 72% 46% 0.59 8.86 0.03 0.15
**tank to wetland 35 0 0 0 450 $101,723 $118,489 81% 75% 46% 6.00 6.01 0.09 0.09
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Case Study

Res A
Greenfield

Res A
1into 2

Townhouse

3 Storey
Walk-up

Residential
High-rise

Industrial
Warehouse

Complying

‘Treatment

Train(s)'

TtoB

TtoB

TtoW

TtoB

TtoW

T+B

T+W

TtoB

TtoW

Commercial |
Local Retail

T: Rainwater Tank only; B: Bioretention only; T + B: Rainwater Tank and Bioretention (overflows from tank not
directed to bioretention); T + W: Rainwater Tank and Wetland (overflows from tank not directed to wetland); T to B:
Rainwater Tank to Bioretention (overflows from tank directed to bioretention); T to W Rainwater Tank and Wetland

(overflows from tank directed to wetland); T to SF: Rainwater Tank to Sand Filter (overflows from tank directed to
sand filter). In all cases bioretention, wetland and sand filter treats all ground level impervious and pervious surfaces.

Lifecycle
Cost

$,000/ha

60

430

520

315

420

160

220

35

145

60

150

Target
Pollutant

TSS
=
™
TSS
P
™
TSS
=
™
TSS
L=
™
TSS
L=
™
TSS
L=
™
TSS
L=
™
TSS
L=
™
TSS
L=
™
TSS
L=
™
TSS
P
™

Total Load
Generated
from Site
Kg/halyr

1855

20
1185
2.5
16.5
1185
2.5
16.5
540
15
22.5
540
15
22.5
2120
5.5
22.5
350
15
12.5

Load
Removal
%

84
72
45
81
73
70
82
69
58
81
73
64
80
68
45
81
74
73
80
70
61
81
63
64
88
67
45
86
74
45
83
74
45

Load
Removed
Kg/ha/yr

1126
2.2
6.5
308
0.7
4.2
312
0.7
35
1502
2.9
12.8
1484
2.7

960
1.8
12
948
1.8
10
437
0.9
14
475

10.1
1823
4.1
10.1
290
1.1
5.6

Removal
Lifecycle
Cost
$,000/kg
0.05
27.3
9.2
14
589
102
1.67
754
149
0.21
108
24.6
0.28
154
46.7
0.17
86.5
13.3
0.23
126
21.9
0.08
37.0
2.4
0.31
145
14.4
0.03
14.6
5.9
0.52
136
26.8
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Case Study Complying

‘Treatment

Train(s)'
Res A TtoB
Greenfield

TtoB

TtoW

Townhouse TtoB

3 Storey T+B

Walk-up

T+W

Residential T

High-rise

B
Industrial TtoB
Warehouse

TtoW

Commercial |
Local Retail

Lifecycle
Cost

$,000/ha

55

430

680

300

165

270

35

135

60

180

Target
Pollutant

TSS
=
™
TSS
=
™
TSS
=
™
TSS
=
™
TSS
P
™
TSS
=
™
TSS
P
™
TSS
=
™
TSS
=
™
TSS
=
™

Total Load
Generated
from Site
Kg/halyr

2800
7.5
30

Load
Removal
%

86
74
45
80
72
68
80
68
59
84
71
46
81
71
63
81
69
54
81
60
62
88
66
45
86
75
46
85
75
46

Load
Removed
Kg/ha/yr

1561
3.0
8.8
408
0.7
5.4
408
0.7
4.7
2066
3.6
12.2
1268
25
135
1266
2.4
11.6
594
1.2
18.3
645
13
13.3
2408
5.6
13.8
2380
5.6
13.8

Removal
Lifecycle
Cost
$,000/kg
0.04
18.3
6.2
1.05
597
79.0
1.67
1000
144
0.15
83.3
24.6
0.13
66.4
12.2
0.21
112
23.3
0.06
29.2
1.9
0.21
104
10.2
0.02
10.7
4.3
0.08
32.1
13.0

T: Rainwater Tank only; B: Bioretention only; T + B: Rainwater Tank and Bioretention (overflows from tank not
directed to bioretention); T + W: Rainwater Tank and Wetland (overflows from tank not directed to wetland); T to B:
Rainwater Tank to Bioretention (overflows from tank directed to bioretention); T to W Rainwater Tank and Wetland
(overflows from tank directed to wetland); T to SF: Rainwater Tank to Sand Filter (overflows from tank directed to
sand filter). In all cases bioretention, wetland and sand filter treats all ground level impervious and pervious surfaces.
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Case Study

Res A
Greenfield

Res A
1into 2

Townhouse

3 Storey
Walk-up

Residential
High-rise

Industrial
Warehouse

Commercial
Local Retail

Complying
‘Treatment
Train(s)'

TtoB

TtoW

TtoB

TtoW

TtoB

TtoW

T+B

T+W

TtoB

TtoW

Tto SF

Removal
Lifecycle
Cost

$,000/ha

60

100

345

410

320

380

140

170

30

130

50

110

750

Target
Pollutant

TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™
TSS
TP
™

Total Load
Generated
from Site
Kg/halyr
806.5
1.5

8.5
806.5
1.5

8.5
208.5
0.5

35
208.5
0.5

35
1166.5
25

12.5
1166.5
25

12.5
721.5
1.5

10
721.5
1.5

10
351.5

14
3515

14
1300
3.5
14
1300
3.5
14
1720
5.5
17.5

Load
Removal
%

82
69
46
81
69
47
80
73
73
81
72
67
80
72
66
81
69
50
80
74
75
80
71
63
81
68
68
88
66
45
82
70
45
81
72
46
86
73
46

Load
Removed
Kg/halyr

661

3.9
654
1.0

167
0.4
2.6
169
0.4
2.3
934
1.8
8.2
945
1.7
6.2
577
1.1
7.5
577
1.1
6.3
284
0.7
9.5
309
0.7
6.3
1066
2.4
6.3
1053
2.5
6.4
1479
4.0
8.0

Removal
Lifecycle
Cost

$,000/kg

0.09
60
15.4
0.15
96.6
25.0
2.07
945
135
2.43
1139
175
0.34
178
38.8
0.40
220
60.8
0.24
126
18.7
0.29
160
27.0
0.11
44.1
3.2
0.42
186
20.6
0.05
20.8
7.9
0.10
44.0
17.2
0.51
187
93.7

T: Rainwater Tank only; B: Bioretention only; T + B: Rainwater Tank and Bioretention (overflows from tank not directed to
bioretention); T + W: Rainwater Tank and Wetland (overflows from tank not directed to wetland); T to B: Rainwater Tank to
Bioretention (overflows from tank directed to bioretention); T to W Rainwater Tank and Wetland (overflows from tank directed to
wetland); T to SF: Rainwater Tank to Sand Filter (overflows from tank directed to sand filter). In all cases bioretention, wetland and

sand filter treats all ground level impervious and pervious surfaces.
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Case Study Complying Removal Target Total Load Load Load Removal
‘Treatment Lifecycle Pollutant | Generated Removal Removed Lifecycle
Train(s)’ Cost from Site % Kg/ha/yr Cost
Kg/halyr $,000/kg
$,000/ha

Res A
Greenfield

Res A
linto 2

3 Storey
Walk-up

Residential
High-rise

Industrial _
Warehouse
Commercial [
Local Retail

T: Rainwater Tank only; B: Bioretention only; T + B: Rainwater Tank and Bioretention (overflows from tank not
directed to bioretention); T + W: Rainwater Tank and Wetland (overflows from tank not directed to wetland); T to B:
Rainwater Tank to Bioretention (overflows from tank directed to bioretention); T to W Rainwater Tank and Wetland

(overflows from tank directed to wetland); T to SF: Rainwater Tank to Sand Filter (overflows from tank directed to
sand filter). In all cases bioretention, wetland and sand filter treats all ground level impervious and pervious surfaces.
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Appendix G - Results of Life-
cycle Cost Analysis

Notes and Caveats for LCC Analysis:

* Used Australian Standard Methodology for life-cycle costing (Australian Standard: 4536:1999) and recently derived
CRC-CH cost-size relationships for stormwater BMPs.

* TAC = total acquisition cost (i.e. preliminary feasibility studies + design + construction costs, incl o/heads and
excluding GST).

* LCC = Life-cycle cost (i.e. sum of all discounted nominal costs over the asset's life cycle).

* TAC has been provided as well as LCC, as developers are typically only interested in the up-front costs (i.e. this info
may be needed later in the SEQ project).

* Life span for the LCC analysis = 30 years for all BMPs (NB: To add LCCs in a stormwater treatment train, the life-
cycle/span of each BMP's LCC must be the same. Also, using the same life cycle/span for the anaysis aids
comparison between scenarios.).

* Nominal discount rate = 10% p.a..

* Inflation rate = 2.14% p.a. (see this referance for details on how this was derived: Taylor, A. (2003). An

Introduction to Life-cycle Costing Involving Struct ural Stormwater Quality Management Measures.  Technical Paper.
Cooperative Research Centre for Catchment Hydrology, Melbourne. Available at www.toolkit.net.au as a PDF file.).

* All costs in 2004 Australian dollars.

Tanks:

* Estimates for TAC should only be used with confidence for 1 to 10 KL tanks, therefore estimates of LCC beyond 10
kL should be used with great caution.

* No renewal/adaptation costs included (assumed to be covered by Typical Annual Maintenance - TAM - costs).

* Decommissioning cost (DC): $200. Not scaled for size.

* The life-cycle of above-ground galvanised, colorbond, zincalume and aquaplate tanks is usually around 25 years,
but estimate vary. I've increased this estimate slightly (to 30 years) to allow for improving tank design. | have therefore
not assumed that tanks need replacing at 25 years. As the assumed BMP life-cycle is the same as the life span of the
costing anaysis (30 years), I've included a decommissioning cost in the LCC.

Bioretention systems:

* Assumed bioretention systems need resetting at 25 years (i.e. a major renewal/adaptation cost at 25 years).

* No decommission costs have been included in the assessment (as they are reset at 25 years and the BMPs can
work indefinantely if they are maintained and reset at regular intervals).

Wetland systems:

* Assumed wetland systems need resetting at 20 years (i.e. a major renewal/adaptation cost at 20 years).

* No decommission costs included in assessment (as they are reset at 20 years and the BMPs can work indefinantely
if they are maintained and reset at regular intervals).

* Costing data is based on greenfield wetlands - retrofitted wetland costs are likely to be higher.
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Table G1: Life-cycle Cost Analysis - Summary of Results (all costs in 2004$)

Zone 1 — Greater Brisbane Zone 2 — North Coast Zone 3 — Western Region Zone 4 — South Coast

Complying Total Life-cycle Complying Total Life-cycle Complying Total Life-cycle Complying Total Life-cycle
Acquisition Cost Acquisition Cost Acquisition Cost Acquisition Cost

‘Treatment Cost ‘Treatment Cost ‘Treatment Cost ‘Treatment Cost

Train(s)’ $,000/ha Train’ $,000/ha Train' $,000/ha Train’ $,000/ha
Case study $,000/ha $,000/ha $,000/ha $,000/ha
Res A TtoB 30 (20) 60 (30) TtoB 30 (15) 55 (25) TBo 35 (25) 60 (37) TtoB 35 (20) 65 (30)
Greenfield

TtoW 78 (25) 100 (37)

Res A TtoB 95 (60) 430 (85) TtoB 90 (50) 430 (70) TtoB 90 (70) 345 (95) TtoB 95 (55) 445 (75)
1into 2

TtoW 465 (60) 520 (85) TtoW 595 (50) 680 (70) TtoW 365 (70) 410 (95) TtoW 710 (55) 810 (75)
Townhouse TtoB 115 (90) 315 (125) TtoB 105 (75) 300 (110) TtoB 140 (120) 320 (160) TtoB 120 (90) 335 (125)

TtoW 355 (90) 420 (125) TtoW 320 (120) 380 (160)
3 Storey T+B 50 (40) 160 (45) T+B 50 (35) 165 (40) T+B 50 (40) 140 (45) T+B 55 (35) 180 (45)
Walk-u

- T+W 195 (40) 220 (45) T+W 240 (35) 270 (40) T+W 155 (40) 170 (45)

Residential T 30 35 T 30 35 T 25 30 T 40 45
High-rise B 30 145 B 30 135 B 25 130 B 35 150
Industrial TtoW 130 (5) 150 (5) TtoW 150 (5) 180 (5) TVib 95 (5) 110 (5) _ _
Warehouse
Commercial _ _ _ _ _ _ Tto SF 220 (10) 750 (10) _ _
Local Retail

() Costs in open brackets are for the rainwatgx tdement only; T: Rainwater Tank only; B: Biorgien only; T + B: Rainwater Tank and Bioretenti@verflows from tank not directed to bioretentiom) W:
Rainwater Tank and Wetland (overflows from tank dictcted to wetland); T to B: Rainwater Tank totention (overflows from tank directed to biorgten); T to W Rainwater Tank and Wetland (overftofrom
tank directed to wetland); T to SF: Rainwater Temand Filter (overflows from tank directed todditter). In all cases bioretention, wetland aadd filter treats all ground level impervious armaious surfaces.
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Case Study 1 Music Model Results - Zone 1

*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0
tank 15 0 0
tank to bio 15 600 0
tank + wetland 15 0 2800

Case Study 1 Music Model Results - Zone 2

*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0
tank 1 0 0
tank to bio 1 650 0
tank + wetland 1 0 4100

Case Study 1 Music Model Results - Zone 3

*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0
tank 2 0 0
tank to bio 2 360 0
tank + wetland 2 0 1800

Case Study 1 Music Model Results - Zone 4

*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0
tank 15 0 0
tank to bio 15 880 0
tank + wetland 1.5 0 5600

Tank ($pertank) | Mio(@HpeBMD) | Wstiand ($perBNBD) TTesatneentTT egin
TAC LCC TAC LcCc TAC LCC TAC LCC
2004$ 2004% 2004$ 2004$ 2004$ 2004$ 2004$ 2004$
$0 $0 $0 $0 $0 $0 $0 $0
$1,599  $2,523 $0 $0 $0 $0 $92,742  $146,334
$1,599  $2,523  $52,455 $117,314 $0 $0| | $145,197 $263,648
$1,599  $2,523 $0 $0 $315,819 $389,617| | $408,561 $535,951
$0 $0 $0 $0 $0 $0 $0 $0
$1,154  $2,078 $0 $0 $0 $0 $66,932 $120,524
$1,154  $2,078  $55,778 $122,530 $0 $0| | $122,710 $243,054
$1,154  $2,078 $0 $0 $403,663 $505,562| | $470,595 $626,086
$0 $0 $0 $0 $0 $0 $0 $0
$1,969  $2,893 $0 $0 $0 $0| | $114,202 $167,794
$1,969  $2,893 $35446  $89,493 $0 $0| | $149,648 $257,287
$1,969  $2,803 $0 $0 $237,662 $288,477| | $351,864 $456,271
$0 $0 $0 $0 $0 $0 $0 $0
$1,599  $2,523 $0 $0 $0 $0 $92,742  $146,334
$1,599  $2,523  $70,375 $144,842 $0 $0| | $163,117 $291,176
$1,509  $2,523 $0 $0_$493,346 $626,052| | $586,088  $772,386

1
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Case Study 2 Music Model Results - Zone 1 Tank ($pertank) | EBio(@merBMP) | Weatiant(qerBWD) TFeedineen{TFeain
*WSUD Component Size TAC LCC TAC LCC TAC LCC TAC LCC
Tank Bio Wetland 2004% 2004% 2004% 2004% 2004% 2004% 2004% 2004$

Scenario KL m2 m2

base 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0

tank 3 0 0 $2,520 $3,444 $0 $0 $0 $0 $5,040 $6,888

tank + bio 3 6 0 $2,520 $3,444 $1,532  $14,619 $0 $0 $8,104  $36,126

tank + wetland 3 0 30 $2,520 $3,444 $0 $0  $17,050 $18,725 $39,140  $44,338

Case Study 2 Music Model Results - Zone 2

*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 2.25 0 0 $2,129 $3,053 $0 $0 $0 $0 $4,258 $6,106
tank + bio 2.25 6.5 0 $2,129 $3,053 $1,629  $15,078 $0 $0 $7,516  $36,262
tank + wetland 2.25 0 48 $2,129 $3,053 $0 $0  $23,071 $25,537 $50,400  $57,180

Case Study 2 Music Model Results - Zone 3

Water Quality Results
*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 8 0 0 $3,035 $3,959 $0 $0 $0 $0 $6,070 $7,918
tank + bio 8 2.5 0 $3,035 $3,959 $782  $10,493 $0 $0 $7,634  $28,904
tank + wetland 8 0 18 $3,035 $3,959 $0 $0  $12,273 $13,376 $30,616  $34,670

Case Study 2 Music Model Results - Zone 4

Water Quality Results
*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 2.5 0 0 $2,274 $3,198 $0 $0 $0 $0 $4,548 $6,396
tank + bio 25 7 0 $2,274 $3,198 $1,724  $15,518 $0 $0 $7,996  $37,432

tank + wetland 25 0 64 $2,274 $3,198 $0 $0  $27,763 $30,890 $60,074  $68,176
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Water Quality Results

Case Study 3 Music Model Results - Zone 1

*WSUD Component Size

Tank Wetland
Scenario KL m2
base 0 0 0
tank 2.5 0 0
tank + bio 2.5 12 0
tank + wetland 2.5 0 62

Case Study 3 Music Model Results - Zone 2

Water Quality Results

*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0
tank 2 0 0
tank + bio 2 12 0
tank + wetland 2 0 90

Water Quality Results

Case Study 3 Music Model Results - Zone 3

*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0
tank 5.5 0 0
tank + bio 55 8 0
tank + wetland 5.5 0 40

Water Quality Results

Case Study 3 Music Model Results - Zone 4

*WSUD Component Size

Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0
tank 25 0 0
tank + bio 2.5 16 0
tank + wetland 2.5 0 125

Tank ($ per tank) Bio(BeeBMB) | Wiattant((SpzerBVD) TTecamesntTT eain
TAC LCC TAC LCC TAC LCC TAC LCC
2004% 2004% 2004% 2004% 2004% 2004% 2004% 2004%
$0 $0 $0 $0 $0 $0 $0 $0
$2,274 $3,198 $0 $0 $0 $0 $9,096  $12,792
$2,274 $3,198 $2,607 $19,193 $0 $0 $11,703  $31,985
$2,274 $3,198 $0 $0  $27,202 $30,247 $36,298  $43,039
$0 $0 $0 $0 $0 $0 $0 $0
$1,969 $2,893 $0 $0 $0 $0 $7,876  $11,572
$1,969 $2,893 $2,607  $19,193 $0 $0 $10,483  $30,765
$1,969 $2,893 $0 $0  $34,574 $38,719 $42,450  $50,291
$0 $0 $0 $0 $0 $0 $0 $0
$3,104 $4,029 $0 $0 $0 $0 $12,416  $16,116
$3,104 $4,029 $1,910 $16,348 $0 $0 $14,326  $32,464
$3,104 $4,029 $0 $0  $20,517 $22,639 $32,933  $38,755
$0 $0 $0 $0 $0 $0 $0 $0
$2,274 $3,198 $0 $0 $0 $0 $9,096  $12,792
$2,274 $3,198 $3,251  $21,555 $0 $0 $12,347  $34,347
$2,274 $3,198 $0 $0  $42,712 $48,155 $51,808  $60,947

1%
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Water Quality Results

Scenario

base

tank

tank + bio
tank + bio A
tank + wetland

tank + wetland A

Case Study 4 Music Model Results - Zone 1

*WSUD Component Size

Tank Bio Wetland
KL m2 m2
0 0 0
75 0 0
75 7.5 0
75 8.5 0
75 0 42
75 0 45

Water Quality Results

Scenario

base

tank

tank + bio
tank + bio A
tank + wetland

tank + wetland A

Case Study 4 Music Model Results - Zone 2

*WSUD Component Size

Tank Bio Wetland
KL m2 m2
0 0 0
375 0 0
375 9 0
375 10 0
375 0 65
375 0 80

Water Quality Results

Scenario

base

tank

tank + bio
tank + bio A
tank + wetland

tank + wetland A

Case Study 4 Music Model Results - Zone 3

*WSUD Component Size

Tank Bio Wetland
KL m2 m2
0 0 0
75 0 0
75 45 0
75 5 0
75 0 26
75 0 27

Water Quality Results

Scenario
base
tank

tank + bio

tank + bio A

Case Study 4 Music Model Results - Zone 4

*WSUD Component Size

Tank Bio Wetland
KL m2 m2
0 0 0
60 0 0
60 10.5 0
60 125 0

Tank ($ per tank) Bio((BueerBMP) | Wstiant((SerBWD) TTecaineentTT eain
TAC LCC TAC Lcc TAC LCC TAC LCcc
2004% 2004$ 2004% 2004% 2004% 2004$ 2004% 2004$

$0 $0 $0 $0 $0 $0 $0 $0
$5,277 $6,201 $0 $0 $0 $0 $5,277 $6,201
$5,277 $6,201 $1,818  $15,941 $0 $0 $7,095  $22,142
$5,277 $6,201 $2,001  $16,741 $0 $0 $7,278  $22,942
$5,277 $6,201 $0 $0  $21,172 $23,381 $26,449  $29,582
$5,277 $6,201 $0 $0  $22,133 $24,471 $27,410  $30,672

$0 $0 $0 $0 $0 $0 $0 $0
$4,407 $5,331 $0 $0 $0 $0 $4,407 $5,331
$4,407 $5,331 $2,091  $17,122 $0 $0 $6,498  $22,453
$4,407 $5,331 $2,267  $17,849 $0 $0 $6,674  $23,180
$4,407 $5,331 $0 $0  $28,042 $31,208 $32,449  $36,539
$4,407 $5,331 $0 $0  $32,050 $35,810 $36,457  $41,141

$0 $0 $0 $0 $0 $0 $0 $0
$5,277 $6,201 $0 $0 $0 $0 $5,277 $6,201
$5,277 $6,201 $1,228  $13,092 $0 $0 $6,505  $19,293
$5,277 $6,201 $1,332  $13,629 $0 $0 $6,609  $19,830
$5,277 $6,201 $0 $0  $15,550 $17,040 $20,827  $23,241
$5,277 $6,201 $0 $0  $15,932 $17,469 $21,209  $23,670

$0 $0 $0 $0 $0 $0 $0 $0
$4,979 $5,903 $0 $0 $0 $0 $4,979 $5,903
$4,979 $5,903 $2,353  $18,198 $0 $0 $7,332  $24,101
$4,979 $5,903 $2,690 $19,510 $0 $0 $7,669  $25,413

1&
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Case Study 5 Music Model Results - Zone 1 Tank ($ per tank) Bio((perBVD) | Wéstiant((yrerBWMD) TFesatneentTTeain
Water Quality Results TAC LCC TAC LCC TAC LCC TAC LCC
*WSUD Component Size 2004$ 2004% 2004$ 2004% 2004% 2004$ 2004% 2004$
Tank Bio Wetland
Scenario KL m2 m2
base 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 90 0 $5,533 $6,457 $0 $0 $0 $0 $5,533 $6,457
bio only 0 45 $0 $0 $7,188  $33,314 $0 $0 $7,188  $33,314
Case Study 5 Music Model Results - Zone 2
Water Quality Results
*WSUD Component Size
Tank Bio Wetland
Scenario KL m2 m2
base 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 130 0 $6,088 $7,012 $0 $0 $0 $0 $6,088 $7,012
bio only 0 38 $0 $0 $6,314  $30,958 $0 $0 $6,314  $30,958
Case Study 5 Music Model Results - Zone 3
Water Quality Results
*WSUD Component Size
Tank Bio Wetland
Scenario KL m2 m2
base 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 60 0 $4,979 $5,903 $0 $0 $0 $0 $4,979 $5,903
bio only 0 35 $0 $0 $5,928  $29,883 $0 $0 $5,928  $29,883
Case Study 5 Music Model Results - Zone 4
Water Quality Results
*WSUD Component Size
Tank Bio Wetland
Scenario KL m2 m2
base 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 290 0 $7,500 $8,424 $0 $0 $0 $0 $7,500 $8,424
bio only 0 48 $0 $0 $7,553  $34,268 $0 $0 $7,553  $34,268
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Case Study 6 Music Model Results - Zone 1 Tank ($ pertank) | Bio ($ per BMP) | Wetland ($ per BMP) Treatment Train
Water Quality Results TAC LcC TAC LcC TAC LCcC TAC LCcC
*WSUD Component Size 2004$ 2004$ 2004% 2004% 2004% 2004%$ 2004$ 2004%
Tank Bio Wetland
Scenario KL m2 m2
base 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 50 0 0 $4,749 $5,673 $0 $0 $0 $0 $4,749 $5,673
tank + bio 50 100 0 $4,749 $5,673 $13,265 $47,725 $0 $0 $18,014 $53,398
tank to bio 50 140 0 $4,749 $5,673 $17,173 $55,925 $0 $0 $21,922 $61,598
tank + wetland 50 0 1000 $4,749 $5,673 $0 $0  $162,814 $193,783 $167,563  $199,456
tank to wetland 50 0 650 $4,749 $5,673 $0 $0  $123,396 $144,959 $128,145  $150,632
tank to wetland (6% total) 50 0 600 $4,749 $5,673 $0 $0 $117,201 $137,364 $121,950 $143,037
bio only 0 255 0 $0 $0 $27,205 $75,042 $0 $0 $27,205 $75,042

Case Study 6 Music Model Results - Zone 2

Water Quality Results
*WSUD Component Size

Tank Bio Wetland

Scenario KL m2 m2

base 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 40 0 0 $4,481 $5,405 $0 $0 $0 $0 $4,481 $5,405
tank + bio 40 111 0 $4,481 $5,405 $14,371 $50,107 $0 $0 $18,852 $55,512
tank to bio 40 130 0 $4,481 $5,405 $16,223 $53,985 $0 $0 $20,704 $59,390
tank + wetland 40 0 1000 $4,481 $5,405 $0 $0  $162,814 $193,783 $167,295  $199,188
tank + wetland (6.5% local) 40 0 390 $4,481 $5,405 $0 $0 $88,827 $102,880 $93,308  $108,285
tank to wetland 40 0 850 $4,481 $5,405 $0 $0  $146,647 $173,660 $151,128  $179,065
tank to wetland (6.5% total) 40 0 650 $4,481 $5,405 $0 $0  $123,396 $144,959 $127,877  $150,364

Case Study 6 Music Model Results - Zone 3

Water Quality Results
*WSUD Component Size

Tank Bio Wetland

Scenario KL m2 m2

base 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 80 0 0 $5,366 $6,290 $0 $0 $0 $0 $5,366 $6,290
tank to wetland 80 0 400 $5,366 $6,290 $0 $0 $90,286 $104,640 $95,652  $110,930
tank to bio 80 85 0 $5,366 $6,290 $11,710 $44,275 $0 $0 $17,076 $50,565
tank + wetland 80 0 710 $5,366 $6,290 $0 $0  $130,610 $153,832 $135,976  $160,122
tank to wetland (5% total) 80 0 500 $5,366 $6,290 $0 $0  $104,227 $121,531 $109,593  $127,821

Case Study 6 Music Model Results - Zone 4

Water Quality Results
*WSUD Component Size

Tank Bio Wetland

Scenario KL m2 m2

base 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0
tank 50 0 0 $4,749 $5,673 $0 $0 $0 $0 $4,749 $5,673
tank + bio 50 133 0 $4,749 $5,673 $16,510 $54,573 $0 $0 $21,259 $60,246
tank to bio 50 170 0 $4,749 $5,673 $19,931 $61,410 $0 $0 $24,680 $67,083
tank + wetland (max) 50 0 1000 $4,749 $5,673 $0 $0 $162,814 $193,783 $167,563  $199,456
tank to wetland (8% total) 50 0 800 $4,749 $5,673 $0 $0  $141,036 $166,707 $145,785  $172,380

14
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Case Study 7 Music Model Results - Zone 1 Tank (pertank) | Sed Trap ($perBMP) | Santifilter((serBWD) | Bio ($ per BMP) Wstiamt((preTEBVID) TFeeatneentTTeain

Water Quality Results TAC Lcc TAC Lcc TAC Lcc TAC Lcc TAC Lcc TAC Lcc
WSUD Component Size 2004% 2004% 2004% 2004% 2004% 2004% 2004% 2004% 2004% 2004% 2004%$ 2004%
Tank Sed Trap Sand Filter Bio Wetland

Scenario KL m2 m2 m2 m2

base 0 0 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0| $0 $0|

tank 30 0 0 0 0 $4,158 $5,082 $0 $0 $0 $0 $0 $0 $0 $0| $4,158 $5,082

tank + sand filter 30 9.5 63 0 0 $4,158 $5,082 $4,050 $107,558 $124,488 $301,406 $0 $0 $0 $0| $132,696 $414,046

** tank to bio 30 0 0 55 0 $4,158 $5,082 $0 $0 $0 $0 $8,385  $36,387 $0 $0| $12,543 $41,469

**tank to wetland 30 0 0 0 250 $4,158 $5,082 $0 $0 $0 $0 $0 $0  $66,722 $76,414] $70,880 $81,496

Case Study 7 Music Model Results - Zone 2

Water Quality Results
*WSUD Component Size

Tank Sed Trap Sand Filter Bio Wetland
Scenario KL m2 m2 m2 m2
base 0 0 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0| $0 $0|
tank 35 0 0 0 0 $4,328 $5,252 $0 $0 $0 $0 $0 $0 $0 $0| $4,328 $5,252
tank + sand filter 35 9.5 42 0 0 $4,328 $5,252 $4,050 $107,558 $82,992 $200,937 $0 $0 $0 $0| $91,370 $313,747
** tank to bio 35 0 0 45 0 $4,328 $5,252 $0 $0 $0 $0 $7,188  $33,314 $0 $0| $11,516 $38,566|
**tank to wetland 35 0 0 0 320] $4,328 $5,252 $0 $0 $0 $0 $0 $0  $78,209 $90,120 $82,537 $95,372

Case Study 7 Music Model Results - Zone 3

Water Quality Results
*WSUD Component Size

Tank Sed Trap Sand Filter Bio Wetland
Scenario KL m2 m2 m2 m2
base 0 0 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0| $0 $0|
tank 60 0 0 0 0 $4,979 $5,903 $0 $0 $0 $0 $0 $0 $0 $0| $4,979 $5,903|
tank + sand filter 60 9.5 42 0 0 $4,979 $5,903 $4,050 $107,558 $82,992 $200,937 $0 $0 $0 $0| $92,021 $314,398
** tank to bio 60 0 0 40 0 $4,979 $5,903 $0 $0 $0 $0 $6,567  $31,652 $0 $0| $11,546 $37,555|
**tank to wetland 60 0 0 0 200 $4,979 $5,903 $0 $0 $0 $0 $0 $0  $57,797 $65,844 $62,776 $71,747

Case Study 1 Music Model Results - Zone 4

Water Quality Results
*WSUD Component Size

Tank Sed Trap Sand Filter Bio Wetland
Scenario KL m2 m2 m2 m2
base 0 0 0 0 0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0| $0 $0|
tank 35 0 0 0 0 $4,328 $5,252 $0 $0 $0 $0 $0 $0 $0 $0| $4,328 $5,252
tank + sand filter 35 9.5 63 0 0 $4,328 $5,252 $4,050 $107,558 $124,488 $301,406 $0 $0 $0 $0| $132,866 $414,216
** tank to bio 35 0 0 65 0 $4,328 $5,252 $0 $0 $0 $0 $9,532  $39,202 $0 $0| $13,860 $44,454]

**tank to wetland 35 0 0 0 450 $4,328 $5,252 $0 $0 $0 $0 $0 $0  $97,395 $113,237 $101,723 $118,489
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Appendix H - Summary of Expert
Workshop Recommendations on
Design Objectives for WSUD In
SEQ (September 2004)

Element of the Key Recommendations

Water Cycle
Water For all residential development, water conservation outcomes in water
Conservation sensitive design be delivered by setting design objectives for per capita

consumption of potable [mains] water. These objectives should be expressed
as“ X litres of potable [mains] water used per person per day as a result of
demand management and/or source substitution”.

Two-tiers of ‘water conservation design objectives’ be used that promote
‘demand management’ ahead of ‘source substitution’. It was acknowledged that
this initiative has a broader sustainability objective related to the minimisation of
energy consumption, wastewater generation and the cost of infrastructure.
These design objectives (subject to a desktop feasibility study to test their
practicality for a range of developments) are:

A ‘demand management design objective’ for water that
defines the reduction in per capita potable [mains] water to
be achieved by implementing measures such as the use of
water efficient appliances, water efficient landscaping
(xeriscaping), etc. Two numbers will be developed in the
course of a desktop study to define the feasible range of
potable water reduction values, namely:

an easily achievable reduction value defining the lower limit of this
range; and

an upper limit of this range to reflect that can be achieved, albeit with
some difficulty.

The lower limit is proposed to be used to define the minimum reduction in water
consumption that must be attained through demand management initiatives
when developing a strategy to meet the overall water conservation objective.
Secondly,

A ‘source substitution design objective’ for water. The philosophy of using
water sources that are of a quality that is fit for their intended use promotes
the substitution of potable [mains] water with alternative sources such as
rainwater, stormwater, treated greywater, treated wastewater and
groundwater. Defining the magnitude of readily achievable reductions in
potable [mains] water usage through source substitution enables us to
determine further reduction in per capita use of potable [mains] water over
and above what could be achieved from demand management.

Both these objectives must be met.

[Note that desktop feasibility studies will be required to determine the actual
numbers used for these design objectives, as well as whether separate sets of
objectives need to be defined for high, medium and low density residential
development classes. Only one set of water conservation design objectives is
proposed for residential development in SEQ.]

A guideline be developed for ‘commercial, industrial and institutional (eg.
schools, hospitals)’ developments that specifies water conservation principles
and water conservation information from case studies that can be used for
common classes of premises that are heavy users of water (e.g. commercial
laundries). This guideline is designed to assist planning and environmental
regulators during assessment activities.
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Wastewater
Minimisation

It is important that the design objective for wastewater minimisation provides
flexibility for development proponents to meet it through any combination of
water demand management and source substitution measures. Itis
recommended that the ‘wastewater minimisation design objective’ for all
residential development in SEQ should be set at the highest of the two water
‘demand management design objectives’ for residential development (see
above) and should be expressed in the form “ X litres per person per day
discharged to a publicly managed sewerage system, excluding system
losses/gains”.

This objective gives developers the option of meeting this objective by using a
strong suite of water demand management measures without the need for on-
site wastewater and/or greywater treatment and reuse. If on-site wastewater
and/or greywater treatment and reuse is adopted however, the objective would
be easily met.

If a large development has its own wastewater treatment system which
discharges directly to a receiving environment, such as a creek, the volume and
quality of its discharge would be regulated through the Environmental Protection
Act 1994.

It is acknowledged that this design objective may be temporarily waived in areas
where water authorities that manage the public sewerage network desire
increased volumes of wastewater to feed cost-effective treatment and reuse
features.

Stormwater
Management

Two-tiers of design objectives be used to manage stormwater quality in SEQ
from all types of development, i.e.:

All development to meet ‘best practice, load-based objectives’. That is, a
minimum reduction in the average annual load of stormwater pollutants leaving
a development compared to traditional urban design where stormwater is not
treated.

The recommended objectives (subject to a desktop feasibility study to test their
practicality for a range of developments) are:

80% reduction in total suspended solids;
60% reduction in total phosphorus;
45% reduction in total nitrogen; and

90% reduction in gross pollutants (i.e. anthropogenic material > 5 mm in any
dimension).

For developments discharging to waterways, streams and rivers that are of
high-value and/ or have very low levels of existing impervious areas, ‘effective
impervious area (EIA) based design objectives’ would have to be met. That is, a
development proposed in these catchments would have to ensure the
percentage of proposed EIA did not exceed a predetermined threshold.

[Note that where an EIA objective does not apply or cannot be practically met,
but development in the area has been authorised by strategic land use planning
decisions, the best practice, load-based objectives still apply.]

Two stormwater quantity/hydrologic design objectives be used in SEQ for all
developments that discharge to non-tidal creeks, streams and rivers (as well as
engineered ‘natural channels’):

A ‘geomorphic and vegetation protection design objective’: To maintain the pre-
development 1 in 1.5 year ARI peak flow (this is to protect the channel form and
in-stream vegetation, with the peak flow from the 1 in 1.5 year ARI typically
being contained within the channel).

An ‘ecological disturbance objective’: To maintain the pre-development 1 in 3
month ARI peak flow (this is to minimise the change in small, frequent flow
events which are known to most significantly influence in-stream ecology in

/8




waterbydesign

Creating water sensitive communities in SEQ

Element of the
Water Cycle

Key Recommendations

urban creeks).

[Note that the desktop feasibility study for stormwater pollutant load-based
design objectives will also test the practicality of these hydrologic design
objectives. It may be necessary from a practical perspective to introduce a size
threshold for these design objectives (e.g. they apply to sites 5 ha), to ensure
that small sites do not have to demonstrate compliance.]

For all developments that discharge to high-value, natural wetlands (which have
been mapped in SEQ), a further objective directed at maintaining the ‘critical
supporting hydrologic regime’ applies (e.g. recent work in New South Wales has
indicated that developments draining to wetlands that are predominantly ‘wet’
need to maintain the wetland’s ‘drying’ hydrology, while for wetlands that are
predominantly ‘dry’ they need to maintain the wetland’s ‘flooding’ hydrology).

Traditional design objectives be maintained for flood management (e.g.
managing the 1 in 100 year ARI event). Relevant hydrologic and hydraulic
design objectives are documented in local government authority guidelines and
the State Planning Policy for Hazardous Areas.

Note: A subsequent workshop that was held in May 2006 resulted in some revisions to
recommendations relating to the geomorphic design objective and ecological disturbance design

objective.




