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Potential implications of climate change

Unless expressly stated otherwise, historical climate data has been used in, or underpins, the analyses that are
presented in this report. The historical climate is not necessarily a valid indicator of future climate, which may contain
prolonged periods that are wetter or drier than the historical record used for this analysis. There is significant uncertainly
surrounding how climate, and in particular, rainfall, will be impacted by various levels of greenhouse gas accumulation
in the atmosphere. Rainfall has a much greater spatial variability than temperature and some areas are likely to become
wetter whilst other areas become drier. Further to this there may be changes in the seasonality and intensity of rainfall.
Such changes in climate could affect the conclusions and recommendations of this report.

Inherent natural variability in soils and plants

Where particular types of soils are recommended, such recommendations are based on information provided by soils
suppliers, laboratories and published industry guidelines. There can be inconsistencies in the behaviour of soils under
field conditions compared to laboratory conditions, and, for both natural and blended soils, many soils are non-
homogenous and properties and behaviour can be variable. Where particular plant species have been recommended,
such recommendations are based on botanical knowledge and observations of similar species growing in similar, but not
identical conditions. Plants can be sensitive to subtle changes in climate, hydrology, soil and surrounding ecological
conditions. Further to this, plant health is often closely linked to the level of maintenance provided. No warranty or
guarantee, whether explicit or implied is made with respect to the suitability or performance of soils or plant species
recommended in this report
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INTRODUCTION

The Yarrabilba Urban Development Area (UDA) is located within the Logan City
Council area and occupies a former pine plantation. The Yarrabilba UDA has been
declared by regulation under Part 2 Division 1 Section 7 of the Urban Land
Development Act. Yarrabilba is part of a regional growth area identified in the South
East Queensland Regional Plan 2009-2031, which identifies a need for a further
70,000 dwellings in the Logan council area by 2031. The Yarrabilba development aims
to provide 20,000 dwellings for a population of approximately 50,000.

The land, under management of Delfin Lend Lease (Delfin), is located east of
Waterford-Tamborine Road, south of Logan Village. The intention of the
development is to create a community development complimentary to its natural
environment that achieves a diverse and healthy community drawing upon
innovative design initiatives. The development will be guided by principles of Water
Sensitive Urban Design (WSUD). It is envisaged that WSUD will be used extensively to
create a development zone that promotes sustainable and integrated management of
land and water resources, and incorporates best practice stormwater management,
water conservation/reuse and environmental protection.

To meet these principles Delfin commissioned DesignFlow to develop a WSUD
strategy with the objective of ensuring that all forms of development incorporate
WSUD to minimise any impact on aquatic ecosystems, enhance the natural and
created landscape and maximize water re-use opportunities. This report presents the
Stormwater Management Strategy for Precinct1 (first soo lots) of the development
(refer Figure 1). The document focuses primarily on stormwater quality treatment,
waterway stability, stormwater re-use and frequent flow management.
Stormwater quantity and flood management is presented in a separate report
Yarrabilba Northern Development Area — Precinct 1 and Whole of Catchment (Water
Technology, 20m) and is included as an appendix to this report. Key findings of the
flood report are summarised in the main body of this report.

The stormwater management strategy has been established on the basis of delivering
sound urban design and landscape outcomes through collaboration with the Delfin
Lend Lease and the design team. The WSUD principles adopted support the
requirements outlined in the Yarrabilba Urban Development Area Interim Land Use
Plan and are consistent with the SEQ Regional Plan Implementation Guideline No 7
and Logan City Council Draft Interim Standards for Stormwater, Overland Flow and
Flood Plain Management.

Yarrabilba Precinct 1 Stormwater Management Plan 1
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Figure 1: Overall Yarrabilba development site and Precinct 1 (Proposed Site)

Yarrabilba Precinct 1 Stormwater Management Plan 2



1.1

1.2

OTHER RELEVANT DOCUMENTS

This Stormwater Management Plan should be read with the following documents:

e Precinct A Water Sensitive Urban Design Preliminary Advice (DesignFlow,

January 201)

» Yarrabilba Northern Development Area Stormwater Quantity Management Plan
(Water Technology, February 20m) provided as an appendix to this report.

» Broad scale Geotechnical Investigation Report for the Yarrabilba Development
(Bowler Geotechnical, February 2004)

INTERIM LAND USE PLAN REQUIREMENTS

The Yarrabilba Urban Development Area Interim Land Use Plan identifies a number of
key principles and requirements of development to contribute to the environment
and sustainable development. The principles identified for development, applicable to
stormwater management, are:

e Management of emissions of water to natural water systems

e Protection from flood risk

e Efficient use of land resources

» Protection of amenity, ecological values and natural systems

Specific requirements outlined in the Interim Land Use Plan are summarised in Table 1
with reference to where each requirement has been addressed in this report and

related reports.

Table 1: Yarrabilba UDA Interim Land Use Plan development requirements —
stormwater and waterway management

Requirements
Maintain and enhance the
functioning and
characteristics of the
hydrological network
including the riparian
ecology

Maintain and enhance the
environmental values of
the receiving waters and
wetlands by sound
catchment management
practices

Outcome

Specific stormwater and flood

management objectives have been
established in relation to stormwater
quality, stream stability and ecological
disturbance from frequent flows. These
objectives are consistent with the SEQ
Regional Plan Implementation
Guideline No.7 and the recently released
State Planning Policy for Healthy
Waters.

The stormwater and flood strategy has
been design to achieve these objectives.

Reference

e Section 3 and 4 (this
report)

Riparian corridors have been
maintained along internal drainage

¢ Section 3.3 (this report)

Yarrabilba Precinct 1 Stormwater Management Plan




Requirements

Outcome
lines within Precinct 1.

Reference

Waterway stabilisation and
rehabilitation is proposed for the site

e Ongoing Investigation

Incorporate total water
cycle management and
water sensitive urban

WSUD objectives have been established
for the site based on SEQ Regional Plan
Implementation Guideline No.7 and the

e Sections 3 and 4 (this

report)

design (WSUD) principles | recently released State Planning Policy
for Healthy Waters.
The stormwater and flood strategy has
been specifically design to achieve these
objectives.
Rainwater tanks on each residential lot Sections 4.1.2 and 5.5 (this
for local reuse, 3™ pipe supply from report)
regional storwater harvesting
All stormwater treated to best practice Sections 3.2 and 4.0 (this
targets through bioretention and report)
wetland systems prior to discharge
Appropriately manage Flood detention basins incorporated Sections 3.5 and 4.5 (this
floodwater and into Precinct 1design to maintain pre- report)
stormwater developed flood frequencies Appendix D Flood
Management Plan -

Yarrabilba Precinct1

Maintain and enhance
significant vegetation and
provides appropriate
landscaping

Riparian corridors have been
incorporated into the development
layout

Sections 4.1.1and 4.1.2
(this report)

Stormwater treatment measures
incorporated into the development
edge without compromising riparian
corridor or urban footprint

Sections 4.3 (this report)
and Appendix C

Dual use of water quality and flood
management areas, where applicable

Sections 4.3 and 4.4 (this
report) and Appendix C

Retain vegetation where
possible along streets and
within park networks

o Urban design and stormwater
treatment measures designed
around riparian corridor and existing
vegetation (where feasible)

Sections 4.1and 4.3 (this
report) and Appendix C

e Tree survey was

completed as part of this
design and significant
trees retained in the

concept designs.
e Stormwater treatment measures Sections 4.1and 4.3 (this
integrated into public open spaces report) and Appendix C
with appropriate landscaping
Yarrabilba Precinct 1 Stormwater Management Plan 4



SITE DESCIRPTION

2.1

THE SITE

The Yarrabilba Urban Development Area is currently zoned for residential and
commercial development and covers an area of just over 2,000 hectares. The site is
bounded by the Waterford-Tamborine Road to the west, Plunkett Road to the South,
existing rural residential areas to the north and Plunkett Conservation Park to the
east.

The focus of this study is Precinct 1 which covers an area of approximately 83ha
(including waterways) and is located in the northern part of the Yarrabilba UDA. The
Precinct 1 area is located within a broad catchment (225ha) which drains to the
northern boundary of the Yarrabiliba site. In order to properly consider the
stormwater outcomes for Precinct 1, a conceptual stormwater strategy was
developed for the whole northern catchment zone (called Northern Structure Plan)
with specific details resolved for the Precinct 1 site. Figure 2 presents the extent of the
Precinct 1 site within the context of the whole northern catchment.

To assist in clarifying site details for the reader a photo log across the site and
downstream is provided in Appendix A.

Yarrabilba Precinct 1 Stormwater Management Plan 5



Northern
Structure Plan
Area

=t

st
R e P GO G o et S,

Figure 2: Precinct 1in the context of the whole northern catchment considered as part of this SMP
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2.2

2.3

CLIMATE

Annual rainfall in the Logan Village area (just north of the proposed development) is
typically around goo-1,0o0mm per year with the highest rainfall months falling in the
summer period. As shown in Figure 3 monthly evapotranspiration rates mostly exceed
rainfall throughout the year inferring that natural aquatic ecosystems downstream of
the site experience drying conditions periodically.

200

180
160

140
120

100

80
60

a0
20

Mean monthly rainfall and PET {mm)

0

jan feb mar spr may jun  jul aug sep oct nov dec

Hrzinfzll WPET

Figure 3: Mean monthly climate statistics for Yarrabilba (Logan Village Tamborine
Road station 40766 )

TOPOGRAPHY AND SITE DRAINAGE

As illustrated in Figure 4, the Precinct 1site is defined by ridgelines on the east, south
and western sides. These ridgelines effectively mean the Precinct 1 site and the whole
northern catchment is self contained (i.e. there are no significant external catchment
inflows). An internal ridge line from the south west to northern boundary separates
internal drainage to two main waterways: the main waterway and the northern
waterway (Figure 4).

Grade across the site is moderate (~2-6%). This supports the adoption of precinct
scale stormwater management systems that accept flows from conventional
stormwater drainage (pipe and pit).

Drainage is typically in an east to north direction before discharging into private land
downstream of the northern site boundary. The total catchment area to the
downstream boundary is approximately 225 ha, of this Precinct 1 represents
approximately 83 ha.

Yarrabilba Precinct 1 Stormwater Management Plan 7
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2.4

The main waterway and northern waterway are characterised by flat, wide and
undefined sandy channels (refer photo log in Appendix A). Longitudinal slopes within
the waterways are in the order of 2% in the upper reaches before reducing to less than
1% at the downstream end. These waterways are typically ephemeral and do not
appear to maintain water for any extended period of time. Permanently ponded water
was observed at a couple locations where road crossings have crossed flow paths,
preventing longitudinal drainage.

The development layout for Precinct 1 and the associated WSUD strategy aims to
maintain these current catchments as far as practical and provide appropriate water
quality and flood detention infrastructure at key discharge locations. The main
waterway and northern waterway corridors are to be maintained as part of the
development and revegetated.

DOWNSTREAM DRAINAGE

Stormwater from the catchments draining from Precinct 1 discharge to private
property at the northern boundary of the Yarrabilba site (refer Figure 4 and 5). Flows
travel approximately 1.5 km downstream from the Yarrabilba UDA boundary through
private property to Quinzeh Creek and then ultimately the Logan River.

Immediately downstream of the Yarrabilba boundary there is no defined waterway
within the private property (refer Figure 5), just a flat wide ephemeral waterway. This
waterway will currently flow only during moderate rainfall events and there is a need
to manage the frequency of nuisance flooding within this private property following
development of Yarrabiliba.

Once the waterway reaches Georgina Drive, it passes under the road via a large set of
culverts to enter a small constructed channel. Although the capacity of the channel is
limited (<100-200L/s), it conveys smaller flows all the way through a number of
private properties to Quinzeh Creek.

As stormwater must travel through private property downstream of the of the
Yarrabiliba site before discharging to Quizneh Creek, the stormwater strategy must
considered a number of key management objectives:

¢ maintaining peak flows over the range of ARIs (1 year to 100 year)
e minimising the impacts of increased flow frequency due to the development
e managing stormwater quality to the required minimum levels

e preserving the method by which stormwater enters the downstream properties
(i.e. sheet flow)

These objectives are described in more detail in this report and form a fundamental
part of the WSUD for Precinct 1.

Yarrabilba Precinct 1 Stormwater Management Plan 9



Figure 5 Drainage downstream of Northern Yarrabilba and Precinct1
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2.5

QUINZEH CREEK

Quinzeh Creek ultimately accepts all stormwater from the northern catchments of
Yarrabiliba including Precinct 1. Detailed ecological assessment of the creek has not
been completed as part of this investigation, however site inspections indicate the
creek exhibits a range of conditions. Some of the riparian zones to the creek are in a
healthy condition whereas others are affected by weed and vegetation clearing. There
is some evidence of erosion within the waterway whereas there are other sections of
the creek that are stable and healthy.

In terms of protecting the creek from hydrologic and water quality change, the
stormwater management objectives outlined in the SEQ Regional Plan -
Implementation Guideline No. 7 have been applied to the Precinct 1. In relation to the
frequent flow objective there is no evidence that this objective should be applied to
the site (subject to further ecological assessment). Rather than strictly apply the
frequent flow objective, which would require a comprehensive regional stormwater
harvesting strategy that is subject to discussion with Allconnex, the stormwater
strategy has aimed to minimise the change in frequent surface flows downstream of
the site. This will be achieved through stormwater harvesting. Any excess frequent
flows, not managed by the stormwater harvesting strategy, are managed through
wetland and bioretention treatment to minimise the change in hydrology entering
Quinzeh Creek

Yarrabilba Precinct 1 Stormwater Management Plan n



2.6 SOILS

The general geology of the site area is characterised by sandstone, siltstone, shale and
conglomerate of the Woogaroo sub-group of the Bundamba group. These consist
typically of weathered and cemented sequences of fine grained sedimentary rock.
Surficial soils above these weathered sequences are typically silty sands, which tends
to thicken toward the bottom of slopes and around drainage lines (Bowler, 2004).
Clayey lenses have also been observed from field investigations.

Inspection of the site identified a sandy topsoil layer throughout Precinct 1 of varying
depth (100-400 mm), underlaid by cemented sandstone and clays. The soil was
observed to be erosive when devoid of vegetation. A number erosion gullies were
observed in the steeper parts of the catchment along the northern waterway where
earthen tracks were present (no vegetation).

From the view point of stormwater management:

e The sandy surficial soils are likely to dry out quite rapidly as a result of
evapotranspiration and convey a portion of flows sub-surface to waterway
depressions. The topography means that perched water tables may exist in flat
depressions. Springs or discharge points at the foot of slopes were noted at a
number of locations. The stormwater strategy will aim to preserve the water
balance in these soils by allow treated stormwater to infiltrate to ensure the
water balance associate with retain vegetation is preserved.

o Careful consideration to erosive velocities will be required and waterway
stablisation will be required in areas where erosion is already observed, or where
potential erosive velocities may occur post development. The erosive nature of
the soils also mean careful erosion and sediment control is required.

Further detailed testing of the soils is currently being undertaken within Precinct 1 to
inform detailed design of the erosion and sediment control strategy, stormwater
strategy and waterway revegetation.

Photos: erosion at head of northern waterway (L) and ponded water at road
crossing (R)

Yarrabilba Precinct 1 Stormwater Management Plan 12



2.7 VEGETATION

The majority of the site was previously as pine plantation and most of the vegetation
in the proposed development area consists of pine and eucalypt/acacia re-growth
with little or no value. Vegetation along sections of waterway within the
development has been mapped as Essential Habitat under the Vegetation
Management Act. Good value vegetation, including melaleuca and larger eucalypts,
has been noted in a number of locations along waterways, particularly along the main
waterway which will form part of the main park precinct for Precinct 1 (refer Figure 6).
Other areas of good value vegetation were noted in isolated locations at the
downstream end of the Urban Development Area and on the northern boundary of
the northern internal waterway.

A tree survey has recently been completed along the main waterway sections of the
Precinct 1 development, particularly in areas nominated for stormwater treatment
systems (wetlands and bio-retention). Areas where good value or essential habitat
has been identified will be preserved. Stormwater treatment systems such as
wetlands and bioretention systems can be within the zones of pine vegetation to
improve the ecological function of the waterways. Other parts of the waterways will
be enhanced through revegetation.

Yarrabilba Precinct 1 Stormwater Management Plan 13



Figure 6 Existing vegetation
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2.8

PROPOSED DEVELOPMENT

Precinct 1 comprises 500 lots and new roads within a footprint of 83 hectares. The
development will be accessed via an extension to the Camp Cable Road. Figure 7
shows the proposed layout for Precinct 1and associated landuse breakdown.

The main and northern waterway corridors have been preserved (minimum som)
along with the significant existing vegetation.

Yarrabilba Precinct 1 Stormwater Management Plan 15
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2.9 DESIGN CONSIDERATIONS

The conceptual design of Yarrabilba Precinct 1 aims to optimise the urban layout while
being sensitive to the site constraints, particularly the existing waterways and
vegetation as well as the downstream private properties. Key design considerations
identified for the site are provided in Table 2.

Table 2: Design considerations

DesignFactor  Considerations

Site drainage Main internal waterways through the site are to be
preserved and comprehensively revegetated. Appropriate
hydrologic management is required to avoid instability
within the waterways and where required localised
stabilisation may be required.

Discharge to adjoining private property (north) to be
managed to minimise any increase in frequent flows and
manage flood flows.

The erosive nature of the soils means construction must

be carefully delivered to minimise the export of sediment
from the site.

Furthermore the stability of the drainage lines and other
overland flow paths must be carefully considered to limit
scour.

Soils and erosion

Corridors are to be retained along major waterways.
Vegetation retention/enhancement, particularly good
Ecological Protection value vegetation.

Prevent/rehabilitate active erosion/scour.

Stream stability protection (from urban runoff).

Flood Management Flood flows within and downstream of the site must not
increase as a result of the development

Integrate stormwater management measures with open
space and provide improved amenity along waterway
corridor. Limit the removal of good value trees for
stormwater management infrastructure

Landscape integration

Yarrabilba Precinct 1 Stormwater Management Plan 17




STORMWATER MANAGEMENT OBJECTIVES

3.1

CONSTRUCTION PHASE WATER QUALITY

The primary focus of stormwater management during the construction phase is
erosion and sediment control. The stormwater management objectives for the
construction phase take the form of best-practice concentration-based discharge
standards. The performance criteria are limited to those parameters that are directly
linked to construction site activities. As the criteria are discharge standards, they
apply to runoff events or pumped discharges (during dewatering of siltation basins)
from the development site. The criteria for stormwater discharged from the site
during the construction phase are listed in Table 3 and represent our understanding of
the construction phase objectives for medium-large scale construction sites in
Queensland which will be presented in the State Planning Policy for Healthy Waters.

This document does not propose erosion and sediment control measures for meeting
these objectives. These will be developed as part of the operational works design.

Yarrabilba Precinct 1 Stormwater Management Plan 18



Table 3: Criteria for Stormwater Discharged from Site during construction
phase for medium-large construction sites

~ POLLUTANT/ISSUE
Coarse sediment

| Retain coarse sediment on site

'STORMWATER DESIGN OBJECTIVES'

Fine sediment (Total Suspended Solids -
TSS)

Reasonable and practical measures should be taken
to capture runoff from disturbed areas.
Concentrations of TSS in water discharged (either by
runoff or dewatering of siltation basins) should be less
than somg/I.

Turbidity?

Turbidity in discharge waters should be <10% higher
than receiving water turbidity (measured d irectly
upstream of discharge point).

Nutrients (eg. N and P)

Construction phase nutrient management should
occurvia appropriate sediment management.

pH

Subject to the mobility of specific elements that may
be present on site, pH of waters d ischarged from site
must be between 6.5 and 8.5.

Dissolved oxygen

Dissolved oxygen concentration > 80% saturation.

Litter and gross pollutants

Prevent discharge of litter from site entering
stormwater system/internal watercourses by
= Minimising litter production
= Containing litter on site by the provision and
maintenance of rubbish bins with
appropriate lids

Hydrocarbons and other
contaminants?

Discharge of hydrocarbons and other contaminants
should be prevented from site by:
= At-source control of contaminants.
=  Preventing entry of contaminants into
stormwater system or internal watercourses.
= Disposing of waste must to authorised
facilities.
=  Storing hydrocarbons according to Australian
Standard AS1940.
= Ensuring that discharged waters have no
visible oil or grease sheen

- Stormwater Quantity

Wash down areas

Prevent entry of wash down water into stormwater
system or internal watercourses that discharge from
site.

| Take all reasonable and practical measures to

minimise changes to the hydrology of the receiving
environment. Protection of in stream habitat and
flood characteristics by:
= managing peak flows for the 1-year and 100~
year ARl event
= managing run-off volumes entering receiving
waters
=  preventing uncontrolled release of
contaminated stormwater.

' Compliance release limits for rainfall events less than the design storm event — (based on the 8o%ile 5day rainfall depth).
» Site-specific calibration of turbidity must be performed.
+Refer to the contaminant list in the Environmental Protection Regulation1ggg.

Yarrabilba Precinct 1 Stormwater Management Plan 19




The stormwater quality management objectives that apply to the operational phase
of Precinct 1 have been established considering:

r 3.2 OPERATIONAL PHASE WATER QUALITY
e Yarrabilba Urban Development Area Interim Land Use Plan
e Logan City Council Stormwater Quality Conceptual Design Guidelines

e Draft Interim Standards for Stormwater, Overland Flow and Floodplain
Management - Logan City Council 2010

e SEQ Regional Plan — Implementation Guideline No. 7

e State Planning Policy for Healthy Waters (DERM, 2010) which applies the load-
based objectives specified in the Urban Stormwater Best Practice Environmental
Management Guidelines (DERM, 2009)

The stormwater quality objectives contained in the above policy are the load based
objectives presented in Table 4. The stormwater management strategy for Yarrabilba
Precinct 1 has been designed to achieve these objectives.

Table 4: Stormwater quality objectives

~ Pollutant Discharge Criteria
(% reduction in mean annual load)
Total suspended solids (TSS) 80%
Total phosphorus (TP) 60%
Total nitrogen (TN) 45%
Gross Pollutants (GP) 90%

3.3 WATERWAY STABILITY

Given the erosive nature of the surficial soils and waterways on and downstream of
the site, the management of erosion potential of waterways is critical. This is
achieved for the proposed Yarrabilba development by:

s limiting changes in flow rate and flow duration within the receiving waterway
(i.e. controlling the magnitude and duration of erosion-generation and
sediment transporting flows)

o stabilising and rehabilitating waterway reaches which have undergone impact
as a result of land use change or will be impacted upon as a result of land use
change

Yarrabilba Precinct 1 Stormwater Management Plan 20



3.4

The focus of the waterway stability assessment for Precinct 1 has been to ensure the
development of this component of the site achieved the following objective as defined
by:

* SEQ Regional Plan — Implementation Guideline No. 7 ; and
e State Planning Policy for Healthy Waters (DERM, 2010):

The waterway stability objective contained in the above policy, and which have been
applied to the site, are presented in Table 5. This objective has been applied to both
waterways internal to the Yarrabiliba site and the discharge point at the northern
boundary.

Table 5 Waterway stability design objective

Criterion

. Design Objective

To reduc the impacts of urban | Limit the post—developmnt 1—var

development on channel-bed and bank
erosion by limiting changes in flow rate
and flow duration within the receiving
waters

average recurrence interval (ARI) event
discharge within the receiving waters to
the pre-development peak one-year ARI
event discharge

FREQUENT FLOW

In urban catchments the average number of surface runoff ‘events’ per year can
increase markedly from say 10 events per year for pre-developed (i.e. fully pervious)
conditions to as many as 9o events per year when impervious surface are introduced
to the catchment and directly connected to the stream. To address this, the frequent
flow objective has been incorporated into the SEQ Regional Plan - Implementation
Guideline No. 7 and State Planning Policy for Healthy Waters and associated
documents to minimise the impact of changes in frequent flow hydrology. The
objectives are summarised in Table 6.

The objective is applicable where runoff from the site passes through or drains to
an unlined no-tidal watercourse or wetland which is in healthy condition (not
degraded). Where a receiving watercourse or wetland is degraded, the local or state
authority may choose not to require compliance with this objective.
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Table 6 Frequent flow design objective (contained in Implementation Guideline
No.7)

Gritarions S st ~ Design Objective

From the proosed development, capture
and manage:
To reduce the frequency of disturbanceto | ¢ The first 10 mm of runoff from
aquatic  ecosystems from  urban impervious surface where the total
development by managing the volume impervious surface is 0% to 40%
and frequency of surface runoff during | ¢ The first 15 mm of runoff from
small rainfall events impervious surfaces where the total
impervious surface is greater than
40%.
Note: the capacity to capture runoff must
be restored within 24 hours of the runoff
event.

As outlined in Section 2.5, the health of Quinzeh Creek downstream of the site is
variable and is not clear whether the application of the frequent flow objective is
justified. Further ecosystem assessment of the downstream reaches to Quizneh
Creek is required to confirm whether this objective should actually apply and whether
the current form of the objective is correct.

Furthermore, recent work completed by DesignFlow for DERM, Water by Design and
Gold Coast City Council has found the current form of the frequent flow objective and
the associated compliance criteria has a number of issues. Strict compliance with the
objective requires a comprehensive regional stormwater harvesting strategy that is
unrealistic in most situations because it requires support and adoption by the water
supply authorities (Allconnex). Discussions are ongoing with Allconnex regarding
water reuse for Yarrabilba but the current position is that stormwater harvesting will
only be supported for parkland irrigation and industrial uses.

Given the above considerations, an alternative frequent flow objective has been
applied to Yarrabilba Precinct 1 site. The objective is provided in Table 7 below and
focuses on managing the number of “surface flow days" through the downstream
private properties. Managing surface flow days has been adopted because:

e this is likely to be a noticeable impact within the downstream private
properties if not managed appropriately (i.e. increase in frequent nuisance
flooding)

¢ the management of surface flow days (or flow disturbance) is accepted by
contemporary research as being critical of protection of healthy in-stream
ecosystems (Walsh et al., 2010).
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3.5

Table 7 Frequent flow design objective adopted for Yarrabilba

Criterion

' Design Objective

To reduce the frequency of nuisance
flooding downstream and minimise
disturbance to aquatic ecosystems from
urban development by managing the
frequency of surface runoff during small

Minimise the change in uncontrolled flow
following development (i.e. minimise the
change in surface flow frequency as a
result of development)

rainfall events

NOTE: DesignFlow has been involved in the review of this objective for DERM, Water
by Design and Gold Coast City Council. The focus of the review is to:

» identify wording changes in the objective to provide flexibility in compliance;
» confirm where the frequent flow does and does not apply; and
e identify compliance methods.

The review is ongoing and it is expected the findings of the work will be applied to
future stages of Yarrabilba.

FLOOD MANAGEMENT

The introduction of impervious surfaces with the Yarrabilba development site will
result in increase in flood flows leaving the site.

The flood management objectives applied to the Yarrabilba development site are
consistent with Logan City Council policy and Queensland Urban Drainage Manual

and are presented in Table 8.

Table 8 Flood management design objective

Criterion

Preserve the peak flood behaviour
downstream of the site to ensure
conveyance and safety is maintained

Design Objective

Limit the post-development peak 2 to 100
average recurrence interval (ARI) event
discharges at the boundary of the site and
downstream to the pre-development
peak discharges.
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STORMWATER MANAGEMENT STRATEGY

4.

SUMMARY

Collaboration between Delfin, WSUD specialists (DesignFlow), flood engineers (Water
Technology), civil engineers (KN Group) and urban designers/landscape architects
(Delfin) has ensured that the development plan for Precinct 1 is suitably informed by
WSUD. As a result, the stormwater quality and quantity management elements have
been integrated into the conceptual design of the roads, drainage infrastructure,
earthworks, landscape and public open spaces to ensure that the stormwater quality
and quantity objectives as set out in Section 3 are achieved.

The stormwater management strategy has been resolved at two scales for Yarrabilba:
e Northern Structure Plan Strategy
e Precinct1Strategy

This ensured the strategy for Precinct 1 properly considered the future development
within the total catchment to the northern boundary of the Urban Development
Area. By adopting this approach, the strategy at both a precinct scale and a regional
scale could be optimised (i.e. best solution was resolved given the site characteristics)
and ensured appropriate space and infrastructure was allowed within Precinct 1 to
support this strategy.

A description of these strategies and the associated elements are provided in the
following sub-sections. Yarrabilba Northern Development Area Stormwater Quantity
Management Plan (Water Technology, February 20m) provides details on flood
storage requirements (see Appendix D).
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4.1.

Northern Structure Plan Strategy

Figure 8 presents the details of the post development catchments for the Northern
Structure Plan. Table g and Figure g present the general location and size of the of
the proposed stormwater management elements in the Northern Structure Plan
(i.e. Precinct 1 and the adjacent future development zones within the Urban
Development Area northern boundary). The location of the stormwater elements
outside of Precinct 1 are general only and subject to refinement as part of further
design, however it is expected these elements will not change significantly.
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Table g: Northern Structure Plan Stormwater Management Strategy (including Precinct 1)

Sub- Water Stormwater quality Flood Detention (including waterway Stormwater Harvesting
catchment 5 savings stability storage)
1D

i Treatmenttypeand Afea Flood detention1D® Volume!
1D
A 8.3 Commercial Rainwater Bioretention B1 1,00m?
tanks
. Rainwater
B 11 Comm
ercial tariks
Wetland W1 1,500 m?
= 3.4 sportsfields Rainwater
tanks
= e ey = = Flood Basin1 24,1300m?
D 8.0 Residential mmﬂmﬁ oretention b2 som Flood Basin 2 21,300m
- Flood Basin 6 52,750m*
E 6.0 Residential Rainwater Bioretention B3 s40m*
tanks
5 : Rainwater
F 13.8 Residential ks
= o Wetland W2 9,000 m*
ainwater
G 8.2 School tanks
H Residential Rainwater Flood Basin1 24,1300m?
7 tanks ikt : .| FloodBasin6 52,750m> Downstream harvesting considering a 10 ML
‘etland W3 26,000m . PR .
[ . - Rainwater Flood Basin6 52.750m? holding storage for _.q:.mmﬁ_.o: re-use within the
I 29.9 Residential S development (2oha irrigation or 12z0ML/a)
: ‘reecrpes e < Potential to supply external catchments is still
] g Residential Rainwater Fi Basin1,3 24,130m%/n,800r being considered
tanks Flood Basin 6 52,750mM3
Wetland Wa 7.500m*
" . Rainwater Flood Basin 3 n,800m?
k 1.0 Residential X
tanks Flood Basin 6 52,750m?3
L 8.7 Commercial Ralmitar ;
tanks ) ) Flood Basin 5 5,530m*
. Bioretention B4 1,450m° Flood Basing -
M 36 Residential M A
tanks
N s Residential Rainwater Bioretention Bg 3g0m*
tanks
in i i Flood Basin , 3
o % — Rainwater Bioretention B6 270m? . 4 7.580m
tanks Flood Basin 6 52,750m°
o Rainwater Bioretention By soom*
P 5.3 Residential G
. . Rainwater Wetland Ws 7.500m* Flood Basin 3 1,8c0m?
Q 19.2 Residential )
tanks Flood Basin 6 52,750m*
* Flood detention storages accept flood flows from a number of catchments. In some cases the flood detention storage catchment is different from the quality due to low flow diversions. Flood Basins 1 to 5 focus on managing the wr ARI up to -5yr ARl whereas Flood Basin
6focuses on managing the large flood flows >syr ARI to 100 yr ARI. Internal fiood basins 1-5 still provide attenuating effects for the large fiood flows, ducing the size of the basin. pi 1ted are at 100 year maximum water level.
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Figure 8: Northern Structure Plan and Precinct 1 stormwater catchments

Waterway
Catchment extent
Catchment ID and area

Precinct 1 catchments
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Figure g: Northern Structure Plan Stormwater Strategy

Northern Structure Plan Strategy

Involves creating stormwater treatment systems at logical
locations within topography. Generally this will involve
treatment at top of waterways for landscape interest and
to allow low flows into the waterway to preserve existing
hydrology. The remainder of the catchments will be
diverted to downstream treamtent and flood storage. This
ensures easier stormwater harvesting.

Traditional drainage within development catchments.

Diversion of flows up to ©.5yr ARI) longitudinally along
waterways. These flows are delivered to regional
stormwater treatment and flood detention systems at the
end of the waterways. The diversion strategy ensures
untreated stormater does not enter the local waterways
and preserves the 1yr ARI flows within the waterways. The
diversion would occur in the form of a 0.5-1yr ARI pipe
along both sides of the waterways.

Rehabilitate waterways involving revegetation, asa
melaleuca waterway and preservation of existing tree.

Bioretention systems located at the top end of the
waterways to accept local stormwater flows and treat
before discharge to waterways.

Constructed wetlands located at the downstream end of
the waterways to accept and treatment local development
catchments as well as diverted flows from further
upstream.

Flood detention storages located within the waterways
ponding over retained vegetation or revegetation zones.
The smaller upstream storages will focus on managing the
1yrARI flows with the large downstream storages focusing
onthe larger events up to 100yr ARI.

Stormwater harvesting storage to capture treated
stormwater and reuse for parkland irrigation. The storage
and reuse is sized to minimise the risk of nuisance flood
downstream (minimise the change in surface flow
frequency).
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4.1.2

Precinct 1Strategy

Table 10 and Figure 10 present the confirmed location and size of the of the
stormwater management elements that have been integrated into the Precinct 1
layout. The location and form these systems have been well defined through tree
survey and detailed discussion with the design team.

For the purposes of this Stormwater Management Plan we have developed detailed
concepts for the proposed bioretention and wetland systems in Precinct 1. These
concepts have been provided to illustrate that there is available space in the
development for the bioretention basins and wetland systems, that the catchments
can drain to the treatment systems and there is enough level through the treatment
systems to function effectively. The detailed concepts are provided in the following
figures:

e Figure n: Main Waterway Concept - This figure presents a landscape
concept plan for the top end of the main waterway corridor which
incorporates two bioretention systems and a wetland. The western end of the
parkland is to be created as a key parkland feature containing a series of active
parkland spaces including a market square, amphitheatre and junior/youth
play zones. The bioretention and wetland systems have been carefully placed
in the central zone of the parkland to accept stormwater from the
development catchments while providing important landscape features. The
systems have been design to avoid significant trees (as marked). Adequate
space has been allowed in the design for batters associated with the
treatment systems and in some cases small concrete walls (<1m) may be used
to create an urban feel to the systems (subject to design).

A conceptual earthworks plan has not been generated for the main waterway
at the time of writing this report because the landscape design for the park
area was still in a state of flux. However this area does not pose any significant
constraints for the bioretention and wetland systems as there is good
elevation available for drainage and space to fit the basins without impacting
on good value vegetation.

e Figure 12: Northern Waterway Concept — This figure presents a landscape
concept plan for the northern waterway corridor. The waterway corridor is to
be created as a linear landscape feature building on the existing trees (which
are to be retained). The invert of the waterway is to be retained and
revegetated in the form of a melaleuca waterway. Where velocities require,
scour protection will be provided but the aim is to minimise this requirement
by ensuring the flood detention system located along the waterway
(upstream of road crossings) preserves the wyr ARI flow at pre-development
levels. A series of bioretention systems have been placed along the edge of the
waterway in vegetation free zones to accept and treat stormwater from the
development catchments which enter the waterway laterally.
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e Appendix C: Northern Waterway Conceptual Earthworks — To illustrate the
earthworks, levels and spatial requirements have been properly considered in
the design of the waterway, a conceptual earthworks plan for the northern
waterway has been developed. The plans are conceptual only and are provided
in Appendix C. The plans illustrate the level of design that has been considered
for each of the stormwater system across Precinct 1.

The plans in Appendix C also illustrate that the conceptual stormwater
drainage layout (pit and pipes) have been designed to ensure the correct
catchments drain to the relevant stormwater treatment systems in Precinct1
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Table10: Precinct 1 Stormwater Management Strategy

Sub-

D

catchiment

Water
savings

Stornwater quality

Treatment type and

1D

Flood Detention

waterway stability storage)

Flood detention D

Volume®

(including

Stormwater Harvesting

A 8.3 Commercial Rainwater tanks Bioretention B1 1,00m?
B 13 Commercial Rainwater tanks
- Wetland Wi 1,500 m2
C 3.4 Sportsfields Rainwater tanks _
Flood Basi ,88 . —_—— [
D 8.0 Residential Rainwater tanks Bioretention B2 650m2 MM“: ’ M o Downstream harvesting consideringa4- |
Flood Basin 2 915 @ RN
E 6.0 Residential Rainwater tanks Bioretention B3 540m2 mz__. holding storage for _mecm: _,nrzmn
- - within the development (8-1oha irrigation
F 3.8 Residential Rainwater tanks or 6oML/a)
- Wetland W2 9,000 M2
G 8.2 School Rainwater tanks
L 8.7 Commercial Rainwater tanks Bioretention B4 1,450m2 Flood Basin 5 5.530m}
N 4.1 Residential Rainwater tanks Bioretention Bs 3goma2
: - - - - Flood Basin 4 7.580m?
[e] 2.9 Residential Rainwater tanks Bioretention B6 270m2
“ Flood detention storages accept flood flows from a number of catchments. In some cases the flood storage catchi is different from the quality catch due to low flow For the full devek

situation (Northern Structure Plan Area) Flood Basins1to 5 focus

on managing the 1yr ARI up to -5yr ARI whereas Flood Basin 6focuses on managing the large flood flows >5yr ARI to 100 yr ARI. However, given development of Precinct 1 covers only a portion of that area, only Flood Basins1, 2, 4 and 5 are required to managed all flood events from the 1yr ARI 1o the

water level.

1coyr ARI. Vol

P

d are at 100 year
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Figure 10: Precinct 1 Stormwater Strategy

.ormwater harvesting

storage (45
o oA

Precinct1 Strategy

This strategy is essentially ainterim stage of the ultimate
strategy for the Northern Structure Plan. All of the
bioretention systems required for Precinct 1will be
delivered and part of the downstream
wetland/stormwater harvesting/flood detention system
will be constructed.

Traditional drainage within development catchments.

Diversion of flows up to 0.5yr ARI) longitudinally along
waterways. These flows are delivered to regional
stormwater treatment and flood detention systems at the
end of the waterways. The diversion strategy ensures
untreated stormater does not enter the local waterways
and preserves the 1yr ARI flows within the waterways. The
diversion would occur in the form of a 0.5-1yr ARI pipe
along both sides of the waterways.

Rehabilitate waterways involving revegetation, asa
melaleuca waterway and preservation of existing tree.

Bioretention systems located at the top end of the
waterways to accept local stormwater flows and treat
before discharge to waterways.

Constructed wetlands located at the downstream end of
the waterways to accept and treatment local development
catchments as well as diverted flows from further
upstream.

Flood detention storages located within the waterways
ponding overretained vegetation or revegetation zones.
The smaller upstream storages will focus on managing the
1yrARI flows with the large downstream storages focusing
onthe larger events up to 100yr ARI.

Stormwater harvesting storage to capture treated
stormwater and reuse for parkland irrigation. The storage
and reuse is sized to minimise the risk of nuisance flood
downstream (minimise the change in surface flow
frequency).
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4.2

4.3

RAINWATER TANKS

All dwellings will be provided with a rainwater tank in accordance with the
Queensland Development Code. Tanks will be connected to washing machine cold
water, toilets and outdoor taps. Due to the rainfall patterns experienced in the Logan
area, tanks will be supplied with trickle top-up or backup to ensure internal connected
uses can continue during dry periods. Minimum tank volumes for the relevant
dwelling types described in the Code are provided in Table n.

Table 11: Rainwater tank capacity requirements

~ Dwelling Type Minimum Tank Minimum

Capacity Connected Roof
Catchment

Attached dwellings and medium KL
density dwellings 3 50% orioom?
Detached dwelling skl

While the primary objective for installation of rainwater tanks is water conservation,
the capture and reuse of roof runoff from each dwelling provides an overall reduction
in the pollutant load discharged from the site, thus reducing the overall stormwater
treatment size. For example, bioretention sizes for a typical residential catchment are
reduced from approximately 1.6% to 0.9% of the contributing catchment by including
allotment rainwater tanks.

BIORETENTION BASINS

Bioretention basins will provide the major stormwater treatment function for
Precinct1. The bioretention basins are located along the waterway to accept and treat
pipe drainage outlets from Precinct 1 sub-catchments. Saturate zone bioretention
systems (Figure 12) are likely to be adopted for Yarrabilba due to the drying conditions
in Logan and the need to retain a source of water within the systems for plant health.
The size of the bioretention basins through precinct 1 are summarised in Table 10 and
Figure 10. Key design parameters assumed in the design and associated MUSIC
modelling are summarised below:

o Filter media depth = 60oomm (deeper when planting trees)
e Hydraulic conductivity = 20omm/hr
e Extended detention depth = 300mm

o Saturated zone depth = g0oomm (minimum)

Yarrabilba Precinct 1 Stormwater Management Plan 35



Extended detention
Bypass weir o"'ﬂ"' Pil, Design flows pond in extended
Optional to divert "m field detention zone increasing volume of Bund

HDPE, Bentonite or
similar to base and

stormwater that is captured and treated

.......

sides

.............. 200mm
Outlet pipe 400mm
Atinvert of pit.Conveys . . _ "%} jj B S 25
treated flows and T j Flat base
averflows to receiving Drainage layer B (Coarse aggregate with Cleanout
waters woodchips and straw) Standpipe for drainage
Gooseneck pipe pipe cleanout
Unslotted PYC sipe Drainage layer (Fine Aggregate)
(invertinto pit sets water level) Under-drains
Transition layer (Coarse Sand) Slotted PVC pipe at
0% grade (i.e.flat)

Filter media (Sandy loam)

Figure 13 Typical section though a bio-retention basin with a saturated zone

Some points to note:

Bio-retention basins are typically located within the waterway vegetation
corridor. The basins have been located to minimise the removal of existing good
value vegetation. In some cases regrowth vegetation may be removed for the
bio-retention systems and the bio-retention systems will be created to
compliment the buffer/corridor function

The bioretention areas indicated in Figure 10 are the filter media only. The total
footprint of the bio-retention basins needs to consider the filter area, batters,
sediment forebay(s), maintenance access and discharge structures. As
illustrated in Appendix C this typically requires the total footprint to be
approximately 3 times the filter area. This total footprint area has been provided
in the development and waterway/parkland layouts for the systems.

Bio-retention basins B4 (part of) and B6 (see Figure 10) are co-located with local
flood storages to manage Precinct 1 flows. The flood storage will operate for
only short periods (less than 1 day) of time and will not result in extended wet
periods that can impact on the bio-retention basin plant health. This basin size
has been minimised by configuring the internal drainage system to mostly
discharge to upstream basins outside the flood storage footprint.  The bio-
retention basins will be located above the waterway 1 year ARI level to ensure
that the integrity of the performance including plant health, scour and clogging
will be managed appropriately.

The discharges from the bio-retention basins will be managed to minimise the
risk of erosion at the interface with the receiving waterway. This will be
generally achieved using approaches outlined in Brisbane City Councils
Stormwater Outlets in Parks and Waterways (version 2). This includes reducing
energy with the outlet pit by deepening to the pit to ensure flows enter the
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waterway close to the invert level and providing stabilisation to the bed and
backs of the discharge interface with the waterway.

e Given the sandy nature of existing soils (top 200-400mm) and the desire to
preserve the water balance within this sandy profile, the drainage outlets from
the bioretentions systems are to be configured to allow treated stormwater to
infiltrate into the native soils (i.e. infiltration trenchs along the contour). Field
investigations are proposed to review the potential for in-situ soils to allow
infiltration.

e Bio-retention cells are chosen at no more than 1,500 m2 to allow sufficient
underdrainage capacity. Maximum cell widths are taken at 20 m to allow filter
media to be placed using an excavator from the cell edges.

e The IPWEAQ standard drawings for bioretention basins (with saturated zones)
will be adopted for the site.

There is a reasonable amount of flexibility regarding the size, shape and location of
the systems. As such, there are opportunities to integrate bio-retention systems as
landscape features throughout the urban environment. Some examples are shown in
Figure14. : ITEY.

Figure 14 Examples of bio-retention in urban settings
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4.4 WETLANDS

A number of constructed wetlands will treat stormwater from Precinct 1 and the
broader North Structure Plan catchments.

Wetlands consist of an inlet zone (sedimentation basin to remove coarse sediments),
a macrophyte zone (a shallow heavily vegetated area to remove fine particulates and
uptake soluble pollutants) and a high flow bypass channel (to protect the macrophyte
zone from scour and vegetation damage). Figure 15 shows the key elements of
constructed wetland systems. Figure 16 shows some examples of constructed
wetlands from around Australia.

INLET ZONE DEEP POOL MACROPHYTE ZONE DEEP POOL

HIGH FLOW BYPASS

INFLOW FROM
INLET ZONE

OUTFL

INLET ZONE DEEP POOL MACROPHYTE ZONE DEEP POOL

Figure 15 Typical wetland details (from Water by Design wetland training
package)
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North Lakes, Brisbane

Southport, Golf Coast

Coomera Waters, Gold

Coomera Waters, Gold Royal Park, Melbourne

Figure 16 Examples of constructed wetlands across Australia
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4.5

Wetlands take up a greater land take than bioretention cells to achieve the treatment
objectives, although they can provide high amenity features in urban development's
allowing recreational opportunities and a refuge for flora and fauna. They are mostly
suited to areas of flat topography and have the capacity to treat larger catchment
areas.

For the Yarrabilba site wetlands are mostly incorporated at the downstream end of
the Precinct 1 and the Northern Structure Plan where the site becomes wide and flat
(Wetlands W2, W3, W4 and Ws). At this location they can be incorporated with flood
detention storage and can also be used as a storage buffer in combination with
stormwater storages for stormwater harvesting. A small wetland (Wetland Wh) is
also proposed in the main park land area of Precinct 1 to provide amenity values and
well as treatment.

Key wetland design parameters assumed in the design and associated MUSIC
modelling are summarised below:

o Extended detention depth = s0omm

e Notional detention time = 48 hours

e Average permanent pond depth = 0.3m

o Noseepage

e Bo% +vegetation cover

» Inlet pond sized at 5% of the macrophyte zone

FLOOD DETENTION

A total of six flood detention storages are considered for management of Precinct 1
flows and the ultimate Northern Structure Plan zone. The basins are intended to
meet the waterway stability objective (1 yr ARI) for internal and external waterways
and flood management objectives (2 to 100yr ARI) at the northern discharge point to

the private properties. Typically basins have been located at road crossing along the
waterways.

The configuration of the basins (height vs area/storage) is provided in Figure 17.
Further details of the flood detention storages and preliminary outlets are presented
in Yarrabilba Northern Development Area Stormwater Quantity Management Plan
(Water Technology, February 20om1) in Appendix D. The conceptual earthworks plans
provided in Appendix C for the northern waterway illustrate the form and
configuration of the Storages 4 and 5.

The size of the flood storages has considered 100 year flood levels at each basin ideally
in the order of 1.5 m deep. Appendix D provides more details on the results of the flood
management modelling and preliminary size of basins and outlets.
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4.6 FREQUENT FLOW MANAGEMENT (STORMWATER HARVESTING)

A number of initiatives have been integrated into the stormwater strategy to meet the
frequent flow objective (i.e. minimise change in surface flows downstream). These
initiatives promote the “loss” or "reuse” of stormwater and include:

e Rainwater tanks
e Bioretention evapotranspiration losses
e Wetland evapotranspiration losses

These initiatives were found to partly reduce frequent flows downstream but no to the
degree required to achieve the objective. In order to achieve the objective, one of the
following is required:

e Stormwater harvesting and reuse (preferred)
e Storage and diversion of excess frequent flows directly to Quinzeh Creek

e Storage and discharge of excess frequent flows through downstream private property
to Quinzeh Creek via the constructed low flow channel

For the purposes of this Stormwater Management Plan, stomwater harvesting is proposed
for Precinct 1 and the Northern Structure Plan area to meet the frequent flow objective. A
stormwater harvesting storage is to be placed at the northern boundary of the Yarrabiliba
site to capture and store stormwater from the entire Northern Structure Plan area. The
harvested stormwater will be treated (i.e. filtration and disinfected) to meet Class A for
irrigation purposes. The potential irrigation demands include public open space or other
irrigation demands in the broader Yarrabilba site (i.e. turf farm, nursery). Ultimately the
harvested stormwater can form part of the broader reuse strategy for say farmland or
industrial reuse in the vicinity of the Yarrabiliba site.

Wastewater treatment and reuse is also proposed for the Precinct 1 site. The treated
wastewater will also be irrigated to parkland or other irrigation demands. For the purposes
of this Stormwater Management Plan it has been assumed the wastewater reuse system
operated independently of the stormwater reuse system. However, as part of design
development the concept of operating these systems as a combined strategy will be
explored. For now, the volumes and irrigations as for wastewater and stormwater have
been separated.

In the event Delfin, Aliconnex and ULDA consider the stormwater harvesting strategy as the
incorrect water supply solution, the diversion and low flow channel options will be
explored. Furthermore, additional technical work is required to explore the benefit of the
proposed infiltration systems at the outlet of the bioretention system. These infiltration
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systems will act to reduce frequent flows but it is not clear by how much until further soil
testing and technical assessment/modelling is completed.
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STORMWATER QUALITY & FREQUENT FLOW PERFORMANCE
ASSESSMENT (MUSIC MODELLING)

5.1

MUSIC modelling has been conducted to quantitatively assess the performance of the
proposed stormwater quality strategy. The model developed has also allowed review of re-
use strategies and frequent flows and a result of the development. MUSIC version 4.0 was
used for the assessment and the parameters have been established in accordance with the
MUSIC Modelling Guidelines for South East Queensland (Water by Design, 2010).

The interim bio-retention node (Version 3) has been used in the model as advised by Water
by Design due to the current revisions occurring to the V4 bio-retention node. This node
does not specifically model the saturated zone in bio-retention systems and therefore
provides a conservative result if a saturated zone is present.

MODEL STRUCTURE

MUSIC model parameters were adopted according to the Logan City Council Stormwater
Conceptual Design Guidelines and Water By Design (2010) MUSIC Modelling Guidelines for
South East Queensland.

The modelling was undertaken using 10 years (1990-2000) of modified Shailer Park
meteorological data. Six minute rainfall data and monthly average evapotranspiration data
was used. The Shailer Park station was selected for adaption as it is the closest rainfall
station to the site with 6 minute data. The rainfall data set was modified to generate a data
set closer representing Logan Village rainfall. Mean annual rainfall for Shailer Park is
estimated at 11779 mm (Station 0o40715), whereas Logan Village is 994 mm (Station 040766).

To test the appropriateness of using the Shailer Park rainfall, a double mass curve analysis
between Shailer Park and Logan Village rainfall data sets was completed over common
years of available rainfall data (1988-98) and demonstrated that rainfall distributions were
similar. The Shailer Park 6 minute rainfall was reduced by 0.849 to produce a rainfall data
set with the same annual total to Logan Village for the period considered.

The parameters adopted for the MUSIC model are outlined below with further detail
provided in Appendix B.
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5.1.1

Table 12 MUSIC parameters

Parameter

Value

Source Data
Rainfall data set
Modelled time step

Mean annual rainfall 1990-
2000

Potential evapotranspiration

Soil properties (runoff
generation parameters)

Pollutant concentrations (base
and storm flow concentration
parameters)

1990-2000 - Modified Shailer Park Station

040715,
6 minute

950 mm

1,446 mm

Table 3.7 Music Modelling Guidelines for SEQ
(urban residential and commercial)

Table 3.8 Music Modelling Guidelines for SEQ
(urban residential and commercial where
appropriate)

Treatment Devices

Bio-retention

Wetland

Filter media — sandy loam 20o0mm/hr
0.5 mm mean particle size,

Filter media depth=0.6 m

Extended detention depth=0.3m
Seepage = o mm/hr

Extended detention depth=0.5m
Permanent pool=0.3m

Notional detention time = 48 hr
Evaporative loss 125% of PET
Seepage = o0 mm/hr

Catchment Data

The Precinct 1 development has been split into six urban residential sub-catchments (total
area 35.8ha), three commercial sub-catchment (total area 18.1 ha), a school area (8.2 ha),
sportsfield (3.6ha) and waterways. Future urban areas to be developed contributing to the
downstream discharge point at the Urban Development Boundary were also included in the

model for assessment.

For the purposes of water quality assessments, only those areas under development were
included. Waterways and external areas not within the urban development boundary were
excluded. Exclusion of waterways is considered a conservative approach, as re-vegetation
and stabilisation will likely add to water quality improvements through in-stream

processes.
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Urban residential and commercial sub-catchments and re-use assumptions are based on
values presented in the SEQ Music Modelling Guidelines and have considered the following:

Table 13 Urban and Commercial sub-catchment assumptions

AMO
Urban residential
Housing density 14.4 houses per ha
Average occupancy (detached dwelling) | 2.8
Lot area 495m” per house
247.5m° (50% connected kand 50%
— 47.5m" (50% con. ted to tan 50%
connected to drainage)
Road reserve area 2,500m*/ha at 60% impervious
Other ground level (lot ground level and 5 . .
,940 m*/ha at 20% impervious
parklands) s 4 P
Tank size 5 kL per house
Non-potable in-house re-use (toilet and
132L/house/d
laundry 47L/p/d) 3

81.3kL/house/yr (75% of pervious lot area

Domesticirrigation
& at 0.548m/a)

Commercial

Lot area 7.000m*/ha

Lot size 1,00o0m’

Road reserve area 3,000m*/ha at 75% impervious
Roof area 5,000m*/ha

other 2,000m’/ha at 20% impervious
Connected roof area som’ per toilet

Number of toilets 4 per allotment

Tank size 1.5kL per toilet

Non-potable indoor re-use (4oL/toilet/d) | 1.12kL/d

164.4kL/yr (75% of pervious area at

Outdoor irrigation 0.548m/a)

A split catchment approach as per SEQ Music Modelling Guidelines has been followed for
both urban residential and commercial areas. Roof area connected to the rainwater tank
has been separated in the model to allow on-site re-use to be analysed. Based on the above,
the percent impervious for the overall urban residential catchment nodes is 58% percent,
and 89% for the commercial nodes. These are within the acceptable range of Table 3.6 of the
SEQ Music Modelling Guidelines for lumped urban residential catchments.

In-house non-potable re-use considers values published in the MUSIC Modelling Guidelines
for South East Queensland (Water by Design, 2010) and considers in-house use for toilet
flushing (21L/p/d) and laundry (26L/p/d), with full water conservation devices installed. An
average occupancy of 2.8 persons per dwelling was adopted.
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5.1.2

5.1.3

Commercial re-use will be dependent on each commercial configuration, however for the
purposes of this modelling the requirement of the Queensland development code for
commercial areas was considered, namely 1.5kL tanks per toilet and so m2 of connected
roof per tank. Four toilets per commercial allotment were considered (1,000 mz2 lots) with a

daily use of 4oL per toilet. Additional re-use was considered for outdoor garden area
associated with commercial lots.

Rainwater tank volumes were combined/lumped for the respective sub-catchments in
accordance with the procedure detailed in the SEQ MUSIC Modelling Guidelines.

Bioretention and Wetland Systems

The bioretention basins and wetland systems were modelled in accordance with the MUSIC
Modelling Guidelines for South East Queensland (Water by Design, 2010). The interim
bioretention node (as recommended by Water by Design) was used.

Model Layout
The layout of the MUSIC model is shown in Figure18.
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Figure 18: MUSIC model layout
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STORMWATER QUALITY RESULTS

The results of the MUSIC modelling for the proposed development are presented in Table 14.
The results in Table 14 present the total load outcomes associated with Precinct 1 and also
the whole Northern Structure Plan zone. Further details are provided in Appendix B.

Table 14 Music Modelling Summary Results

Catchment Treatment Pollutant load Reductions (%)

Area Area % of . _

" (ha) " (m2) | catchment L L b
PRECINCT 1
A 8.3 B1 1,000 1.2 84.3 72.0 45.3
B 1.1

Wi 1,500 3.3 74.6 68.2 50.5
C 3.4
D 8.0 B2 650 0.8 81.3 68.1 47.8
E 6.0 B3 540 0.9 82.1 69.2 48.9
F 13.8

W2 9,000 4.1 77.2 69.2 50.8
G 8.2
L 8.7

B4 1,450 1.2 85.5 72.6 46.2
M 3.6
N 4.1 Bs 390 0.95 840 70.0 49.3
(@] 2.9 B6 270 0.9 841 69.1 48.9
S, A e T S 82 - 7] = 48
FUTURE DEVELOPMENT
H 34.7

W3 26,000 4.0 75.1 67.5 49.6
| 29.9
) 17.9

Wg 7.500 4.0 75.2 66.7 49.7
k 1.0
P 5.3 B7 500 0.94 83.5 69.8 49.3
Q 75.7 67.3 49.7
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The results indicate that the proposed stormwater strategy meets the design objectives for
pollutant load reduction from Precinct 1 and the Northern Structure Plan zone. In some
cases individual treatments may not strictly meet minimum load reduction objectives,
however when considered with other treatments at key waterway points throughout the
development minimum objectives are maintained (i.e. some systems over under-sized
slightly and some over-sized).

STORMWATER REUSE

The overall reuse strategy considered for Yarrabilba is a combination of on-site tanks (skL)
for domestic irrigation, toilet flushing and laundry and a third pipe supply to provide open
space irrigation supply. Opportunities for effluent re-use are still being considered, however
for the purposes of this report third pipe supply considers stormwater reuse for parkland
irrigation within the development footprint only. This provides an opportunity to minimise
the overall impact of increase flow volumes to downstream properties (refer to Section 5.6).

Stormwater harvesting and reuse modelling was undertaken for the whole Northern
Precinct Structure Plan. The assessment assumed the collection of treated stormwater
(from the waterways) and third pipe supply for irrigation reuse within the Northern Precinct
development (assumed at 20 ha). The key aim of the stormwater harvesting strategy is to
minimise the increased in frequent flows exiting the site as described in Section 4.5.

There exists opportunities to supply this harvested stormwater to demands external the
Northern Structure Plan area. The stormwater harvesting and reuse model was use to test a
number of these external demand scenarios as well. Further discussion and review of these
external supply options is required.

A summary of the overall development water demands and re-use opportunities are
presented in Table 15. The assumptions used are indicated. Water demands are based on
typical values presented in Music Modelling Guidelines for South East Queensland (Table
4.4, Water by Design, 2010) and consider full water saving devices. Open space irrigation is
considered at approximately 20 ha within the development, representing approximately
50% of the total open space area to be provided (including waterways).

The storage size was optimised by adopting the economic limit of performance of the
storage as indicated by the diminishing rate of return in accordance with the Stormwater
Harvesting Guidelines (Water by Design, 2000).
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Table 15 Water re-use summary of options assessed

Development water demands
housing density
total developed area

occupants per house
Total domestic demand (in-
house and irrigation)

open space irrigation (20 ha)
TOTAL DEVELOPMENT WATER
DEMAND

Development non-potable
demands

on-site tanks

in-house non-potable demand
(toilet flushing/laundry)
domestic irrigation (non-
potable)

open space irrigation
TOTAL RE-USE NON-POTABLE
DEMAND

Scenario

Rainwater tanks only for toilet
flushing, laundry and irrigation

Stormwater harvesting for open
spaceirrigation (20 ha)

On-site tanks with stormwater
harvesting (20ha parkland
irrigation)

14.4 houses/ha
184 ha
2.8

548.7
120 ML/a

668.7

skL
131.6 L/house/d

81kL/house/a
120 ML/a

462

DS holding
storage

ML

NA

10

10

ML/a

ML/a

ML/a

Amount
requested

ML/a

2811

120

401.1

Amount
supplied

ML/a

138.8

981

236.9

Reliability of
supply

81.8%

59.1%

% of total non-
potable

re-use demand

30.0%

21.2%

51.3%

% reduction
inpotable
water supply

20.8%

14.7%

35.4%

Harvesting for external
irrigation re-use

Scenario

20 ha parkland irrigation re-use
(within development)

40 ha irrigation re-use

60 ha irrigation re-use

8o hairrigation re-use

100 ha irrigation re-use

DS holding
storage

ML

10

25

50

75

125

Amount
requested

ML/a

120

240

360

480

600

Amount
supplied

ML/a

981

1921

284

358

447.3

Reliability of
supply

78.9%

74.6%

74.6%
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The above indicates that 50-55% reductions in non-potable demands can be achieved with
on-site tanks plus a third pipe strategy for open space irrigation. Overall reduction in total
potable demands are in the order of 35-40%. Stormwater re-use for open space irrigation
within the development can achieve just over 80% reliability with a 10 ML holding storage.

When adopting stormwater harvesting to supply parkland irrigation demand within the
Northern Structure Plan area a stormwater storage in the order of 10 ML is required. This
can be combined with the 3.5 ha downstream wetland to reduce overall footprint
requirements. This holding storage is anticipated to take the form of an urban lake in the
order of 2-2.5 m deep, whereby an active holding storage is considered in the top 0.4 m.
Additional active storage in the wetland can be considered at 0.1 m. The resulting footprint
will consist of a 1.5-2ha lake area and a 3-3.5 ha wetland. Top-up water to provide 100%
reliability of supply could be derived from treated effluent.

To minimise any potential algal growth issues and maintain good quality lake water, the
total lake volume is considered to be recycled through the wetland during periods of low
rain. A recycling rate in the order of 30L/s is considered to provide adequate turnover (15
days) of the full volume of the holding lake and sufficient contact time with the wetland (>5
days).

The stormwater harvesting strategy presented above and the associated water balance
results are preliminary only. Further discussion with ULDA, Allconnex and Council is
required to confirm a range of issues associated with the strategy.

FREQUENT FLOW RESULTS

The stormwater harvesting model was interrogated to understand the change in surface
flow days as a result of development and the proposed stormwater strategies. The full
range of scenarios was assessed from pre-developed level to full development and the
subsequent stormwater strategies. The work was completed to investigate how various
scenarios influence the frequency of surface flow days at the outlet from the development
(refer frequent flow objective).

For modelling purposes the undeveloped rural catchment has been modelled in MUSIC with
soil parameters equivalent to those suggested for the pervious component of urban
residential catchments (SEQ Music Modelling Guidelines). Key soil parameters include:

e Soil store: soomm

e Field capacity: 200mm

e Daily recharge rate: 28%

e Daily baseflow rate: 27%

e Daily deep seepage rate: 0%

No gauged flow data is available to calibrate the rural runoff component, however the
above parameters are considered a good representation of the soil conditions observed on
site, where an approximate 20o0mm-5oomm sandy soil layer overlies a relatively impervious
weathered and cemented sandstone formation. This allows good storage of rains prior to
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surface runoff and permits a relatively fast baseflow discharge rate. Deep seepage would be
considered negligible in this case.

Various flow thresholds have been reviewed to investigate how flow days vary considering a
minimum outflow volume. It is estimated that the 1oL/s threshold is related to baseflow
conditions in the pre-developed state (i.e. subsurface flow within the sand), whereas flows
larger than this are most likely related to surface runoff events. Annual outflow volumes at
the outlet are also presented together with the 9o% flow value at the outlet.

Table 16 Frequent flow - flow day summary

no of flow days
Scenario flow threshold (L/s) 90% (m3/s)  Annual outflow volume (ML)
undeveloped 83 40 30 25 6 0.11 384
developed no mitigation orre-use 141 106 89 78 24 0.366 1070
5kLon-site tanks 178 126 101 88 23 0.15 870
SkL on-site tanks 20 ha irrigation re-use {10ML storage) 90 79 72 67 20 0.16 750
SkL on-site tanks 40 ha irrigation re-use {25ML stroage) 69 62 56 52 16 0.18 €55
SkL on-site tanks €0 ha irrigation re-use {SOML storage) 53 47 43 40 13 0.186 565
5kL on-site tanks 80ha irrigaticn re-use {75ML storage) 41 37 34 32 1 0.22 484
SkL on-site tanks 10Cha Irrigaticn re-use (125ML storage) 32 28 26 24 9 0.25 411
equivalent 15 mm storage and re-use 13 13 12 12 7 4.28 386

v

110

] 10 20 30 40 50 80 70 80 80 100
Flow threshold (L/s)

w—ndeveloped == s developed no mitigation orre-use

#seavs 5ki on-site tanks &= » +5kLon-site tanks 20 ha irrigaticn re-use {10ML storage)
e Sk ON-site tanks 40 ha irrigation re-use (23ML strosge] =Sk on-site fanks 60 hs Irrigation re-use (SOML storage)
=5k on-site tanks 80hairrigation re-use (75MLstorage)  =sms=wmSkLon-site tanks 100ha irrigation re-use (125ML storage)

s gquivalent 13 mm storage and re-use

The above indicates that there are a large number of flow days in the rural undeveloped case
with relatively minor flows (<1L/s), suggesting a trickle feed of baseflow to the internal
waterways following rain events. Baseflows in the undeveloped case are most likely
associated with flows to approximately 10L/s, as this approximately corresponds with the
number of rain days greater than 1ismm (18 events per year with rainfall>1smm), when
surface runoff from rural areas could be expected.
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A fully developed catchment with no mitigation or re-use is observed to significantly
increase the number of flow days and the annual volume of outflow is also seen to increase
by a factor of 2.75.

A re-use strategy with only onsite tanks and bioretention/wetland systems is observed to
increase the number of flow days from the unmitigated case. This is mostly associated with
delayed outflows from wetlands and bio-retention. This difference is seen to converge with
the unmitigated case for high flow thresholds. Annual outflow volumes however are
reduced.

A re-use strategy with on-site tanks and downstream stormwater harvesting for 3™ pipe
parkland irrigation supply within the development is noted reduce the number of flows days
from the unmitigated case and the annual outflow volume. Whilst this is still greater that
the undeveloped case, the overall benefit of including the stormwater harvesting system is
significant (surface flow days and annual volume is double that of pre- development rather
that three fold).

To investigate further the impact of irrigation re-use on the number of flows days, various
irrigation demands were considered. To achieve close to the pre-developed flow regime an
irrigation area of 100 ha total (20 ha internal and 8o ha external) would be required. This
represents an equivalent area in the order of so football ovals.

As a comparison, the current form of the frequent flow objective (capture and manage the
1smm of rainfall) was simulated and presented. The annual outflow volumes are noted to
approximate the rural case, however it is noted that this approach has significantly reduced
the number of flow days in the lower flow threshold range. This indicates that when flow
does occur it is more associated with large event where high flows could be expected. This
may not be a desirable outcome from a waterway health perspective, reducing the number
of flow days with minor flows from the rural case. The practicalities of achieving a 1Ismm
compliance target is also questionable as this requires massive demands to be available to
provide the required storage volume, as per the compliance condition (i.e. the 15 mm stored
volume must be emptied within 24 hours).

As an example for the Yarrabilba Northern Structure Plan area , a 15 mm storage and re-use
equivalent volume is estimated at 14.5ML (considering a development area of 185ha). Daily
non-potable demand for the development is estimated at less than 0.25ML/d (considering
toilet and laundry, 131L/house/day). Although irrigation demand is considered as part of the
re-use strategy, it is unlikely to be required during rain periods, thus restricting this
component of demand to manage the stored volumes. As a result an additional non-potable
demand equivalent to 6o times the development would be required to manage the flows.
Achieving this objective appears unfeasible unless as massive external demand and storage
is resolved with ULDA and Allconnex.
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WATERWAY STABILITY AND FLOOD PERFORMANCE ASSESSMENT

Flood modelling was completed by Water Technology to confirm the stormwater strategy
meets the waterway stability objective (1yr ARI) and flood management objectives
(preserving the 2 to 100yr ARI).

Please refer to Appendix D for details of the flood modelling and results. Summary
detention storage requirements for management of 1 and 100 year flows for both the
Precinct 1 development and the Northern Structure Plan have been presented previously in
Tables g and 10 and Figures g and 10. A staged approach to detention storage installation
can be considered, with four of the six proposed basins required to manage Precinct 1 flows
(Basins 1,2,4 and s, refer to Figures 10 and 17) up to the 100 year ARI at the downstream
boundary of the Urban Development Area.
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CONCLUSION

A stormwater management strategy has been developed for Yarrabilba Precinct 1 that
delivers best practice objectives for urban stormwater quality improvement, waterway
stability and frequent flow management and opportunities for stormwater reuse to
irrigation parkland zone.

The Precinct 1 strategy generally complies with the environmental and sustainable
development requirements set out in the Yarrabilba Urban Development Area Interim Land
Use Plan and is particularly focussed on delivering sustainable outcomes not only for the
development but protection of downstream waterways.

The proposed stormwater management systems have been designed to integrate with the
flood management (refer to the Flood Management Plan - Yarrabilba Precinct 1, Water
Technology, February 20m).

A preliminary earthworks plan has been developed for bio-retention basins proposed in the
Northern Waterway of Precinct 1 providing a level of certainty that there is sufficient space
for the basins and to illustrate that stormwater can drain into and out of the basins.

The primary outcome of the stormwater and flood management strategy for Precinct 1 is
that the stormwater quality, waterway stability, frequent flow and flood management
objectives are achievable. Therefore the development of Precinct 1 can occur in the
knowledge that the waterway within and downstream of the site is protected.

However, Delfin do recognise that the broader Yarrabilba site requires an integrated
stormwater, waterway and flood management strategy to ensure these objectives are
achieved for the whole site. Therefore, ongoing investigations are occurring for the broader
Yarrabilba site beyond Precinct 1 to ensure the combined impact of staged development is
assessed appropriately and mitigation strategies developed early to guide further
conceptual and detailed design of these areas.

It is expected that minor adjustments to the Precinct 1 stormwater management designs
may occur as part of detailed design for the Operational Works certification process. Any
changes will be clearly identified and explained in the form of “WSUD Functional Design
Reports”for each of the development stages. The reports will provide detailed description of
the design and associated calculations along with detailed MUSIC modelling.

Design development and detailed design of the WSUD Strategy will be undertaken in
accordance with WSUD Technical Design Guidelines for SEQ. In addition to the landscape
and civil drawings the following documentation will be produced as part of the design
development and detailed design for Operational Works certification:

e WSUD Design Report OR Detailed Stormwater Management Plan
e Adescription of key functional elements

e Refined modelling
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e Relevant WSUD Specifications and calculations
o Detailed Sediment and Erosion Control Plan
e WSUD Construction, Establishment and Handover Methodology

e WSUD Maintenance Plans for the specific WSUD elements
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APPENDIX B MUSIC MODEL

The following tables provide the relevant data used in the MUSIC model for Precinct 1. These
reporting tables are in accordance with the MUSIC Modelling Guideline for South East
Queensland (Water by Design, 2009).

Table A1: Meteorological and rainfall runoff data reporting table

Input Data used in modelling

Rainfall station Modified Shailer Park (Station 040715)
Time step 6 minute

Modelling period 1990 to 2000

Mean annual rainfall (mm) 950 mm (1990-2000)
Evapotranspiration 1,446

Urban Residential and Commercial (Table 3.7 Water by

Rainfall runoff parameters .
Design, 2009)

Pollutant export parameters Urban Residential and Commercial (Table 3.8 Water by
Design, 2009)

Table A2: Catchment definition reporting table

Catchment ID Area (ha) Land use . Total impervious (%)

8.3 Commercial | 89%

B 1.1 Commercial 89%

e 3.4 sportsfield 20%

D 8.0 Urban Residential 58%

E 6.0 Urban Residential 58%

F 13.8 Urban Residential 58%

G 8.2 School 30%

H 34.7 Urban Residential 58%

I 29.9 Urban Residential 58%

J 17.9 Urban Residential 58%

K 1 Urban Residential 58%

L 8.7 Commercial 89%

M 3.6 Urban Residential 58%

N 4.4 Urban Residential 58%

(@) 2.9 Urban Residential 58%

P 5.3 Urban Residential 58%

Q 19.2 Urban Residential 58%
TOTAL 176.° 59%

* Remainder of the 225ha total catchment is mostly waterway corridor (not developed) or external catchment
(minor only)
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Table A3: Catchment split reporting table

Catchment ID Area (ha) Surface Type Fraction(irr;pervious
%

A 2.49 Road Reserve 75%
1.16 Roof to tank 100%
2.98 Roof to drain 100%

1.66 Ground level 80%

B 0.33 Road Reserve 75%
0.15 Roof to tank 100%
0.39 Roof to drain 100%

0.22 Ground level 80%

C - Road Reserve 75%
0.18 Roof to tank 100%
0.8 Roof to drain 100%

3.4 Ground level 10%

D 2.0 Road Reserve 60%
1.42 Roof to tank 100%
1.42 Roof to drain 100%

3.15 Ground level 20%

E 1.5 Road Reserve 60%
1.06 Roof to tank 100%

1.06 Roof to drain 100%

2.37 Ground level 20%

F 3.45 Road Reserve 60%
2.46 Roof to tank 100%

2.46 Roof to drain 100%

5.42 Ground level 20%

G - Road Reserve 60%
0.5 Roof to tank 100%

0.5 Roof to drain 100%

7:2 Ground level 20%

H 8.67 Road Reserve 60%
6.19 Roof to tank 100%

6.19 Roof to drain 100%

13.65 Ground level 20%

| 7.47 Road Reserve 60%
5.33 Roof to tank 100%

5.33 Roof to drain 100%

n.77 Ground level 20%

J 4.47 Road Reserve 60%
3.19 Roof to tank 100%

3.19 Roof to drain 100%

7.04 Ground level 20%
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Catchment ID Area (ha) Surface Type Fraction impervious

| (%)

K 0.25 Road Reserve 60%
0.7 Roof to tank 100%
0.7 Roof to drain 100%

0.40 Ground level 20%

L 2.61 Road Reserve 75%
1.22 Roof to tank 100%
3.13 Roof to drain 100%

1.74 Ground level 80%

M 0.9 Road Reserve 60%
0.64 Roof to tank 100%

0.64 Roof to drain 100%

1.4 Ground level 20%

N 1.02 Road Reserve 60%
0.73 Roof to tank 100%

0.73 Roof to drain 100%

1.61 Ground level 20%

(0] 0.72 Road Reserve 60%
0.52 Roof to tank 100%

0.52 Roof to drain 100%

114 Ground level 20%

P 1.32 Road Reserve 60%
0.94 Roof to tank 100%

0.94 Roof to drain 100%

2.09 Ground level 20%

Q 4.8 Road Reserve 60%
3.42 Roof to tank 100%

3.42 Roof to drain 100%

7.57 Ground level 20%

TOTAL 176.1° 59%

* Remainder of the 225ha total catchment is mostly waterway corridor (not developed) or external catchment
(minor only)
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Table A4: Bioretention Basin node reporting table

e S

Surface area (mz2) 1,000 ] 650 | 540 l 1,450 270 | 500
Has the filter area been , :

calculated appropriately? Yes, equal surface area method

Extended Detention Depth 0.3 0.3 0.3 0.3 03 | 03 | 03
(m)

Filter area (m2) 1,000 650 540 1,450 390 | 270 | 500
Saturated hydraulic 200 200 200 200 200 | 200 | 200
conductivity (mm/hour).

Filter depth (m) 0.6 0.6 0.6 0.6 0.6 | 06 | 0.6
Filter Median Particle 0.5 0.5 0.5 0.5 05 | 05 | 0.5
Diameter (mm)

Overflow weir width (m) 10 10 10 10 10 10 10
Seepage Loss (mm/hr) o o o o (6} o (o}
Confirmation that K and C*

remain default? ¥ * ¥ * = & &
Table As: Wetland node reporting table

Parameter l Wi { W2 ‘ W3 ’ W4 ‘ W5
Inlet pond vol (m3) 150 900 2,600 750 750
Macrophyte surface area (ma2) 1,500 9,000 26,000 7.500 7.500
Has surface area been :

calculated correctly (Secs.3.2) ¥ L ¥ ¥ ¥
Extended det depth (m) 0.5 0.5 0.5 0.5 0.5
Permanent pool vol (m3) 450 2,700 7,800 2,250 2,250
Exfiltration rate (mm/hr) o o o o o
Evaporation loss as % of PET 125 125 125 125 125
Equivalent pipe dia (mm) 51 125 214 14 N4
Over flow weir length (m) 3.0 10.0 10.0 3.0 3.0
Notational det time (hrs) 48.6 48.6 47.9 48.6 48.6
Number of CSTR cells 5 5 5 5 5
Confirmation K and C* remain

default (Y/N) ¥ ¥ ¥ i -
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Table A6: Rainwater tank node reporting table

Tank Parameter [ A_Tanks l B Tanks | C Tanks | D_Tanks E-Tanks | F-Tanks
Volume below 348 462 100 460 344 796
overflow (kL)

Depth above 0.2 0.2
overflow (m) 0.2 0.2 0.2 0.2

Depth below

overflow and pipe Y Y Y Y Y Y
scaled appropriately?

Surface area (mz2) 174 231 50 230 172 398
Overflow pipe .

diameter (mm) 1524 555 §o e 927 e
Stored water used

forirrigation/other Y ¥ Y ¥ Y y
purposes?

Indoor connections Laundry and toilet

Indoor demand

(kL/day) 9.3 1.2 - 151 1.3 26.2
Outdoor demand

scaled by PET - Rain 1364 18 10980 9358 6998 16194
(kLfyr)

Confirmation that K

and C* remain the ¥ Y Y Y Y Y
same?

Tank Parameter

G_Tanks

H_Tanks

L-Tanks

Volume below
overflow (kL)

100

2000

1724

1032

56

365

Depth above
overflow (m)

0.2

0.2

0.2

0.2

0.2

0.2

Depth below
overflow and pipe
scaled appropriately?

Surface area (m2)

50

1000

862

516

28

183

Overflow pipe
diameter (mm)

90

2236

2076

1606

374

1561

Stored water used
forirrigation/other
purposes?

Y

¥

Indoor connections

Laundry and toilet

Indoor demand
(kL/day)

4.0

65.8

56.7

33.9

1.8

9.7

Outdoor demand
scaled by PET - Rain
(kLfyr)

10980

40689

35073

20995

n39

1430

Confirmation that K
and C* remain the
same?
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[Tank Patameter | WTarks | N_Tanks | 0_Tanks | 7-Tanks'| Q-tanks ||

Volume below

overflow (kL) 208 236 168 304 no4
Depth above 0.2
averflow fnid o2 0.2 0.2 0.2

Depth below

overflow and pipe Y Y ¥ Y Y
scaled appropriately?

Surface area (mz2) 104 n8 84 152 552
Overflow pipe 1661
diameter (mm) L 0 Gt &2

Stored water used

forirrigation/other Y Y i ¥ Y
purposes?

Indoor connections Laundry and toilet

Indoor demand

(kL/day) 6.8 7.7 5.5 10.0 36.3
Outdoor demand

scaled by PET - Rain 4231.6 4801.3 3417.9 6184.7 22460.3
(kL/yr)

Confirmation that K

and C* remain the Y Y ¥ Y Y
same?

Additional assumptions used in determining water demands (Water by Design, 2009)
- 2.8 people per detached dwelling
- 47 |/p/day demand (toilet/laundry) for full water saving devices installed

- Outdoor irrigation of 548 mm/yr (average of 1.5smm/day) applied to 75% of pervious area of
lots.

- Qutdoor reuse scaled by PET-rain

- Each house provided with skL tank as per QDC MP 4.2 and 4.3, 1 kL provided for trickle top
up
- Modelled overflow pipe diameter as per SEQ MUSIC Guidelines (Water by Design, 2009)
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Table A6: Stormwater quality modelling results reporting table

Catchment Pollutant | Inflows | Outflows | Reduction Reduction Water

iD (kglyr) (kglyr) (kglyr) achieved Quality
(%) Objective
(%)
PRECINCT1
A TSS 17700 3130 14570
P 39.3 n 28.3
B/C TSS
D TSS
E TSS
FIG TSS %
3
S
b
LM TSS <
=
B
E
8
o
N TSS 4
a
(4]
wvi
2
0 1SS |
=
[=]
z
5
o
=
5
Eaany isiatud)
FUTURE DEVELOPMENT
H/I TSS 57100 14400 42700
TP 124 40.3 83.7
TN 73 390 383
JIK TSS 17100 4230 12870
TP 37.5 12.5 25.0
TN 229 M5 M4
P TSS 4780 786 3994
TP 10.2 3.08 732
TN 64 32.4 31.6
Q TSS 16800 4080 12720
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Sensitivity Analysis

The results below show the performance of the overall WSUD strategy when all
bioretention basin saturated hydraulic conductivities are reduced from 200 mm/hr to 5o
mm/hr. The results taken from the total catchment discharge show only minor changes to
the overall treatment efficiency compared to the results in Table A6. Precinct 1 discharges
are still seen to meet water quality objectives. The total northern structure plans is slightly
below TSS objectives, however this result does not include in-stream water quality
improvements from re-habilitation of the main waterways, and increases in TSS removal
from stormwater re-use. These will be refined for the next stage of the project once the
future development scenario is further developed.

Table A7: Bioretention sensitivity reporting table

Catchment | Pollutant inflows Qutflows Reduction | Reduction | Water
iD (kglyr) (kglyr) (kglyr) achieved Quality
(%) Objective
(%)
TOTAL TSS 79190 15949 63241 8o 8o
Precinct 1 TP 174.6 51.2 123.3 n 60
TN 1007.5 530.4 4771 47 45
Total TSS 174970 36614 138355 77
Northern TP 382.6 n8.9 263.6 69
Structure
Plan TN 2298.5 177.9 1120.6 49
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APPENDIX C DETAILED BIORETENTION CONCEPTS - NORTHERN
WATERWAY
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APPENDIX D FLOOD STUDY — STORMWATER QUANTITY MANAGEMENT
PLAN
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1 INTRODUCTION

DesignFlow has requested Water Technology to undertake a flooding and water quantity management
assessment of the Yarrabilba Precinct 1 and whole of catchment area for the Yarrabilba Northern Structure
Plan area. This report provides a review of the key assumptions and results for the proposed flood storage
basins based on XP-RAFTS modelling for the subject site. Two scenarios are considered, with the first
scenario representing a fully developed catchment for the Yarrabilba Northern Structure Plan area (whole of
catchment) and the second scenario representing the first proposed stage of development only (Precinct 1).
Please refer to the Design Flow (2011) Stormwater Management Plan for details of the Precinct 1
development.

2 GENERAL METHODOLOGY

The XP-RAFTS hydrological model was used to model the pre and post development catchment behaviour,
and to design the flood storage basins. XP-RAFTS was calibrated against the pre-development Rational
Method peak discharge estimates at the downstream model boundary.

Initial estimates of post-development peak flow rates using the Rational Method were considered as being
too conservative (too low) based on Water Technology’s experience with similar developments in
Queensland, and the XP-RAFTS generated post development flows were instead adopted as a more accurate
simulation of likely post development flows on the subject site. Channel routing was effected using actual
channel cross sections and the standard Muskingum-Cunge procedure within the XP RAFTS engine.

The following objectives were adopted for design of the flood storage basins:

e Preserve existing 1, 2, 5, 10, 20, 50 and 100 year ARI flow regimes at the northern boundary of the
site; and
® Preserve existing 1 year ARI flows within the onsite internal water ways.

3 MODEL DEVELOPMENT

3.1 Site Lavout

Figure 1 shows the proposed detention basin layout and stage-storage relationships.
Figure 2 shows the RAFTS catchment layout.

3.2 Catchment Land Use

Table 1 shows the adopted catchment physicals used in this study.

3.2.1 Existing Conditions — Northern Structure Plan

The following land uses were adopted for the pre-development scenario:

e The existing developed areas north of the development (RAFTS catchments 4 and 18) are rural
residential (20% impervious); and

. The remainder of the catchment area is undeveloped (0% impervious).

3.2.2 Developed Conditions — Northern Structure Plan

° The small area west of the Waterford-Tamborine Road (RAFTS catchment 00) remains undeveloped (0%
impervious);
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° The existing developed areas north of the development (RAFTS catchments 4 and 18) remain rural
residential (20% impervious); and

. The remainder of the entire development area within the catchment (i.e. not just Precinct 1) was
developed to an average density of 15 lots/ha and some commercial zones (60% impervious).

3.2.3 Developed Conditions — Precinct 1

The whole of catchment land use parameters for the following catchments were adjusted to simulate
development of Precinct 1 catchment areas only as part of a staged approach to development:

° Catchments B1, B3, 10 & 14-16 — revert to undeveloped conditions;
o Catchment 08 — 13.26 ha developed / 1.87 ha undeveloped;

. Catchment 09 — 11.1 ha developed / 12.01 ha undeveloped;

. Catchment 12 — 0.9ha developed / 16.07 ha undeveloped; and

° The remainder of the catchments remained unchanged from the whole of catchment post development
scenario.

3.3 Model Calibration

Table 2 provides the key assumptions for the Rational Method and RAFTS modelling. Table 4 through Table
6 provides a comparison of the post development versus pre-development flows for both unmitigated and
mitigated scenarios (Northern Structure Plan and Precinct 1). Channel routing in both the pre-development
and post development models was effected by using representative channel and flood plain cross sections
extracted from the available survey. The survey data was interrogated to determine channel slopes for each
representative channel link, and the XP RAFTS engine was used to calculate routing parameters using the
standard Muskingum-Cunge procedure. This routing approach ensures that selection of routing parameters
is based on actual cross section data and site topography.

Primary focus was given to ensuring that the pre-development XP RAFTS model matched the Rational
Method peak flow estimates for the full range of ARI storm events. A 100 year ARI pre-development Rational
Method peak flow of 59.1 m*/s at the downstream model boundary was adopted as the design flow for
calibration purposes. This equates to 0.23 m®/s/ha and is considered appropriate for the pre-development
environment. The XP RAFTS predevelopment model was calibrated to within 10% of the Rational Method
figures for all modelled ARI storm events. The 100 year XP RAFTS predevelopment peak flow was modelled
at 62.1 m’/s.

The initial Rational Method estimate of post-development peak flow of 77 m*/s was considered as being too
low, and the pre-development calibrated XP RAFTS model was updated to simulate the post development
environment and used to provide a more realistic estimate of likely unmitigated post development flows. An
XP RAFTS generated post development unmitigated design peak flow of 101.6 m>/s equates to 0.40 m*/s/ha
and is considered an appropriate conservative figure for the fully developed scenario.

3.4 Detention Basins

Six detention basins were included in the design. Five internal catchment basins (B1 — B5) provide distributed
detention and storage in upper catchment areas, while a larger downstream basin (B6) has been positioned
in the vicinity of the proposed wetland treatment area. A combination of standard dimension circular culvert
pipes and box culverts was used to manage outflows from the basins. Basin 6 represents the ultimate
downstream discharge point from the subject site.
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All six basins were modelled for the whole of catchment development scenario, while iterative model runs
for Precinct 1 conditions confirmed that Basins 3 and 6 were not required to maintain an acceptable post
development hydrological regime for the Staged development approach. Table 3 provides a summary of the
key assumptions and results for basin modelling at the subject site under all simulated scenarios

4  RESULTS

4.1 Modelled Basin Performance

Table 3 provides a summary of the modelled basin water levels for each of the design ARI storms. Where
possible, a maximum design water depth of 1.5m for the 100 year ARI storm event was targeted. Under the
whole of catchment (fully developed) scenario, this design water level target was achieved for Basin 1
(1.44m) and Basin 3 (1.49m), while Basin 5 (1.60m), Basin 4 (1.73m) and Basin 6 (1.75m) were marginally
above the preferred maximum water level. The maximum water level in Basin 2 (2.39m) is above the
preferred design level. Various combinations of weir widths, weir heights and culvert configurations were
tested to determine the basin configuration that minimised the water levels in Basin 2 while ensuring that 1
year ARl post-development outflows from the basin do not greatly exceed the pre-development flows.
Under the whole of catchment scenario, with a weir height of 1.5m, Basin 2 receives runoff from just under
75ha of developed land and is rapidly filled during the 1 year storm to a height of 1.79m. Twin 300mm x
300mm box culverts, in conjunction with the 1.5m weir, effectively control the 1 year flows to around 120%
of the pre-development flows.

Dropping the maximum water level further in Basin 2 will necessitate the release of additional flows for all
ARl events and will push the post-development 1 year flows to in excess of 250% of pre-development flows
for the immediate downstream reach between Basin 2 and Basin 1. As a result of this limitation, it is not
considered practical to limit the water level in Basin 2 to 1.5m. Note that review of the hydrograph for Basin
2 shows that water levels are in excess of 1.5m for approximately 1.5 hours during the peak of the 100 year
event. Under Precinct 1 staged development conditions, Basins 3 and 6 are not required. Table 3 also
provides a summary of the modelled basin water levels in Basins 1, 2, 4 and 5 for each of the design ARI
storms for the Precinct 1 scenario.

It is understood that Basin 2 is to be located within an area that includes existing vegetation that is to be
retained, and in which revegetation will take place. It is further understood that engineering batter design
for Basin 2 will provide for ease of access and egress from the basin.

4.2 Detention Basins

Table 3 shows the adopted basin design details and peak water depths for the full range of ARI storm events
for all basins under both the Northern Structure Plan (fully developed) and Precinct 1 (staged development)
scenarios. Table 4, Table 5 and Table 6 show the comparison of pre and post development (mitigated)
discharges at each basin location (including the DS Basin location) for the modelled scenarios.

4.3 Flood Extents

A HEC-RAS model has been constructed for the subject site based on available survey and contour data. The
whole of catchment (fully developed) scenario was used as the basis for determining the 100 year flood
extents for the subject site. Figure 3 shows the 100 year ARI flood extent for the site. Figure 4 provides the
HEC-RAS channel cross section locations, while Figure 5 provides the 100 year ARI post development water
level, flow and velocity outputs at each modelled node from the HEC-RAS modelling.
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Table1 Yarrabilba Catchment Parameters

Name Area (ha) Average Slope (%) RAFTS Impervious % (Pre / Post)
00 4.7 4.06 0/0
B5 15.24 4.06 0/50
B4 21.64 2.25 0/50
B3 21.36 2.0 0/50
04 13.87 141 20/20
06 8.76 4,74 0/50
07 19.84 3.23 0/50
08 15.13 2.49 0/50
09 23.11 3.37 0/50
10 8.04 4.66 0/50
12 16.97 24 0/50
B1 13.17 1.8 0/50
14 23.09 0.93 0/50
15 18.71 3.2 0/50
16 11.91 1.61 0/50
18 18.00 1.26 20/20

Total 253.54
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Table 2 Adopted Rational Method and RAFTS Parameters

*(refer Table 6 for Modelled Peak Flows)

Land Use

Undeveloped

Rural Residential

Fully Developed

Rational Method

Imperviousness (%) 0 20 60
Runoff Coeff. Cyg 0.62 0.68 0.79
RAFTS

Modelled Impervious (%) 0 20 50
IL—1+2yr (mm) 8.0 6.8 6.5
CL - 1+2yr (mm/hr) 2.25 1.65 1.5
IL=5yr {(mm) 7.5 5.9 5.5
CL - 5yr (mm/hr) 2.25 1.65 1.5
IL—10yr (mm) 7.0 4.6 4.0
CL - 10yr (mm/hr) 2.25 1.65 1.5
IL=20yr (mm) 6.5 3.9 3.25
CL - 20yr (mm/hr) 2.25 1.65 1.5
IL=50yr (mm) 4.5 2.9 2.5
CL - 50yr (mm/hr) 2.0 1.2 1.0
IL=100yr (mm) 3.0 2.2 2.0
CL - 100yr (mm/hr) 2.0 1.2 1.0
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Table3 Adopted Basin Design Details

Basin No
Basin Parameter

5 4 3 2 1 6
Spillway Height (m) 1.0 1.0 0.8 15 0.45 0.9
Spillway Width (m) 10 20 20 22.5 10 30
Lower Level Pipes (at basin floor)
e Diameter (m) 0.45 0.45 060 03x03 045 1.2x0.9
. No of Pipes / Box Culverts 2 2 3 2 1 5
. Upstream invert above stream 0 0 0 0 0 0

invert (m)

Upper Level Pipes (300mm above floor)
. Diameter (m) 0.45 0.6 - - - -
. No of Pipes 1 3 - - - -
. Upstream invert (m) 0.3 0.3 - - - -
Northern Structure Plan Area
Q1Peak Water Depth (m) 1.10 1.14 0.98 1.79 0.74 0.99
Q5 Peak Water Depth (m) 1.34 1.43 1.20 2.06 1.04 1.31
Q10 Peak Water Depth (m) 1.40 1.50 1.26 2.13 1.13 1.40
Q20 Peak Water Depth (m) 1.48 1.57 1.33 2.22 1.23 1.52
Q50 Peak Water Depth (m) 1.54 1.57 1.68 231 1.35 1.63
Q100 Peak Water Depth (m) 1.60 1.73 1.49 2.39 1.44 1.75
Precinct 1 Staged Scenario
Q1Peak Water Depth (m) 1.10 1.14 - 1.74 0.69 -
Q5 Peak Water Depth (m) 1.34 1.43 - 1.99 0.97 -
Q10 Peak Water Depth (m) 1.40 1.50 - 2.06 1.04 -
Q20 Peak Water Depth (m) 1.48 1.57 - 2.14 1.14 -
Q50 Peak Water Depth (m) 1.54 1.57 - 2.23 1.25 -
Q100 Peak Water Depth {m) 1.60 1.73 - 231 1.34 -

Notes: 1) Downstream basin at site boundary
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