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Book 2: Catchment Studies

Introduction

The Institute for Climate, Energy and Disaster Solutions (ICEDS) is partnering with communities to
develop the first Australian Guidelines for Nature-based Solutions for flood mitigation in Australia.
The Guidelines will support Australian local government authorities and floodplain managers to
navigate the process of developing alternative, nature-based flood management mitigation measures
that also provide co-benefits to the environment.

In the development of the Guidelines, ANU partnered with local Councils to develop catchment studies
where Nature-based Solutions (NbS) are designed to mitigate flooding, which illustrate how to use the
guidelines. The catchment studies in this Book should be read in conjunction with the National
Guidelines in Book 1. The following flowchart (Figure 1-1) shows our catchment studies in which
design and assessment of NbS to flooding were carried out. In the flood mitigation modelling
section for all cases, sample flood maps and an overall analysis will be presented. The full
collection of flood maps has been archived by the ANU research team.

Catchment study 1: Bremer Catchment (Spongy

catchment idea)

LGA: Ipswich, QLD Catchment study 2: Bundamba Sub-Catchment

Catchment study 3: Deebing Sub-Catchment (urban

Australian Guidelines for
Nature-Based Solutions to LGA: Noosa, QLD Catchment study 4: Pomona Sub-Catchment

Flooding
Catchment study 5: Foreshore Sub-Catchment (Tewantin

and Noosaville)
Catchment study 6: Moree Township (site scale study

LGA: Moree, NSW
within the Gwydir River basin

Figure 1-1 Catchment Studies
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Book 2: Catchment Studies

Section 2: Noosa LGA, QLD

Catchment Study 4 - Pomona sub-catchment
Catchment Study 5 - Foreshore sub-catchment (Tewantin and Noosaville)

Noosa is a Local Government Area (LGA) located in the southeastern corner of Queensland, Australia,
known for its stunning natural landscapes, relaxed coastal lifestyle, and commitment to environmental
conservation. Centred around the popular holiday destination of Noosa Heads, the region encompasses
a mix of pristine beaches, subtropical rainforests, and the Noosa River. It is one of the few areas in
Australia to have been declared a UNESCO Biosphere Reserve, highlighting its efforts to balance
sustainable development with the protection of biodiversity. The Noosa Shire includes several townships
and communities, such as Tewantin, Sunshine Beach, and Cooroy, and has a strong focus on eco-
tourism, sustainable planning, and community-led governance.

Two catchment studies were selected in consultation between ANU, the Noosa Shire Council and local
community and experts.
e Pomona sub-catchment

e Foreshore sub-catchment (Tewantin and Noosaville)

Section 3: Moree Plains, NSW

Catchment Study 6 — Moree Township

Moree Plains LGA, located in northwestern New South Wales, is a vast and predominantly rural region
known for its strong agricultural base and rich cultural heritage. The area is centred around the town of
Moree, renowned for its artesian hot springs, and serves as a key service centre for the surrounding
farming communities. The LGA contributes significantly to Australia’s agricultural output, particularly
in cotton, grain, and livestock production. It is also home to important Aboriginal cultural sites and a
proud Indigenous heritage, with the Kamilaroi people recognised as the traditional custodians of the
land. Flood risk is the most significant natural hazard in the LGA, posing a periodic threat to the Moree
township and surrounding communities.

This catchment study:

« lllustrates the use of planning and assessment process outlined in the Guidelines;

» Considers the environmental, social, geographical and institutional context of Moree;
* Reviews the history, risks and cost of flood damage in Moree;

» Explores opportunities for reducing the impact of large floods in Moree;

» Considers the costs and benefits of those identified options;

» Explores the scale of flood behaviour modification required to provide meaningful flood risk
mitigation in Moree.
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Book 2: Catchment Studies

Chapter 1: Catchment Study 1 - Bremer
catchment

Graphical Abstract

Catchment Study:

Ipswich- Bremer

Choose downstream urban area of Warril creek/Bremer river as target area of
flood mitigation

Primary Discussion

1. Keep landscape solutions in the list

2. Significant impact of revegetaling riverbanks or afforestation on flood
hydrograph/inundation area in Bremer river catchment and potential use of
increasing permeaility in urban areas )

(1. Delete offline storage solutions (wetlands) due to lack of enough capacity for
restorable wetlands

2. Keep online storage solutions (leaky weirs). Many appropriate locations for

\_ constructing leaky weirs Y,

Ve

Delete flood diversion methods. No potential palaeochannel for flood diversion
close to target area

- J

Preliminary flood
assessment
outcome

Choosing a combined NbS solution (leaky weirs + afforestation + riparian
vegetation + increasing urban permeability)

Use Flowchart 7*
for high-level
design

Design and maodelling of chosen combined NbS through rain-on-grid
hydrodynamic model and further hydrological analysis

*

Flowchart 1 - Preliminary flood assessment of land-use solutions (link to guidelines)
Flowchart 2 - Preliminary flood assessment of storage solutions (link to guidelines)
Flowchart 3 - Preliminary flood assessment of diversion solutions (link to guidelines)
Flowchart 7 - High-level design of shortlisted combined solutions

Key findings
e A spongy catchment approach, combining riverbank revegetation, leaky weirs, afforestation,
and increased urban permeability, collectively enhances flood resilience across the Bremer
catchment.

e Flood simulations by the ANU for event 2022 (AEP= 2.4%) demonstrated that designed
solutions achieved substantial flood depth reductions across the Bremer catchment.
According to depth reduction assessment in a sample point in Ipswich city:

> A 300 m wide riparian buffer alone reduced flood depth by 19%.

o The addition of leaky weirs further reduced flood depth to 51%.
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Catchment Study 1 - Bremer catchment

° Incorporating 83% afforestation further reduced flood depth to 78% and
o increasing urban permeability by 50% slightly enhanced the cumulative reduction to 79%.

o Additional flood simulations by Water Technology corroborated the impacts of these
strategies, showing marginal changes as well.

* In terms of co-benefit assessment with a focus on water quality improvements, Water
Technology’s simulations showed that riparian buffers reduced total suspended solids (TSS) and
total nitrogen (TN) by 50%. With 83% afforestation, TSS was further reduced by 45% and TN
by 33%. These combined NbS demonstrate significant potential for improving both flood
resilience and water quality.

* In-channel riparian revegetation alone and in combination with 50 m top of bank vegetation
buffers, achieve 1.37 and 1.1 benefit to cost ratios respectively, considering avoided flood
damage cost as well as the dollar value of TN and TSS reductions (refer to the
methodology in Appendix A, Chapter 10).

« Revenue from carbon sequestration (ACCUs) from 83% afforestation is estimated at $226 M,
double the present value of avoided flood damages.

1.1 Scoping and Planning

1.1.1 Catchment overview

The Bremer River catchment is an important part of the Brisbane River catchment. Major tributaries of
the Bremer River include Warrill Creek, Western Creek, Franklin Vale Creek, Reynolds Creek, Purga
Creek and Bundamba Creek. The Bremer River catchment experiences a subtropical climate with
warm, humid summers and mild winters. The region is subject to significant seasonal rainfall, with
the wet season (summer) often leading to flooding events, particularly when combined with weather
patterns such as La Nifa. The Bremer River flows into the Brisbane River just northeast of Ipswich
and then the Brisbane River flows through Brisbane and discharges to Moreton Bay. This river has
played a significant role in the development of Ipswich and surrounding areas, historically used for
transport and industry. The catchment also holds cultural significance for the Yuggera and other
Indigenous groups, who have traditionally relied on the river for resources. The catchment is managed
through various local and state initiatives to mitigate flood risks, improve water quality, and restore
natural habitats. Programs such as the Healthy Land and Water initiative and local council efforts
focus on addressing environmental degradation and promoting sustainable land use practices in the
catchment. Figure 1-2 shows the boundary of this catchment as the focus area for design and
assessment of different NbS or hybrid NbS.

This catchment is a significant hydrological feature in the Ipswich area and forms part of the larger
Brisbane River system. It is located in south-eastern Queensland, primarily within the Ipswich City
Council area, with parts extending into the Scenic Rim and Lockyer Valley regions. The Bremer River
catchment covers an area of approximately 2,032 square kilometres, which includes several tributaries
and several sub-catchments. The catchment features a varied landscape, ranging from low-lying
floodplains to hilly, undulating terrain. The upper catchment, particularly in the Scenic Rim, consists
of hilly areas with steeper slopes, while the lower catchment near Ipswich contains flat plains more
susceptible to flooding. The Bremer River catchment includes a mix of urban, industrial, agricultural,
and rural land uses. Ipswich is the major urban centre within the catchment, with rapid urban growth
in surrounding suburbs such as Springfield and Ripley. Agriculture, including grazing and cropping, is
common in the more rural areas of the catchment, especially in the upper regions.

The Australian National University
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Book 2: Catchment Studies

The Bremer River catchment is highly prone to flooding, especially in the lower floodplains near Ipswich
and its suburbs. Historical floods, such as those in 1974 and 2011, have caused significant damage
in the region.

Water quality in the Bremer River has been a concern, particularly due to urban runoff, sedimentation,
and pollution from agricultural and industrial activities. Efforts are ongoing to improve water quality,
including initiatives to reduce sediment loads and address pollution from stormwater runoff. The Bremer
River catchment supports a variety of ecosystems, including riparian zones, wetlands, and bushland
reserves. Several conservation areas, such as the White Rock-Spring Mountain Conservation Estate,
are located within the catchment, providing habitat for native wildlife and acting as natural buffers during
flood events.

Major tributaries of the Bremer River include:

» Warrill Creek: One of the larger tributaries, flowing through rural and agricultural lands.
» Purga Creek: A smaller tributary with a mix of rural and peri-urban land use.

» Deebing Creek and Bundamba Creek: Important contributors to the lower Bremer River near
urban areas.
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Figure 1-2 The boundary of the Bremer catchment

The catchment has been altered significantly since European settlement. Prior to settlement, the
catchment was dominated by Eucalypt woodlands and open forest with some Melaleuca open
woodlands on depositional plains. Some parts of the catchment have been cleared for agricultural
production, urban development and industrial activities. Figure 1-3 shows the secondary land use
map of the catchment. More details regarding land use analysis will be presented in the technical
assessments.
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Catchment Study 1 - Bremer catchment
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Figure 1-3 Secondary land use map of the Bremer catchment

The rainfall analysis for Amberley (1941-2024) reveals a distinct seasonal pattern, with most of the
rainfall occurring in the summer months, while winter and early spring (especially August and September)
remain notably dry. The annual average rainfall is 850.5 mm, but this varies widely, with the wettest
year (2022) recording 1666 mm and the driest (2019) only 334.8 mm. Extreme rainfall events are
concentrated in summer, with daily totals exceeding 200 mm during major flood years like 1974 and
2022. The region averages about 103 rain days per year, with moderate to heavy rainfall (>10 mm and
>25 mm) occurring most frequently during the wetter months. These patterns underscore the area’s
vulnerability to both summer flooding and winter drought.
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Book 2: Catchment Studies

1.1.2 Expert Panel Discussions

As part of the investigation into the application of NbS for flood mitigation within the Ipswich Local
Government Area (LGA), a panel of experts was assembled to support and inform the development and
evaluation of the proposed strategies. This panel brought together members of the research team with
regional specialists, including Council staff, community members and the private sector, possessing
in-depth understanding of Ipswich’s unique hydrological systems, landscape characteristics, and urban
planning context. Through a series of collaborative workshops and meetings, the panel engaged in
comprehensive discussions addressing key issues such as the identification of flood-prone zones
most in need of intervention, the practical feasibility and spatial appropriateness of various NbS
approaches—including riparian vegetation enhancement, wetlands, reforestation, or leaky weirs—and
the alignment of these strategies with existing policy frameworks and community needs. The expertise
shared by the panel played a vital role in the selection of demonstration sites and in the design of NbS
to local conditions. This inclusive, interdisciplinary process ensured that the proposed measures were
technically sound, contextually relevant, and had the backing of local stakeholders. It should be noted
that in all stages of design and assessment of the solutions, the Expert Panel was closely engaged,
which was central to refining suitable designed solutions.

1.1.3 Understanding the catchment

BOM database (Figure 1-4) presents a comprehensive view of peak annual flood levels on the
Bremer River at Ipswich (QLD) from 1832 to 2024, using flood gauge heights to assess severity. The
data shows that Ipswich has experienced frequent and often severe flooding, with several events
exceeding the major flood threshold of 10 metres. Particularly severe floods occurred in the late
1800s, with some peaks nearing 20 m, highlighting the extreme vulnerability of the area during that
period. The mid-20th century saw fewer major flood events, though minor to moderate flooding
continued. From the 1970s onwards, the frequency of major floods increased again, including
significant events in the 1974 and 2011 Brisbane/lpswich floods. More recently, peaks above the 10
m threshold have occurred in 2017 and 2022, suggesting a resurgence of extreme events in the 21st
century. This long-term pattern indicates a persistent flood risk in Ipswich. The data underscores the
importance of ongoing investment in flood mitigation strategies including nature-based or hybrid
solutions to reduce community exposure to future flood events.

The Australian National University
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Catchment Study 1 - Bremer catchment

Bremer R at Ipswich
Highest Annual Flood Peaks

25
20 1
C
o 157} 1
=
-
ﬁ;’ 10 ¢ Mndnr‘af::
1+
@ Minaor,
5 - -
0 i i i i i i
1832 1856 1880 1904 1928 1952 1976 2000 2024
Year
Australian Government Bureau of Meteorology (Generated: 23/11/2017)

Figure 1-4 Flood history recorded by BOM

Land use change analysis

Historically, the Bremer River catchment has been primarily used for agriculture, with production
from relatively natural environments accounting for 71% of the total land area in 1999. The dominant
agricultural activity was grazing on native vegetation, which has undergone significant changes over
time. Grazing on native vegetation declined from 71% to 69% by 2012, remaining the primary land
use in the catchment.

One of the most significant shifts in land use is the increase in land designated for managed resource
protection, which grew from 0 hectares in 1999 to 3,000 hectares in 2012. Much of this expansion
occurred in areas previously used for grazing, reflecting a growing recognition of the need to preserve
and rehabilitate natural ecosystems. Plantation forestry also expanded notably, especially between
1999 and 2006, as grazing lands were converted to tree plantations, signalling a broader shift toward
sustainable land management, likely driven by policies promoting carbon sequestration and ecosystem
restoration."

Between 1999 and 2012, other notable land-use trends in the Bremer catchment included an increase
in conservation and natural environments by 3,192 hectares, expansion of dryland production by
2,982 hectares, and growth in intensive land uses by 720 hectares. Conversely, production from
relatively natural environments declined by 3,796 hectares, and irrigated land decreased by 3,194
hectares. The reduction in irrigated agricultural land suggests a shift toward more sustainable water-
use practices, likely driven by declining water availability and drought conditions in the region.
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Book 2: Catchment Studies

Urban and residential growth have also significantly impacted land use. Between 1999 and 2012,
residential and farm infrastructure areas expanded by 907 hectares, primarily at the expense of grazing
lands. This reflects the growing demand for housing and urban infrastructure, particularly in the Lower
Bremer Catchment, where urbanisation has intensified with the development of services, utilities,
transportation, and infrastructure.

At the secondary land-use level, 15,445 hectares (approximately 8% of the total catchment) experienced
land-use changes between 1999 and 2012. Of these, 61% involved increase of conserved areas by the
shift from grazing to protected resources or conservation uses. The general trend from 1999 to 2006
and into 2012 indicates a planned focus on expanding conserved natural areas, particularly the shift
from grazing native vegetation to managed resource protection.’

Ipswich, a key regional economic cluster within the Bremer catchment, presents significant opportunities
for development in transport, manufacturing, and logistics, particularly within the emerging industrial
corridor in West Ipswich City. The Bremer River catchment is designated as a Priority Living Area
(PLA), positioning it to accommodate substantial future urban growth. The South East Queensland
Regional Plan (2009-2031) estimates that Ipswich’s population will grow significantly, requiring
118,000 new dwellings by 2031 to support an estimated population of 435,000. The Shaping SEQ
policy (2017) projects even further growth, forecasting an increase of 319,000 people in Ipswich
between 2016 and 2041, necessitating an additional 111,700 dwellings.2

Residential land supply data suggests that rural residential development will likely continue in areas
such as Purga Creek, Mid-Warrill Creek, and the Lower Bremer River sub-catchments. However, most
new housing is expected to come from urban residential settlements, with an estimated 4,605 hectares
of land likely to be developed within the next decade. Most urban expansion is projected for the Lower
and Mid-Bremer River, Bundamba Creek sub-catchments, and areas like Kalbar and Grandchester in
the Western Creek sub-catchment.?

Ripley Valley, a Priority Development Area (PDA) within the Bundamba Creek sub-catchment, is set to
become a major urban development zone. This area is planned to accommodate up to 48,750 dwellings,
providing homes for 131,000 people. Ripley Valley’s development plan also includes provisions for
environmental protection, aiming to maintain ecological corridors and avoid impacting areas of
significant biodiversity. Future development in this area will need to balance urban growth with the
preservation of valuable ecosystems and waterways.?

Agriculture remains a key growth sector in Southeast Queensland, and the sustainable management of
high-value agricultural land is essential for future food security. The Bremer catchment includes a large
area (43,959 hectares) designated as a Priority Agricultural Area in the ShapingSEQ plan, underscoring
its importance for regional agricultural production.#

Future agricultural development will likely focus on expanding areas for crop cultivation and grazing,
particularly in regions identified as strategic cropping land. These areas, primarily located in the
Mid-Warrill Creek, Reynold’s Creek, and Purga Creek sub-catchments, possess ideal slope and soil
characteristics for sustainable crop production. Ipswich City Council is working on strategies to diversify
agricultural activities and build resilience to market changes and climate variability, including the
development of new crop varieties and more efficient water-use practices.®
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Catchment Study 1 - Bremer catchment

The Bremer catchment has experienced extensive environmental degradation due to historical
land clearing for agriculture, industry, and urban development. The loss of native vegetation has
significantly altered natural ecosystems, particularly floodplains and riparian zones, which are crucial
for regulating water flow, maintaining soil stability, and protecting water quality. Currently, approximately
44% of streambanks in the catchment lack riparian vegetation, leading to increased soil erosion and
sedimentation in waterways.6

Future agricultural expansion and urban development are likely to exacerbate these environmental
issues. Deforestation for agricultural production and residential development may further degrade
water quality, increase soil erosion, and elevate sediment loads in the Bremer River and its tributaries,
potentially leading to more frequent and severe flooding. The increased use of chemical fertilisers and
pesticides in agriculture will likely contribute to water pollution, resulting in eutrophication and algal
blooms that can severely impact aquatic ecosystems. Additionally, future industrial development,
particularly in manufacturing and transport, may lead to further wastewater discharge into the river,
degrading water quality and contributing to a decline in the ecological health of the catchment.”

The following figures (Figures 1-5 to Figure 1-7) show some key maps and plots from land use change
analysis in this catchment, which were considered or used directly in the design of the flood mitigation
options.
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Figure 1-5 Map of the comparison between the primary land use classes of 1999 and 2012, within the Bremer Catchment
boundary, generated using ArcGIS Pro.
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Figure 1-6 Column graph of the total area (ha) across the primary land use classes in 1999, 2006 and 2012.
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Book 2: Catchment Studies

A core element of the IICP is its emphasis on local engagement. The plan incorporates input from
stakeholders and communities within the Bremer catchment to ensure the project reflects local needs
and priorities. The study evaluates flood risk under both current and future conditions using hydrological
and hydraulic modelling, incorporating the potential impacts of climate change, which may lead to
increased flood frequencies and magnitudes. A detailed assessment of flood-related damages considers
economic, environmental, and social impacts under existing and projected scenarios.

To mitigate these risks, the IICP identifies a suite of structural and non-structural solutions. NbS are a
key focus, including floodplain restoration, vegetation buffers, and riverbank revegetation. Engineering-
based options—such as levees, detention basins, and stormwater infrastructure—are also assessed,
along with hybrid approaches that combine both methods. These options are evaluated for flood
reduction efficiency, cost-effectiveness, resilience, and long-term sustainability, addressing impacts for
both upstream and downstream catchment areas.

Specific mitigation options are explored in depth. For Warrill Creek, the major NbS option (revegetating
riverbanks with buffer zone 50 m to 200 m in most upstream regions) was found to offer significant
benefits in terms of flood mitigation and ecosystem health, particularly in protecting areas like the RAAF
Base Amberley. Though some increase in flood levels was noted in isolated areas, the overall benefits
outweighed the challenges. Similarly, Bundamba Creek’s extensive revegetating riverbanks (buffer
zone 50 m to 200 m) showed strong potential for reducing downstream flood risks, safeguarding urban
and commercial zones, and aligning with broader planning objectives.

Minor NbS interventions in both creeks delivered moderate benefits but with reduced effectiveness. In
contrast, engineered interventions such as the Ipswich CBD flood gate and Goodna Motorway levee
were deemed less viable due to unresolved engineering constraints and limited risk reduction. The
Rosewood and Thagoona detention basin proposals faced hurdles such as land acquisition, cost-
benefit limitations, and residual management risks. Some interventions like the Blacksnake Creek NbS
offered ecological benefits but minimal flood mitigation value.

In summary, revegetating riverbanks with buffer zone 50 m to 200 m in most upstream regions of
Ipswich urban area in the Warrill Creek and Bundamba Creek stand out for their ability to deliver both
flood protection and environmental co-benefits. The IICP promotes these nature-based approaches as
central to future flood resilience in Ipswich, while continuing to evaluate hybrid and engineered options
within a comprehensive, catchment-wide framework.

lICP findings and influence on ANU catchment study

The ANU team reviewed IICP and proposed flood mitigation strategies for the Bremer catchment,
assessing the effectiveness of structural and non-structural interventions in IICP. A major conclusion
drawn from the study is the high potential of NbS, particularly riverbank revegetation and ecological
restoration, in reducing flood impacts while enhancing river system health.

Nature-based options were found to perform well in specific catchments. For example, in Warrill
and Bundamba Creeks, large-scale upstream revegetating riverbanks (buffer zone 50 m to 200 m)
significantly reduced flood levels and improved ecological conditions, including habitat quality and river
health. These dual benefits make such strategies preferable where environmental preservation is a
parallel priority. The study highlighted that these approaches could support both flood risk management
and long-term sustainability.
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Catchment Study 1 - Bremer catchment

Engineered options, while traditionally common in flood mitigation, were found to offer limited long-term
benefit in several areas. While detention basins and levees did reduce flood risks in specific cases, they
did not contribute to ecological improvement and sometimes had limited effectiveness in terms of flood
reduction alone. The analysis also raised concerns regarding the maintenance, cost, and environmental
impact of these structures.

A particularly important insight from the ANU review was the scale-dependent effectiveness of NbS. The
study found that major nature-based interventions, when implemented broadly across a catchment, had
a significantly greater impact than smaller, isolated efforts. For example, scaling up revegetation and
floodplain reconnection efforts in Bundamba Creek delivered more robust flood mitigation outcomes,
emphasising the value of larger-scale implementation.

The IICP’s evaluation process included consultation with the Water Technology team, where further
opportunities were identified to enhance and expand existing NbS. These consultations suggested
that combined application of multiple NbS strategies—such as increasing the extent of floodplain
engagement while reinforcing riverbanks through vegetation—could yield more effective and resilient
flood management outcomes.

In conclusion, the ANU team identified nature-based flood management interventions, particularly
major NbS that deliver both hydrological and ecological benefits, as a priority for flood mitigation in the
catchment. These NbS for flood mitigation should be integrated into wider catchment management
strategies that support environmental integrity, social resilience, and economic viability. While
engineered interventions may still play a role in specific contexts; comprehensive, scalable, combined
and adaptive NbS have a role in flood mitigation in Ipswich. This multifaceted approach offers a
sustainable and balanced path forward in protecting both the community and the environment.

1.1.4 Target area of flood mitigation and objectives

It was decided that the Bremer Catchment Study would focus on flood impacts of Bremer River,
Warrill Creek and Purga Creek on the downstream urban areas of Ipswich as depicted in Figure 1-8.
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Figure 1-8 Location of the Bremer River Catchment and focus area of flood mitigation

In line with the Expert Panel’s discussion, the following objectives were considered in this catchment
study:

*  Focus on flood mitigation interventions across the entire Bremer catchment, including both
upstream (for intervention) and downstream (for flood impact) areas with a focus on mitigating the
flood impacts of Bremer River, Warrill Creek and Purga Creek.

* Deploy and evaluate NbS to reduce flood risks in vulnerable downstream urban zones.

* Review previous NbS approaches from the IICP to identify effective strategies, knowledge gaps
and integrate the suitable proposed NbS in [ICP in the new solutions.

* Identify the most effective single or combined NbS for managing downstream flooding through
a multi-NbS approach by developing the “spongy catchment” concept, thereby enhancing water
retention and slowing runoff across both urban and rural areas. Further to identifying suitable
NbS, the ANU evaluation framework will be used for a preliminary assessment of their
effectiveness.

» Develop high-level designs of proposed combined solutions in the context of the spongy
catchment idea using GIS based design linked with hydrodynamic and hydrological modelling to
simulate flood performance under various rainfall events and scenarios.

» Consider and assess ecological co-benefits (e.g., biodiversity, water quality) and perform economic
analysis of flood mitigation and added value.
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* Engage stakeholders and local communities to ensure the proposed solutions are socially
acceptable and widely supported and deliver an integrated, ecologically sound, and community-
aligned flood mitigation strategy for the Ipswich LGA.

1.2 Nature-based Solutions Design and Analysis

1.2.1 Preliminary flood assessment of potential NbS

In this case, based on available assessments in [ICP and the discussion in the Expert Panel, the
“spongy catchment” idea was considered as an ambitious goal of developing nature-based flood
mitigation. Thus, the preliminary flood assessment process was carried out based on this idea in the
whole of the Bremer catchment with a focus on mitigating flood impacts of Bremer River, Warrill Creek
and Purga Creek. More details regarding the spongy catchment idea, as well as detailed assessment
process, are presented in this section. The concept of a “spongy catchment” promotes flood mitigation
by enhancing the natural ability of landscapes—such as wetlands, forests, and permeable soils—

to absorb and manage rainfall and runoff. This approach supports flood reduction, water quality
improvement, biodiversity, and climate resilience. Strategies like reforestation, wetland restoration,
permeable surfaces, and improved soil management help create such catchments. However,
challenges include land use conflicts, funding needs, and gaining community support. The Bremer
catchment study by the ANU explored the viability of spongy catchments using NbS, supported by
the Expert Panel reviews and modelling. While early findings were promising, detailed simulations
were necessary to fully evaluate effectiveness. Each NbS was assessed and linked with other NbS

to understand its contribution, forming the basis for developing a spongy catchment strategy for

flood mitigation.

Landscape solutions

As depicted in Figure 1-9, approximately 27% of the total catchment area is currently forested, with
most of these forests located along the perimeter of the catchment. A portion of this forest cover lies
within the sub-catchment of Bundamba Creek, which shows limited potential for further reforestation
efforts due to spatial constraints. However, in the scale of the whole Bremer catchment, there is
significant potential for expanding forest cover to reduce the flood impacts.
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Figure 1-9 Current condition of forest areas in the Bremer catchment

To assess the effectiveness of afforestation in flood mitigation, a preliminary rough hydrological
assessment was developed. This assessment was designed to estimate the impact of increased forest
cover on flood peak reduction.

Afforestation

The results of assessing the 2013 flood event indicated that afforestation can have a tangible impact
on flood mitigation and should be considered as a viable component of flood management strategies.
However, to maximise its effectiveness, it should be implemented in combination with other NbS as
part of an integrated approach.

Three key messages from our initial analysis of afforestation in the Bremer catchment were
demonstrated. Firstly, that afforestation can be presented as a viable and attractive flood mitigation
strategy, particularly when applied at the catchment scale. Secondly, the relatively modest size of the
Bremer catchment enhances the feasibility of implementing afforestation by reducing costs and
logistical complexity compared to larger catchments. Finally, the smaller scale allows for quicker
implementation and the potential to observe measurable flood mitigation impacts in a shorter
timeframe.

The Australian National University
TEQSA Provider ID: PRV12002 (Australian University) | CRICOS Provider Code: 00120C 22




Catchment Study 1 - Bremer catchment

Afforestation in this catchment not only comes with reasonable costs but also generates multiple benefits
beyond flood mitigation. While the primary goal is to reduce peak flood discharge and improve water
absorption in the upper and middle sections of the catchment, afforestation provides additional ecological
and social benefits. For instance, increasing forest cover supports biodiversity by creating habitats for
native species. It also improves water quality by filtering runoff and reducing sedimentation in rivers
and streams. The carbon sequestration capabilities of forests contribute to climate change mitigation,
providing a win-win scenario for both environmental protection and flood management. Additionally,
the cost-effectiveness of forestry solutions in smaller catchments can provide more resources for
other complementary NbS. This allows for a more integrated approach to flood management, where
afforestation is combined with other strategies like re-vegetation, wetland restoration, and urban green
infrastructure.

Floodplain solutions — riparian revegetation

Apart from catchment scale solutions, the findings in this study, and results of previous evaluations from
earlier lICP assessments of floodplain scale solutions, including revegetating riverbanks were
integrated into the current analysis. These prior assessments highlighted the potential of using
vegetation cover of riverbanks as a key strategy for flood mitigation. The focus in this study was to
build on those findings, emphasising the importance of enhancing vegetation cover on riverbanks,
particularly in upstream areas.

Increasing permeability in urban areas

Increasing the permeability of urban areas is a key principle in the “spongy city” concept, which aims
to mitigate flooding in urban environments. In our case, we extended this idea by developing a broader
“spongy catchment” approach, within which the spongy city concept is embedded. To reflect this in the
flood modelling process, we increased the permeability of urban areas as a complementary measure
within the spongy catchment framework.

Storage solutions
Two types of storage solutions (offline and online storages) were assessed.

Joint assessments by ANU and Ipswich City Council identified several potential sites for offline wetlands
in the midstream and upstream areas of the Bremer River, Warrill Creek, and Purga Creek (see
Figure 1-10). While these areas initially showed promise for flood reduction, modelling revealed key
limitations. The shallow depressions had limited storage capacity, making them ineffective for managing
floodwaters without major modifications. Excavating to increase depth would be costly and could also
lead to groundwater infiltration, reducing flood storage capacity. Due to these high costs and technical
challenges, off-line wetlands were deemed unsuitable for flood mitigation. However, they may still offer
environmental benefits, such as supporting biodiversity and improving water quality, which could be
explored in future ecological restoration projects. For this flood-focused study, these wetlands were
excluded from the final list of NbS.
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Figure 1-10 Identified locations of offline wetlands restoration (Right: slope map, left: potential locations)

The preliminary assessment conducted by ANU in the Bremer catchment identified several suitable
locations for implementing online storage structures such as leaky weirs and flood bunds. These
structures were considered effective and low-cost solutions for flood mitigation, particularly in slowing
down floodwaters and creating temporary wetlands during high-flow events. Leaky weirs, unlike
traditional flood control infrastructure, allow controlled water passage and provide temporary storage
that gradually releases water after floods, helping reduce peak flows downstream. Compared to offline
wetlands, which require extensive excavation and incur high construction costs, leaky weirs are more
cost-effective and work in harmony with the natural landscape. Two potential sites for flood bunds were
assessed (See Figure 1-11) but concerns about ecological impacts and high resource needs led to a
preference for small-scale leaky weirs instead. These smaller structures were seen as more practical
and better aligned with environmental goals.
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The dynamic nature of these temporary wetlands created by leaky weirs supports flood mitigation
while maintaining ecological balance. They fill during floods and dry out over time, avoiding permanent
flooding of the land and supporting biodiversity through seasonal habitat creation. Due to their cost
efficiency, low environmental disruption, and contribution to catchment resilience, leaky weirs were
included in the overall strategy for creating a spongy catchment in the Bremer catchment. This
inclusion strengthens the catchment’s ability to absorb, store, and slowly release water, offering long-
term flood protection, particularly for downstream urban and agricultural areas. In conclusion, small
leaky weirs represent a practical and sustainable NbS with both immediate flood mitigation benefits
and longer- term environmental advantages. In the initial tests of online storage solutions, assessing
large flood bunds in the river network can be helpful to understand the potential impacts of many small
leaky weirs. However, in the final design, an analysis of the impacts on flooding of small leaky weirs
throughout the catchment is required.

Figure 1-11 Two identified potential location for constructing two large flood bunds. The top rectangle indicates the Bremer
River bund and the bottom rectangle indicating the Warrill Creek bund. See Figure 1-8 for details of the river network in the
Bremer catchment.

Diversion solutions

Flood diversion strategies were not considered viable in the Bremer catchment, particularly in its
downstream floodplain, due to two main factors. Firstly, the area is highly urbanised, leaving little open
space for diversion infrastructure like flood channels or retention basins. Modifying the existing urban
layout would be extremely costly and disruptive. Secondly, the floodplain lacks natural palaeochannels
that could be restored or enhanced for water diversion. Without these, creating new channels would
require extensive earthworks, leading to high financial and environmental costs with limited
effectiveness.

The Australian National University
TEQSA Provider ID: PRV12002 (Australian University) | CRICOS Provider Code: 00120C 25




Book 2: Catchment Studies

Final proposed spongy catchment idea

Finally, the option design and analysis concluded that a holistic approach combining afforestation,
riverbank re-vegetation, leaky weirs, and urban permeability solutions creates a flood-resilient “spongy”
landscape that enhances water absorption and dispersal. This integrated strategy reduces flood
intensity and protects downstream urban areas. As a result, the study developed a “spongy catchment”
design to maximise the effectiveness of NbS across the Bremer catchment, providing a comprehensive
and sustainable flood mitigation strategy. A conceptual depiction of the spongy catchment in the Bremer
Catchment is provided in Figure 1-12. It should be noted that Figure 1-12 does not accurately
represent the actual connection of the Bremer River. In reality, the Bremer catchment is part of the
larger Brisbane River catchment and connects to the Brisbane River downstream.

Leaky weirs

Revegetaling
riverbanks

Increased permeability »
in urban areas Afforestation

Target area of

Figure 1-12 A potential spongy catchment concept used in the Bremer catchment

1.2.2 High-level design of NbS

Considering the preliminary flood assessment of NbS in the catchment, the following solutions were
designed as the selected high-level design in the context of spongy catchment idea as an integrated
NbS for the Bremer catchment.

* A 300-metre (each side) riverbank revegetation buffer was designed through GIS-based river
network analysis, ensuring its effective integration with the surrounding landscape (Figure 1-
16).

* Three afforestation scenarios (56%, 66%, and 83% of the catchment area) were proposed
based on current and projected land suitability analysis using QLD Globe, providing flexible yet
robust options for maximising floodwater retention.
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Figure 1-13 Scenario 1 (83% of all areas will be forests, ambitious scenario of afforestation for assessing maximum impacts)
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Figure 1-14 Scenario 2 (66% of all areas will be forests)

The Australian National University
TEQSA Provider ID: PRV12002 (Australian University) | CRICOS Provider Code: 00120C 29




Book 2: Catchment Studies

LULC(scenario3-afforestation).tif
Class
[ Mew forest{5uitbale habitats of Koalas)
M MNew forest OR potential future agroforestry(Strategic cropping lands)
M Mew forest OR potential future agroforestry(pricritized agricultural lands)
Current land use(Raster).tif
Class
I Forests
I Conservation and natural environments (Mon-forest)
M Production from relatively natural environments (Mon-forest)
[ Production from dryland agriculture and plantations
[1Production from irrigated agriculture and plantations
[ Intensive uses
I Water

Figure 1-15 Scenario 3 (56% of all areas will be forests)

NbS 2: Revegetating riverbanks

Considering the parameters established by the hydrodynamic model, along with the resource and
time constraints of the project, a single re-vegetation scenario was implemented for all the main
upstream tributaries of the Bremer River. This scenario aims to reduce flood impacts in downstream
urban areas and is illustrated in Figure 1-16.
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The re-vegetation buffer extends approximately 300 metres, which means a considerable distance
from the centre line of the main channel will be revegetated. This buffer plays a critical role in flood
mitigation by increasing the roughness of the riverbanks, which slows the velocity of upstream
water flow. By reducing the speed of the water and increasing the retention capacity, this approach
effectively decreases the volume and intensity of floodwaters reaching downstream areas.

The vegetated areas act as natural flood buffers, absorbing and slowing runoff, which results in a
reduced flow velocity and greater water infiltration into the soil. This process helps to manage peak
flood levels, as the vegetation allows more water to be stored upstream, rather than allowing it to
surge downstream unchecked.

This riparian re-vegetation scenario was modelled alongside other NbS for flood mitigation.
Incorporating these strategies into the hydrodynamic model allows evaluation of the overall flood
mitigation effectiveness. The combined scenarios may be able to show the reduction of both flow
depth and the size of the inundation area downstream, demonstrating the value of nature-based
interventions in managing flood risks.
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Figure 1-16 Revegetating riverbanks scenarios in Bremer catchment (Buffer zone= 300m)- Selected area for revegetating is
upstream and target area for flood mitigation is downstream urban areas as shown in the land use map)- White areas close to
the streams show the revegetated zone both side of rivers (Bremer River and Warrill creek). Green: Grazing/Pasture
areas or production from relatively natural areas, Black: natural areas, Light blue: Intensive use. Red: Waters, Purple:
Dryland agriculture, Orange: irrigated agriculture, Dark Blue: Areas outside of Bemer catchment, White: Revegetated
river banks

NbS 3: Online storage through leaky weirs

Despite the ultimate goal being the design of many leaky weirs in the catchment to mitigate flood
impacts, the complexity of modelling and limited project resources required a simplified approach.
The decision was made to simulate the total volume of water required to reduce flood impacts within a
simpler hydrodynamic assessment, instead of simulating detailed placement of multiple leaky weirs in

the model.
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To achieve this, two large flood bunds with significant potential for water storage were selected in
upstream areas. These sites, which have large-scale storage capacity, were used to approximate
the volume of water needed to mitigate downstream flooding. It is important to note that these two
sites were chosen to assess flood storage potential and were not intended to represent the real-
world performance of flood bunds in a flood reduction strategy. The two selected sites were modelled
as large online storage through two bunds that could temporarily hold back significant amounts of
water, thus reducing the flood volume reaching downstream areas. While these flood bunds were not
designed to serve as final solutions, they provided critical data on the volume of water that could be
stored and the corresponding reduction in flood inundation area downstream. The placement of these
overflows is shown in Figure 1-17.

Leaky weirs and flood bunds both serve as flood management structures, but they differ significantly
in design, purpose, and hydrological impact. A technical discussion on the differences and respective
roles of these structures is included in Book 1, Appendix D.

Flood bunds in Bremer River

It should be noted that the flood bunds were designed in the model only for assessing storage
impact assessment on the flood mitigation. In other words, they are not designed for implementation
because the chosen NbS is leaky weirs which can be designed based on insights from flood bund
assessments in the model. The first bund, located on the Warrill Creek, had a height of
approximately 12 metres and a width of 3500 metres. The second one, located on the Bremer River
upstream of Walloon, was slightly smaller, with a height of 10.5 metres and a width of 1900 metres.
These weirs were primarily designed to demonstrate the storage potential behind such bunds and
how they could temporarily reduce flood impacts by holding back excess water during peak events,
which are usable for further assessment/design (Figure 1-17). In other words, it was emphasised
that these large bunds, as designed in the hydrodynamic model, were not practically feasible for
real-world implementation. They were used purely for simulation purposes to understand the volume
of water that would need to be stored to significantly reduce downstream flooding. After completing
the hydrodynamic simulations, the results provided important insights into the storage capacity
required for effective flood mitigation.

Following the initial simulations, a supplementary hydrological analysis was conducted to explore
how this flood storage could be achieved through smaller-scale interventions. The analysis examined
whether multiple, smaller leaky weirs, distributed across the upstream areas, could achieve similar
results. These smaller weirs, with lower heights and modified designs, were also analysed in terms
of scientific reasoning to use small leaky weirs.
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Figure 1-17 Locations of designed large flood bunds for simulating online wetland scenarios in Bremer catchment

NbS 4: Increasing permeability at downstream urban areas

As a general assessment of increasing permeability, as an element of the spongy catchment in
Bremer, we increased permeability in the hydrodynamic model at downstream urban areas by 50% to
assess the impacts of increased catchment function.

The above designed solution was analysed through integrated flood modelling which demonstrated
considerable impacts on mitigating the impacts of the simulated flood event. The results of flood
mitigation modelling of the designed solutions are presented in the next section.

1.3 Flood Assessment — mitigation modelling of
shortlisted NbS

1.3.1 Hydrodynamic modelling and flood hazard assessment

As a prerequisite for gaining a clearer understanding of flood behaviour within the catchment, flood

frequency analysis (FFA) was updated using data from the main hydrometric stations. The outcomes

of this analysis are detailed in Section 4.2. Following the FFA, the next critical step involved the

development and implementation of flood modelling. The objectives of flood modelling aim to obtain:
* Quantified assessment and full understanding of current flood hazards for the communities

* Quantified assessment of flood mitigation impacts of designed Nature-based Solutions (single or
combined solution)

*  Visualisation of the mitigation impacts for the Expert Panel and engaged communities.
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According to the above objectives, in the Bremer catchment, hydrodynamic models were developed
using the Rain-on-Grid (RoG) approach in TUFLOW HPC and HEC-RAS 2D to simulate rainfall-driven
flood dynamics with high accuracy. The HEC-RAS 2D model was chosen based on recommendations
in Chapter 6, and utilised high-resolution 5 m terrain data (LiDAR) to generate a computational grid,
where rainfall time-series data were directly applied to each cell. The TUFLOW HPC model was
applied on a 50 m fixed grid with sub-grid sampling (SGS).

Figure 1-18 shows an overview of using HEC-RAS 2D to simulate the flood mitigation options in this
study. More details regarding the hydrodynamic modelling approach are presented in this section as
well.
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Figure 1-18 Rain on grid modelling approach for simulating NbS of flood mitigation

Rain on Grid (RoG) hydrodynamic modelling using HEC-RAS 2D is a technique used to simulate
how rainfall directly interacts with the terrain and water bodies in each area. This method involves the
application of rainfall directly onto a two-dimensional (2D) grid representing the surface topography,
where the flow of water is governed by the underlying hydrodynamic equations.

The Australian Institute of Disaster Resilience (AIDR) has developed a well-documented
methodology (Figure 1-19) to generate flood hazard maps. According to this method, depth and
velocity distributions through flood modelling were used to generate flood hazard maps.
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Figure 1-19 AIDR method for flood hazard assessment used in this study

1.3.2 Flood modelling results in Bremer Catchment

Flood Frequency Analysis (FFA)

To expand understanding of the nature of flood events in this catchment, FFA was updated in the first
step.

In our Flood Frequency Analysis (FFA), we applied the Log-Pearson Type Il distribution to estimate
flood recurrence intervals and assess the probability of extreme flood events. This process involved
selecting key hydrological stations—Warrill Creek at Amberley, Bremer River at Walloon, and Purga
Creek at Loamside—and compiling historical peak flow data from reliable sources. We calculated
annual maximum flows and performed log-transformations of the data, followed by statistical analysis
including mean, standard deviation, and skewness to support the distribution fitting. Using Excel, we
applied the Log-Pearson Type Il method to estimate flood flows for various return periods (e.g., 10, 25,
50, 100 years), providing insights critical for flood risk assessment and planning.

Each monitoring station provided unique contributions: Warrill Creek revealed vulnerabilities to both flash
floods and prolonged inundation due to its alluvial floodplain; the Bremer River at Walloon highlighted
risks from rapid upstream runoff and tidal influences; and Purga Creek at Loamside offered localised
insights into smaller-scale flood behaviour. Results in three key hydrometric stations can be observed
in the following figures (Figure 1-20 to Figure 1-23).
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Figure 1-23 FFA in Loamside

Hydrodynamic modelling results

Table 1-1 Hydrodynamic simulations in Bremer Catchment

Table 1-1 shows the simulations by the hydrodynamic model in Bremer catchment scope.

Model

Flood event

NbS type

Model for whole of

the Bremer catchment
with a focus on Bremer
River, Warrill Creek and
Purga Creek. model was
calibrated by 2013 event

Real event 2022 (AEP =
2.4% or approximately 2%)

No NbS-Current condition

Real event 2022

Revegetating river banks-Buffer zone:300 m+ Online wetland
through two flood bunds

Real event 2022

Revegetating river banks-Buffer zone:300 m+ Online wetland
through two flood bunds+ one scenario of afforestation+
increasing permeability of urban areas

Real event 2022

Revegetating river banks-Buffer zone:300 m+ Online wetland
through two flood bunds+ one scenario of afforestation
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The hydrodynamic model in Area 2 was calibrated in three main hydrometric stations available in
Walloon, Amberley and Loamside. As the sample of calibration process, the following Figure 1-24
shows a calibrated flood event. The results demonstrate that the model is accurately able to predict
the flood peak level. To sum up, due to good results, in the calibration and validation process, the
hydrodynamic model in Area 2 was reliable for further applications in this study.
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Figure 1-24 Calibration of 2D hydrodynamic model in event 2013 at Walloon (A sample of calibration process)

The purpose of this section is to present sample outputs from the main flood maps generated by
the model. The following maps in Figures 1-25 to 1-29 illustrate the flood modelling results in the
downstream urban areas, which are the primary focus for flood mitigation. It is important to note that
the original model was developed across the entire catchment, and these maps have been cropped
from the full catchment flood maps to better visualise the results in the target area.
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Figure 1-25 Flood depth distribution map at downstream urban area (focus area of flood mitigation)-flood event 2022 (No flood
mitigation option)
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Figure 1-26 Flood velocity distribution map at downstream urban area (focus area of flood mitigation)-flood event 2022 (No
flood mitigation option)
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Figure 1-27 Flood velocity distribution map at downstream urban area (focus area of flood mitigation)-flood event 2022
(Mitigation option: Scenario1 of afforestation+ Revegetating river banks in buffer zone= 300 m+ Two large flood bunds)
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Figure 1-28 Flood level impact map at downstream urban area (focus area of flood mitigation)-flood event 2022 (Mitigation

option: Scenario1 of afforestation+ Revegetating river banks in buffer zone= 300 m+ Two large flood bunds)
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Figure 1-29 Flood hazard map (AIDR method) at downstream urban area (focus area of flood mitigation)- a) flood event 2022
(No flood mitigation option), b) combined NbS solution- Flood hazard maps show a shift from red and yellow areas in the
floodplain to yellow and green areas, respectively, indicating a reduced flood hazard for communities in these urban areas.
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Catchment Study 1 - Bremer catchment

The flood modelling results for the Bremer catchment demonstrate that NbS can significantly reduce
flood depths in downstream urban areas. Scenarios that integrated multiple interventions—including
revegetation, flood bunds, leaky weirs, afforestation, and urban permeability enhancements—showed
the most impact. In the 2022 flood event, a combination of all strategies led to over 7 million square
metres experiencing a depth reduction between 1.25 and 1.5 metres. In some high-risk areas, flood
depths were reduced by more than 2 metres, illustrating the strong potential of combined nature-based
strategies in mitigating extreme flood events.

Despite these positive outcomes, certain scenarios revealed localised increases in flood depths. For
example, using only two flood bunds resulted in small areas experiencing a depth increase of up to 0.5
metres. These localised effects highlight the importance of detailed planning to ensure interventions do
not inadvertently worsen flood conditions in specific locations. The number of areas showing no change
in flood depth was minimal, suggesting that the implementation of these strategies nearly always has a
measurable impact on flood behaviour.

Flood hazard assessment

The AIDR flood hazard assessment method® was applied, categorising flood risks based on depth and
velocity.

In terms of flood hazard classification, the application of NbS led to a noticeable shift from high and
very high hazard risk areas to lower risk categories. Very high hazard risk zones decreased by over
140 hectares when all interventions were applied, and similar reductions were observed across other
high-risk classes (Figure 1-29 shows an example of a flood hazard map). Conversely, areas classified
as very low hazard increased, particularly when revegetation and flood bunds were used together.
These shifts correspond well with observed depth reductions, indicating that lowering flood depths
contributes directly to improved hazard profiles.

The modelling results suggest that combining multiple NbS as a spongy catchment yields the most
reliable and widespread benefits in reducing both flood depth and hazard classification. While the
results support the adoption of these strategies for effective flood risk management, attention must
also be paid to localised impacts that could undermine overall gains. Moving forward, adaptive and
community-based approaches will be essential, ensuring that flood mitigation efforts are tailored to
specific site conditions and long-term sustainability goals.

The flood simulation results for Bremer River, Warrill Creek and Purga Creek demonstrate that
implementing NbS upstream of urban areas can have varied effects on both upstream and
downstream flood dynamics. The integration of solutions like riverbank re-vegetation, flood bunds, or
leaky weirs influences flood level in upstream regions. Specifically, re-vegetating riverbanks as a NbS
has a moderate impact on flood depths upstream, as it primarily focuses on slowing and dispersing
water flow rather than retaining large volumes. This results in limited increases in upstream flood
levels, thereby minimising flood risk to downstream areas.

However, solutions like flood bunds or leaky weirs have a different hydraulic impact. Due to their
design, these structures can create areas of substantial water retention or inundation directly
upstream. Flood bunds, for example, are capable of holding back considerable volumes of water,
effectively creating a flood storage zone or even an online wetland environment. The retention
effect of bunds can lead to notable increases in upstream water depth, depending on bund size and
location. This can inundate larger sections of the upstream area, thereby creating higher water levels
for extended periods during flood events.
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When designing NbS like leaky weirs or bunds, it is critical to account for cases where there are
potential upstream flooding impacts, particularly in regions with urban or semi-urban development
adjacent to waterways. Although leaky weirs generally exert a smaller effect than large flood bunds
due to their size, they still create local wetland-like zones that slow down floods. This can temporarily
raise upstream water levels, especially during high flows, as water accumulates behind these
structures before gradually releasing downstream.

To manage these effects, delineating the NbS areas—such as re-vegetated riverbanks—as a flood
management boundary around the river channel could help minimise development within flood-prone
zones, if there is not already urban infrastructure in these locations. In upstream areas where urban
development is planned or currently exists near the river, this boundary can serve as a buffer zone,
mitigating the flood risk posed by NbS interventions.

As a summary of key findings in flood mitigation modelling, a 300 m revegetation buffer along
riverbanks alone reduced the flood depth of the 2022 event from 1.312 m to 1.06 m at a sample
location in the city. Adding leaky weirs further enhanced this effect, lowering the depth to 0.65 m.
Incorporating all mitigation measures—revegetation of riverbanks, leaky weirs, afforestation, and
increased urban permeability—achieved the greatest impact, reducing the flood depth from 1.312
m to 0.27 m. The individual and combined flood level reduction effects are depicted in the Bremer
catchment with a combination of NbS Scenarios, ANU team simulations below (Figure 1-30).

Flood depth (m) at a sample point in North Ipswich (near to Pelican St)

1 I I I

08

06

: I

" . .
0

(No Nbs) Revegetation of river banks Two large flood bunds Revegetation of river banksRevegetation of river banksRevegetation of river banks
with buffer zone=300 m with buffer zone=300 m+ with buffer zone=300 m+ with buffer zone=300 m +
Two large flood bunds Two large flood Two large flood
bunds+scenario 1 of bunds+scenario 1 of
afforestation afforestation+ increased

urban permeability

Figure 1-30 Flood depth (y axis is depth in metres) for a 2% AEP event in the at sample points in Ipswich City in the Bremer
catchment with a combination of NbS Scenarios, ANU team simulations

Some additional flood tests were carried out by Water Technology consulting engineers as the partner
of the project. The full results of their tests are provided in their report (Appendix A). A summary their
results for different types of floods is shown in Figure 1-31.
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Table 1-2 Leaky weirs scenarios in Bremer catchment

Height of leaky Potential flood
Scenario weirs or bunds volume storage Description
(m) (MCM)
Two large flood Bund 1: 12 m Bund No leaky weirs used in this scenario. Backwater through

26.91 two large bunds for blocking only floodplain. The flow in

bunds 2:8m the water way (main channel) will not be interrupted

Scenario 1 of leaky Several leaky weirs according to Table 1-3 will be

2 293

weirs constructed along all the main river channels

Scenario 2 of leaky Several leaky weirs according to Table 1-3 will be
. 4 20.33 oo

weirs constructed along all the main river channels

Table 1-3 Proposed number of leaky weirs on different Creeks (see Figure 1-32 Selected upstream creeks for developing leaky weirs in Bremer River,
Warril Creek and Purga Creek)

: Number of Intervals between leaky
River/Creek . .
leaky weirs weirs (m)
R1 46 739
R2 47 723
R3 10 2180
R4 84 944
R5 35 1314

The two large bunds scenario, while effective for flood volume storage, is limited by high construction
costs, operational challenges, and minimal ecological benefits. For projects prioritising ecological
outcomes by adopting very limited flood mitigation, Scenario 1 with 2 metre leaky weirs emerges as
an optimal choice, providing practical construction, distributed storage, and substantial ecological
advantages. If higher flood mitigation is required and the budget as well as all ecological and
construction considerations permit, Scenario 2 with 4 metre leaky weirs may be considered,
acknowledging the trade-off with ecological benefits and construction complexity. The distribution in
Rivers R1, R2, R4, and R5 supports the ecological and flood mitigation benefits of smaller 2-metre
weirs due to frequent intervals and consistent storage distribution. In contrast, R3’s sparse distribution
may benefit more from the flood retention capacity of 4 metre weirs in Scenario 2 if storage volume
is a priority over ecological connectivity. Combining interval spacing and height adjustments could
help balance flood management with ecological health in these areas. To sum up, using many leaky
weirs with 2 m height is the best and most practical option in terms of technical and ecological
issues. However, its impact on flood mitigation is limited. In contrast, leaky weirs with 4 m height

can have considerable impact on flood mitigation though there are remarkable challenges for its
implementation.

It should be noted that implementing a 4-metre-high leaky weir may not be feasible due to both
ecological constraints and construction challenges. Such a weir with 4 m height could potentially
disrupt local ecosystems, affect stream hydraulics, and pose significant engineering and cost-related
difficulties. Therefore, it is recommended that alternative scenarios be explored in future and more
detailed studies. One promising approach would be to increase the number of leaky weirs strategically
placed across other tributaries in the catchment. This distributed solution could enhance the overall
effectiveness of flood mitigation while maintaining ecological integrity and improving constructability.
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1.4 Environmental Assessment

Water Technology (2025)'° conducted a water quality impact assessment of the current situation
(no NbS) as well as two afforestation and three riparian revegetation scenarios studied for flood
risk mitigation. The water quality impact assessment utilised two separate modelling tools — eWater
Source and the Building Catchment Resilience (BCR) model to estimate loads of total nitrogen and
total suspended solids exported from the Bremer River catchment. The estimates were reviewed
against measured data on nutrient and sediment loads and expert interpretations were made of the
potential water quality impacts for the various NbS scenarios.

The findings were that 83% afforestation can reduce Total Suspended Solids (TSS) by 45% and Total
Nitrogen (TN) by 33%; while 56% afforestation can achieve reductions of 20% and 15% respectively.
TSS and TN can each be reduced by 50% with in-channel riparian revegetation; this reduction

can increase up to 55% (5% more) with 100 m of top of bank revegetation. Some key results from
Water Technology’s water quality modelling work based on simulations by Source eWater and
building catchment resilience (BCR) tool are shown in the following table:

Table 14 Water quality impacts of some NbS scenarios (Adapted from Water Technology 2025)!

: Existing Scenario | Reduction(T/ | Reduction
Scenario Parameter | | o4 (Tlyr) | Load (Tlyr) yr) (%)

ANU Scenario1 | 155 52,892 29,011 23,881 45%
—83% Catchment
Revegetation

™ 362 242 120 33%
ANU Scenario3 | gg 52,892 42,151 10,741 20%
—56% Catchment
Revegetation

N 362 308 54 15%
WT Scenario TSS 52,892 26,446 26,446 50%
1 — Riparian
Revegetation

™ 362 181 181 50%
WT Scenario 3 — | 1ss 52,892 25,124 27,768 52.50%
Riparian + Top of
Bank (50m)

™ 362 172 190 52.50%
WT Scenario 4 — | 1ss 52,892 23,801 29,091 55%
Riparian + Top of
Bank (100m)

TN 362 163 199 55%
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The ecological impacts of the NbS were assessed qualitatively using scientific literature, results from
local investigation and a conceptual model. The conclusions were:

» There are strong linkages between catchment climate, topography, geology and vegetation and
stream water quality and ecosystem processes; therefore, changes in catchment land use can
have significant impacts on the hydrology and ecosystem dynamics of streams.

« Prior to European settlement, SEQ had extensive coverage of woody vegetation across all the
region’s catchments. Since 1823, almost two-thirds of this native vegetation has been cleared,
and more than half of all streams have riparian zones in poor condition. Flow interception by
dams and weirs, as well as land use changes resulting in reduced vegetation cover have altered
runoff responses to rainfall and result in ‘flashier’ stream flows.

» The following conceptual model (Figure 1-33) outlines the linkages between catchment and
riparian vegetation, hydrologic responses and linked ecosystem responses.

Catehimient

Riparian
Vegetation Vegetation
Vegetation

g i Increases H { , , :

1 i 1 Provides a physical

i catchment i 1 i

I i I buffertostream

L roughness . | i
A T ) ! /
' e P Decreases run-off . 1 Reduces overland flow |
) ! Increases soil infiltration ! ao L il H | delivery to stream i
Hydrological | j 1 responselorainta b Ty ;
(R ————— [ ————— L e L D T T T -
Response gmmmmmmmmooooioilolC ..-: i ------: e e ——
i Increases stream vi ) ! i Reduced hydrological ]
' § Reduces flashiness i i ) ; H
1 haseflows & reduces p 1 . i [ flashinessincreased '
' ) P! response to rainfall i ! , P , i
] flashiness p ! i ! localised soil infiltration
---------- R —— S ————— [ —— R ————

[ Increased temporal habitat stability ]
Ecosystem
Response Increased biodiversity and ecosystem
health attributes

Figure 1-33 Conceptual Model outlining the Linkages between Catchment and Riparian Vegetation, Hydrologic Responses
and linked Ecosystem Responses (Water Technology 2025)2
» Dense or mid-dense vegetation cover at catchment and riparian scales is important for various
measures of river health and forested areas at multiple spatial scales and has strong influence
on stream water quality. The strongest positive influence is where more than 70% mid-dense
forest cover occurs in the ‘hydrologically active’ portion of the upstream catchment (areas close
to the stream and areas with high probability of contributing overland flow to the stream).

* Riparian restoration quickly and dramatically reduces sediment inputs to streams from bank
erosion and channel instability, so restoring catchment and riparian vegetation cover in SEQ
streams will make a big difference to river health in SEQ.

» Extensive restoration is required in SEQ. Achieving a restoration target of 70-80% within the
‘hydrologically active’ areas of the catchment across the region is aspirational. To optimise efforts
a) the first focus should be on protecting areas where the riparian cover is in relatively good
condition and b) then revegetating the channel network in priority areas.

For further details on the water quality and ecological impact assessments, please refer to
Water Technology’s report (Appendix A).
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1.5 Social, cultural and institutional considerations and
assessment

The community analysis revealed strong environmental values among residents and high levels
of interest in NbS approaches, particularly regarding concerns about wetland loss (estimated at
80%). Residents demonstrated support for floodplain restoration and green solutions, valuing
potential benefits such as improved physical activity opportunities, benefits for future generations,
enhanced soil health, and wildlife habitat corridors. However, the community expressed the need for
more detailed information before confirming their support for specific NbS initiatives. Key concerns
from the community centred on cost allocation, implementation responsibilities, and erosion repair
prioritisation. The analysis identified existing community capacity through various programs including
the Landowner Partnership Program, Landcare Community, and Bremer Catchment Association.
Community engagement mechanisms such as free plant programs, ICC community events, and the
Habitat Gardens Program demonstrated active participation in environmental initiatives.

The institutional analysis revealed a complex governance structure for flood management in
Ipswich, primarily located within local government but with significant state involvement through the
Queensland Reconstruction Authority (QRA). The results highlighted the importance of coordination
between different levels of government and the need to navigate multiple regulatory frameworks.
The institutional assessment also revealed that while there are no specific regulations for NbS as a
category, approval requirements vary based on the type, size, scale, and cost of proposed solutions.
The QRA was identified as a significant enabling factor due to its ability to deal directly with local
councils. However, some policy constraints were noted, such as the removal of state government
requirements for rainwater tanks in new developments.

Both analyses emphasised the importance of integrating NbS within broader flood management
and disaster management frameworks. The results highlighted the need for evidence-based
decision-making while acknowledging the critical role of human factors in supporting or hindering
NbS implementation. The findings underscore the value of established community engagement
mechanisms and the importance of strong institutional partnerships in successful NbS planning and
implementation. Several barriers exist in areas of regulatory consistency, process transparency, and
cross-departmental integration. Key focus areas include improving institutional processes, enhancing
community engagement, and developing more consistent regulatory frameworks.

A final Expert Panel was held in November 2024 in Ipswich to discuss the results of this study.

It resulted in a rich discussion between the research team (ANU, Water Technology and Griffith
University) and ICC and community members regarding research results, assumptions for future more
detailed studies and next steps. There was a collective recognition that large-scale interventions
cannot be approached with a one-size-fits-all methodology and that environmental restoration is a
long-term collaborative process. In this sense, no single organisation could shoulder this responsibility
alone, the scale of intervention requiring a coordinated, multi-stakeholder engagement that brings
together multiple organisations to create a unified approach. The institutional challenge of maintaining
long-term strategies, might be addressed by the creation / appointment of a dedicated broker
organisation to facilitate sustained implementation (coordinate projects, integrate long-term strategies
and facilitate environmental interventions), as well as incorporating NbS into existing environmental
strategies. It was noted that it is important to determine when and where, within the policy process,
NbS need to be considered (at the master planning stage? when designing Priority Development
Areas?).
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Although whole-of-catchment afforestation is not feasible, and in general the scenarios would not
be implemented all at once, the Expert Panel agreed that the comprehensive analysis serves as an
end-goal that can motivate incremental action. This perspective allows stakeholders to work towards
a long-term goal while acknowledging the limited feasibility of immediate, full-scale implementation.
The positive cost-benefit analysis of several scenarios also supported targeted action in the direction
of riparian restoration (see Economic Assessment below). There are existing strategies and goals in
Ipswich around enhancing riparian vegetation for water quality purposes, so it is a prudent place to start
NbS for flood mitigation, and the benefits achieved by water quality can pay for the NbS flood mitigation
benefits.

Financial and regulatory complexities add another layer of complexity. Carbon credit mechanisms like
ACCUs offer potential incentives but also present significant implementation challenges. Experts noted
the current limitations: credits are only payable after seven years, available for 25 years, and require a
minimum of 20 hectares. Companies exist that can amalgamate farmers and provide annual incentive
payments to address these limitations.

Behaviour change emerged as a key challenge, with participants recognising that different
stakeholders—urban residents versus farmers, for instance—might have dramatically different
perspectives on environmental restoration. Ways to promote behaviour change included involving
behaviour change psychologists to develop more effective engagement strategies, education to teach
people how their actions impact the environment, and clear policy frameworks and tangible incentives
as key drivers of change. The latter were deemed especially important in targeting developers and
ambitious urbanisation trends in Ipswich which might counteract the benefits achieved by NbS
vegetative cover restoration efforts.

Finally, there was agreement on the need to use careful communication that acknowledges the
uncertainties in flood mitigation modelling. The language used to communicate NbS interventions
matters significantly; careful framing that acknowledges uncertainties and manages expectations,
rather than overpromising, is important.

1.6 Economic Assessment

Water Technology (2025)'° conducted an economic assessment of two afforestation scenarios (target
area: whole of catchment, particularly upstream and midstream) and three riparian revegetation
scenarios (target area: in-channel and top of bank riparian zones on both sides of main rivers and
tributaries upstream of urban areas).

The cost components included:
» Capital expenditure (incurred for riparian channel restoration, streambank protection and
reforestation on the floodplain);

» Opportunity cost compensation to landholders (for agricultural net revenue foregone on
revegetated land on the floodplain and in ‘top of bank’ buffer areas);

» Transaction cost (incurred by project developer in negotiating agreements for land use change
on revegetated land); and

» Operating expenditure (incurred in maintaining restored riparian channels, streambank protection
and floodplain reforestation).

The benefit data included:
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If the scale of avoided flood damage cost is a primary focus, the combination of Riparian 4 (channel +
100 m Top of Bank buffers) and Reforestation 3 (56% of floodplain reforested) may also be of interest.
The Riparian 4 NbS scenario delivers a present value avoided flood damage cost of $68 million at
a benefit to cost ratio of 0.93 and achieves 38 cents of avoided flood damages per dollar total cost
incurred. Reforestation 3 NbS scenario delivers present value avoided flood damage cost of $83 million
at a benefit to cost ratio of 0.71 and achieves 28 cents of avoided flood damages per dollar total cost
incurred. Noting that there would likely be some overlap along the river channel buffers, these two
NbS scenarios in combination would be expected to deliver approaching $151 million in avoided flood
damages for a (combined) total present value cost of around $474 million; thus, achieving more than 30
cents of avoided flood damage costs per dollar total cost incurred. In this way the benefits achieved by
water quality can pay for the NbS flood mitigation benefits. For more details on the Economic
Assessment of the Bremer River Catchment by Water Technology, refer to Appendix A.

By interpolating flood damage results from ANU and Water Technology, for an approximate 2% flood
event (accurately 2.45% flood event).

Damage Reduction % by Flood Mitigation Scenario

83% Afforestation

56% Afforestation
Water Tech :

Riverbank Revegetation (50 m Buffer)

L Riverbank Revegetation (100 m Buffer)

Riverbank Revegetation (300 m Buffer)

Two Flood Bunds (10 m Height)

“ - 300 m Buffer + Bunds
300 m Buffer + Bunds + 83% Afforestation

300 m Buffer + Bunds + 83% Afforestation + Urban Permeability

0 10 20 30

Damage Reduction (%)
Figure 1-34 Comparative analysis of flood damage
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1.7 Conclusions

A combination of riverbank revegetation, flood bunds, afforestation, and increased urban permeability
as a spongy catchment solution collectively enhance flood resilience across the Bremer catchment,
offering valuable insights for nature-based flood mitigation strategies. This more ambitious spongy
catchment approach reduces flood depths by 0.7 to 0.9 metres across key urban regions such as
North Ipswich. This is equivalent to a 79% reduction in flood depth in a 2% AEP flood. This approach
also improves water quality and river health, and several scenarios have benefit-cost ratios higher than
one. In summary, the following benefits of NbS were identified:

1.7.1 Flood Mitigation

» A 300 m riparian revegetation buffer provides a 19% flood depth decrease.

» Combining the revegetation buffer with 2 large flood bunds or numerous leaky weirs significantly
improves flood mitigation (51% depth decrease).
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Chapter 2: Catchment Study 2 -
Bundamba Creek sub-
catchment

Graphical Abstract

Catchment Study:

Ipswich- Bundamba

Choose downstream suburbs of Bundamba creek as target area of flood
mitigation
\ J

Primary Discussion

1. Keep floodplain scale landscape solutions in the list
2. Significantimpact of revegetating riverbanks on flood mitigation. No
significant impact of afforestation

(1. Delete offline storage solutions (wetlands) due to lack of enough capacity for
restorable wetlands
2. Keep online storage solutions (leaky weirs). Many appropriate locations for
constructing leaky weirs

Ve

Delete flood diversion methods. No potential paleo-channel for flood diversion
close to target area

- J

Preliminary flood
assessment Choosing a combined NbS solution (leaky weirs + riparian vegetation)

outcome

Use Flowchart 7*
for high-level
design

Design and modelling of chosen combined NbS through rain-on-grid
hydrodynamic model and further hydrological analysis

*

Flowchart 1 - Preliminary flood assessment of land-use solutions (link to guidelines)
Flowchart 2 - Preliminary flood assessment of storage solutions (link to guidelines)
Flowchart 3 - Preliminary flood assessment of diversion solutions (link to guidelines)
Flowchart 7 - High-level design of shortlisted combined solutions

Key findings
e Using riverbank revegetation combined with leaky weirs was selected as the flood mitigation
solution for Bundamba Creek based on assessments and expert panel input. This NbS, designed
through evaluations of various strategies, was chosen for its effectiveness in managing flood
impacts while benefiting the environment.

e The flood mitigation strategies, including various revegetation and leaky weir options, were tested
for their impact on simulated flood depth reductions at Blackstone Rd under different Annual
Exceedance Probability (AEP) scenarios. Without any mitigation option, flood depth ranged from
0.78 m (20% AEP) to 3.80 m (0.05% AEP) which shows considerable potential flood impacts.
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o Revegetation with different buffer zones resulted in flood depth reductions ranging from 0.2 m to
0.5 m (at 20% AEP). Among these options, a 100 m buffer zone for riverbank revegetation proved
to be the optimal choice, reducing flood depth by 0.4 m at 20% AEP. Other buffer zones, such as
200 m and 50 m, also contributed to flood depth reductions, with reductions of 0.28 m and 0.46 m,
respectively, at 20% AEP.

e The addition of leaky weirs further enhanced flood depth reductions, with a combination of
revegetation with a 200 m buffer and eight large leaky weirs resulting in a complete flood depth
reduction at 20% AEP. Similarly, leaky weirs alone led to reductions of 1 m at 1% AEP and 0.8
m at 2% AEP. These results suggest that a combination of revegetation and leaky weirs, offers
significant flood depth reductions, with a 100 m buffer zone proving to be the most effective option
for riverbank revegetation. More details are available in the report

2.1 Scoping and Planning

2.1.1 Catchment overview

This catchment study focuses on a distinct sub-catchment located on the northeast of the Bremer
Basin. Although it is hydrologically connected to the broader Bremer system, this sub-catchment
functions largely as an independent unit due to its unique topographical and hydrological characteristics.
Its semi-autonomous behaviour in terms of runoff generation and flow pathways justifies its treatment
as a separate study area.

Historically, this sub-catchment has been examined independently in various flood studies, primarily
because of its specific physical features and the significant flood-related impacts observed in its
downstream urban zones. The area has experienced recurrent localised flooding, which has prompted
targeted flood assessments that are distinct from those conducted for the larger Bremer Basin.

Despite being studied separately, the sub-catchment shares several key characteristics with the
broader Bremer region, including similar land use patterns, rainfall characteristics, and flood response
dynamics. These shared attributes ensure a degree of consistency in terms of catchment behaviour and
modelling requirements.

As such, the overall catchment overview presented for the main Bremer catchment study also applies
to this sub-catchment, with minor contextual adjustments. This alignment allows for methodological
consistency in modelling and analysis while also acknowledging the need for localised attention due to
the urban flood vulnerabilities unique to this area.

2.1.2 Expert Panel’s Discussions

The role of expert panel was the same as with the Bremer catchment.

2.1.3 Understanding the catchment
Previous flood studies

The flood history of this sub-catchment was like the Bremer Basin. More details are available in lICP.
Land use change analysis

The land use change map and relevant analysis for this sub-catchment is included in the related part
in the Bremer catchment. Thus, more details are not presented here.
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2.1.4 Target area of flood mitigation and objectives

The importance of this sub-catchment is also emphasised in the IICP. According to the IICP, flood
mitigation in downstream urban areas requires interventions upstream, with NbS proposed as a
viable option.

As a result, the Bundamba Creek sub-catchment was selected as one of the primary focus areas for
evaluating NbS. Our study in this sub-catchment focused on identifying, implementing, and assessing
the efficiency of various nature-based flood mitigation methods at upstream areas to reduce flood risk
in downstream urban areas while also providing additional environmental benefits like improved water
quality and biodiversity conservation.

This approach aligns with growing recognition of NbS as a sustainable and cost-effective alternative
to traditional engineered flood control measures, offering long-term resilience against flooding

while supporting broader ecological and social goals. By focusing on the upstream areas, the study
seeks to mitigate flood risks more effectively, contributing to both urban flood reduction and overall
catchment health. Figure 2-1 shows the Bundamba Creek sub-catchment area with streams network.

Bundamba Creek is an important waterway located near Ipswich in Queensland (QLD), Australia. The
creek and its surrounding areas play a crucial role in the region’s environmental, hydrological, and
urban dynamics. This creek runs through the north-eastern suburbs of Ipswich, including areas such
as Bundamba and Riverview, before joining the Bremer River. The creek’s sub-catchment covers

a significant area upstream of Ipswich and includes rural, urban, and industrial zones. The creek
originates in the hilly terrain of the Ipswich hinterland and flows through both undulating landscapes
and flatter floodplains as it approaches urban areas. This transition in topography significantly
influences flood risks, particularly in lower-lying regions near Ipswich.

Bundamba Creek is subject to highly variable flows, typical of sub-tropical waterways in Queensland.
During dry seasons, water levels are generally low, but during the wet season, heavy rainfall can
cause rapid increases in flow, leading to flash flooding. Due to its proximity to urban areas and the
natural topography, Bundamba Creek is known for flood risks. Flood events, particularly during
tropical storms or cyclonic rainfall, often impact surrounding areas. The lower reaches of the creek,
near Ipswich, are particularly prone to flooding, affecting residential, industrial, and infrastructure
development.
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Figure 2-1 Bundamba Creek sub-catchment (blue line: river network, yellow line: boundaries of sub-basin /basin)

The general objectives of this catchment study align with those of the Bremer Basin; however, the

focus here is specifically on Bundamba Creek. Therefore, detailed information is not presented.
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2.2 Nature-based Solutions Design and Analysis

2.2.1 Preliminary flood assessment of potential NbS

Landscape solutions

This study evaluated two main categories of landscape solutions for flood mitigation: catchment-

scale interventions, such as afforestation, and floodplain-scale strategies, like floodplain restoration.
Afforestation typically involves widespread tree planting across an entire catchment, while floodplain
restoration targets specific low-lying areas to enhance their natural capacity to absorb floodwaters.

In the context of Bundamba Creek, afforestation was assessed as a catchment-scale measure.
Although afforestation is generally recognised for its flood mitigation and ecological benefits, it was
found to be unsuitable for this sub-catchment. The area already has extensive forest coverage,
especially in the upper catchment (see Figure 2-2), and the middle to lower sections are either heavily
urbanised or planned for urban expansion. These conditions limit the feasibility of adding meaningful
forest cover, reducing the potential impact of afforestation on flood management in this specific
location.

As a result, the focus shifted to floodplain-scale solutions, particularly the re-vegetation of riverbanks
and floodplains. This strategy is considered effective in slowing water flow, promoting infiltration,
and enhancing floodwater storage capacity, especially in urban downstream areas. By increasing
vegetation along the floodplain, the risk of downstream flooding is reduced. Engineering partners
involved in the project emphasised the need to explore this option further, both as a standalone
measure and in combination with other strategies, especially considering the area’s development and
flood risk profile.

The findings underscore the importance of context-specific planning in flood mitigation. In areas like
Bundamba Creek, where catchment-wide afforestation offers limited benefits due to existing land use
and forest coverage, targeted re-vegetation within floodplains offers a more practical and impactful
solution. Tailoring strategies to local conditions is crucial for maximising the effectiveness of nature-
based flood mitigation approaches.
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Figure 2-2 Current forests in Bundamba Creek sub-catchment

Storage solutions

Storage-based NbS aim to retain excess water within the catchment to reduce downstream flood
risks. These approaches fall into two categories: offline and online storage. Offline storage includes
features like constructed wetlands that hold water away from the main river, offering flood mitigation
and ecological benefits. Online storage uses in-stream structures like leaky weirs to slow water flow
and temporarily store floodwaters within the river channel.
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In the case of this sub-catchment, offline storage solutions, particularly wetland restoration, were
found to be unfeasible. The area’s topography and elevation offer no natural depressions suitable for
wetland development. Significant excavation would be required, leading to high costs and potential
groundwater issues, such as waterlogging or unintended permanent saturation. These technical and
economic limitations led to the exclusion of offline wetlands from the final list of viable flood mitigation
strategies. Overall, while wetlands can be effective under the right conditions, their success relies on
natural land features. In catchments without suitable landscapes, other NbS must be prioritised.
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Figure 2-3 DEM and slope map of Bundamba Creek sub-catchment used for analysing storage solutions

Nature-based online storage solutions, such as leaky weirs, were found to be both suitable and cost-
effective for the studied catchment. The area’s natural elevation changes make it well-suited for low-
tech, in-stream structures that slow water flow and temporarily store floodwaters. These small-scale
interventions can be distributed along the river to reduce peak discharges and support downstream
flood mitigation, especially in urban areas. In addition to flood reduction, they provide ecological benefits
by improving water quality and supporting local biodiversity. Given the terrain and cost considerations,
leaky weirs emerged as a practical and scalable option for this catchment.
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Figure 2-4 Two samples of potential location for constructing leaky weirs in Bundamba Creek sub-catchment shown on digital
elevation model (there are many other potential locations usable in practice). Dark red means maximum elevation and light
green means minimum elevation

Diversion solutions

Diversion solutions were assessed but ultimately ruled out. The catchment lacks palaeochannels or
natural depressions needed to support water diversion, and constructing artificial channels would
require major earthworks and significant expense. These interventions would also conflict with the
principles of nature-based design by imposing major changes on the landscape. As such, diversion was
deemed technically and economically unviable, and focus shifted to more feasible nature-based options
like online storage and vegetation-based strategies.

2.2.2 High-level design of NbS

Revegetating riverbanks

Based on the assessment process conducted in the previous section, riverbank re-vegetation has
been identified as the primary NbS. The design phase of this study aims to thoroughly examine this
solution both independently and in combination with another selected nature-based approach.

The Australian National University
TEQSA Provider ID: PRV12002 (Australian University) | CRICOS Provider Code: 00120C 63




Book 2: Catchment Studies

To develop the re-vegetation scenarios for the river, an initial model of the river network was created.
This model served as a critical reference point for identifying all major waterways upstream of the
Cunningham Highway. The assessment covered the entire urban area, encompassing river networks
both upstream and downstream, with varying levels of re-vegetation coverage along the riverbanks.
These coverage areas were defined based on ecological and hydrological criteria, ranging from
approximately 25 metres to 400 metres, including the main channel and riverbanks. Each coverage
scenario is illustrated in Figure 2-5.

As shown, the 25-metre re-vegetation scenario involves a narrow strip along the riverbanks, whereas
the 400-metre scenario encompasses a much broader area surrounding the river, effectively enhancing
the riparian zone and providing significant ecological benefits, such as improved biodiversity, sediment
control, and increased flood resilience.

In this study, the vegetation growth process in the model assumes full maturity, with a dense plant
community that thrives along the riverbanks and partially within the main channel. This mature vegetative
cover plays a critical role in stabilising the banks, reducing erosion, and enhancing the overall health of
the aquatic ecosystem.

The modelling approach incorporates a fully developed vegetative cover along both the main river
channel and its banks. This allowed for the inclusion of a maximum roughness coefficient, reflecting
the dense and varied nature of the vegetation. The roughness coefficient, a vital parameter in
hydrological modelling, influences water flow and sediment transport dynamics within the river system.
For the re-vegetated areas in the compound river channel, a Manning coefficient of 0.3 was used.
General guidelines for Manning’s coefficient are available in the ANU archives.

To account for uncertainties in hydrological modelling, the study allows for adjustments to the roughness
coefficient to simulate alternative scenarios. This flexibility enables the exploration of different vegetative
conditions and their impacts on water flow, sediment transport, and ecological health. Additionally,
sensitivity analyses can be conducted to evaluate how variations in vegetation cover may influence
downstream hydrological responses.

In summary, this study not only evaluates the potential benefits of riverbank re-vegetation as a NbS but
also integrates it with another selected NbS, discussed in the next section. The findings contribute to a
deeper understanding of how such interventions can be effectively implemented in urban catchments,
supporting sustainable water management practices and promoting biodiversity conservation.
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Figure 2-5 Revegetating riverbanks scenarios in Bundamba creek sub-catchment (Buffer zone= 25m to 400m)- Selected area
for revegetating is upstream and target area for flood mitigation is downstream urban areas as shown in the land use map)

Design of leaky weirs

In the context of utilising leaky weirs in the Bundamba Creek sub-catchment, various scenarios can
be defined. However, the hydrodynamic modelling of leaky weirs and its evaluation may require
substantial effort and time, particularly for numerous small leaky weirs. Therefore, initially, only one
scenario was developed for hydrodynamic modelling. This scenario focuses on a limited number

of larger leaky weir configurations located upstream of the Cunningham Highway, which were
incorporated into the model to assess their effectiveness in mitigating flood impacts in downstream
urban areas. The weirs were modelled with an average height of 6 metres and widths consistent with
standard practices (approximately 500 metres). The selected locations for these weirs are illustrated
in Figure 2-6. As shown, eight weirs are positioned along the creek, extending from upstream
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areas down to the Cunningham Highway. While using larger leaky weirs can provide significant
storage capacity, practical implementation is challenging due to various constraints, making a shift to
smaller leaky weirs highly desirable.

The initial evaluation of this scenario will occur following the hydrodynamic modelling phase, which is
essential for understanding the overall impact of the weirs on hydrological behaviour in subsequent
assessments. This will include a detailed analysis of the volume of water effectively managed by
these weirs.

Following the evaluation of the initial design proposed in Figure 2-6, a further hydrological
assessment was conducted to explore the feasibility of using a cascade of smaller weirs instead of a
eight larger ones. This alternative approach aims to determine whether smaller, strategically placed
weirs could provide similar or enhanced benefits in flood mitigation.

The study focuses on the potential of these smaller weirs to yield more favourable outcomes, such as
improved water management and reduced flooding downstream, compared to the traditional
configuration of fewer large weirs. The effectiveness of this cascade scenario will be quantitatively
assessed, examining factors such as flow dynamics, water retention capacity, and overall influence
on the downstream hydrological regime.

By employing this strategy, the research aims to determine whether smaller weirs can offer
advantages, including increased flexibility in water management, improved ecological outcomes, and
more resilient flood mitigation strategies. This analysis will be critical for optimising the hydraulic
performance of the system while minimising flood risks to acceptable levels.

In summary, the exploration of both the large leaky weir configuration and the subsequent
assessment of a cascade of several small leaky weirs highlights the importance of adaptive
management strategies in design and assessment of NbS. Through rigorous evaluation, this study
seeks to provide valuable insights into effective flood management practices that can be implemented
in the catchment, ultimately enhancing resilience to flooding events.
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Figure 2-6 Locations of designed leaky weirs for simulating online wetland scenarios in Bundamba creek sub-catchment

The results of analysing the designed options in terms of flood risk mitigation will be presented in the
next section.
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