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Summary

The East of Kwinana and Pinjarra-Ravenswood planning investigation area (PIA) was

identified in the Perth and Peel @ 3.5 million frameworks (Western Australian Planning

Commission 2018) as requiring further investigation of drainage and flood risk. In 2019, the
Department of Planning, Lands and Heritage (DPLH) asked the Department of Water and
Environmental Regulation (the department) to conduct a land capability assessment based

on flooding. The assessment wil/ inform-DPLHG6s
Ravenswood PIA.

This report should be read in combination withthed e p a r t neport titlédsEast of Kwinana
and Pinjarra-Ravenswood planning investigation areas: Flood risk management land
capability assessment (flood risk management land capability assessment; DWER, 2021).

This report is a technical document that outlines the development and application of the East
of Kwinana flood models. The objective is to understand the flood behaviour under existing
catchment land use and potential development scenarios through floodplain mapping. The
process and decision-making that underpins the modelling scenarios are documented in the
flood risk management land capability assessment (DWER, 2021).

This report outlines the development and application of the East of Kwinana flood models
and includes the following key components:

1 an overview of the catchment hydrology

9 an outline of the hydrological study to determine the inputs and boundary conditions
for the hydraulics modelling

T an introduction to the development of hydraulic models

9 adiscussion on the hydraulic modelling for the current land-use and watercourses at
critical locations within the study area (pre-development modelling); this component
involves the use of the flood models for floodplain mapping and flood behaviour
investigation

9 an investigation on the hydraulic modelling under potential development scenarios
(post-development modelling).
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1 | nt r oductil on

The East of Kwinana area was identified as one of the sectors in the East of Kwinana and
Pinjarra-Ravenswood planning investigation area (PIA) within the Perth and Peel @ 3.5
millionf r a me wsnite kf$add-use plans, released by the Western Australian Planning
Commission in 2018.

One of the considerations for the PIA is inundation and flood risk management. The
Department of Water and Environmental Regulation (the department) is the lead agency in
floodplain management in Western Australia (WA). The Department of Planning, Lands and
Heritage (DPLH) soughtt h e d e p aadticmenrdiaidage and flooding within the PIAs.

The East of Kwinana sector (East of Kwinana) is about 20 km south of the Perth CBD and
about 5 km east of Rockingham (Figure 1-1). The catchment area covers the Swan Coastal
Plain east of the Kwinana Freeway between Byford and Mundijong and extends into the
Darling Scarp in the east.

The PIA surrounding area is within the Swan Coastal Plain (McArthur and Bettenay, 1974)
and is characterised by flat terrain (except a small portion on the west side) and high
groundwater tables. The area is known to experience groundwater inundation and periodic
flooding. Water Corporation has constructed a network of drains within the study area. The
objective of this network is to drain the inundated regions within 72 hours of rainfall (Hall,
2015a). However, the drains are not designed as primary flood mitigation works. There are
elevated banks along the major drains with unknown geotechnical stability which should not
be relied upon to withstand significant flooding (Marillier, 2015).

East of Kwinana is covered by two existing flood studies by the department for the Birrega
and Oaklands Catchment Hall (2015a) and the North East Baldivis Catchment (Matrillier,
2015) (Figure 1-2). These two models were the basis of this study and merged into a more
sophisticated, larger East of Kwinana model. The East of Kwinana study:

9 uses approaches and parameters consistent with the 2019 edition of Australian
rainfall and runoff: A guide to flood estimation (ARR; Commonwealth of Australia)

1 covers the entire East of Kwinana sector of the PIA and the contributing catchments
9 uses a consistent model resolution for East of Kwinana

1 uses enhanced flood modelling software to enable increased model resolution to
better represent existing overland flow paths and channels on the floodplain and
possible development scenarios within the PIA.

This work (Table 1-1) developed a regional flood model to study the flood behaviour for most
of East of Kwinana (Figure 1-1). The model is based on the ARR released by Ball et al.
(2019) and a flexible mesh framework. Variable grid resolution was employed with a mesh of
acceptable resolution defining the watercourses. A river model was used to simulate the
flows inside significant drains. The coupled flood-modelling platform was used to understand
the flood behaviour of East of Kwinana. The regional model compared flood behaviours of
several conceptual post-development scenarios with that of flood behaviours modelled under
existing development. This identifies any impact on flood risk to areas upstream and
downstream of East of Kwinana.
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This study also develops a local flood model focusing on North East Baldivis north of
Mundijong Road, referred to as PIA-Baldivis North in Figure 1-1. The design of the local
model was to enable post-development options to be stamped onto the existing bathymetry.
A finer resolution than that of the regional model was adopted in the smaller local model,
which increased flexibility to represent the post-development drainage within East of
Kwinana. The level of detail for defining drainage features within the local model may be
helpful in modelling additional options for the area at future planning stages.

Table 1-1 Framework of flood modelling (this report) for the East of Kwinana

Aims Investigation Section

Model development Model conceptualisation, data collation, 82 85
hydrology study and hydraulic modelling

PIA scenario 1 flood modelling: o Pre-development base case 86

North East Baldivis T o Development Option A: Maximise land | §7.2

North of Mundijong Road above the 1% annual exceedance

probability (AEP) flood with an
engineered levee

o Development Option B: Maximise land | §7.4
above the 1% AEP flood with flood
waterways

o Development Option C: Maximise land | 87.6
above the 1% AEP flood with an
industrial land option

PIA scenario 2 flood modelling: o0 Pre-development base case 88.1
North East Baldivis T o Development Option: Maximise land §8.2
South of Mundijong Road above the 1% AEP flood with flood

waterways
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1.1 Purpose

This study aims to understand the design flood behaviour under existing catchment land-use
to assess potential development plans. The purpose of the modelling work is to inform
decision-making at the regional and subregional planning level as part of East of Kwinana,
including North East Baldivis north of Mundijong Road (PIA-Baldivis North) and North East
Baldivis south of Mundijong Road (PIA-Baldivis South) in Figure 1-1.

The modelling will provide information on flooding for DPLH to consider as part of a broader
land capability assessment. The objective is to indicate how much land could be developed
in East of Kwinana based on different land-uses (and potential flood standards) and form part
of comparative analysis to develop this location versus other possible locations.

Through investigations of different development scenarios for North East Baldivis north of
Mundijong Road and North East Baldivis south of Mundijong Road in Figure 1-1, the
modelling work aims to answer two critical questions from a flooding perspective:

1. Can the precinct be developed without unacceptable impacts on neighbouring land?

2. How much land can be provided at an appropriate flood standard for the land-use that
is being sought?

The flood modelling focus is designed to broadly assess the amount of land able to be
developed with flood protection and is not aimed at detailed drainage design or district-level
planning.

This study indicates the incremental risks and benefits of additional engineering works and
the potential to increase the amount of land with flood protection through engineering
optimisation at the district planning stage.

1.2 Approach

The ARR (Geoscience Australia, 2019) is a national guideline document and software for
estimating design flood characteristics in Australia. The department followed these guidelines
to model the flood risk to the PIA by:

9 assessing catchment characteristics and collating data
1 hydrologic assessments
- hydraulic modelling
- calibration
T design scenarios i existing land-use, possible development scenarios for the PIA
 recommendations.
This report includes:

I Sections 1 and 2 provide an overview of the catchment hydrology and available data,
including a literature review on relevant previous studies, data collection on rainfall,
streamflow, terrain and land-use, and groundwater and structure.
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1 Section 3 studies the area's hydrology to determine the inputs and boundary
conditions for the hydraulics modelling. This section presents essential information
related to decision-making on land-use at the regional level at East of Kwinana . The
data also forms part of the land capability assessment.

1 Section 4 introduces the development of the regional and local hydraulic models,
including the mesh, boundary conditions, rainfall and discharge inputs, model
calibration and validation. This component involves the development of flexible mesh
hydraulic models and a river model for the study area, including:

- the collection data on the dimension of bridges, crossings, culverts, and other
structures

- the collection of rainfall, water level and flow datasets for the gauging stations
and surveyed and anecdotal peak flood levels within the study to calibrate the
hydraulic model

- the development of a MIKE 21 FM model for the floodplain and MIKE 11 river
network model for significant rivers and drains, and their integration if
appliable.

9 Section 5 discusses the hydraulic modelling based on the current land-use and
watercourses and presents flow at critical locations. It aims to understand the present
flooding constraints within East of Kwinana. It provides an overview of the land
capability and potential flood standards and forms part of comparative analysis on

flooding behaviour at different locations. This component involves the use of the flood
models for:

- floodplain mapping for a range of design events including the 10% AEP, 5%
AEP, 1% AEP and 0.5% AEP design storm events

- flood behaviour in the event of a potential spoil-bank breach under existing
land-use

- assessment of using a smaller, local flood model with inputs from a broader
regional model.

I Section 6 aims to estimate the amount of land with flood protection that could
realistically be achieved based on flooding constraints at the PIA-North East Baldivis
north of Mundijong Road (Figure 1-1). It involves:

- preparing indicative percentage of developable area to facilitate possible
development within the PIAs

- ensuring existing land and development outside the regions is not
detrimentally impacted.

1 Section 7 aims to estimate the developable area based on flooding constraints at the
land of North East Baldivis south of Mundijong Road precinct.
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1.3 Catchment and drainage

The study area for the hydraulic model covers 232.7 km?. It sits within the Swan Coastal
Plain (McArthur and Bettenay, 1974), bounded by the Darling Scarp in the east, the
Wungong catchment to the north, the Kwinana Freeway to the west, and the Bollard Bulrush
Swamp to the south. The land is characterised by sandy soils and flat terrain, with extensive
floodplains incised by deep and narrow rural drains, significant waterlogging in winter and
flood risks in some areas (Hall, 2015a).

The broader study area includes the catchments of the upper Peel Main Drain, the Birrega
Main Drain, the Oaklands Main Drain, and the Serpentine River/Drain. Figure 1-3 shows the
hydrological features of the study area.

Birrega Main Drain

The Birrega Main Drain is a significant waterway for most study areas (Figure 1-2 and Figure
1-3). The drain starts from the northeast border and runs about 27 km before merging into
the Serpentine Drain at a location 5 km from the southern border.

The Birrega Main Drain was carefully documented by Hall (2015a) through field
assessments. Based on that study, the main features are:

1 It begins as a 1m-deep offtake of the Wungong Brook just downstream of the South
Western Highway and expands to a massive drain at Hopkinson Road (about 2 m
deep and 10 m wide).

T It expands to a width of 40 m at Mundijong Road.

1 The upper reaches are heavily vegetated and do not have significant levee or spoil
banks adjacent to the channel. The drain has banks of unequal height on the left and
right sides downstream of Orton Road. The term of spoil banks is used to refer to
these existing banks.

1 The spoil banks have a series of breaks that allow lateral flow from adjacent
channels, which link the drain to flood storage areas.

9 During the 1987 flood event, a breakout around Duck Pool resulting in flood flows in a
westerly direction through North East Baldivis north of Mundijong Road precinct
towards the Peel Main Drain.

Oaklands Main Drain

The Oaklands Main Drain initially runs north south, then flows eastward at Mundijong Road
before merging into the Birrega Main Drain. Hall (2015a) documented the main features of
the Oaklands Main Drain.

1 Itreceives lateral inflows from catchments with headwaters in the Darling Scarp,
through Manjedup Brook, Cardup Brook and Beenyup Brook, where they traverse the
Swan Coastal Plain in an easti west direction and discharge to the Oaklands Main
Drain.

T Most of the northi south section of Oaklands Main Drain has a western levee
significantly higher than the eastern levee.
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9 This drain expands to about 25 m at its downstream end, where it discharges to the
Birrega Main Drain about 600 m north of Mundijong Road.

Peel Main Drain

Several studies investigated the Peel Main Drain (PMD), including SKM (2010b) and Marillier
(2015). The entire catchment of the Peel Main Drain sits on the Swan Coastal Plain. It
includes various land-uses, with the lower section of the catchment comprised primarily of
rural residential and grazing land.

The PMD catchment follows a series of wetlands and includes urban residential, native
vegetation, horticultural and rural residential land-uses. Soils within the area are
predominantly sandy; however, wetland and alluvial sediments along the drain can have high
clay content in some locations. The main features of the PMD drain (Marillier, 2015), in the
perspective of this flood study, are:

1 The upper section of the Peel Main Drain is external to the hydraulic study area, with
a catchment area of 58 km2. The hydraulic model includes the middle section of the
Peel Main Drain. The Peel Main Drain eventually joins the Serpentine River around 3
km south of Karnup Road.

1 The PMD intersects a series of wetlands, including Mandogalup Swamp, the
Spectacles Wetlands, Alcoa Wellard Wetlands and Maramanup Pool. These wetlands
intersect shallow groundwater in winter, receive a baseflow contribution in most
winter events, and provide extensive storage areas along the drain.

1 The Peel Main Drain has a shallow hydraulic grade within the hydraulic model area,
dropping roughly 2 m.

1 These two factors (storage area and hydraulic grade) effectively reduce peak flows,
increase rainfall response times, and lower peak flow velocities. As such, rainfall
events that produce broad peak flows in waterways with their headwaters in the scarp
may make only a small response in the Peel Main Drain.
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Figure 1-3 The East of Kwinana hydraulic model and the contributing upper North East
Baldivis and Birrega and Oaklands hydrology catchment domains

Department of Water and Environmental Regulation 9



Drainage and Water Management Plan technical series No. 2 East of Kwinana flood modelling and drainage study

1.4 Literature review

Many essential investigations on flooding and hydrology have been undertaken in areas that intersect with East of Kwinana. Table 1-2 lists
some of these studies chronologically.

Table 1-2 Flood and hydrology studies that interact with the study area of the present report

Authors (year) Area Title and summary
Durrant and WA Title: Estimation of Rare Design Rainfalls for Western Australia: Application of the CRC-
Bowman (2004) FORGE Method

Summary: The report derived seasonal and annual design rainfall estimates from an AEP
of 1in 50 to 1 in 2000 and for durations of between 24 and 120 hours. It was based on
applying the approach of CRC-FORGE (Cooperative Research Centre - Focussed
Rainfall Growth Estimation) to WA. The CRC-FORGE approach was a regional frequency
analysis technique developed by the UK Institute of Hydrology for Catchment Hydrology.

Brookes (2008) Byford town (about 15 Title: Byford townsite drainage and water management plan

2
km) Summary: This study presented a floodplain management strategy for Byford and was

carried out by SKM on behalf of the then Department of Water. The study identified
floodway and flood fringe areas by two-dimensional modelling. The floodplain
management plan includes flood mitigation focused on managing potential flooding
impacts on the site and the immediate neighbouring land and drainage infrastructure.

Brookes (2009) Jandakot and Peel Main Title: Jandakot drainage and water management plan.

H 2
Drain (about 59 km-) Summary: The study developed a 1D hydraulic model of the Peel Main Drain using

InfoWorks CS. Design rainfall events for 1, 3, 6, 12, 24, 48 and 72-hour durations were
simulated using 2-, 10- and 100-year average recurrence interval (ARI) events. Results
were used in the design of the stormwater drainage system.
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Authors (year) Area

Title and summary

SKM (2010b) Catchments of Serpentine
River, Birrega Main Drain,
and Peel Main Drain

SKM (2010a) Serpentine, Baldivis,
Karnup and Keralup area

Marillier et Lower Serpentine area
al.(2012)

Title: Serpentine River Floodplain Management Study i Flood Modelling Report.

Summary: A hydraulic model of the area was developed using MIKE 21 with a 1 m grid of
elevation data points and a grid resolution of 12 m. The study did not explicitly model
hydraulic structures. Inflows to the hydraulic model were developed using the RORB
hydrologic models. The hydraulic model was used for flood mapping for the 10, 25, 100-
and 500-year ARI events. The study found some drains have less than 100-year ARI
capacity. Therefore, a levee break scenario was investigated, in which the western levees
for the Serpentine and Birrega main drains were removed. It showed a significant increase
in the extent of inundation in these two areas.

Title: Serpentine River Floodplain Management Study i Floodplain Management
Strategy.

Summary: This Floodplain Management Strategy was based on detailed hydrologic and
hydraulic modelling and floodplain mapping for the 100-year ARI flood event. The report
identified floodway and flood fringe areas and based on the inundation feature of the
floodplain, recommended a management strategy for the proposed development.

Title: Lower Serpentine hydrological studies i Conceptual model report.

Summary: The study developed a conceptual model of groundwater and surface water
within the Serpentine study area, which: a) described the local hydrology and climate; b)
developed a geological model of the study area; c) defined the aquifer systems and major
hydrogeological processes; and d) provided a numerical water balance that includes all
significant groundwater and surface water processes.

Department of Water and Environmental Regulation
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Authors (year) Area

Title and summary

Marillier, Hall Lower Serpentine area
and Kretschmer
(2012)

Marillier, Hall Lower Serpentine area
and Kretschmer
(2015)

Title: Lower Serpentine hydrological studies i Model construction and calibration report.

Summary: This report develops a regional transient surface water and groundwater
model over the Lower Serpentine study area. The model was constructed with the MIKE
SHE modelling framework, using geological, hydrogeological, hydrological, soil and land-
use information. The model simulates rainfall and evapotranspiration, unsaturated zone,
saturated zone, channel flow, overland flow and abstraction. Calibration of the Leederville
and Rockingham aquifers achieved a scaled root mean square of 3.8% and an average
absolute error of 0.80 m.

Title: Lower Serpentine hydrological studies i Land development, drainage, and climate
scenario report.

Summary: This final report of three discussed the scenario modelling on climate and land
development scenarios at a regional scale. Three scenarios were implemented in the
model: future climate scenarios, development scenarios and subsurface drainage
scenarios.

12
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Authors (year) Area Title and summary

Hall (2015a) Birrega and Oaklands Title: Lower Serpentine hydrological studies i Conceptual model report.
main drains catchments

Summary: A coupled 1D-2D hydraulic model in MIKE FLOOD was developed for a 176
(about 185 km?)

km? area. The study also consisted of flood frequency analysis and RORB modelling for
external inflows. The model used the direct-rainfall technique to simulate cross-catchment
flows and rainfall-runoff within the hydraulic model domain. The model achieved a
satisfactory calibration at the Birrega flow gauging station. The hydraulic model was used
to simulate 5, 10-, 20-, 100- and 500-year ARI events for 6, 12, 24, 36, 48 and 72-hour. A
levee failure scenario in which the left and right levee banks on the Birrega and Oaklands
main drains were removed was also simulated. The 100 year and 500-year ARI events
showed that the western levee bank of the Birrega Main Drain would overtop near Duck
Pool, redirecting flow through the North East Baldivis area towards the Peel Main Drain.

Marillier (2015) North East Baldivis and Title: Lower Serpentine hydrological studies - Conceptual model report.
the Peel Main Drain

Summary: The hydraulic model was built using the MIKE FLOOD modelling package,
(about 58 km?)

including a 2D hydraulic model coupled with a 1D hydraulic model. The calibrated model
was used for simulating design floods for the 5, 10-, 20-, 100- and 500-year ARI events,
for durations of 6, 12, 24, 36, 48 and 72-hour. A levee fail scenario was simulated,
assuming that the western bank along the Birrega and Serpentine main drains were
absent. The 100-year 24-hour simulation found water overtopping from the Birrega Main
Drain at Duck Pool. Detailed floodplain mapping was presented.
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1.5 Flood models

The MIKE FLOOD software, developed by DHI (Danish Hydraulic Institute), was used in the
study, because of its proven performance in Water Engineering. MIKE FLOOD simulates
riveri floodplain interaction, integrated urban drainage, river modelling and, urban flood
analysis. It dynamically couples one-dimension (1D) river model (MIKE 11) and two-
dimension (2D) floodplain (MIKE 21) modelling techniques into one single tool.

MIKE 11 is a one-dimension river model simulating flow and water level, water quality and
sediment transport in inland water bodies.

MIKE 21 is a two-dimension model simulating inland flooding, overland flows, waves,
sediments and, ecology in coastal areas.

A range of modules and methods in MIKE FLOOD were used including a flexible mesh
overland flow solver and the rain-on-grid approach. The latter applies rainfall directly on the
2D grid. Once the rain is applied to a catchment domain's grid cells, accurate overland flow
routing is possible within the 2D fully dynamic hydraulic model, using shallow water
eqguations. The 2D shallow water equations for overland flow comprise both conservation of
mass and conservation of momentum (Johnson, 2013; Hall, 2015b).
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Figure 2-1 The East of Kwinana flood model conceptualisation (Cloud, Town, Forest,
Grass based on various sources)

Flooding because of heavy rainfall occurs predominately when the waterways cannot timely
drain away the amounts of rain that are falling (Geoscience Australia website). For East of
Kwinana, factors that can contribute to flooding include:

il
f

f

rainfall: its volume, spatial distribution, intensity, and duration over the catchment

conveyance capacity: the capacity of the drains, waterways, lakes, and other
storages to carry runoff

topography
spoil banks

catchment conditions, including the groundwater water level and how wet the
catchment is before rainfall

ground cover.

Rainfall

The volume, intensity, and duration of rainfall affect runoff within a catchment. Infrastructure
design, including stormwater drains and flood mitigation levees, rely on estimated rainfall
depth for a specified probability. This study employs the latest ARR (2019) to derive design
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rainfalls in the modelling. It should be noted that design rainfalls are not natural or observed
rainfall events; they are probabilistic values representing nature.

Conveyance capacity

The Peel Main Drain, Oaklands Main Drain, Birrega Main Drain are the main waterways
within the study area. These are heavily modified drainage channels that are operated and
maintained by Water Corporation as a rural drainage network. Although this drainage
network may provide some flood mitigating benefits, it is not designed or constructed to
provide flood protection. The function of the drainage network is to drain water ponding on
rural land within 72 hours of a rainfall event. Observations from past floods and previous
flood studies have shown that the rural drainage network should not be relied upon to protect
adjacent areas from flooding (Hall, 2015a; Marillier, 2015).

In addition, the Birrega Main Drain (north-south) is not aligned with the natural direction of
flow (east-west), which has increased the complexity of flooding. In particular, when the
conveyance capacity of the Birrega Main Drain is exceeded, floodwaters will overflow into the
North East Baldivis precinct, which then flows westward naturally.

Spoil banks

Both banks of the Birrega Main Drain are expected to be under extra pressure in significant
flood events induced by floodwater's lateral impact, since the Birrega Main Drain (north-
south) is not aligned with the natural direction of flow (east-west). The finite carrying capacity
of the Birrega Main Drain result in water levels approaching and sometimes exceeding the
levels of one (or both) of the spoil banks. In these infrequent flood events, the spoil banks are
under increased pressure and susceptible to possible failure by overtopping and/or erosion.
Anecdotal information of flooding in 1987 confirm spoil bank failures occurred during this
event (Hall, 2015a; Marillier, 2015). The exact timing and location of spoil bank failures is
difficult to predict with confidence. However, there is an increased likelihood of failure at
locations where the conveyance capacity of the Birrega Main Drain is exceeded. One such
location is the Birrega Main Drain near the confluence with the Oakland Drain, where
floodwaters overflow into the North East Baldivis north of Mundijong Road precinct, which
then flows eastward naturally.

Spoil banks adjacent to the main drains are an important feature of the floodplain in the
Birrega, Oaklands and Peel Main Drain catchments. The design, construction and
maintenance of the spoil bank system indicate that an uncontrolled failure of the banks in a
large flood event is likely which will cause a rapid change in flooding behaviour following the
natural east-west flow of the land.

Topography

The catchment contributing to flows in East of Kwinana contains hilly regions in the east with
well-defined channels that drain onto the Swan Coastal Plain. The channels of the coastal
plain have flatter slopes and a lower carrying capacity resulting in overland flows between
channels and into cascading storages. East of Kwinana locates in the middle of these
cascading storages. Flooding in this area tends to have a lower velocity and is related to both
the peak flow generated in the upper areas and the volume of runoff generated both within
the hills and on the coastal plain. and represents the difference between faster upstream
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flood water arriving in this area versus the ability of the downstream channels to convey this
water further downstream.

Catchment conditions

East of Kwinana sits within the Birrega, Oaklands and Peel floodplains on the Swan Coastal
Plain. There is a mix of sands and clays, and depth to groundwater is shallow across the
majority of the area. Much of the lower catchment to the west, the natural landscape can be
characterised by flat terrain with large natural surface depressions that pond water
seasonally. These areas are also referred to as palusplain.

Wet catchment conditions may temporarily (soon after rainfall) or permanently (seasonal
inundation) increase groundwater levels and reduce the capacity of the rainfall to infiltrate the
soils of the coastal plain. Wetter conditions promote greater potential runoff in subsequent
rainfall events.

Ground cover

In general, vegetation and plants can help to intercept and absorb water and reduce runoff,
while urban areas (roofs and roads) tend to rapidly transport rainfall to groundwater (i.e.
soakwells) or surface water systems and may reduce evapotranspiration leading to increases
in groundwater levels.

Model development

The RORB runoff and streamflow routing program is applied to generate channel flows from
the hilly regions in the east, where the flow channels are well defined, but quality Light
Detection and Ranging (LIDAR) data is not available. The MIKE FLOOD model is employed
to model on land and channel flows to the west of the catchment. This model can vary loss
rates depending on soil type and areas of ponding, which is considered suitable for modelling
the complex overland flow behaviour on the flat slopes of the Swan coastal plain. The model
also allows for the channel and overland flows to be linked but modelled separately. This is
particularly useful given the importance of the conveyance in the relatively small drainage
channels compared to the overland flood flows occurring over a broader coastal plain.
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3 Datcaol | at i1 on

Available data related to the hydraulic models is presented in this section, including rainfall,
streamflow, terrain, land-use, groundwater and structure.

3.1 Rainfall

Several rainfall gauges have recorded sub-daily rainfall within the study area, but the length
of the record varies. The Dog Hill rainfall gauge (509295, department-operated) is the only
site situated within the hydraulic model domain that provides rainfall for events in 2017 and
1987 that have been used for calibration/validation of the hydraulic model. It recorded 72 mm
and 86 mm rainfall in the 2017 and 1987 events, respectively. The data from this site was
used within the hydraulic model domain.

The location of all rainfall gauges within the model domain and surrounding area and
associated recorded rainfall totals are displayed in Figure 3-1 and Figure 3-2 and listed in
Table 3-1. The observed rainfall totals for the 2017 event are relatively consistent across the
model domain and the contributing catchments to the north and east. However, the
observations illustrate that the rainfall in the foothills to the east of the model domain
recorded significantly more rainfall in the 1987 event.

Table 3-1 Rainfall stations and their records in the 2017 and 1987 events

Event Site Total rainfall (mm)
2017 Dog Hill (509295) 72

2017 Mt Curtis (509271) 60

2017 Anketell (009258) 76

1987 Dog Hill (509295) 86

1987 Mt Curtis (509271) 134

1987 Mire Seldom Seen Creek (509270) 137

1987 Seldom Seen Creek (509269) 124

1987 Hopelands Road (509387) 70

1987 Rockingham Post Office (009036) 71
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Figure 3-1 Pluviographs used in the hydrology and hydraulic models for the 2017
calibration event
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Figure 3-2 Pluviographs used in the hydrology and hydraulic models for the 1987
validation event
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3.2 Streamflow data

The department operates four streamflow gauging stations within the model domain and a
fifth near the south-west outflow location (Figure 3-3). The data from the Mundijong Road
station (614130) on the Birrega Main Drain and the Dog Hill station (614030) gauging station
on the Serpentine River could be used in comparing modelled hydrographs (both stage and
discharge) for the 2017 event. However, previous studies questioned the accuracy of
discharge values at some sites, including Dog Hill (SKM, 2010b; Hall, 2015a). There is no
record available at the Lightbody Road (614129) gauge on the Oaklands Main Drain for the
2017 or 1987 events.

3.3 Terrain data

LiDAR data are available for the proportion of the catchment located on the Swan Coastal
Plain. A representation of the extent of the LIDAR coverage is shown in Figure 3-4.

These data were captured on 25 February 2008 by Fugro Spatial Solutions Pty Ltd for the
Department of Water and have a point density of 1 point per square metre and an accuracy
of 0.15 m at 67% confidence. We used LiDAR to develop the bathymetric layer for the 2-D
overland flow hydraulic model, develop the cross-sections of waterways used in the 1-D
channel flow hydraulic model, and develop internal sub-catchments for the flood study area.

The use of LIDAR is considered good industry practice and is fit for regional flood modelling
over such large areas. The stated accuracy of the LIDAR is a minimum standard and does
not reflect the actual accuracy. The site is considerably cleared of vegetation, and verification
of the LIiDAR using ground survey has been undertaken. Critical features like drainage
channels/spoil banks have been adjusted based on additional surveys and site inspections.

3.4 Land-use data

The Department of Water developed land-use data was for the region based on Landgate
cadastre (2008) with DLI aerial imagery (2008) and LIiDAR non-ground returns to determine
vegetation extent. Land-use data was necessary for resistance categories in hydraulic
modelling and regional parameterisation of hydrologic models.
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Figure 3-3 Streamflow gauges related to the hydraulic model domain
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Figure 3-4 Model topography map developed from the department's 1 m LIiDAR dataset
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3.5 Groundwater inundation data

The department has developed the Lower Serpentine MIKE SHE model (Marillier, Hall and
Kretschmer, 2012) to identify groundwater inundation areas, providing reliable groundwater
level information and estimate drainage within the study area. Many parts of the study area
are prone to shallow groundwater, resulting in regular winter inundation, even in dry years.
Therefore, this flood study considers the groundwater component by identifying areas that
should be regarded as impervious because of inundation. Section 5.2.4 will further discuss
inundation data as part of the infiltration setting, and Figure 5-7 shows the groundwater
inundation surfaces used in the flood modelling.

3.6 Structures data

In the hydraulic model construction, the culverts, bridges, and road elevations were
considered from two previous models (Hall, 2015a; Marillier, 2015), as described in Section
81.4. No new surveys were carried out on structures compared to the above two studies,
except a brief field trip to confirm certain culverts' configurations. In total, the hydraulic model
considers more than 30 structures, including many large culverts and bridges along the
Birrega, Oaklands and Peel main drains.
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4 Hydr ol ogy studi es

This section outlines the time-dependent inputs for the hydraulic models, including:
9 the design rain that falls uniformly on model grids, and,
1 the hydrograph that flows into the domain from boundaries.

Both rainfalls and inflows are critical inputs for the East of Kwinana flood models. The volume
of water from precipitation typically makes up 60% of the total volume balance of water in the
regional flood model, and the rest is from the inflows. However, this estimation depends on
specific cases in the East of Kwinana modelling.

The present study's design rainfall was generated by the guidelines set in the newest ARR
(2019) (Ball J et al., 2019).

For the regional hydraulic model, it requires inflow hydrographs at 17 locations, including
1 MIKE11 inflows at two locations
1 MIKE21 'source points' at 15 locations.

As the local hydraulic model requires outflow from the regional model, it also indirectly
requires all these inflow hydrographs.

4.1 Design rainfall for regional and local
models

4.1.1 Catchment for rainfall generation

We generated the design rainfall following the guidelines set in the updated ARR (2019) (Ball
J et al., 2019) through the ARR data hub (2020).

We generated rainfalls from a catchment around the east of the Kwinana modelling area for
the regional and local models. Figure 4-1 shows the extent of the catchment.

The selected catchment was deemed appropriate for estimating design flows within the PIAs
(North East Baldivis north of Mundijong Road), including contributing catchments of the Peel
Main Drain, the Birrega Main Drain and the Oaklands Main Drain. The size of the catchment
is about 305 km?,
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Figure 4-1 The catchment used to generate the design rainfalls North East Baldivis north
of Mundijong Road (grid), the hydraulic model and the key linear hydrography linear

4.1.2 Designrainfall s
The design rainfalls used in the present hydraulic model are calculated from:

Design rainfall = Areal reduction factor x Intensity frequency duration.

These terms are explained in the following sections.

Department of Water and Environmental Regulation
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Areal reduction factor

Design rainfall depths generated from ARR2019 are based on rainfall Intensity Frequencyi
Duration (IFD) data related to specific-point data in a catchment rather than the whole
catchment area (Ball J et al., 2019). However, the application of these point-based rainfalls
would overestimate the total volume of rain if applied uniformly over the catchment since the
design rainfall intensities at a point are not representative of the average rainfall intensity
across the catchment (Hall, 2015a; Ball J et al., 2019).

An areal reduction factor (ARF) is derived and applied to rainfall depths used for design flood
estimates (Hall, 2015a) to account for rainfall variation across a catchment. ARF is the ratio
between the design values of average areal rainfall and point rainfall (Ball J et al., 2019),
computed for the same duration and AEP.

Table 4-1 shows the ARF for the regional model based on the catchment, as shown in Figure
4-1. For completeness, the ARFs are given for seven AEPs and nine durations, calculated
based on ARR 2019 (Ball J et al., 2019, pp. 62i 64). It is seen the ARF effect is most
pronounced for smaller AEP and shorter duration events (top-right with bright red in Table
4-1, and less prominent for larger AEP and more extended duration rainfall events (bottom-
left with bright green in Table 4-1). This observation is in agreement with discussions in Hall
(2015a).

Table 4-1 ARF for the regional model

guratio 20% 10% 5% 2% 1% 0.50% 0.20%
3 hour 0.817 0.798 0.779 0.754 0.734 0.715 0.690
6 hour 0.868 0.858 0.848 0.835 0.825 0.815 0.802
9 hour 0.893 0.887 0.881 0.874 0.868 0.863 0.855
12 hour 0.904 0.898 0.893 0.885 0.879 0.874 0.866
18 hour 0.921 0.917 0.913 0.907 0.903 0.899 0.894
24 hour 0.938 0.935 0.933 0.930 0.927 0.925 0.922
36 hour 0.946 0.944 0.941 0.938 0.936 0.934 0.930
48 hour 0.951 0.949 0.947 0.944 0.941 0.939 0.936
72 hour 0.958 0.956 0.953 0.951 0.948 0.946 0.943

Design rainfall depth

Rainfall Intensityi Frequencyi Duration (IFD) date was based on ARR 2019 (Ball J et al.,
2019) and generated from ARR data hub (2020) by the shapefile of the area as given in
Figure 4-1. Table 4-2 presents the rainfall depth for several AEPs and durations. These data
were obtained by multiplying the IFD design rainfall depths with the corresponding ARF. The
same information in Table 4-2 is illustrated in Figure 4-2 to visually compare the size of
rainfall depth as a function of rainfall durations.
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Table 4-2 Design rainfall depths (mm) for the regional model (and the local model
without the engineered levee)

AEP tion | 20% 10% 5% 2% 1% 0.50% 0.20%

3 hour 30.7 35.0 39.3 45.4 50.2 56.5 64.7

6 hour 41.9 48.4 55.5 65.8 74.6 85.6 101.0
9 hour 49.5 57.8 66.7 80.1 91.2 106.1 126.6
12 hour 55.2 64.6 74.6 89.4 102.0 118.8 141.2
18 hour 64.0 75.0 86.6 104.4 119.2 137.6 163.6
24 hour 71.1 83.2 96.1 115.3 130.8 150.8 178.8
36 hour 80.3 93.4 107.3 126.7 143.2 160.6 186.1
48 hour 87.2 100.6 114.6 134.9 150.6 166.2 189.1
72 hour 97.7 112.8 126.8 146.4 161.2 176.0 197.2
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Figure 4-2 Design rainfall depths (mm) for the regional model at different AEP events.

Temporal patterns

In ARR 2019, there are different sets of areal temporal patterns. For relatively large
catchment areas, ranging from 100 km? to 40,000 km?, ARR 2019 recommends areal based
temporal patterns. ARR 2019 also recommends point patterns for modelling smaller
catchments, including catchment areas less than 75 km?.

Areal temporal patterns from S-SW Flatlands (West) was adopted considering the catchment
area of about 305 km? (Figure 4-1). The catchment area lies between the 200 km? and 500
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km? areal based temporal patterns and the temporal patterns at 200 km? were used in flood
modelling inputs.
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Figure 4-3 Temporal patterns of rainfall for the regional model at 18-hour design events
(based on ARR2019, Region: S-SW Flatlands (West) and Area: 200 km?)

Areal temporal patterns are consistent across all event likelihoods of the same duration. That
is, the same duration design rainfall event at any AEP shares the same temporal pattern.
Figure 4-3 shows the temporal patterns for 18-hour rainfall events. As discussed later,
temporal patterns of precipitation can significantly affect the peak discharge of computed
design floods. It may also affect the critical duration because the way rain falls on a
catchment affects how floodwater accumulates in the area.

However, different temporal patterns exist for each storm duration. Selected temporal
patterns at 12-hour, 24-hour and 36-hour rainfall events are reproduced according to ARR
2019 in Appendix A. For temporal patterns at other durations, please refer to ARR data hub
(2020).

4.2 Design hydrology for regional and local
models

421 RORB models

RORB is a general runoff and streamflow routing program used to calculate flood
hydrographs from rainfall and other channel inputs (Laurenson, Mein and Nathan, 2010). The
RORB model was used to calculate the design hydrographs at 17 locations. The program
requires a data file to describe the stream network's particular features being modelled and
run interactively (Laurenson, Mein and Nathan, 2010). RORB software version 6.45 was
used in the present study.
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4.2.2 Design inflows

We generated the inflow hydrographs at 17 locations, as shown in Figure 4-4, including

1 MIKE11 inflows at two locations: the Peel Main Drain at the southern edge of Bollard
Bulrush Swamp and the Serpentine River along the edge of the Lowlands bushland.

1 MIKE21 'source points' at 15 locations: nine along the top-side eastern boundary
between Thomas Road and Watkins Road and six on the low-side eastern border
south of Mundijong Road.

The inflows were calculated at each rainfall condition; that is, at four AEPs (0.5%, 1%, 5%
and 10%) and four durations (12-, 18-, 24 and, 36-hour) using the relevant temporal patterns.

Table 4-3 summarises the peak discharge from RORB at all locations for the 10 temporal
patterns relevant to the 1% AEP 18-hour design rainfall event. Examples of the hydrographs
for catchment EO7 are displayed in Figure 4-5. EQ7 represents Manjedal Brook's discharge
upstream of the South Western Highway bridge (Hall, 2015a).

Despite the local flood model only covering a portion of these areas, it requires outflow from
the regional model, which indirectly requires all these inflow hydrographs.
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Figure 4-4 Position of design inflows in the regional model (PMD i Peel Main Drain and
low-lowlands are MIKE11 inflows, while the rest are MIKE21)
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Table 4-3 Peak discharges (m?s) for all inlets at 10 temporal patterns (Tp) of the 1%
AEP 18-hour duration rainfalls

Tpin Tpl Tp2 Tp3 Tp4 Tp5 Tp6 Tp7 Tp8 Tp9 Tpl0
EO3 318 452 399 570 465 692 763 628 534 465
EO04 156 211 18 262 211 338 367 299 261 219
EO5 204 308 270 388 314 451 501 408 344 311
EO6 858 13.72 11.32 1599 1057 1479 1532 13.44 11.06 12.97
EOQ7 11.98 18.90 15.87 22.86 1452 2125 21.20 19.29 15.26 17.67
EO8 390 585 510 744 6.06 856 950 785 656 594
EQ9 09 131 113 163 133 210 227 181 161 134
E10 1142 17.28 14.04 21.03 1244 1758 16.28 17.13 13.07 15.95
E1ll 1.04 142 123 177 143 228 246 198 175 1.46
Lowlands |70.66 85.71 79.70 89.46 74.16 81.45 73.43 78.87 73.72 81.18
Catl5 211 272 255 322 233 304 292 255 254 242
Catl7 110 170 140 210 137 192 193 165 144 155
Catl9 197 296 242 352 226 318 297 269 232 265
Cat20 1.02 158 129 195 126 178 179 153 133 143
Cat21 274 330 312 384 295 354 356 302 310 296
Cat27 896 10.19 9.72 1064 936 9.76 9.76 9.23 9.24 9.67
PMD 851 957 919 977 873 911 928 890 890 9.27
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Figure 4-5 RORB Hydrographs at EO7 for 1% AEP 18-hour duration rainfall at different
temporal patterns

4.3 Designinputs for the local model with a
full -height levee option

To prevent discharges to the North East Baldivis north of Mundijong Road precinct, one of
the post-development options is to build a levee along the Birrega Main Drain at the Duck
Pond location (Option A in Section 7). Under this condition, the engineered levee effectively
blocks all overflow from the Birrega Main Drain at 1% AEP at that location to the North East
Baldivis north of Mundijong Road.

From a surface water point of view, the precipitation collected by the Birrega and Oaklands
main drains will not affect the North East Baldivis north of Mundijong Road precinct.
Therefore, building a full-height levee alters the catchment characteristics by cutting the
North East Baldivis north of Mundijong Road precinct from its natural drainage basin.

Following the guidelines set in the newest ARR guidelines i ARR (2019) (Ball J et al., 2019)
through the ARR data hub (2020), the design rainfalls and their temporal patterns are
dependent on the location and area of the catchment of interest. The design inputs with the
full-height engineered-levee option are different from those discussed in sections 4.1 and
4.2.

This study tested both design inputs based on different catchment areas for the Option A
local model. No significant difference was found in the flooding characteristics from these
design inputs.
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5 Hydrauli ¢c model ling

The hydraulic models were built using DHI's MIKE Flood 2019 package, following two
previous studies (Hall, 2015a; Marillier, 2015). The MIKE Flood dynamically couples a two-
dimensional (2D) hydraulic model with a one-dimensional (1D) river model into one single
tool.

1 The 2D component (MIKE 21) was employed to model overland inundation, rainfall-
runoff, and infiltration/evaporation, including simulating overland flows, flooding extent
across the study area, and determining water levels at various locations.

1 The 1D component (MIKE 11) was applied to model the drains, culverts, and bridges
within the study area, including water level and discharge inside river channels,
allowing water interchanges to and from the overland flows.

This chapter discusses:
the overview of the regional and local models

the construction of the MIKE21 model

the coupling of the MIKE21 and MIKE11 models

1
1
9 the construction of the MIKE11 model
1
1 model calibration.

5.1 Regional and local flood models

Two flood models were built for the study i a regional and a local. The regional model refers
to the study area covered by red boundaries in Figure 5-1. This model covers most of the
East of Kwinana sector.

The local model refers to the domain covered by the green boundaries, focusing on the North
East Baldivis north of Mundijong Road precinct. We studied several post-development
options in Chapter 7 with the local flood model.

Table 5-1 Overview of the regional and local models
Model Area (km?)  Element no. Avg. cell  Inputs
Regional 232.7 972,946 239.2m2 ARR2019, RORB
Local 24.3 715,865 33.9m2 ARR2019, RORB, Regional model

The local model focuses on flooding for about 10% of the regional model; therefore, the local
model employs relatively fine grids to obtain detailed information for the North East Baldivis
north of Mundijong Road precinct (Figure 5-1).

Table 5-1 compares some generic information from the regional and local models. Despite
the significant difference in the modelling areas, the two models' element numbers are close,
leading to a significantly smaller average cell area in the local model than that in the regional
model. As will be outlined later, the local model also requires inflows from the regional model
at the confluence of the Birrega Main Drain and the Oaklands Main Drain.
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Figure 5-1  Area covered by the regional (red boundary) and local (green boundary)
models. The insert on the bottom corner indicates the location of the regional model relative
to Perth and Kwinana.
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5.2 Regional MIKE 21 FM model construction

MIKE 21 Flow Model FM solves water level and flows in a two-dimensional (2D)
environment. The 2-D model domain includes the floodplain and some small channels.

MIKE 21 FM provides a numerical solution for the 2-D incompressible Reynolds averaged
Navier-Stokes equations (DHI, 2019b). The modelling code implemented the finite volume
based flexible mesh scheme. The calculation involves employing the model with pre-defined
inputs and boundary conditions, including the rainfall on grids, spatially distributed hydraulic
roughness, infiltration, and inflows from the domain boundary.

5.2.1 Flexible mesh

The built-in mesh generator tool (DHI, 2019c) available in MIKE 21 FM was used to generate
a mesh file. Based on the resolution requirements, multiple polygons were adopted to
develop mesh with different densities. Polygons are available to define the mesh's local
properties, such as maximum element size and the shape of elements (triangular or
guadrangular). Polygons were also employed to exclude significant rivers and drains, which
were considered in MIKE 11.

The flexible mesh solution approach involves discretising the model domain with a variable
resolution. A triangular mesh was considered for the minor channels as quadrangular
elements could not represent them because of unclear channel definition. This approach
allows flexibility to accommodate higher density mesh with a more significant computational
effort in the area of interest, especially for the small low-flow channels that require a fine
mesh scale. Figure 5-2 shows an example of mesh resolution and geometry considered for
this study. The maximum element sizes are 750 m? and 180 m? for the upper and lower half
of the model domain. The minor channels originating from the scarp within the upper half of
the region have a maximum element size of 120 m2.

The mesh file also considers implementing the topographic data and the boundary locations
within the model domain. The model topographic data was fromthed e p ar t hiRPARt 6 s
dataset (Figure 3-4). The mesh generator tool calculates an interpolated topographic surface
based on the LIDAR dataset (DEM). Figure 5-2 also shows the interpolated topographic layer
for a part of the model domain. The white portion of the layer represents watercourses
excluded from the 2-D calculation (Oaklands Main Drain). They were simulated in MIKE 11
using the hydrodynamic module.

The built-in mesh tool generated 972,946 triangular elements with 491,147 nodes for
simulating overland flows based on the above criteria. The overall model topography map
was in the MIKE 21 FM simulation is displayed in Figure 5-3.
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Figure 5-2 Example of mesh showing different mesh resolution/geometry. Here, the pre-
development mesh is overlaid on pre-development DEM levels.
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Figure 5-3 MIKE 21 FM model topography
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5.2.2 Rainfall

Rainfall was assumed to be spatially homogenous within the domain and was applied as
gross precipitation. A time series of rainfall files were assigned in the model set up for a flood
event, and it was applied to the entire 2-D model domain. Given the very flat topography, this
method is appropriate for the study area (Marillier, 2015).

5.2.3 Roughness

A spatially distributed hydraulic roughness (Manning's number) map was developed based
on three broard land-use classifications:

1 urban residential and roads/open (40)
1 cleared pasture (20)
1 vegetated (12.5).

Figure 5-4 presents the colour-coded roughness values. These were reported as Manning's
M, which is the inverse of Manning's n.
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Figure 5-4 Colour coded resistance map-Manning's number 40 (red), 20 (yellow) and
12.5 (green) were used roads/open, pasture and vegetation areas

524 Infiltration

Infiltration was modelled within the hydraulic model using distributed infiltration rates. The
study area was divided into three categories, each with a different infiltration rate (mm/day),
which are:

1 sand (70 mm/day)
1 clay (5 mm/day)
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9 inundated (0 mm/day).

The soils were broadly classified into two categories (Sand and Clay) based on the
Department of Primary Industries and Regional Development soil map unit database. The
sandy phases of the Pinjarra, Spearwood and Bassendean soil groups were amalgamated
into a single category termed 'sand’, allowing some losses through infiltration from the direct
rainfall.

The second category included the poorly drained phases of the Pinjarra group. It is termed
‘clay’ which are characterised by higher clay and organic content and is generally located in
depressions.

Figure 5-7 shows the infiltration map that was considered for this flood study. An infiltration
rate of 70 mm/day and 5 mm/day was considered for sand and clay soil types, respectively.
The rates are considered physically plausible and are consistent with previous flood
modelling undertaken on Swan Coastal Plan catchments (Hall, 2015a, p. 54; Marillier, 2015,
p. 57). The adopted values did not require further calibration as a satisfactory calibration was
achieved for the recent 2017 and July 1987 events. The July 1987 event is equivalent to a
2% AEP event.

Figure 5-7 also shows the inundation areas (dark blue), which were derived from the average
groundwater levels (19811 2010) from the Lower Serpentine regional groundwater model
(Marillier, 2015). Infiltration for the inundated area was O.

525 Inflows from the RORB model

Discharge from the RORB model was introduced within MIKE 21 using 15 source points,
including:

1 nine locations along the top-side eastern boundary of the model between Thomas
Road and Watkins Road, and

9 six places on the low-side eastern border south of Mundijong Road.

The locations of the source points are shown in Figure 4-4.
5.2.6  Antecedent condition

An initialisation simulation was carried out to develop initial conditions for the MIKE21 model.
A rainfall depth of 20 mm was applied over 12 hours with a further 24 hours simulated after
the rainfall event, as shown in Figure 5-5. The initialisation of all design simulations in
MIKEZ21 used overland water depth from the final timestep of this simulation.

This storm was generated using the rainfall pattern and magnitude from a recorded event at
Dog Hill.
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Figure 5-5 Rainfall for initial condition runs
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5.3 Regional MIKE 11 model construction

MIKE 11 was used to represent a one-dimensional (1D) model domain where major rivers
and drains were modelled. The hydrodynamic module uses the vertically integrated Saint-
Venant equations to solve flows and water levels (DHI, 2019a).

Within the study area, the Birrega, Oaklands, and Peel main drains are typically between 10
and 30 m wide, generally smaller than the MIKE 21 mesh resolution. To accurately capture
the flow and water level, these channels were simulated using MIKE 11. The MIKE Flood
package can couple the MIKE11 and the MIKE 21 models and exchange water between the
river/channel and model topography. Hydraulic structures (culverts and bridges) were also
included in the 1D model.

5.3.1 Network

The GIS data was used to define the drain centreline for the MIKE11 waterways within the
study area.

5.3.2 Cross-section

Similar to previous studies (Hall, 2015a; Marillier, 2015), MIKE HYDRO was used to capture
the MIKE 11 network, cross-sectional information for all channels within the study area.
There are a few steps:

1 Cross-section locations were defined manually about every 50 m, using a 1 m LiDAR
dataset to ensure that all significant channel and levee structure changes were
captured.

1 MIKE HYDRO was then used to extract cross-sectional levels directly from the LIDAR
in the 1D model. Figure 5-8 shows the MIKE 11 Network with the cross-section
extraction locations.

I The cross-section and network files were imported into MIKE 11, and every cross-
section was checked manually for geometric and conveyance errors and to define left
and right levee banks.

1 Finally, additional cross-sections were interpolated if necessary, ensuring spatial
equivalence between the MIKE 11 cross-sections and the grid-spacing in MIKE 21.

For the spoil bank fail scenarios, the right bank of the Birrega Main Drain was removed for
the drains. The MIKE 11 cross-sections were modified so that the right bank height
corresponded to the elevation of the LIDAR immediately to the west of the levee bank.
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Figure 5-8 MIKE 11 Network and Cross-sectionsi insets show the cross-sections at three
locations

5.3.3 Boundary data and Initial conditions

An initial water level in the 1-D waterways was necessary to simulate baseflow conditions.
The initial water level was taken from the model 'hot-start’ described in §5.2.6. The hot-start
was simulated with 20 mm of rainfall in 12 hours and then allowed to drain for a day. This run

had a constant inflow of 0.5 m®/s in Birrega Main Drain, Oaklands Main Drain, Serpentine
River and 0.1 m%s in Thomas Road Drain.
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