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Floodplain Structures

Aurecon Pty Ltd (Aurecon) has been commissioned by Moreton Bay Regional Council (MBRC) to
carry out an investigation into floodplain infrastructure as part of Council’s Regional Floodplain
Database Project (RFD Project).

The RFD Project involves a three year (three stage) program for the development of comprehensive
flood mapping across the Moreton Bay Regional Council Local Government Area. A key focus for the
project is the standardisation of methods and procedures so as to ensure consistency in the flood
information produced. The Burpengary ‘Minor Basin’, incorporating Burpengary Creek, Little
Burpengary Creek and Deception Bay has been selected as the Stage 1 pilot study catchment for
development of these standardised methods and procedures.

This report documents the development of standard procedures for the identification and definition of
floodplain structures within the Burpengary Minor Basin. Following test application, Council will
consider extension of the procedures documented herein for Stage 2 of the project which will include
detailed flood modelling and mapping for the region.

1.1 Scope

Aurecon was engaged to undertake the floodplain structures sub-projects. The aim of these sub-
projects was to develop the standards and methods required for the floodplain structure datasets. The
following five sub-projects were included:

Sub-project 2C — Floodplain Structures (Culverts)

Sub-project 2D — Floodplain Structures (Bridges)

Sub-project 2F — Floodplain Structures (Trunk Underground Drainage)
Sub-project 2G — Floodplain Structures (Detention Basins)
Sub-project 2H — Floodplain Structures (Buildings)

Each sub-project included development of a data standard to be applied to capture and/or collation of
data for the entire Regional Floodplain Database (RFD) project. The aim of these standards was to
define a consistent approach to be applied across the entire RFD project. This approach was to
ensure that both model files and additional supporting files were consistent across all catchments and
could be readily integrated into Council’s ArcGIS geodatabase. These standards covered the
requirements of survey data collection and its subsequent collation, including production of datasets
compatible with the adopted modelling platforms.

Also included in each sub-project was the development of the relevant data files for the Burpengary
Creek investigation area.

1.2 Objectives
The key objectives of each of the floodplain structures sub-projects were to:

e Produce a data standard document
e Use the data standards to produce each of the recommended files for the Burpengary Creek pilot
catchment

The GIS files developed for modelling of the Burpengary Creek pilot catchment included:

A TUFLOW compatible 1d_nwk file for culverts

A TUFLOW compatible 2d_zIr file containing handrail details for culverts
A TUFLOW compatible 2d_Ifcsh file for bridges

A TUFLOW compatible 2d_lIfcsh file for footbridges
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e TUFLOW compatible files for trunk underground drainage, including separate 1d_nwk files for pits
and pipes
e A TUFLOW compatible 2d_zIr file for detention basin embankments

Additional files developed for input to the modelling included:

o Elevation-storage relationships for each basin to be used as input to the WBNM modelling
e Elevation-discharge relationships for “special case” basins to be used as input to the TUFLOW
modelling

Several GIS files containing supporting information were also to be prepared, including:

e A layer containing points at culvert locations, with additional culvert information to assist with model
validation

e A layer defining the basin extents over which the WBNM elevation-storage relationships were
developed

e Hyper-linked photograph databases for available photographs of each structure

e A layer containing building footprints and associated information for use in stage-damage
calculations

e A layer containing point objects representing front and back yard elevations

e Layers containing fence locations and crest elevations

1.3 General approach
The following general approach was adopted across the range of floodplain structure sub-projects:

Review of existing data provided by Council

Identification of data gaps

Identification of any additional structures not identified within Council’s existing data
Preparation of a survey brief for capture of additional data

Incorporation of all relevant existing data and new survey data into a complete dataset
Preparation of TUFLOW and WBNM required files/data

Preparation of additional GIS layers with supporting information

Preparation of a data standard which covers the data requirements and development of the
required datasets

e Reporting

1.4 Related sub-projects

The following list presents the other sub-projects which are related to the floodplain structure sub-
projects and a description of how they are related:

e Sub-project 2N — Floodplain Parameterisation

The recommendations of the parameterisation sub-project provide guidance for selection of
appropriate parameters within the following floodplain structure types, including:

- Culverts: form loss, blockage, contraction, entry and exit losses
- Bridges: form loss, blockage

— Trunk underground drainage: culvert parameters

— Detention basins: culvert parameters
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e Sub-project 2E — 2009 DEM Task

The DEM output from sub-project 2E is required to assist with preparation of the following sub-
project datasets:

- Culvert: DEM data is required as the basis for determining handrail levels

- Detention Basins: DEM data is required for preparation of the storage-elevation relationships for
each basin. This data is required as an input to the WBNM model

- Buildings: DEM data is required to provide surface elevations for the front and rear yards of
each identified property
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The following sections describe the data which was provided by MBRC for use in undertaking the
project. In addition to the data described below, survey was collected for a number of floodplain
structures as described in Sections 3 and 4.

2.1 General data
GIS data which was used across all (or a number of) sub-projects included:

e Aerial photography: Burpengary Creek high resolution aerial imagery from 2007

¢ Digital elevation model (DEM): Burpengary Creek DEM from 2007

e Hydrography: Council’'s WBNM model layout for Burpengary Creek including catchments, reaches
and junctions

¢ Preliminary modelling results: peak 100 year ARI depth grid for the Burpengary Creek catchment,
100 year ARI and PMF flood extents for the Burpengary Creek catchment
Cadastral boundaries: for Burpengary Creek catchment
Road, rail and footpath locations: for Burpengary Creek catchment

The following sections describe the sub-project specific data which was supplied by Council.

2.2 Sub-Project 2C — Culverts

A GIS layer containing all existing culvert information was supplied. The layer initially provided spatial
identification of 113 culverts. Council’s surveyors then sourced details for a large number of culverts
and the GIS layer was updated and resupplied by Council. The culvert layer used as the basis for a
gap analysis included spatial identification of 137 culverts within the Burpengary Creek catchment
and, where available, the following attribute data:

Culvert ID

Number of cells, shape and dimensions

Upstream and downstream invert levels

Length

Number of different structure types at each location (eg where there was a single structure with
barrels of different shapes/dimensions)

e Crossing type, name and owner

e Data source

This dataset included detailed survey information as undertaken by Council’s surveyors in December
2009. Details of culvert headwalls, as surveyed by Council’s surveyors in December 2009, were also
supplied.

2.3 Sub-Project 2D — Bridges

GIS layers containing spatial identification of bridge locations, including ten bridges and twenty-five
footbridges, were supplied. Details including bridge name, location (eg waterway and street names),
owner and crossing type we supplied as attributes within the two layers.

Design/as-constructed data was also supplied for the following bridges:

Bruce Highway Eastern Service Road over Burpengary Creek
Bruce Highway Southbound over Burpengary Creek

Bruce Highway Northbound over Burpengary Creek
Morayfield Road over Burpengary Creek

Rail over Burpengary Creek
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¢ Rowley Road over Burpengary Creek
e Oakey Flat Road over Burpengary Creek
¢ Rail over Lindsay Road

No existing design/as-constructed data was supplied for O'Brien Road over Burpengary Creek, the rail
bridge over New Settlement Road or the footbridges.

Details of the sewer network were also provided to allow identification of sewer crossings over creeks.

2.4 Sub-Project 2F — Trunk Underground Drainage

For the purposes of the Regional Floodplain Database project, Trunk Underground Drainage was
defined as an extended underground drainage system having a large open channel or stream feeding
into it. Council's Hydrography dataset was accepted as a representation of the open channel and
stream network.

GIS layers containing existing stormwater pipe network and pit information were supplied for the
Burpengary Creek catchment.

2.5 Sub-Project 2G — Detention Basins

A GIS layer containing spatial extents for six detention basins was supplied. Culvert outlet details were
included with the culvert data discussed in Section 2.2.

Existing ground survey information was supplied for the North Shore Drive basin. This included a
detailed DTM of the basin upstream of North Shore Drive, cross-sections through the basin
downstream of North Shore Drive and some details of the culvert structures beneath North Shore
Drive, the lower embankment, Old Gympie Road, the Bruce Highway and the Eastern Service Road.

2.6 Sub-Project 2H — Buildings

A GIS layer containing the building footprints for buildings within the Burpengary Creek catchment was
supplied.

No existing floor level data was supplied.
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The general approach presented in Section 1.3 was adopted across the five sub-projects. The data
standards included as Appendices A to E present detailed descriptions of the process used in
development of the outputs for each sub-project. The following sections provide a summary of the
project-specific methodologies.

3.1 Sub-Project 2C — Culverts

Analysis of existing MBRC culvert data was undertaken to identify culverts requiring survey. Survey
requirements were identified for:

e Culverts missing critical data (ie culvert shape, invert levels, dimensions and/or number of barrels)

e Hydraulically significant culverts — top 10% of culverts by total culvert area (where area accounts
for the total opening area of all culvert barrels at a crossing, including culverts of different
shapes/sizes)

e Hydraulically significant culverts — top 10% of culverts by ratio of total contributing catchment area
to total culvert area (ie large catchment areas drained by small culverts)

A GIS based visual comparison of MBRC'’s existing culvert layer and aerial images, waterway
hydrography, road and footpath locations was undertaken to confirm that all culverts were identified.
Additional culverts were included in the survey scope. A survey brief was prepared to address the
identified data gaps.

Upon receipt of the survey, the survey information was integrated with the existing data and GIS
layers were prepared for:

1d_nwk — TUFLOW layer of culvert data

2d_zIr — TUFLOW layer containing handrail details

Culvert points — layer of points at culvert locations to assist with model checking
Photos — layer of geo-referenced points linked to photos

Handrail details were prepared for culverts where the 100 year ARI preliminary mapping peak depth
over the structure was greater than 0.2 m and analysis of aerial images and Google Street View
showed that handrails were present.

Culvert points data was generated for each culvert location. This data included crest elevations and
total culvert area to assist with model verification.

The data standard presented in Appendix A was prepared in conjunction with development of the
above datasets.

3.2 Sub-Project 2D — Bridges

Analysis of existing design and as-constructed plans was undertaken to identify bridges requiring
survey. Survey requirements were identified where the following data was missing:

Deck location, surface/obvert levels and thickness

Pier locations, dimensions, orientation to flow and pile arrangements
Handrail location, height and extent

Cross-section of channel beneath bridge
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Footbridges were reviewed to identify those which are considered hydraulically significant, including
those which are:

e Perpendicular to the flow (ie cross a primary flowpath)
¢ Significantly constrictive to flows

These footbridges were included in the survey brief. A survey brief was prepared to address the
identified data gaps.

Upon receipt of the survey, the survey information was integrated with the existing data and GIS
layers were prepared for:

e 2d_Ifcsh — TUFLOW layer of bridge data
e Photos — layer of geo-referenced points linked to photos

The bridge data standard presented in Appendix B was prepared in conjunction with development of
the above datasets.

3.3 Sub-Project 2F — Trunk Underground Drainage

Analysis of existing trunk drainage data was undertaken to identify any systems which would be
considered as trunk drainage.

A data standard, as presented in Appendix C, was prepared to assist with development of trunk
drainage datasets.

3.4 Sub-Project 2G — Detention Basins
Two separate tasks were included in the detention basin analysis:

e Preparation of WBNM elevation-storage relationships
e Preparation of TUFLOW model input data and supporting GIS layers

The methodology used for each of these tasks is provided in the following sections.

3.4.1 WBNM elevation — storage relationships

The spatial extents over which elevation-storage (H-S) relationships were to be developed for each
basin were defined using broad-scale model results for the 100 year ARI event. The likely peak water
level for each basin was used to define the basin extents.

Elevation-storage relationships over the extents defined above were extracted from the LIDAR TIN
data for each basin. These relationships were extracted at intervals sufficient to provide a reasonable
representation of differences in storage between the basin invert level and the basin peak water level,
with a minimum of 10 and a maximum of 50 intervals adopted.

The following files were generated:

e A GIS layer of basin extent polygons used in development of the height-storage relationship
e Elevation-storage relationships for each basin (supplied as an Excel spreadsheet)
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3.4.2 TUFLOW inputs and supporting layers

Basins were individually assessed to determine whether the outlet structure could be adequately
modelled within the adopted model grid size, given the following outcomes:

e Where the grid size was adequate the structure was modelled using a standard culvert and a
topographic representation of the embankment crest level

e Where the grid size was inadequate the structure was represented by replacing the outlet structure
with an elevation-discharge (H-Q) relationship defining the relationship between water level in the
basin and discharge through the structure

Once a modelling approach for each structure was determined, a gap analysis of the existing data was
undertaken. For basins which were modelled using a culvert and embankment representation, the
culverts were analysed as part of the culvert sub-project. Where embankments were traversed by a
road, it was assumed that the LiDAR data was sufficient to model the road crest. In other cases,
where no existing data of the embankment was available these embankments were included in the
survey brief.

Where it was identified that an elevation-discharge outlet relationship was required to adequately
model the structure, a gap analysis of existing data was undertaken to identify whether the following
data was available:

A cross-section upstream of the structure

Details of all weirs included in the outlet (other than the embankment crest)
Details of any grates or trash screens included in the outlet

Details of all culvert structures in the outlet

A survey brief was prepared to address the identified data gaps.

Upon receipt of the survey, the survey information was integrated with the existing data and GIS
layers were prepared for:

e 2d zIr— TUFLOW layer of embankment crest elevations
e Photos — layer of georeferenced points linked to photos

For the special case basins, HEC-RAS modelling was undertaken to develop an elevation-discharge
relationship for the basin outlet. This relationship was supplied as an Excel spreadsheet.

The data standard presented in Appendix D was prepared in conjunction with development of the
above datasets.

3.5 Sub-Project 2H — Buildings
The following process was used to identify buildings to be surveyed:

e Comparison of Council’s building footprint layer to the preliminary mapping flood extents and
identification of all buildings within the flood extents

e Removal of all buildings with a floor area of less than 80 m?. This removed a large number of sheds
and left mostly houses remaining in the dataset

e GIS based visual comparison of remaining buildings and aerial photography was undertaken to
identify the primary building on each property (ie to remove sheds remaining in the dataset). This
visual comparison also identified additional buildings in new areas of development for which no
footprint existed in the dataset
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e Setting of survey priority based upon the following classifications:
— priority high = survey required and maximum 100 year ARI flood depth > 0.3 m
— priority medium = survey required and maximum 100 year ARI flood depths < 0.3 m
- priority low = buildings falling within the PMF flood extents but outside the 100 year ARI flood
extents

A survey brief was prepared to address the identified data gaps.

Upon receipt of the survey, the survey information was integrated with the existing data and GIS
layers were prepared for:

¢ Buildings within the 100 year ARI flood extents
- Buildings — layer of building footprints and building information
- Yard levels — layer of point objects representing front and back yard elevations
- Fences — layer of fence locations and crest elevations (optional)
- Photos — layer of geo-referenced points linked to photos (optional)

e Buildings outside the 100 year ARI flood extents but within the PMF flood extents
- Buildings — layer of building footprints and building information

Additional detail for the above datasets was sourced as follows:

e Yard levels were sourced from the LIiDAR data

¢ Classifications for the business/industrial properties were sourced from the Australia and New
Zealand Standard Industrial Classification (2006)

The data standard presented in Appendix E was prepared in conjunction with development of the
above datasets.
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This section presents the results of the data collection and collation task for the Burpengary Creek
pilot catchment. The data standard task results are presented in Appendices A to E.

4.1 Sub-Project 2C — Culverts
4.1.1 Culverts

The data gap analysis showed that:

e Additional culverts were identified at four locations, of these Council identified two to be included in
the modelling: at Delaney Road (BUR06_00167) and at Piccabeen Court (BUR06_03254)
¢ A total of 47 locations were identified in which survey was required. Of these locations:

- Nine were identified as requiring survey based upon the ratio of total contributing catchment
area to total culvert area. Six of these had been included in Council’s survey of December 2009
and the remaining three contained existing data from Council’'s “Stormwater_Pipes” data, with
the source specified as GPS (see below for description). It was decided not to include these
culverts in the survey scope

- Twelve were identified as requiring survey based upon the total culvert opening area. These
had all been included in Council’'s survey of December 2009 and therefore it was decided not to
resurvey these culverts

- Two were included in the basin survey scope discussed in Section 4.4. Survey was required of
the basin outlet structures at these locations and it was therefore considered appropriate to
include the culvert survey for these locations in the basin survey scope

- 24 remained in which survey was required. These culverts were missing critical details such as
dimensions and invert levels

Aurecon’s surveyors undertook survey of the 24 culverts identified. The final sources for culvert data
were:

e Aurecon Jan 2010 RTKGPS survey: accuracy + 30 mm horizontal and vertical

e MBRC Dec 2009 RTKGPS survey: accuracy = 20 mm horizontal and + 40 mm vertical

e MBRC's “Stormwater_Pipes” data with source specified as GPS: accuracy + 30 mm horizontal and
+ 40 mm vertical

e MBRC's “Stormwater_Pipes” data with source specified as ASC: accuracy = 30 mm horizontal and
+ 40 mm vertical

e MBRC's “Stormwater_Pipes” data with source specified as GIS: accuracy not quantifiable

Upon collation of the dataset, the culverts were rationalised and a number of culverts were
removed/modified for the following reasons:

e Three “culverts” were stormwater system outlets (BUR14_00038, DEC04_00534a and
DECO04_00534b) and were removed from the dataset

¢ In some locations multiple pipes (ie more than one pipe dimension or invert at a single crossing)
were identified in Council's GIS data, whilst the survey showed that multiple pipes did not occur, or
less occurred than were in the GIS data. The additional pipes were removed from the culverts layer
(BUR16_01802b, LBC0O1_10161b, LBC12_00623b, LBC16_02778c and LBC20_02939b)

e Where a basin outlet which was replaced by a H-Q relationship (LBC02_00059) the culvert was
removed

¢ In two locations separate culverts had been identified beneath two adjacent roads. Survey showed
a single long culvert existed beneath both roads. The downstream culverts were removed from the
culvert layer (BUR32_00724 and LBC01_07420) and the upstream culverts were extended
(BUR32_00750 and LBC01_07444)
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e The culvert identified as “LBC12_00443" was renamed to “LBC14 _00000" as it was identified as
being located on branch LBC_14 00000

e Culvert BURO1_20827 was identified as being unidirectional as it has flap gates on the
downstream side

The final culvert layer contained 131 separate culverts in 102 locations, as presented in Figure 1. The
culvert layer included the culvert outlets from five of the detention basins.

4.1.2 Handrails

Twenty culverts were identified as having handrails which required modelling. Survey data was only
available for two of these culverts. Elevations and handrail extents for the remaining eighteen culverts
were based upon the LIiDAR data, aerial images and Google Street View. These twenty culverts are
shown on Figure 1.

4.1.3 Photographs

Photographs were available for 23 of the culverts. Photographs which were considered to provide
supporting details to assist with the modelling process were included in a hyper-linked GIS layer.

4.2 Sub-Project 2D — Bridges
The gap analysis showed that:

No cross-section data was available for Rowley Road bridge over Burpengary Creek

No details were available for O'Brien Road over Burpengary Creek

No details were available for the rail bridge over New Settlement Road

The design/as-constructed plans provided for the remaining bridges (as defined in Section 2.3)
provided sufficient detail to develop the required GIS data

The rail bridge over New Settlement Road was excluded from the survey scope and modelling as this
bridge it is located towards the top of a catchment and is not hydraulically constrictive. The primary
function of this bridge is to provide an underpass for cars on New Settlement Road.

A review of the footbridges showed that 19 footbridges were located perpendicular to the primary flow
direction (ie crossed the flowpath). Of these 19 footbridges Council identified four to include in the
modelling:

The Esplanade footpath over branch DEC_06_00061, near Maine Terrace

The Esplanade footpath over branch DEC_04_00028, near Balmoral Street

The footbridge over branch DEC_04 00340, near the corner of Balmoral and Holburn Streets
The Matthew Crescent footbridge over branch BUR_01_20827

Council’s selection of these footbridges was based on an engineering assessment of the likely impact
of these structures on flood behaviour (including site inspection at each site).

These footbridges were all included in the bridge survey scope, along with the O’Brien Road Bridge
and the cross-section beneath the Rowley Road Bridge. This survey was undertaken by Council’s
surveyors and provided to Aurecon in February 2010.

Two separate datasets were prepared, the first containing details for nine road and rail bridges and the
second containing details for the four footbridges. These bridge locations are shown on Figure 2.
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4.3 Sub-Project 2F — Trunk Underground Drainage

The existing stormwater network data was reviewed and compared to the identified culverts and the
2007 Burpengary Creek DEM. No trunk drainage was identified within the Burpengary Creek
catchment.

4.4 Sub-Project 2G — Detention Basins

The six detention basins identified below were included in the modelling within the Burpengary Creek
catchment. These basins were identified by Council and their locations were provided to Aurecon.
These basins are shown on Figure 3.

Forest Ridge Drive basin on branch BUR_06 03139
Juniper Court basin on branch BUR_20 00613

Guana Drive basin on branch LBC_02_00059

Kimberley Drive basin on branch BUR_28 00034

North Shore Drive Upper basin on branch BUR_24_02474
North Shore Drive Upper basin on branch BUR_24 02474

441 WBNM data

A GIS layer of the basin polygon extents was prepared using the peak water levels from the
preliminary 100 year ARl mapping and the 2009 LiDAR DEM. The peak water levels were used to
define the approximate peak water level in the basin and the DEM was used to define the associated
basin extents. These basin extent polygons were used within 12D to define an elevation-storage
relationship. This data was provided as an Excel file for inclusion into the WBNM modelling.

442 TUFLOW data

Of the basins, the Forest Ridge Drive, Juniper Court, and North Shore Drive Upper basins outlet to
culvert structures beneath roadways, with the road embankments acting as the basin outlet
embankments. These outlets were included in the culvert dataset and it was assumed that the road
crest elevations were adequately modelled via Sub-project 2E (2009 DEM Task).

The Kimberley D