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Executive Summary
Bluff is a small town located in the Central Highlands Regional Council area, approximately 175km west of
Rockhampton in Central Queensland. The Township has approximately 370 residents. It includes mining
workers camps and is a key railway interchange point between coal mines and eastern ports. The Town is
located on Duckworth and Bluff Creeks, the headwaters of which are in Arthurs Bluff State Forest on the edge
of Blackdown Tableland National Park escarpment 450m above the surrounding terrain.
In January 2011 (during the 2010/11 extreme weather event across eastern Australia), Bluff experienced a
flood event estimated at 0.8% AEP, and many streets and properties were inundated. The floodwaters isolated
the town and impacted properties (external) and residences / buildings.
In January 2012, Council engaged an external consultant to undertake detailed flood studies across the whole
of the Council Region and complete a Central Highlands Floodplain Management Study. This work was
completed in June 2014 and included the development of hydrologic models for the Mackenzie River
Catchment and a hydraulic model for Bluff Township (refer Figure 2 for model extent).
This study has identified Bluff as a community at flood risk when considering typical flood profiles adopted
across Queensland. It is understood that these models were developed and potentially calibrated against the
2010 flood event and used ARR87 hydrological inputs for design event assessment and that the hydraulic
model was run using Tuflow “classic” engine.
Review of these models and the associated outputs had identified the following:
•

The major January 2011 flood event had not been modelled as part of detailed calibration and that
following the major event a number of flood markers and rainfall estimates were provided to the
council.

•

Council recently identified that new LiDAR data is available which was collected in 2018, which may
better represent current flood behaviour, also that historical LiDAR is available about the 2011 period.

•

The existing model did not fully represent local inflows from small sub-catchments around the Bluff
township. Review of preliminary hydrological results suggested that the flows through the Buff
townships were underestimated using the current hydrology model and that flows generated from
Duckworth creek flooding were overestimated as routing effects weren’t modelled to this smaller level.

•

Not all local catchments were modelled reporting to crossings of the rail and road system which were
not included in original modelling.

As a result, an update to the existing model was undertaken by Cardno in 2021 in order for the model to
better reflect current best modelling practice and to incorporate recently updated survey data and additional
culvert crossings of the rail and roadway.
The existing and historic flooding regime of the township was investigated using this new model with
outcomes presented to the community during a feedback session and site visit where the condition of all
local waterways and culvert crossing was assessed.
Following the community consultation session the feedback from the community was further investigated and
further amendments and updates were made to the model including the following:
•

Updated model inflow representation.

•

Inclusion of all road and rail culverts confirmed from site inspection.

•

Adjustment for the planned Bluff depot culvert upgrades currently being undertaken by Aurizon.

•

An update to the Tuflow version build and reduction in grid size (6m to 2m).

•

Consideration of further routing for the Bluff and Duckworth Creek waterways.

A more detailed calibration assessment was undertaken for the January 2011 event using radar data to
estimate the rainfall distribution over the local catchments, the Bluff Creek and Duckworth Creek areas. Results
were compared against recorded flood levels with outcomes showing a significant increase in accuracy
compared to previous assessments.
The revised model was run for design events including the Defined Flood Event (DFE) for CHRC
(Q100+Climate Change) and revised flood extents and depth of flooding over provide floor levels was
NW30170 | 4 August 2021 | Commercial in Confidence
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undertaken to estimate the cost of damage. All events ranging from 50% AEP up to 0.05% AEP and the PMP
event were modelled to assess the cost of damage associated with each event to both residential and
commercial properties.
The design outcomes continue to identify a significant risk to the community from local flooding and potentially
in areas from larger flooding along Duckworth Creek.
A meeting with the Department of Transport and Main Roads (TMR) and a request for information to the rail
operators (Aurizon) was also undertaken to convey the outcomes of revised flood modelling and to discuss
potential mitigation options and to identify to each stakeholder the portion of the mitigation to be assigned to
the relevant infrastructure (i.e. rail and road culvert crossings).
Further works were undertaken to investigate potential flood mitigation options for the township that would
have significant impact on the flood extents, depth and damage. The currently estimated average annual
damage for the township was defined to be approx. $62K/year with potential mitigation estimates resulting in
a 65% reduction in this estimate.
A number of flood mitigation option were considered (4 in total) that included culvert upgrade and channel
works beneath the roadway and about the township in combination with local levee/bund requirements to
protect the town from more regional flows from Bluff and Duckworth Creek flow. Refer to Section 6 for details.
A review of the reduction in the average annual damage and preliminary cost estimate for the works was
undertaken to identify the Benefit/Cost ratio of all options with outcomes provided in Section 8.3.
Note that although not identified as a specific flooding issue the condition of the Bluff Creek crossing and some
local road drainage remained a key item with the community that needs to be addressed due to potential safety
concerns from water across the road and significant sediment on the roadway that may result in traffic
accidents. Details of these concerns have been highlighted and conveyed to the relevant stakeholder and it is
expected that CHRC would progress discussions relating to works in these areas.
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1

INTRODUCTION

1.1

Background Information

Central Highlands Regional Council (CHRC) require quantification and assessment of potential mitigation
measures to reduce the impacts of flooding on the Bluff township. Previous assessment of potential measures
has been undertaken in the past by other consultants however the scope has now expanded to include
community engagement and more detailed assessments of the flood behaviour and potential mitigation
options.
The previous flood model, developed by KBR, was provided by CHRC and has been updated, expanded and
confirmed for use in this study. The existing model was updated to reflect current best modelling practice and
incorporated recently updated survey data and additional culvert crossings of the rail and roadway. The
existing and historic flooding regime of the township was investigated, with results presented during the first
community engagement session for feedback. The community session was also used to better understand
the concerns of the community in regards to flooding and access during flood events as well as gauging the
community’s opinion towards different types of flood mitigation options.
Upon completion of community engagement session one, the existing model was refined to incorporate any
changes as identified by community feedback and information collected from the site visit. This information
included flood levels from the historical 2nd January 2011 event as well as local observations of flood behaviour
and performance of the adjacent main waterways including Duckworth creek.
The potential existing flood damages and estimate of Annual Average Damage (AAD) of the Bluff township
were then defined using flood damage curves generated using the following:
•

Vulnerability of Australian Houses to Riverine Inundation – Analytical and empirical vulnerability
curves, Geoscience Australia, 2017.

A number of mitigation options were defined during the community consult and then modelled in TUFLOW and
assessed further using the WaterRide program to determine the reduction in damages. All mitigation scenarios
identified were designed for the DFE event (1% AEP + CC) and assessed under the full range of design events
to identify the Average Annual Damages (AAD).
The assessment of the existing scenario and mitigation options were all undertaken through the calculation of
the benefit-cost ratio (BCR) through the use of a Net Present Value (NPV) process to compare the existing
do-nothing conditions against the potential mitigated scenarios. Final recommendations into the optimum
mitigation options also considered aspects such as construction costs, community acceptance and
constructability requirements.
A meeting with the Department of Transport and Main Roads (TMR) and a request for information to the rail
operators (Aurizon) was also undertaken to convey the outcomes of potential mitigation options and to identify
to each stakeholder the portion of the mitigation to be assigned to the relevant infrastructure (i.e. rail and road
culvert crossings).
The second community consult presented the outcomes from the investigated mitigation options and presented
the benefits associated with each option. Final results and a recommended strategy for implementing the
preferred mitigation options were collated and presented to council for consideration.

1.2

Project Locality

The Bluff Township is a small rural town situated approximately 90km east of Emerald, in the Central Highlands
Regional Council (CHRC) municipality. As illustrated within Figure 1-1, the Bluff township is located to the
north of the Capricorn Highway and Aurizon rail line and consists mainly of rural residential housing with some
limited commercial areas.
Review of the previous flood modelling has indicated that the township is mainly impacted by flooding from
small tributaries to the south of the township with some potential backwater impacts from Duckworth Creek.
The region surrounding the Bluff township is characterised by medium to dense tree cover with pockets of land
used for grazing purposes.
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Figure 1-1

1.3

Bluff Location Plan (aerial imagery provided from CHRC)

Scope

The following services were carried out to achieve the project objectives of determining optimum flood
mitigation options for the Bluff Township;
 Update existing TUFLOW flood model to reflect current industry best practice and incorporate the most
recent data for the Bluff Township;
 Determine the existing flooding regime through the Bluff Township under a range of AEP’s;
 Community Engagement Session One (1) to present existing flooding results, and gather community input
into potential flood mitigation options;
 Quantify existing flood damages for the Bluff township;
 Creation of Mitigated TUFLOW models for four (4) mitigation options;
 Quantity flood damages for modelled mitigation options;
 Net Present Value (NPV) assessment of existing do nothing approach and mitigation options;
 Conduct a Benefit Cost Analysis (BCA) of the existing do nothing, and mitigation options to determine the
optimum measures to address and alleviate township flooding;
 Community Engagement Session Two (2) to present the outcomes of the mitigation options assessment;
and
 Final reporting for submission to CHRC.
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2

Project Data

2.1

Data

Data that was provided or sourced in order to carry out the flood mitigation and damage assessment is
detailed below.
 Existing Flood Model and Hydrology for the Bluff Township from the 2014 CHRC Floodplain Management
Study, provided by CHRC
 Data relating to the inverts, type and sizing of the culverts beneath the rail and road corridor, provided by
CHRC.
 Building Data, including survey information of Finished Floor Levels (FFL), provided by CHRC
 Utility information for the Bluff Township, provided by CHRC
 2011LiDAR (2 points/m2) and 2018 LiDAR (4 points/m2), provided from CHRC
 2018 aerial imagery, provided from CHRC
 Damage indices for residential properties, sourced from Geoscience Australia (Analytical and empirical
vulnerability curves, record 2017/2010)
 Damage indices for commercial properties, sourced from DNRM (2002)
 Median house prices for the Bluff township, sourced from realestate.com (2021)
 Median land prices for Banana Shire Council, sourced from DNRM (2020).
 Recorded Historical Flood levels (2010 event), survey marks, and community description of flood
behaviour, sourced from CHRC and community consultation
 Property Boundaries and zoning information, provided from CHRC

2.2

Limitations & Assumptions

It has been assumed that the data provided and sourced at the time of carrying out this study is correct and
the most accurate information available to be adopted and applied for the assessment. Cardno has undertaken
due diligence to review the information provided by external sources.
Note that after the initial site investigations a follow up visit to the township has identified that Aurizon has
progressed works to update the culvert crossings about the Bluff Depot. A request for further information on
the planned upgrades has been made and Aurizon has indicated it has received this however no data or
information has been provided to date. To date a review of the nominal upgraded culvert sizing (those
completed) has been undertaken and incorporated into the flood model for assessment of existing and
mitigation options.
A number of additional assumptions have been applied to the information and processes adopted in this study
to allow the progression of the project in the absence of additional data.
A summary of any data and assumptions which may have influence over the outcomes of the study are
documented below.
 The review and update of the provided hydrology model was carried out using available information for the
calibration event on the 2nd January 2011. It is noted that there was no official published rainfall data for the
event that fell on the Bluff township on the 2nd January 2011, and that radar animations in addition to
community recordings of the event were used to generate a storm event for use within the hydrological
modelling. As such, the accuracy of the developed storm event and modelling is limited to the information
provided and collected at the time of carrying out this study. We do note however that the Bluff Alert rain
gauge was installed post the 2011 event.
 The provided survey information for the major culvert structures along the Railway and Capricorn Highway
was carried out after the 2010/2011 flood event. As such, there is no information available on the condition
of the culverts (i.e. blockage) prior to the flood event. As such, blockage factors have been applied based
on upstream catchment characteristics and knowledge of the study area.
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 The provided building floor level survey data has been used to set the FFL’s used within the flood damage
assessment. In the occurrence where no data was available for the property, it was assumed that the
property was 0.5m above ground level.
 Where the provided property data did not specify the type of premises (i.e. residential or commercial), a
single-storey residential dwelling was adopted.
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3

Model Update and Revision

3.1

Review of Hydrology

The previous hydrology utilised within the TUFLOW model was simulated using XPRAFTS and ARR1987
processes. Review of the XPRAFTS model indicated that the hydrology model used to generate the inflows
into the hydraulic model was developed from a regional hydrology model and was calibrated to the Dec 2010
flood event throughout the region.
This model is therefore not fully representative of local inflows from small sub-catchments around the Bluff
township. Review of preliminary hydrological results suggested that the flows through the Buff townships were
underestimated using the current hydrology model and that flows generated from Duckworth creek flooding
were overestimated as routing effects weren’t modelled to this smaller level.
The local and regional hydrological performance was confirmed from the feedback collected in community
consultation 1 in regards to the isolated 2nd January 2011 event which was a significant event that fell only
about the township. During this event there was minimal to no flooding caused by backwater effects from
Duckworth creek, and it was recounted that all flooding during the calibration event was generated from flows
upstream of the Capricorn highway that entered the township at the western extent. As such, it was deemed
best practice to revise the hydrology model to better represent the local sub catchments contributing to the
Bluff township flooding and address the overestimation of regional flooding from Duckworth Creek.

3.2

Calibration Rainfall Event

Investigation into the Calibration Rainfall Event (inflow histogram 2010_IsaacMack.his) within the provided
XPRAFTS model was found to be for an event that occurred on the 27th of December 2010. The rainfall event
that caused the flooding of the Bluff Township occurred on the 2nd January 2011, for which there were no
available rainfall files. The closest rainfall station was the Blackdown Tablelands alert.
As such, a calibration rainfall file was developed using historic available data for the 2nd of January and any
relevant community observations. The recordings/observations used to inform the development of rainfall data
files for the 2nd January 2011 are as follows;
 Local resident rain gauge recording of 165mm within 1hr, situated north of the Bluff Township.
 Qrail rain gauge recording of 137mm in 24hrs, situated to the south of the Bluff Township.
According to community recollection of the event, the Bluff Township was documented as experiencing the
most intense rainfall and flooding, with Bluff and Duckworth Creeks showing only minor flows. As such, the
higher hourly rainfall totals were assigned to catchments discharging to the Bluff Township. The Qrail recording
of 137mm was assigned to the catchments upstream of Capricorn highway that discharged into Bluff Creek.
Incorporating the above recordings, the process for generating the rainfall files is summarised below.
 Review of the radar animation file for the storm event on 2nd January 2011 for the region surrounding the
Bluff Township (sourced from theweatherchase.com).
 Review of the distribution and proportion of rainfall that fell within the Bluff township, Bluff Creek Catchment
and Duckworth Creek Catchment.
 Using the rainfall distribution comparison between the Bluff Creek, Duckworth Creek and Bluff Township
and the known gauge recordings, storms were generated for the Bluff and Duckworth Creek Catchments.
The rainfall distribution over the event timeframe was based on the radar intensity animation at each
timestep.
 The 1hr total rainfall for the Bluff North Catchments, Bluff township, Bluff Creek and Duckworth Creek were
estimated at 132mm,165mm, 88mm and 57mm respectively.
 The daily rainfall totals for the Bluff North Catchments, Bluff township, Bluff Creek and Duckworth Creek
were estimated as 179mm, 236mm, 137mm and 99mm respectively.
Refer to Figure 3-1 for the derived rainfall distributions incorporated into the hydrology model.
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Figure 3-1

3.2.1.2

Generated Rainfall Distribution for event 2nd January 2011

Changes to XPRAFTS Model

The following changes were made to the provided regional hydrology model;
 The previously modelled catchments 78-84 were further delineated to better represent sub-catchment
routing and storage characteristics and to capture the flow regime in and around the Bluff township. Refer
to Figure 3-2 and Table 3-2 for the adopted sub-catchment parameters.
 The original hydrology model utilised a storm multiplication factor of 2 applied to every catchment
contributing to the Bluff portion of the model (sub-catchments 78-84). The storm factor increases the rainfall
hyetograph values by the nominated factor and is used to customise rainfall amounts for locations were no
gauges exists. The initial multiplication factor of 2 was selected to generate the 165mm of rainfall which
was recorded to fall on the township within the 1 hour main burst event on the 2nd January 2011.
 As the rainfall files and catchments were redefined as part of the hydrology review, the storm multifaction
factor was set to the default value of 1.
 For the Calibration model, adjustment of initial losses for catchments 78-84 were set to IL=0mm,
CL=2.5mm/hr to represent the wetted catchment conditions at the time of the event.
 For the design model, the initial losses were adjusted to match the catchment conditions anticipated for the
design event as summarised in Table 3-1.
 The design hydrology for the PMF event were maintained as per the provided hydrological model.
 The design mode was re-run for a range of durations to determine the peak flow at the Bluff Township and
through Duckworth Creek for each design event. The critical duration was selected for each design event
at the Bluff Township and Duckworth Creek location and output as.ts1 files and used within the Hydraulic
modelling. A summary of critical duration for each event is detailed in Table 3-3.
Table 3-1

Revised initial loss parameters

Event

Q2

Q5

Q20

Q50

Q100

Calibration

Initial Losses

25mm

20mm

10mm

5mm

0mm

0mm
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Table 3-2

Revised XPRAFTS Sub-catchment Parameters

I.D

Area (ha)

Manning’s (n)

Vectorized Slope (%)

IM78DS

868.00

0.059

0.81

IM78Mid

1090.00

0.059

1.82

IM78Up

2565.00

0.059

2.89

IM79

1170.00

0.059

1.25

IM80

491.00

0.059

1.00

IM81

731.00

0.059

1.00

IM82

248.00

0.059

1.00

IM83a

355.00

0.062

1.00

IM83b

142.18

0.062

2.58

IM84a

62.91

0.059

2.78

IM84b

7.74

0.059

5.78

IM84c

16.40

0.059

3.55

IM84d

85.00

0.059

2.12

Table 3-3

Critical storm durations for locations of interest

Event

Q2

Q5

Q20

Q50

Q100

Q500

Bluff Township

3hr

3hr

3hr

1hr

1hr

1hr

Duckworth
Creek

6hr

6hr

6hr

12hr

12hr

12hr

Figure 3-2

XPRAFTS Revised Catchment Delineation
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3.3

Changes to Existing TUFLOW Model

The provided client model was reviewed and amended to provide better representation of the flooding
behaviour along Bluff Creek, Duckworth Creek and the Bluff township using current modelling best practice
and the latest TUFLOW model build.
3.3.1

Updated Model Inflow Representation

Review of the client model illustrated that all inflows into the model were represented as 2d_bc polylines, which
included inflows within the code extent. Review of the 2018 LiDAR in relation to the digitised inflows, further
showed that inflow locations where lumped and not situated correctly to assess the impact of flooding through
the township. A summary of adjustments made to model inflow representations is detailed as follows;
 Adjustment of 2d_bc inflow locations around the model extent to snap to code boundary and better align
with flow paths as defined in the topography.
 Convert 2d_bc inflow lines along Duckworth Creek to 2d_sa_all polygons along the creek to provide better
flow distribution.
 Addition of 2d_sa_all polygons based on revised XPRAFTS sub-catchment delineation for IM84 and IM83.
 Note that a different bc-dbase and 2d_bc inflow layers were adopted for the PMF event to allow for old
hydrology to be maintained within the model. Splitting of inflow IM84 into multiple 2d_sa_ all polygons based
on sub-catchment delineation from the XPRAFTS model (applied for PMF events where existing hydrology
was maintained). This allowed inflows to be positioned upstream of the Bluff Township to better resent local
overland flow through the township.
3.3.2

Updated 1d network and connections

The following amendments were made to the client 1d network;
 Addition of culverts along Capricorn highway and railway which were previously not included in the client
model. Culverts were modelled in accordance with data provided from the client in
Bluff_DTMR_Culverts_300321.shp and 20110408_BluffRoadRailCulvertData.
 Adjustment of 2d_bc connection for culverts to ensure that digitised SX lines spanned across an adequate
number of cells with the correct orientation.
 In locations where culverts of different sizes clearly discharge to the same location (visible headwalls), the
culverts were digitised to allow a single 2d_bc_sx connection.
 Addition of 2d_zsh downstream of some culverts to allow free drainage. This was required due to poor
definition of 2011 LiDAR. Z shapes were defined from the culvert inverts along the channel bed to the next
clear low point. This was reviewed against the 2018 LiDAR, where flow paths are clearly shown in the DEM.
 Modification of culvert blockage for the calibration event in accordance with the data detailed in
20110408_BluffRoadRailCulvertData.
The 1d network as modelled in TUFLOW are illustrated in Figure 3-3 with details specified in Table 3-4.
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Figure 3-3

Schematic of modelled 1d network

Table 3-4

Parameters of modelled 1d network

ID

Size ( no. w x h)

UP IL (m AHD)

DS IL (m AHD)

Length (m)

1

3 x 900

162.00

161.90

10

2

1 x 4400 x 4100

162.40

161.10

30

3

2 x 3050

161.90

161.00

30

4

2 x 3000 x 3000

159.90

159.80

10

5a

4 x 2100 x 1500

174.70

174.46

10

5b

3 x 2100 x 1500

174.70

174.60

10

6

5 x 3000 x 1500

175.60

175.40

20

7

4 x 1200 x 1200

172.47

172.20

40

Bluff 4

3 x 1200 x 900

171.70

171.60

12

Bluff 5

1 x 1200 x 750

167.30

166.67

36

Bluff 6

1 x 1200 x 450

166.40

166.20

12

Bluff 7

1 x 1300 x 1200

168.30

167.47

39.7

Bluff 9

1 x 600 x 300

165.71

165.53

10

Bluff 10

1 x 1500x 1000

167.40

167.13

37.6

Bluff 11

1 x 500 x 500

168.66

168.40

28.7
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3.3.3

Updated TUFLOW BUILD

The existing 2010 Classic model was updated to run using the TUFLOW 2020-10-AA build. Further
modifications include utilising the HPC solution scheme, with Sub-Grid-Sampling (SGS) capabilities.
Refinements to the model inputs to allow for conversion to HPC are as follows;
 Update to single precision modelling from double precision.
 Update model to run using the 2011 LiDAR instead of sampled zpts.
 Reduction of grid cell size to 2m from 6m.
 Reduction of 2d and 1d timestep to 0.5s and 0.1s respectively.
 Adjustment of 2d_bc culvert connections to correspond with revised cell size.
 Incorporation of Layered Flow Constrictions (LFC) for houses within the township to more accurately
capture flow regime. Aerial imagery and street view for the Bluff township was used to establish a
relationship on blockage and form loss for the standard house within the bluff township. The LFC
parameters were then applied to each building based on the buildings height above the ground level, as
determined by the supplied survey Finished Floor Level (FFL) data and inspection of the 2018 LiDAR. It is
noted that where FFL’s or street view was not available, the FFL of the building was assumed to be 0.5m
above the ground level, as this was deemed the average elevation of buildings for the township.
 Addition of manning’s layer for roads within the township

3.4

Calibration Results Review

Upon incorporating the above model changes, the model was simulated for the 2011 calibration event. The
peak flood level was compared against seven (7) flood level marks, as illustrated within Figure 3-4 and
compared against the results extracted from the client model. Refer to Table 3-5 and Table 3-6 for the
comparison of recorded flood levels to simulated results.

Figure 3-4

2011 Flood Calibration Points
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Table 3-5

Calibration Peak WSL Comparison

Survey Point

30

21

28

26

23

24

Recorded Flood Level (m
AHD)

175.029

171.416

169.659

168.623

164.487

163.952

2010 Client Model Peak
WSL (m AHD)

174.477

171.360

169.553

168.407

164.607

164.605

2020 HPC Model Peak
WSL (m AHD)

174.981

171.381

169.712

138.458

163.997

163.689

Table 3-6

Difference in Peak WSL Comparison

Survey Point

30

21

28

26

23

24

2010 Client Model Peak
WSL (m)

-0.552

-0.056

-0.106

-0.216

0.120

0.6530

2020 HPC Model Peak
WSL (m)

-0.048

-0.035

0.053

-0.165

-0.490

-0.263

Review of the final calibration peak WSL’s from the updated TUFLOW model shows an overall improvement
to matching the recorded flood marks for the 2010/2011 event through the Bluff Township, when compared to
the provided client model. The general trend in results indicates that the flood levels generated from local sub
catchment inflow IM83b (controlling flooding for points ID30, 21, 28, 26) have been significantly improved by
the amendment of the hydrology model. Although levels are still below the recorded flood marks, they are
within 200mm.
For points ID23 and ID24, the flooding at these locations is caused by a combination of Duckworth Creek
backwater effects and local sub-catchment flooding from IM83a, IM83b and IM83c. In the previously supplied
model, flooding behaviour at these points was governed solely by backwater from Duckworth Creek, which
was not consistent with flooding behaviour recounted from the community members.
Although the results generated from the updated TUFLOW model/hydrology are still being underestimated by
approximately 500mm, it is noted that the difference in water level between ID 23 and 24 is similar to the
recorded flood marks. In the provided client model, points 23 and 24 recorded the same flood level due to
consideration of Duckworth creek flow only. As such, the inclusion of the upstream catchments in the updated
hydrology (IM84a, IM84b, and IM84c) has resulted in a flooding regime that mimics what was recorded in the
calibration event.
In summary, the previously supplied hydrology model was not accounting for runoff generated from catchments
situated upstream of Capricorn highway and consequently underestimating flooding through the Bluff
Township. The updated calibration model, incorporating the additional sub catchments, is deemed to provide
a more realistic representation of flooding behaviour through the Bluff Township and has been utilised for use
in estimating flood damages for the township.
The peak flood mapping representing the 2010/2011 calibration event is presented in Figure 3-5.
It is noted that previous reporting on the 2010/2011 calibration event documented the frequency as a 0.8%
AEP event based on comparison with the design event results at a location downstream of the Bluff Township
(Node IM84e). This was largely attributed to the fact that the Duckworth creek catchments had the storm
multiplication factor of 2 within the calibration hydrology model, which overestimated flows passing down the
creek and equated the magnitude to a larger design event.
For flooding impacting the Bluff Township, the original hydrology did not capture the sub-catchment
contributing to local flooding and as such a comparison to an actual design event could not be accurately
made. However, review of the updated hydrology model equates the calibration flow contributing to Bluff
Township flooding as being equivalent to a 0.2% AEP event.
Review of Figure 3-5. indicates the following:
 Flow from western rail culvert flow over the road and down an existing drainage path to an established
dam.
 The water ponds up behind the dam wall which does not have a defined overflow and as such flow is
directed east across and into the township.
 The flow heads through the township and discharges into Duckworth creek via the eastern drainage line.
 Water is also directed down the roadway and into the township.
 The roadway is significantly cut at the Bluff Creek, western end of town and the area to the east of the rail
depot.
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Figure 3-5

2011 Event Modelled Peak Water Depths and Flow Direction
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3.5

Existing model for flood damage assessment

The calibration model was used as the base case model for the flood damage assessment and adapted to
represent the Bluff township with current available data. The changes carried out to the calibration model to
increase accuracy for present day assessment of the Bluff Township include;
 Update the 2011 LiDAR to the most recent data available at the time of carrying out assessment (2018
LiDAR)
 Removal of redundant 2d_z shps used to previously define roads, which are now captured in the 2018
LiDAR.
 Modification of 2d_zshps downstream of culverts to match 2018 LiDAR.
 Adjustment of culvert location/orientation and 2d_bc connections to match 2018 LiDAR.

3.6

Existing Results Review

The updated TUFLOW model was simulated for the 50% AEP, 20% AEP, 5% AEP, 2% AEP, 1% AEP, 1% +
CC AEP (DFE), 0.2% AEP and the PMF event. This has allowed the flooding behaviour for the township under
existing conditions to be estimated under a range of flood events.
The assessment has identified a notable risk of flooding for the Bluff Township. Based on the simulated results,
the township appears to be flood immune for the 50% AEP (Q2) event, and begins to experience inundation
from the 20% (Q5) event onwards. Refer to Appendix A for the existing flood mapping for the Bluff Township.
Table 3-7 indicates the severity of flood risk for the Bluff township by presenting the number of buildings that
are subject to inundation for each event.
Table 3-7

Summary of Properties Impacted by Flooding under Design Events

Number of
Occurrences

Q2

Q5

Q20

Q50

Q100

DFE

Q500

PMF

2011
Event

Water encroaches
building footprint

2

16

77

94

103

123

131

285

159

Water above FFL

1

2

4

6

7

12

17

245

25

The flooding mechanism resulting in township inundation appears to occur from a combination of local overland
flow and flooding from Duckworth Creek.
The south eastern portion of the township experiences flooding from the small local catchment situated to the
south of the Capricorn Highway. The flooding regime from the local catchment occurs from water attenuating
behind the exiting culverts under Capricorn Highway, which creates a flow path to the west along the existing
road side table drain, which eventually overtops Capricorn highway and flows into the township. The other
local flooding mechanism appears to occur from breakout flows of an existing channel downstream of the
Capricorn highway, with flows inundating properties along the western boundary of the town.
Flooding resulting from Duckworth Creek occurs in the north eastern portion of the township and is a result of
backwater overtopping the banks of existing minor creeks and ingression into properties.
The flooding mechanisms from the existing model were presented during the first community consultation and
largely confirmed by local witness of previous flooding behaviour. The insight into the existing flooding
mechanisms formed the basis for the development of mitigation options for the Bluff Township.
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4

Community Consultation

The first community consultation session was undertaken on 21st April 2021, with 7 members of the Bluff
Community present.
Existing modelling process and results were presented to provide the community with an insight to the current
flood behaviour of the township.
The session sought and captured feedback on the following key topis;
 Historical flood behaviour (i.e. local residents measured levels, recorded and accurately surveyed flood
heights).
 Anecdotal evidence on flood or updated structures.
 Identification of critical community infrastructure and people at risk in the township.
 Home contents insurance summary.
 Appetite for adopting proposed mitigation options.
The outcomes of the initial modelling were presented to local residents to confirm that what was modelled
replicated the observed flood behaviour during the 2011 event. Following the review of the flood animation
generated in WaterRide, the community had a number of feedback responses as follows:
 The levels and flow in Duckworth Creek were overestimated initially and better fit the revised hydrological
assessment.
 The general flow and direction of flow replicated what was observed during the event.
 It was recognised that the ponding of water in the dam at the western extent of the township appeared to
create backwater and conveyance issues and that the town was flooded from this area and from water
heading down the roadway from the road crossing.
 The general consensus was that a solution to the flooding would be to increase the conveyance of the
channel from the roadway and through the existing dam to redirect water away from the town. The
landholder for this area was not present.
 The town didn’t consider the need for levee protection against Duckworth Creek as they haven’t
experienced flooding from the Riverine system in the past. Modelling has however indicated that this may
be an issue in the future if rainfall falls on the Duckworth Creek catchment.
 The residents considered a raising and upgrade of the crossing at the Bluff and excavation/sediment
removal from the downstream creek to be a high priority.
It is noted that the hydrology and hydraulic model were revisited after Community Consultation 1 in response
to captured feedback on the flood behaviour.
A summary of all issues raised by the Community and CHRC responses in the meeting is presented in Table
4-1.
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Table 4-1
Item
1

Community Consultation Feedback
Community Identified Issue
•

Photos

Concern over the TMR operated road
crossing at the Bluff Creek. 25mm of rain
results in overtopping and sediment
deposition on the road becomes a
significant hazard until cleared.

•

Upstream land practices and sediment
accumulation in the downstream channel
means water ponds over this road
crossing and deposits significant
sediment.

•

This is seen as a serious safety risk and
locals are concerned about a potential
fatality as traffic comes across this
ponded water and sediment

Potential Mitigations/CHRC Response
•

Discussions to be held with TMR to review potential for
road lifting and culvert upgrade.

•

Investigate potential for removal of sediment about
downstream channel to allow flow to continue without
dropping sediment on the road.

•

A sediment basin is not really viable due to the land
area and the amount of sediment so conveyance is
considered a better option.

Bluff Creek Rail Crossing

Bluff Creek Road Crossing

Debris Over Road at Bluff Creek
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Item
2

Community Identified Issue
•

Concern over the status of the western rail
and road culverts and the build up of
sediment following clean out by TMR
about the area and the potential for this to
make the flooding worse.

•

Excavated material from about the
culverts is deposited within the road
easement.

•

The drainage channel downstream is
silted up within the road easement so
flood water backs up over the road.

Photos

Potential Mitigations/CHRC Response
•

Mitigation options to include re-instatement of the
downstream channel and review of requirements for
road culvert upgrade.

Western Drainage Road Crossing
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Item
3

Community Identified Issue
•

Photos

Significant concern over ponded water
that appears between the main roads and
rail easement to the east of the Aurizon
buildings potentially as a result of effluent
release from upstream tanks

•

Previous effluent sprinklers were in the
mining area and have been potentially
moved to a location close to the tanks.
Sprinklers have been observed operating
in this area.

•

Water is long standing and resulted in
Typha Reed growing and is an eye sore to
the community

Potential Mitigations/CHRC Response
•

Source and quality of water to be investigated by
CHRC

•

Potential to regrade and clean up drainage by TMR to
allow this water to drain away

Downstream Ponded Effluent in Road Easement

Typha Reed Growth in Road Easement (south)
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Item
4

Community Identified Issue
•

Concern over the status and maintenance
of all TMR and Aurizon rail culverts before
flows enter the township.

•

The old rail spur requires cutting and
regrading and maintenance along entire
length as does the road easement.

•

Council has ceased using local labour and
has contracted workers who
predominantly address issues with a
mower at the sporting fields and do not
have the direction or time to address other
areas.

Photos

Potential Mitigations/CHRC Response
•

Council to consider a maintenance program and
highlight the key areas where culverts require de-silting
and drains that need to be re-established.

Existing Culverts under roadway

Drain Adjacent to Rail Spur (overgrown)
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Item
5

Community Identified Issue
•

Local drainage about the road easement is
silted up on the southern side between the
rail and road and does not allow drainage
to the eastern road crossing.

•

As a result the roadway is inundated with
water even in small events and creates
safety issues for vehicles.

•

Photos

Local residents have had to extract cars
out of the eastern road low point during
storms after drivers have become
stranded.

Potential Mitigations/CHRC Response
•

Discussions with TMR to address road drainage,
crossing and requirement for works to be
undertaken.

•

Potential to acquire land on northern side of road to
increase drainage potential away from roadway.

•

Maintenance of existing road and rail table drains
and cleaning out of existing culvert entry and exits.

Eastern Low Point Road Inundation

Traffic Delays at Bluff and through township

NW30170 | 4 August 2021 | Commercial in Confidence

19

Bluff Township Flood Mitigation
0B3B4BOptions Analysis Study
Item
6

Community Identified Issue
•

•

Photos

Residents have identified that mining area
berms at the top of reshaped spoil plateau
are not working and extra flow and
sediment is being directed to the eastern
drainage path in the township and is
adding to the issues with sediment
accumulation within the culverts.

Potential Mitigations/CHRC Response
•

DNRM to address this as part of mining operations
and rehabilitation performance.

•

Council will contact and request clarification on
resolution of the issue.

Berms failed in last event and plateau is
now directing sediment laden water into
the eastern township drainage path
instead of to the identified sediment dams
and approved drainage system

Direction of Sediment Laden Water from Mining
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Item
7

Community Identified Issue
•

Photos

More recent site visit identified an upgrade
to the existing Aurizon rail line culverts as
part of a year long program to upgrade all
culverts about the Bluff Depot

Potential Mitigations/CHRC Response
•

A request for data has been issued by Cardno and
CHRC and we have received a response to indicate
that the data will be provided.

•

Sizing of the new culverts has been undertaken and
incorporated into the current investigations.

New Culverts 1/6/2021

Previous Culverts 15/5/2021
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5

Stakeholder Discussions

5.1

TMR

Outcomes of the current modelling was presented to TMR on the 4th June 2021 at the offices in Rockhampton.
Meeting was attended by Cardno and council flood mitigation officer. TMR indicated that they were aware of
the issues however they were not aware of the upgrades to the rail line proposed by Aurizon.
TMR identified that they would like future access to the Cardno Bluff Tuflow Model and would review the
mitigation options in regards to potential upgrades to the Bluff Creek crossing via raising the roadway and the
western drainage path mitigation options as identified (channel lowering and culvert upgrade).
The remaining maintenance items for culvert clean out and maintenance and establishment of free-flowing
drainage paths was identified and need to be undertaken by TMR in the future. CHRC should continue to
highlight this requirement to better reduce the time the main road and access is restricted after rainfall events.
The Capricorn Highway remains a major highway and heavy transport route for Central Queensland and key
route for drive in and drive out workforce for mining sector. Upgrade works on the culverts and Bluff Crossing
remain very important to keep the traffic flowing without significant delays.

5.2

Aurizon Rail

A meeting with Aurizon was undertaken on the 16th June 2021 to discuss the following:
1. Planned upgrade of all culverts in the Bluff depot
2. The current flood performance of the system
3. The operation of the effluent plant and the potential source of the ponded water on the northern side
of the rail easement.
Meeting was attended by several Aurizon personnel including the following:
•

Vivek Singh – Principal Engineer Civil

•

Kevin Neil – Project Manager

•

Edward Brookes – Structures Leader

•

Simone Alexander – Social Performance Coordinator

Outcomes of the meeting are presented below:
 Aurizon had commissioned AECOM to undertake hydrological and hydraulic assessment of all culvert
crossings for the proposed upgrade. The report was not provided however Aurizon has indicated that the
report and upgrade works aimed to provide a no worsening of flows or flood behaviour and that in general
the culverts replaced would maintain the same conveyance capacity as the original culverts. It is
recommended assessment be made of the AECOM model and confirm consistency in flood behaviour
and flow rates with the Cardno model outputs.
 As part of the proposed works some local drainage was to be incorporated but the issue remains applying
and gaining approval from TMR.
 The landholder on the western extent of the township has sold the land to the state. This needs to be
confirmed by council for the identified lot.
 Aurizon had approached TMR in the past to identify the potential for a better-defined channel downstream
of the western drainage path and that this proposal had been rejected.
 Aurizon provided a summary and detailed drawings of the proposed culvert upgrades to the area (refer
Appendix C).
 Aurizon indicated that the effluent plant was operated and owned by Queensland Rail and that a corridor
Enquiry should be made to get the contact within QR.
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6

Proposed Mitigation Options

6.1

Mitigation Scenarios

The meeting also sought feedback on the presented Mitigation options and other potential mitigation methods
that may be palatable to the community. The commentary on the presented mitigation options is summarised
below. Refer to Figure 6-1 for the schematic of presented mitigation options.
Table 6-1

Mitigation Option Summary

Mitigation Option

Description
Channel 1
Increase capacity of existing channel to prevent flow through township from local upstream catchment

Mitigation Option 1

Bund 1
Block flow path created from attenuated flow from culvert to prevent flow into township
Bund 2
Block flow path created from overtopping channels to prevent water ingress into western properties
Levee 1
Reduce ingress of backwater from Duckworth Creek
Incorporation of one-way culvert to provide drainage relief for local upstream flow
Levee 2

Mitigation Option 2

Reduce ingress of backwater from Duckworth Creek
Incorporation of one-way culvert to provide drainage relief for local upstream flow
Levee 3
Reduce ingress of backwater from Duckworth Creek
Incorporation of one-way culvert to provide drainage relief for local upstream flow
Rail Drop Structure
Sculpt out region between rail and Capricorn Hwy to RL 171 to increase storage upstream of Bluff_4
culverts
Increased Capacity Culverts (Bluff_4)

Mitigation Option 3

Increase capacity of Bluf_4 culverts to 6 x 1200 x 900 (same conveyance as rail culverts). Inverts adjusted
to UPIL 171m AHD DSIL 170.9m AHD
Increase Depth Channel_1
Upstream end of channel 1 adjusted to RL 170.9 and graded at 1% to back into original channel profile.

Mitigation Option 4

Mitigation Option 2 + Mitigation Option 3
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Figure 6-1

Proposed Flood Mitigation

The design of the levees remains consistent with small compacted earth bunds however the potential upgrade
to the road crossing and channel sizing and slope requires further more detailed design. Civil design
assessment was undertaken for each scenario with the summary of extent of works presented in the following
sections.

6.2

Design of Flood Mitigation Infrastructure

Autodesk’s Civil3D design package was utilised for the design of the channels and levees used for the above
mitigation options.
Channel 1 was designed to have a conveyance capacity equivalent to the quantity of water overtopping
Capricorn HWY and entering the Bluff Township, which was estimated at approximately 17m3/s. The
preliminary sizing was carried out using Manning’s equation to determine the depth, width and batter
requirements. The alignment for the channel was delineated through the existing flow path and sculpted out
to the required depth, with batters tying in with the existing surface level.
The alignment for the Levees was digitised across the main flow path caused by backwater effects from
Duckworth Creek. The design profile of the levee was set above the DFE (incorporating 300mm freeboard)
across the entire alignment and was tied back into existing surface levels where possible. All levees utilised a
defined cross section, with a crest of 5m and batters of 1 in 4.
A design surface was created for mitigation options 1, 2 and 3 and exported for use within TUFLOW. The
surface for mitigation option 4 was merged from surface 2 and 3.
The net earthwork volume associated with each option was also extracted for use within the mitigated flood
damage assessment. A summary of each infrastructure option, and the associated earthworks volume are
detailed in Table 6-2.
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Table 6-2
Mitigation
Option

Mitigation Option Infrastructure Summary
Infrastructure Name

Parameters

Channel 1

Base Width: 10m
Average depth: 1m
Batters: 1 in 4
Longitudinal Grade: 1.2%
Length: 454m

1
Bund 1

Width: 4m
Height (m AHD): 174.79 – 172.62
Batters: 1 in 4
Length: 22
Net Earthworks Volume: 10,500m3 (cut)

Levee 1

Top Width: 4m
Height (m AHD): 166.2 – 165.7
Batters: 1 in 4
Length: 90

Levee 2

Top Width: 4m
Height (m AHD): 165.10

2

Batters: 1 in 4
Length: 60
Levee 3

Top Width: 4m
Height (m AHD): 164.5
Batters: 1 in 4
Length: 370
Net Earthworks Volume: 2,305 m3 (fill)

Rail Drop Structure

Base Width: 15m
Batters: 1 in 3
Average Depth: 1m

3

Channel 1

Base Width: 10m
Average depth: 1.2m
Batters: 1 in 4
Longitudinal Grade: 0.9%
Length: 454m
Net Earthworks Volume: 15,470 m3 (cut)

4

Mit02 + Mit03
Net Earthworks Volume: 13,155 m3 (cut)

Detailed concept Figures showing the locality, extent, heights and layout are presented in the following:
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6.3

TUFLOW Model Updates

The changes to the TUFLOW model for the mitigation options are summarised below
 Stamp design surface onto existing base DEM for each mitigation design run.
 Assign manning’s roughness n = 0.05 for channels and levees.
 Addition of one-way culverts to provide local drainage relief under flood levees.

6.4

Mitigation Options Modelling

The mitigation options were modelled for the DFE to analyse the improved immunity of the Bluff Township
under all investigated mitigation options. A summary of the effectiveness of each option is summarised below.
Mitigation Option 1
The incorporation of Channel 1 and Bund 1 showed some minor improvements to the flood immunity of the
Buff Township when compared to the current scenario (refer to Figure 6-2).
The results from Mit01 demonstrated that flood waters are still attenuating upstream of the Bluff_4 culverts
and overtopping Bund 1 and the Capricorn Highway, causing township flooding. This indicates that the capacity
of the culverts under Capricorn highway are undersized and cannot convey the flows discharging from the
upstream railway culverts (17m3/s). With the current Bluff 4 culvert configuration, flows of up to 10m3/s are
conveyed into Channel 1, with the remaining water overtopping the highway and entering the Bluff Township.
As such, the effectiveness of Channel 1 and Bund 1 are limited by the capacity of Bluff 4 culverts, which control
the volume of flow entering the downstream channel. Without modifying the configuration of the Bluff 4 culverts
or the height of Capricorn highway, flooding into the township will likely continue.

Figure 6-2

Mitigation Option 1 Peak Flood Levels (DFE)
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Mitigation Option 2
The incorporation of Flood Levees 1-3 are shown to effectively prevent the backwater from Duckworth Creek
entering the township (refer Figure 6-3).
However, the major flooding mechanism under this scenario remains the local floodwater entering the township
from the upstream catchment to the southwest. In some regions, the peak flood level on the upstream side of
the levees is worse due to the flows being attenuated behind the structure. Although drainage relief culverts
have been provided underneath the levees in all low points, the culverts have not been sized to accommodate
the major flows from the upstream catchment and currently only cater for local stormwater conveyance.
As such, the incorporation of flood levees without addressing the flooding regime from the catchment upstream
of Capricorn highway will provided little to no benefit for the Bluff Township.

Figure 6-3

Mitigation Option 2 Peak Flood Levels (DFE)
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Mitigation Option 3
Mitigation Option 3 demonstrated an improved storage volume upstream of Culverts Bluff_4 and was effective
in preventing flood waters overtopping the Capricorn Highway (refer to Figure 6-4). The upgraded Bluff_4
culverts conveyed the total flow from the railway culverts, which were safely contained and conveyed within
the downstream Channel 1. Under this scenario, township flooding from the upstream culverts was eliminated.
The backwater effects around the township fringe were the only flooding mechanism remaining in this scenario.

Figure 6-4

Mitigation Option 3 Peak Flood Levels (DFE)
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Mitigation Option 4
The combination of Mitigation Option 2 and Mitigation Option 3 provided the ultimate flood mitigation option
for the Bluff Township (refer Figure 6-5). Under this scenario, all township flooding was removed under the
DFE.

Figure 6-5

6.5

Mitigation Option 4 Peak Flood Levels (DFE)

Mitigation Cost Estimation

The cost estimation for the mitigation options have been generated using a combination of rates provided by
CHRC and recent tender rates for similar projects undertaken by Cardno. Due to the rural location and the
current inflation of constructions materials due to covid, the costs are accurate to ±30%.
The assumptions which have been adopted in compiling the cost estimates are summarised below;


The cost estimates provided as part of the study are informative only and should not be used for the
acquisition of funds or any approval processes.



The costs and quantities are conceptual only and have not considered all aspects that would be
involved in carrying out the work. It is recommended that a revised cost estimate is carried out at
detailed design phase.



It has been assumed that all material excavated from the channel will be unsuitable for use as fill for
the flood levees.



No consideration has been made for the excavation of encountered rock materials in the cost estimate.
This has been provided as a provisional item only.



The costs associated with supply and install of culverts and accessories have been inflated to
represent the current supply shortage. This may not be reflective of the costs at the time of construction
and should be revisited at this time.

The comprehensive schedule of rates and quantities estimated for each mitigation option is detailed in
Appendix B. A summary of the total cost for each option is detailed in Table 6-3
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Table 6-3
Option
Cost

6.5.2

Mitigation Options Cost Estimates
Mit01

Mit02

Mit03

Mit04

$452,800

$416,800

$764,900

$1,181,700

Limitation of Mitigation design

Design of flood mitigation levees has been provided in concept only to address regional flooding impacts from
Duckworth creek backwater. Although drainage relief has been provided to allow local flows to pass
underneath the levees, there has been no modelling carried out to size this infrastructure.
Based on which mitigation option is progressed as part of this study, it is recommended that further
investigation is carried out to adequately size the drainage relief structures, based on the contributing upstream
flows. The potential impacts that the final flood levee configuration may have on local township flow regime
should also be investigated.

6.6

Local Mitigation Requirements

A number of local flood mitigation options are required in order to better reduce the timeframes for flooding of
the roadway east of the Rail Depot in response to Community Issue No. 5.
In these areas removing the ponding on the road remains difficult as the flow rates cannot be supported by the
existing crossings (Bluff 7, 9 and 10). Note however that the fall of the land in this area generally drains the
area but sedimentation of the culverts does significantly slow the potential drainage timeframe.
It is proposed that the table drains in this area on either side of the road be expanded and be free draining
from west to east. If required a smaller culvert crossing is required to the north beneath the road next to North
Street. A summary figure showing the location of the required drains and crossing is presented in Figure 6-6.
Note that this land parcel is owned by TMR.

Effluent Plant

Figure 6-6

Road Drainage Mitigation

In addition to this, cleaning out of the existing culverts is required and a regular maintenance program should
be developed for this area.
It is understood that council was considering local drainage benefits from the purchase of the land to the north
of the roadway however removal of material and lowering of this area is not expected to have significant benefit
on roadway and local flooding.
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Figure 6-6. shows the Aurizon effluent plant upstream of the rail line. Water can be seen in the downstream
channel and has created Typha Reed growth and a continuous wet area beside the roadway in this area (Refer
Community Item 3). This has become an issue recently and further investigations into the source of this water
is required. It is understood that the plant operates within a defined authority and release to the roadway area
would not be considered appropriate or compliant.

6.7

The Bluff Creek Crossing Capricorn Highway

Although the Bluff Creek Road Crossing does not appear to contribute to the flooding of the township there
remains significant concern over safety issues with this roadway overtopped when flows exceed 5m3/s.
CHRC has requested that Cardno investigate the potential methods for reducing the sediment load and
potential deposition on the roadway in this area.
Assessment has considered the following:
1. Upstream Sediment Basin
2. Channel regrading
3. Crossing Upgrades
No onsite property visit was undertaken nor were ground cover levels or pastural sediment yield assessment
completed. The magnitude of sediment loads has been solely identified from community concerns at
consistent and continuing deposition in the area after storm events.
Review of the upstream Bluff catchment (Figure 6-7) generally indicates that the area is significantly cleared
and that grass and vegetation growth is minimal compared to the surrounding areas. Although a sediment
basin may be operated within the upstream area, review of the previous performance of the creek and
waterway system generally indicates the basin would need to be significantly large to have any benefit and to
not require constant and ongoing maintenance to remove material. The loads generated even under small flow
events appear to be significant and would overwhelm any structure.
Review of the existing and most recent LiDAR generally indicates that the road can generally be under water
by 100mm prior to flow discharging downstream. There appears to be a downstream elevated control in the
system and significant sediment accumulation within the channel that slows the water and ponds it about the
culverts.
The continued conveyance of water through this channel at velocity is required to progress and move the
sediment away from the roadway. An initial assessment has considered regrading the channel from the
downstream culverts to provide a 2m wide channel that extends nominally 250m downstream. This in general
would require the removal of approx. 1,200m 3 of material from the waterway and would allow flow to drain
away from the road culvert areas.
TMR have identified that a raising and review of this crossing is also potentially required due to the current
safety issues. It is recommended that the channel be re-shaped and the crossing monitored for future sediment
accumulation. If the condition of the roadway continues to be affected then a road crossing upgrade may be
required.
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Bluff Creek
Crossing
Capricorn
Highway

Upstream
Catchment

Figure 6-7

Bluff Creek Catchment
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7

Flood Damage Approach

7.1

Flood Damage Estimation

The flood damage estimation process was carried out using the modelled flood levels, provided floor levels for
residents and buildings and flood damage curves developed for the Bluff Township. The following sections
describe the process involved in generating flood damage estimates for the Bluff Township.
7.1.1.1

Flood Damage Classification

Flood damages can be classified into two basic categories; tangible costs (being direct and indirect with a
monetary value) and intangible costs (aspects that cannot be directly measured in terms of monetary value).
Tangible flood damages are defined as the material damages caused by the direct contact of items/assets
with water. This class of damages can be further subcategorised into direct and indirect damages. Direct
damages occur by the wetting of items during flood waters and the cost to repair or replace those items. Indirect
damages are costs associated with additional financial strains after a flood event including loss of wages, cost
of seeking alternative accommodation etc.
Intangible flood damages focus around the disruption of social and community aspects following a flood event
and are extremely difficult to define in metrics.
It is noted that intangible damages have not been assessed as part of this study.
The depth-damage curves utilised as part of the flood estimation process consider the damages cause by
tangible-direct damages to residential and commercial/industrial properties. Aspects such as roads, water
infrastructure, sewerage infrastructure and substations have been excluded from this flood damage
assessment but are expected to have additional costs specifically related to road closures and delays in
transporting through the township.
7.1.1.2

Flood Damage Models

Flood vulnerability models are utilised in the assessment of flood damages, mitigation studies and the
associated cost benefit analysis. In accordance with previous assessments carried out for the Bluff Township,
the Geoscience Australia Vulnerability models developed after the 2011 Queensland Floods have been applied
adopted.
Geoscience Australia developed eleven (11) generic house types for which vulnerability relationship were
derived, as described in Table 7-1.
Table 7-1

Flood Vulnerability Models

Generic House Type

Description

FCM1

1 storey, RF, WB or panel cladding, no garage, HB lining

FCM2

1 storey, RF, WB or panel cladding, no garage, timber lining

FCM3

2 storey, SoG, CM lower storey, WB upper storey, metal roof, no garage, PB lining

FCM4

2 storey, SoG, CM lower storey, WB upper storey, metal roof, garage, PB lining

FCM5

2 storey, SoG, WB cladding, partial lower floor, PB lining

FCM6

2 storey, RF, WB cladding, no garage, PB lining

FCM7

1 storey, SoG, BV, garage, PB lining

FCM8

1 storey, SoG, BV, no garage, PB lining

FCM9

1 storey, RF, BV, no garage, PB lining

FCM10

1 storey, SoG, CM, no garage

FCM11

1 storey, RF, CM, no garage

A set of flood damage indices are assigned to each house type, which allows damage estimates to fabric and
contents of different types of residential buildings to be quantified. The process of developing the flood damage
curves involved summing the repair cost to all components for that inundation depth and by dividing the repair
cost by the replacement cost for the house to produce a Damage Index. The Damage Index is then plotted
against inundation depth to produce a Vulnerability Curve or Stage Damage Function.
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Indices are available for both insured and uninsured regimes, as described below by Geoscience Australia.
1. Fully insured where it is assumed that the owner’s insurance covers full repair of all items to an asnew condition either through cleaning and reinstatement or removal and replacement.
2. Uninsured where it is assumed that the owner undertakes minor works such as cleaning and
accepts non-repair of some items with minor damage in order to constrain the repair costs to a
minimum.
It is noted that the for the purpose of this study, the insured scenario has been adopted as it is deemed
to reflect the average property owner in the Bluff township.
7.1.1.3

GIS Floor Level Data

CHRC provided a GIS layer for the majority of buildings within the Township, which provided commentary on
the classification and characterises of the buildings within the layer. Buildings that were not digitised or
categorised in the supplied layer were added and assigned a category of a “single storey house”, as this was
deemed to be the standard property type for the Bluff Township.
It is noted that for buildings that did not have a surveyed FFL, an elevation of 0.5m above the ground
was adopted based on observation of other buildings within the township.
Any minor buildings that could not be categorised under a flood vulnerability index, such as standalone shed
or carports, were removed from the provided GIS layer. Properties outside of the flood extent were also
removed from the layer.
7.1.1.4

Assigning Flood Vulnerability Models

The Geoscience property types were reviewed and compared against the standard property type in the Bluff
Township. As the data available to accurately assign a property type to each digitised property in the GIS layer
is not readily available, only a few categories have been assigned to best represent the standard properties
within the Bluff Township. The standard properties were classified as either one (1) or two (2) storey buildings
using the assumptions below;


House – slab elevated – one storey



House – slab on ground – one storey



House – raised floor lowset – one storey



House – raised floor highset – two storey



Townhouse – all two storey



Unit/multiple living – all one storey



Duplex – slab elevated – one storey



Duplex – slab on ground – one storey.

The Geoscience property types used to describe the standard 1 and 2 storey building for the Bluff Townships
are shown in Table 7-2 .
Table 7-2

Flood Vulnerability Models Adopted for Bluff Township

Vulnerability

Occupancy type

Description

FCM1

Residential

1 storey, raised floor, weatherboard cladding, plaster board lining, no integral
garage

FCM4

Residential

2 storey, slab-on-grade, cavity masonry lower storey, weatherboard upper storey,
metal roof, integral garage

Model

The final flood damage curves for vulnerability models FCM1 and FCM2 under the insured regime is detailed
in Table 7-3
7.1.1.5

Assigning Property Values

The property values for the Bluff Township were determined from publicly available data from realesate.com.
As there were no median statistics available for the Bluff Township, an assessment was carried out using the
NW30170 | 4 August 2021 | Commercial in Confidence

38

Bluff Township Flood Mitigation
0B3B4BOptions Analysis Study

current listed properties for sale in the Bluff Township, which considered factors such as $/m2 to determine a
median house price.
The median house price for the Bluff Township was calculated as $138,876.
The median land valuations for the Bluff region were sourced from DNRME, using information pertaining to
the Banana Shire Council. The median rural land cost for Banana Shire council for 2020 was published as
$64,000 for a standard rural lot. This figure was deemed appropriate to adopt as an equivalent land cost for
the Bluff Township.
The cost of land was deducted from the median property cost to determine the net property cost, which was
determined to be $74.876.
According to current statistics released from Allianz insurance, the average Australian contents for a residential
property is $51,000. This value was considered when determining the total fabric costs of a property for both
houses and units. As such, the total fabric cost for a property in the Bluff township was calculated to be
$125,876.
Note that we did not receive any insurance premium cost feedback information from the community via the
dedicated survey that requested this information.
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Table 7-3

Flood Damage Indices and Costs for Bluff Township
FCM 1

FCM4

Height (m)

Indices

Damage Cost $/m

Indices

Damage Cost $/m)

-0.30

0.030

$3,776

0.000

$-

0.00

0.060

$7,553

0.000

$-

0.10

0.330

$41,539

0.070

$8,811

0.30

0.380

$47,833

0.080

$10,070

0.50

0.380

$47,833

0.090

$11,329

1.00

0.420

$52,868

0.120

$15,105

1.50

0.580

$73,008

0.130

$16,364

2.00

0.590

$74,267

0.140

$17,623

2.40

0.654

$82,323

0.163

$20,500

2.50

0.670

$84,337

0.169

$21,219

2.70

0.714

$89,875

0.180

$22,658

2.80

0.736

$92,645

0.233

$29,266

2.90

0.758

$95,414

0.285

$35,875

3.00

0.780

$98,183

0.338

$42,483

3.10

0.780

$98,183

0.390

$49,092

3.30

0.780

$98,183

0.410

$51,609

4.00

0.780

$98,183

0.510

$64,197

5.10

0.780

$98,183

0.589

$74,087

5.40

0.780

$98,183

0.610

$76,784

7.1.1.6

Fabric Cost for Commercial Properties

The damage curves were developed using the information prepared by a DNRM study (2002) which
established stage-damage information for a range of commercial/industrial buildings. The depth-damage
curves are applied based on the size of the premises and are categorised into small (<186m2), medium (186m2
- 650 m2) and large (>650 m2) .
The damages are further categorised based on the class of the building, as illustrated in Figure 7-1.
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Figure 7-1

Damage Classes for Commercial/Industrial Properties (DNRM, 2002)

Review of the standard commercial premises for the Bluff Township was determined to be predominantly Class
2 (Low) of medium sized, with only a few small and large premises. The depth damage curve for class 2 under
a range of sizes is shown Table 7-4. Note that for large commercial premises, the area of the building is applied
to calculate the damage cost.
Table 7-4

Depth-Damage Curve for Class 2 Commercial Properties

Depth of Inundation (m)

Small Cost/m ($)

-0.30

$-

Medium Cost/m ($)

Large Cost/m ($)

0.00

$-

$-

0.10

$1,762

$5,579

$6

0.30

$5,066

$15,930

$21

0.50

$7,708

$23,858

$47

1.00

$13,765

$42,578

$120

1.50

$17,435

$54,140

$215

2.00

$19,454

$60,564

$318

2.40

$19,454

$60,564

$318

2.50

$19,454

$60,564

$318

2.70

$19,454

$60,564

$318

2.80

$19,454

$60,564

$318

2.90

$19,454

$60,564

$318

3.00

$19,454

$60,564

$318

3.10

$19,454

$60,564

$318

3.30

$19,454

$60,564

$318

4.00

$19,454

$60,564

$318

5.10

$19,454

$60,564

$318

5.40

$19,454

$60,564

$318
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7.1.2

Generating Depth- Damage Curves

The depth-damage curve approach has been adopted as the method for the quantification of direct tangible
damages associated with a flood event. This approach takes into accounts the area being flooded and the
magnitude of the flood, with the cost of damages being a function of inundation depth. The depth-damage
curves are classified into residential and commercial properties, based on the classification of the property.
The WaterRide program was utilised to undertake the flood damage assessment for residential and
commercial premises in the township. The flood damage tool within the program provides a consistent
assessment method for all events and design options and allows for the consideration of Net Present Value
(NPV) assessment based on probability of event occurrences.
For the residential flood damage indices (FCM1 and FCM4) detailed above, depth-damage curves were
generated by multiplying the indices by the median property value. The commercial flood-damage indices, as
published within DNRM, already incorporate costs.
A GIS layer of all digitised properties, specifying the FFL and applicable damage curve was used to assess
flood damages for each AEP event.
7.1.3

Indirect Damage Cost

The indirect damages associated with residential and commercial properties from a flood event are difficult to
quantify. Due to the various factors and circumstances which have the potential to influence indirect damages,
recommendations from QDNRM (2002) and the ANUFLOOD model have suggested that indirect damages
can be estimated as a proportion of direct flood damages. The following percentages have been assigned to
indirect flood damages as part of this study;


Indirect residential damages = 15% of direct residential damages



Indirect commercial damages = 80% of direct commercial damages

Note the above indirect damage percentages have been assumed as per the previous assessment carried out
by KBR.
7.1.4

Intangible Costs of Flooding

Intangible damages cannot be calculated with any degree of accuracy, and it is probably impossible to do so
given the attribution of future or ongoing physical or mental illness responses to a specific event. They are,
however, commonly believed to be in the order of 50% to 100% of the tangible damage bill for a community
that is not flood aware or has not experienced floods of the magnitude under consideration.
Note that in relation to the Bluff area the intangible costs of flooding would need to include the disruption of
heavy vehicle traffic flow along the Capricorn Highway and an economic assessment of the costs involved
with delays. A combined figure that includes transport delay costs as well as other community related
tangible costs should be included in any economic analysis.
Intangible costs are difficult to evaluate without additional information and have not been otherwise
accounted for in this report.
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8

Flood Damages Outcomes

Average Annual Damages (AAD’s) represent the potential average expense that could occur in a region for a
range of flood events. The total damages for a particular event are multiplied by the probability of a particular
event occurring to determine the annual damage for that event. This is conducted for each event and summed
to provide the expected AAD for all analysed events. ADD’s have been utilised to carry out the performance
assessment of the proposed mitigation events against the baseline scenario.

8.1

Existing Flood Damage

The estimated flood damage for each event and the AAD for the existing scenario is detailed in Table 8-1
below. A summary of the damage costs currently expected for each design event up to the PMP is also
presented in
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Table 8-1

Flood Damages for Existing Scenario

Item

Potential Flood Damage ($)

Direct Flood Damage

Q2

Q5

Q20

Q50

Q100

Q100+CC

Q500

PMF

Residential Property

$ 5,446

$ 61,463

$ 128,659

$ 190,882

$ 258,592

$ 464,425

$ 550,783

$ 16,778,135

Commercial Property

$

Total Direct Flood Damage
Indirect Flood Damage
(15% of res direct, 80% com
dam)

$ 5,446

$ 61,463

$ 128,659

$ 190,882

$ 258,592

$ 464,425

$ 550,783

$ 17,286,828

$ 81

$ 9,219

$ 19,298

$ 28,632

$ 38,788

$ 69,663

$ 82,617

$ 2,923,674

$ 6,262

$ 70,682

$ 147,957

$ 219,514

$ 297,380

$ 534,088

$ 633,400

$ 20,210,502

Total Tangible Damages
Average Annual Damages

Figure 8-1

-
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$
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$

-

$
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$
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$

-

$ 508,693

$ 61,787

Damage Costs v AEP
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8.2

Revised Flood Damage Assessment

The above-mentioned mitigation options were simulated for the full suite of design events. A flood damage
assessment was then calculated for the four (4) mitigation options.
The AAD for each mitigation option was calculated using the methodology as explained in Section 7. The
results are summary in Table 8-2 to Table 8-5.
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Table 8-2

Flood Damage Estimates for Mitigation Option 1

Scenario Mit01

Potential Flood Damage ($)
Q2

Q5

Q20

Q50

Q100

Q100+CC

Q500

PMF

$0

$47,833

$78,696

$96,490

$104,044

$181,229

$251,483

$16,790,499

Commercial Property

$0

$0

$0

$0

$0

$0

$0

$508,935

Total Direct Flood Damage

$0

$47,833

$78,696

$96,490

$104,044

$181,229

$251,483

$17,286,828

Indirect Flood Damage
(15% of res direct, 80% com dam)

$0

$7,175

$11,804

$14,474

$15,607

$27,184

$37,722

$2,925,723

Total Tangible Damages

$0

$55,008

$90,500

$110,964

$119,651

$208,413

$289,205

$20,212,551

Direct Flood Damage
Residential Property

Average Annual Damages

Table 8-3

$45,400

Flood Damage Estimates for Mitigation Option 2

Scenario Mit02

Potential Flood Damage ($)

Direct Flood Damage

Q2

Q5

Q20

Q50

Q100

Q100+CC

Q500

PMF

Residential Property

$0

$79,041

$146,371

$229,365

$331,902

$545,980

$612,993

$16,756,711

Commercial Property

$0

$0

$0

$0

$0

$0

$505,575

Total Direct Flood Damage

$0

$79,041

$146,371

$229,365

$331,902

$545,980

$612,993

$17,286,828

Indirect Flood Damage
(15% of res direct, 80% com dam)

$0

$11,856

$21,956

$34,405

$49,785

$81,897

$91,949

$2,917,967

$0

$90,897

$168,327

$263,770

$381,687

$627,877

$704,942

$20,204,795

Total Tangible Damages
Average Annual Damages

$68,200
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Table 8-4

Flood Damage Estimates for Mitigation Option 3

Scenario Mit03

Potential Flood Damage ($)

Direct Flood Damage

Q2

Q5

Q20

Q50

Q100

Q100+CC

Q500

PMF

Residential Property

$0

$0

$0

$0

$10,858

$84,283

$152,919

$16,791,786

Commercial Property

$0

$0

$0

$0

$0

$0

$508,836

Total Direct Flood Damage

$0

$0

$0

$0

$10,858

$84,283

$152,919

$17,286,828

Indirect Flood Damage
(15% of res direct, 80% com dam)

$0

$0

$0

$0

$1,629

$12,642

$22,938

$2,925,837

$0

$0

$0

$0

$12,487

$96,925

$175,857

$20,212,665

Total Tangible Damages
Average Annual Damages

Table 8-5

$21,100

Flood Damage Estimates for Mitigation Option 4

Scenario Mit04

Potential Flood Damage ($ 000)

Direct Flood Damage

Q2

Q5

Q20

Q50

Q100

Q100+CC

Q500

PMF

Residential Property

$0

$0

$0

$0

$0

$0

$30,348

$16,753,360

Commercial Property

$0

$0

$0

$0

$0

$0

$504,169

Total Direct Flood Damage

$0

$0

$0

$0

$0

$0

$30,348

$17,286,828

Indirect Flood Damage
(15% of res direct, 80% com dam)

$0

$0

$0

$0

$0

$0

$4,552

$2,916,339

Total Tangible Damages

$0

$0

$0

$0

$0

$0

$34,900

$20,203,167

Average Annual Damages

$20,300
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8.3

Cost Benefit Assessment

The method of determining the optimum flood mitigation option for the Bluff Township has been conducted by
assessing key criteria of Net Present Value (NPV) and the Benefit Cost Ratio (BCR).
NPV is a method of assessing economic viability by determining the current value of all future costs of a project.
A positive NPV indicates that the discounted present value of all future cost outlays will be positive. Calculating
NPV requires an estimate of future cash flows for each period and a discount rate. The discount rate is the
rate at which future costs are adjusted to represent present day value.
When conducting a benefit-cost analysis on a project, the accuracy of results are increased by converting all
future costs and benefits to present values. The NPV of the project is determined by subtracting the present
value of all costs from the present value of all benefits. The BCR ratio is determined by dividing the NPV of the
benefits of the project ($) by the NPV of the costs ($). The larger the BCR ration, the more economically viable
the option is.
A benefit-cost analysis, using NPV has been conducted for the proposed mitigation options with
consideration to the following;
 Benefits from increased flood immunity from each mitigation option (through flood damage calculations).
The options that provide the greatest hydraulic benefit will protect the greatest number of buildings and
properties, and the level of protection afforded to evacuation routes.
 Construction cost associated with each mitigation option.
As such, the economic justification of each flood mitigation scenario has been assessed through the analysis
of changes to costs only.
As part of determining the CBRs for each mitigation scenario, the benefit and cost of the flood mitigation
scenario has been calculated through conducting a Net Present Value (NPV) analysis. The NPV analysis
compares two cases:
 Existing conditions: The ‘do nothing’ case, where the NPV of the currently estimated Average Annual
Damage (AAD) is determined.
 Mitigation scenarios: This case considers the capital and operational costs of structural mitigation
schemes in combination with the estimated AAD that is lowered (saved) as a consequence of the
mitigation measures.
The following assumption have been applied when calculating the NPV and have been confirmed by CHRC;
 All construction of mitigation options is undertaken in the year 2021/22. As such, the construction cost
estimate for each mitigation option will be used as in initial outlay.
 The NPV analysis has a lifespan of 25 years
 Annual costs are inflated by 2.5% per annum.
 There have been no ongoing annual maintenance costs associated with the mitigation options.
Refer to Table 8-6 for the comparison of final NPVS and BCR’s calculated for the do nothing and mitigation
options.
Table 8-6

Benefit-Cost Ration and Net Present Value Comparison
Initial Cost

AAD

NPV (2.5%)

Benefits

($ 000)

($ 000)

($ 000)

($ 000 )

0

62

1,138

0

Mit01

452

45

836

302

0.67

Mit02

417

68

1,257

-118

-0.28

Mit03

765

21

389

749

0.98

Mit04

1,182

20

374

765

0.65

Scenario
E03

BCR

Note that the above assessment has used the Average Annual Damage (AAD) estimates that considers the
impacts and damage associated with all design events from Q2 through to PMF.
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Review of the above generally indicates a clear preference to progress with option Mit03 as it provides the
greatest impact to reduced flooding and damages within the township.

9

Discussions

The flood damage estimates for the Bluff Township have been undertaken using the latest available data and
information at the time of carrying out this study. It is noted that the values derived from this process are
illustrative only and should be interpreted with caution. The accuracy of the flood damages estimates could be
improved significantly by the acquisition of the following data.
 The median house price adopted for use in damage assessment can significantly skew results. As there
were no published data for the Bluff Township, this was calculated and found to be $138,876.
 There has been no consideration of intangible damages as part of the assessment which have previously
been estimated at 50 -100% of direct tangible damages and could therefore understate the total damages
associated with flooding. Note that the previous CHRC Floodplain management study did not include
intangible costs due to the difficulty in estimating these. For the Bluff the costs associated with heavy
vehicle delay on the Capricorn Highway are expected to result in a potential significant intangible cost
associated with township and roadway flooding.
 No damage estimates have been carried out for infrastructure or agriculture.
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10

Recommendations

The flood damage estimates calculated for the Bluff Township have been reviewed and ranked to provide the
preferred option based on the derived benefit-cost ratio.
The ADD and CBR calculated for the Bluff township was estimated for the existing and four (4) mitigation
scenarios and represents the level of investment that could be provided for flood mitigation each year to
increase township resilience to flooding. The ADD estimated for each scenario is listed below in Table 10-1.
Table 10-1

Summary of Average Annual Damages (ADD) for Bluff Township

Scenario

E03

Mit01

Mit02

Mit03

Mit04

AAD

61,800

45,400

68,200

21,100

20,280

CBR

-

0.67

-0.28

0.98

0.65

Review of the above suggests the following:
 The construction of the levees (Mit02) in isolation increases the potential flood damage as flood waters
through the township are constrained behind the levees and creates greater flood depths. This option in
isolation should not be undertaken.
 The construction of the downstream channel (Mit01) without road upgrade has an impact on flood damages
(25% reduction) however damage is still likely in events greater than the Q5 due to flow down the roadway.
 The inclusion of a road crossing upgrade (deeper culverts) in Mit03 appears to have the highest cost benefit
ratio and results in a 60% reduction in flood damage with no damage expected for events under a Q100.
Based on the above the following is recommended.
 CHRC to provide outcomes of this assessment to TMR and continue discussions in relation to the potential
upgrade of the western drainage path and road culverts as required.
 CHRC to undertake works to incorporate and develop a drainage easement through the state owned land
and construct the required drainage channel. Channel works can be staged so that requirements for Mit01
are undertaken immediately and then upgraded to Mit03 when TMR undertakes or approves road crossing
upgrades.
 Implement and discuss with TMR in regards to local table drain requirements and maintenance of the
existing road and local area culverts.
 Provide additional support to local township via increased maintenance of existing drains and culvert
crossings with culverts cleaned out and drainage areas mowed and maintained to be free draining.
 Undertake follow up discussions with Queensland Rail in regards to the effluent discharge.
 In regards to the Bluff Creek crossing it is recommended that the downstream channel be re-shaped and
the crossing monitored for future sediment accumulation. If the condition of the roadway continues to be
affected then a road crossing upgrade may be required and should be discussed with TMR. This would
likely involve raising the height of the crossing.
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