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Executive Summary 
Flooding in the Vines Creek Catchment and adjoining areas can occur as a result of two different flood 
mechanisms (or a combination of both) as described below: 

- Flooding due to rainfall over the Pioneer River catchment triggering over-levee flows into the North Mackay 
area (not included in this report). This only occurs in less frequent, large magnitude Pioneer River flood 
events. 

- Flooding due to local rainfall over the Vines Creek Catchment (covered in this report). 

AECOM Australia Pty Ltd (AECOM) has been commissioned by Mackay Regional Council (MRC) to undertake a 
drainage study for the Vines Creek Catchment in North Mackay. The study is to assess and quantify the potential 
flood risk posed by local rainfall events over a range of annual exceedance probability (AEP) events and 
determine areas of the existing stormwater drainage network that may require augmentation or mitigation. 

The Vines Creek Catchment Drainage Study Report has been split into 2 volumes: 

- Volume 1  Study methodology, results, findings and recommendations. 

- Volume 2  A3 mapping associated with the Volume 1 report. 

Hydrology 

The hydrologic approach taken to define runoff within the study area was the application of rainfall directly onto 
the two dimensional hydraulic model (rain-on-grid). 

Standard techniques from AR&R were used to determine rainfall intensities from the 30 minute duration storm up 
to the 12 hour duration storm, for the 1% AEP events. Rainfall intensities were then determined for the critical 
duration for the 39%, 18%, 0.5% and 0.2% AEP events. 

Hydraulic Model Development 

An integrated one-dimensional (1D) / two-dimensional (2D) numerical hydraulic model was developed to simulate 
flood behaviour within the study area, through solving of the depth averaged two-dimensional momentum and 
continuity equations for free-surface flow. 

Underground pipes were incorporated into the model as 1D elements, which are dynamically linked to the 2D 
domain via pit structures.  

The base model topography for the 2D model was derived from LiDAR data (flown in 2009) which was supplied 
by MRC. The data was supplied as a 1 m resolution Digital Elevation Model (DEM). A number of updates to the 
base DEM were completed to better represent current ground conditions. The final DEM was used within all 
calibration, Basecase design event and Developed Case design event simulations.  

Critical Duration 

The critical storm duration for the study area was assessed by simulating the 30, 60, 120, 180, and 360 minute 
durations for the 1% AEP event.  

The 30 minute and 120 minute storm durations were found to be critical across the majority of the study area. A 
comparison between the 30 minute and 120 minute duration PWSE showed the 120 minute duration storm event 
to result in higher water elevations throughout the majority of the study area. For this reason, the 120 minute 
storm was selected as the critical duration for the Vines Creek Catchment Drainage Study.  

Basecase Modelling 

The critical duration was applied to the 39%, 18%, 1%, 0.5% and 0.2% AEP events. The Basecase modelling 
shows: 

- Flood waters are generally contained within the road reserve for the 39%AEP and 18%AEP Events.  

- In the 1% AEP event, runoff is no longer contained within road reserves, with overland flow paths through 
the urbanised areas evident. This is particularly obvious in the allotments between Vine Street and Knobel 
Street where a flow path can be identified with depths between 300mm and 500mm. Also, overland flow can 
be seen on the open area leading to Bundesen Street.   
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- Throughout all modelled AEP events, the closure of stormwater drainage outlets (representing a concurrent 
Pioneer River flood event) heavily impacts the areas East of Goldston Street, between Vines Street and 
Creek Street. In the 1% AEP event, the majority of this area has peak water depths of between 500mm and 
700mm.  

- Flood extents, depths and velocities continue to increase with greater magnitude events.  

Non-Structural Mitigation Options 

A number of non-structural flood mitigation measures were outlined for MRC’s consideration. These were broadly 
broken into the following areas: 

- Community awareness. 

- Land use planning and development control. 

- Emergency management planning. 

The recommendations from the non-structural mitigation investigation are summarised in the study 
recommendations section of this executive summary. 

Structural Mitigation Options 

The potential for some mitigation options to be implemented is restricted by the land available and the ability to 
undertake construction through or around the existing levee system. The mitigation options which could be 
beneficial in this catchment include:  

- Detention basins. 

- Additional drainage penetrations through the levee system. 

- Pump systems. 

However due to lack of available space in the area, the use of detention basins as a mitigation measure is not 
possible without private property acquisitions. This is not deemed feasible at this stage but could be considered 
by Council in the future if warranted. Therefore the mitigation options which have been investigated in this study 
include pump systems and additional drainage structures.  

The assessed structural mitigation options are summarised below:  

- D1 – Levee Gate Closed Scenario with a 5 m3/s Stormwater Pump. 

- D2 – Levee Gate Closed Scenario with a 2 m3/s Stormwater Pump. 

- D3 – Levee Gate Closed Scenario with a 8 m3/s Stormwater Pump. 

- D4a – Levee Gate Open Scenario - additional 1 x 750RCP through the levee at end of Knobel Street (refer 
to Figure 15). 

- D4b – Levee Gate Open Scenario - additional 3 x 750RCP through the levee at end of Knobel Street (refer 
to Figure 16). 

- D4c – Levee Gate Open Scenario - additional 3 x 750RCP through the levee at end of Knobel Street and in 
combination with an additional 1 x 1050 RCP through the levee at the end of Vine Street (refer to Figure 17). 

- D4d – Levee Gate Open Scenario - additional 1 x 750RCP through the levee at end of Knobel Street, 
duplicated stormwater system along Knobel street from Goldston street to Levee, additional inlet on 
Goldston Street (refer to Figure 18).  

Developed Case – Difference in PWSE 

The developed case scenarios which have been modelled as part of this study provide a range of benefits in 
reducing flood levels and extents. Table 8 shown in section 9.4 of the report provides a summary of the difference 
in PWSE at key locations throughout the study area.  

Developed Case – Difference in Property Impacts 

Preliminary property impacts (above floor flooding) were assessed for the Basecase and Developed Cases. The 
comparison between the Basecase and Developed Case property impacts is provided in Table E2. Note that a 
negative difference shows a reduction in the number of properties with above floor flooding. 
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Table E2 Estimated Residential Dwellings Experiencing Above Floor Flooding in the 1% AEP event. 

Scenario / Description 

Estimated No. 
of Houses with 

Above Floor 
Flooding 

Increase / 
Decrease in 

Affected 
Dwellings 

E0 – Basecase Levee Gates Open (1% AEP) 7 - 

E1 – Basecase Levee Gates Closed (1% AEP) 37 - 

D2a – Developed Case, 2 m3/s Pump (1% AEP) (Levee Gates Open) 5 -2 

D2 – Developed Case, 2 m3/s Pump (1% AEP) (Levee Gates Closed) 26 -11 

D1a – Developed Case, 5 m3/s Pump (1% AEP) (Levee Gates Open) 5 -2 

D1 – Developed Case, 5 m3/s Pump (1% AEP) (Levee Gates Closed)  12 -25 

D3a – Developed Case, 8 m3/s Pump (1% AEP) (Levee Gates Open) 5 -2 

D3 – Developed Case, 8 m3/s Pump (1% AEP) (Levee Gates Closed) 11 -26 

D4a – Additional 1 x 750 RCP (Levee Gates Open) 5 -2 

D4b – Additional 3 x 750 RCP (Levee Gates Open) 5 -2 

D4c – Additional 3 x 750 RCP and 1 x 1050 RCP (Levee Gates Open) 5 -2 

D4d – Additional 750 RCP and Duplicate Stormwater line through Knobel 
Street  
(Levee Gates Open) 

5 -2 

 

Indicative Construction Cost Estimate 

Indicative structural mitigation construction costs (base year 2016) for structural mitigation options are 
summarised in Table E3. 
Table E3 Indicative Structural Mitigation Construction Costs 

Mitigation Option Description Indicative Cost  
($ 2016) 

D1 5 m3/s Stormwater Pump Station $1,170,000 

D2 2 m3/s Stormwater Pump Station $925,000 

D3 8 m3/s Stormwater Pump Station $1,260,000 

D4a D4a – Additional 1 x 750 RCP $120,000 
D4b D4b – Additional 3 x 750 RCP $260,000 
D4c D4c – Additional 3 x 750 RCP and 1 x 1050 RCP  $340,000 
D4d D4d – Additional 750 RCP and Duplicate Stormwater line 

through Knobel Street  $460,000 
 

Key Study Findings 

There are a number of key findings of this study, including: 

- The study area has a short critical duration in both the Basecase and the Developed Case scenarios: 

 Ranging from 1 hour to 3 hours across the majority of the study area. 

- There is potential for over floor flooding within the study area; however the number of inundated properties 
will need to be confirmed using surveyed floor levels. 
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- Flooding within some parts of the study area can be attributed to a lack of though levee culvert capacity, 
minimal stormwater detention areas and implications due to concurrent tidal / Pioneer River tail water 
conditions.  

- In the absence of formal interior levee drainage management infrastructure, there is predicted to be a 
significant increase in the number of properties experiencing above floor flooding if concurrent local 
catchment / Pioneer River flood events occur. Impacts are further exacerbated if longer duration local 
catchment flood events occur in combination with elevated Pioneer River levels. 

- Additional levee drainage structures at Knobel Street (i.e. Scenario D4a) are predicted to reduce the number 
of inundated properties in a local catchment event. Further additional levee drainage structures (i.e. 
Scenarios D4b, D4c and D4d) may provide additional flood reduction benefits but are not predicted to further 
reduce the number of properties experiencing above floor flooding, in comparison to Scenario D4a. 

- Pump station options are likely to provide a similar reduction in properties that experience above floor 
flooding as the options for additional levee drainage structures (for local catchment events with levee gates 
open). 

- A pump station is deemed to be the only viable option to reduce the number of properties experiencing 
above floor flooding in concurrent flood events, where levee gates and culverts are closed.  

- It is likely that a significant pump station (i.e. >8m3/s peak discharge) would be required to reduce property 
impacts in a concurrent flood event (levee gates closed) to that which is experienced in a local catchment 
event (levee gates open). 

- A range of non-structural mitigation options should be considered by MRC and implemented in conjunction 
with any future structural mitigation options. 

Study Recommendations 

From the outcomes of this study, it is recommended that: 

- Study findings are used to inform MRC’s current community awareness campaign. 

- The TUFLOW Model is validated for future flood events. 

- Further more detailed assessment be undertaken to assess the implications of concurrent flood events and 
the potential impacts to flood risk within the study area. 

- A Floodplain Management Plan be developed, which incorporates all flooding mechanisms in the Mackay 
region including: 

 Pioneer River flooding. 

 Storm surge. 

 Local catchment runoff. 

- Non-Structural measures should be incorporated into the Mackay Planning Scheme. 

- It is recommended that Option D4a and Option D1 are taken forward for further assessment and 
optimisation. Further works are recommended, including: 

 Flood Damages Assessment to assess the reduction in tangible flood damage provided by the 
structural flood mitigation works. It is recommended that this be undertaken using surveyed floor 
heights. 

 Should the structural mitigation options be shown to provide a positive economic benefit, further 
business case development and evaluation should be undertaken prior to proceeding to project staging 
and budgeting. This information would also support future funding applications. 

 Potential structural mitigation options should be included in Council’s 10 year Flood and Stormwater 
Implementation Plan and prioritised using the Multi Criteria Assessment Framework. 
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Glossary 
 

1D    One-Dimensional 

2D    Two-Dimensional 

AECOM   AECOM Australia Pty Ltd  

AEP     Annual Exceedance Probability (refer to Notes on Flood Frequency below) 

AHD    Australian Height Datum 

ARI    Average Recurrence Interval 

AR&R   Australian Rainfall and Runoff 

BoM    Bureau of Meteorology 

DEM    Digital Elevation Model 

ESTRY    1D component of TUFLOW  

EY    Exceedances per Year  

GIS     Geographical Information Systems  

HAT    Highest Astronomical Tide 
IFD    Intensity Frequency Duration 

LiDAR   Light Detecting and Ranging 

MHWS   Mean High Water Springs 
MRC    Mackay Regional Council 

PWSE    Peak Water Surface Elevation  

RCP    Reinforced Concrete Pipe  

RCBC    Reinforced Concrete Box Culvert  

TUFLOW    1D / 2D hydraulic modelling software 
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Notes on Flood Frequency 
The frequency of flood events is generally referred to in terms of their Annual Exceedance Probability (AEP) or 
Average Recurrence Interval (ARI). For example, for a flood magnitude having 5% AEP, there is a 5% probability 
that there will be floods of equal or greater magnitude each year. As another example, for a flood having 5 year 
ARI, there will be floods of equal or greater magnitude of once in 5 years on average.  

The correspondence between the two systems is below.  

Annual Exceedance 
Probability (AEP) % 

Average Recurrence 
Interval (ARI) Years 

1EY 1 

39 2 

18 5 

10 10 

5 20 

2 50 

1 100 

0.5 200 

0.2 500 

In this report, the AEP terminology has been adopted to describe the frequency of flooding. 
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1.0 Introduction 

1.1 Project Background 
AECOM Australia Pty Ltd (AECOM) has been commissioned by Mackay Regional Council (MRC) to undertake a 
drainage study for the Vines Creek Catchment in North Mackay. The study is to assess and quantify the potential 
flood risk posed by local rainfall events over a range of annual exceedance probability (AEP) events and 
determine areas of the existing stormwater drainage network that may require augmentation or mitigation. 

Flooding in the Vines Creek Catchment and adjoining areas can occur as a result of two different flood 
mechanisms (or a combination of both) as described below: 

- Flooding due to rainfall over the Pioneer River catchment triggering over-levee flows into the North Mackay 
area (not included in this report). This only occurs in less frequent, large magnitude Pioneer River flood 
events. 

- Flooding due to local rainfall over the Vines Creek Catchment (covered in this report). 

1.2 Study Objectives 
The key objectives of the study are: 

- The development of detailed hydrologic and hydraulic modelling tools based on current best practice 
procedures, capable of adequately simulating the flood characteristics and behaviour of the local 
catchments. 

- The assessment of existing flood risk within the study area. It is expected that these results will be used to 
inform long term infrastructure planning, future emergency planning and floodplain management – 
particularly through the incorporation of key outputs into Council’s updated planning scheme. 

- The development of clear and easy to understand flood mapping products for use in future community 
education and awareness campaigns. 

- Selection of priority areas within the existing stormwater network where upgrades should be further 
investigated and considered in Council’s capital works program. 

Minimising flood damage through more informed and reliable land use planning, appropriate mitigation, education, 
and disaster response is the key to developing more resilient communities which will ultimately result in future 
growth and prosperity. The overall objective of this study is to minimise loss, disruption and social anxiety; for both 
existing and future floodplain occupants. 

1.3 Methodology 
The methodology undertaken for this study is as follows: 

- Review data provided by Council. 

- Undertake site inspections to confirm catchment flow patterns. 

- Delineation of local catchment boundaries. 

- Preparation of hydrologic inputs for the study area. 

- Development of 1D/2D hydrodynamic TUFLOW model to simulate flood behaviour within the study area. 

- Assessment of the existing flood conditions for the 39%, 18%, 1%, 0.5% and 0.2% AEP local catchment 
events.  

- Develop initial flood mitigation options and estimate capital expenditure requirements. 
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1.4 Limitations and Exclusions 
The following limitations apply to this study:  

- Design flood events have been assessed for a single critical duration, based on an analysis of multiple 
durations for the 1% Annual Exceedance Probability (AEP) event.  

- Aerial survey data (in the form of LiDAR) used to develop the topography for the hydraulic model has a 
vertical accuracy of + 0.15 m on clear, hard surfaces and a horizontal accuracy of + 0.45 m (described in 
Section 3.3).  

- There were significant gaps in the surveyed underground drainage network information, so assumptions 
have been made where necessary to fill these. Other datasets, including design drawings and sketch plans 
provided by Council have been used wherever possible.   

- Any use which a third party makes of this document, or any reliance on or decision to be made based on it, 
is the responsibility of such third parties. AECOM accepts no responsibility for damages, if any, suffered by 
any third party as a result of decisions or actions made based on this document. 

- Where information has been supplied by the Client or other external sources, the information has been 
assumed correct and accurate unless stated otherwise. No responsibility is accepted by AECOM for 
incorrect or inaccurate information supplied by others. 

Australian Rainfall and Runoff (AR&R) Revision Project 15 outlines several fundamental themes which are also 
particularly relevant: 

- All models are coarse simplifications of very complex processes. No model can therefore be perfect, and no 
model can represent all of the important processes accurately. 

- Model accuracy and reliability will always be limited by the accuracy of the terrain and other input data. 

- Model accuracy and reliability will always be limited by the reliability / uncertainty of the inflow data. 

- A poorly constructed model can usually be calibrated to the observed data but will perform poorly in events 
both larger and smaller than the calibration data set. 

- No model is ‘correct’ therefore the results require interpretation. 

- A model developed for a specific purpose is probably unsuitable for another purpose without modification, 
adjustment, and recalibration. The responsibility must always remain with the modeller to determine whether 
the model is suitable for a given problem. 

1.4.1 Interpretation of Results  

The interpretation of results and other presentations in this report requires an appreciation of the limitations in 
accuracy, as noted above.  

Unless otherwise stated, presentations in this report are based on peak values of water surface level, flow, depth 
and velocity. Using flood levels as an example, the peak level does not occur everywhere at the same time and, 
therefore, the values presented are based on taking the maximum value which occurred at each computational 
point in the model during the entire flood.  

Hence, a presentation of peak levels does not represent an instantaneous point in time, but rather an envelope of 
the maximum values that occurred at each computational point over the duration of the flood event.  
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1.5 Report Structure 
The Vines Creek Catchment Drainage Study Report has been split into 2 volumes: 

- Volume 1  Study methodology, results, findings and recommendations. 

- Volume 2  A3 mapping associated with the Volume 1 report. 

The structure of this Volume 1 report is as follows: 

- Section 2.0 describes the characteristics of the local catchments including typical land use, rainfall 
characteristics and a summary of historical flood events. 

- Section 3.0 describes the data available for the development of the hydrologic and hydraulic models. 

- Section 4.0 outlines the hydrologic modelling approach. 

- Section 5.0 outlines the hydraulic modelling approach and presents the results of the modelling. 

- Section 6.0presents the basecase design flood depths, levels and extents for the study area. 

- Section 6.5 presents the results of the investigation into the effect of climate change on discharges and 
modelled flood extents. 

- Section 6.5.5 provides recommendations and non-structural mitigation measures. 

- Section 9.0 provides a summary of the preliminary structural mitigation options. 

- Section 10.0 contains indicative costs for the preliminary flood mitigation measures assessed. 

- Section 11.0 summarises the conclusions and recommendations. 
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2.0 Study Area Location and Key Characteristics 

2.1 Study Area 
The Vines Creek Catchment area is one of the older settled areas of Mackay and is situated on the northern side 
of the Pioneer River. The area is bounded on the south by the Pioneer River, the east by Bassett basin and to the 
north by Vines Creek.  

The study area provided by MRC is shown in Figure 1. 

2.2 General Description 
The study area is bisected by Harbour Road (a TMR controlled road). The portion of the study area to the east of 
Harbour Road is predominately residential land use with a rectilinear street grid. In general the elevation of the 
road crown in this area is at or above the elevation of the allotments. To the west of Harbour Road, the current 
land use is a mix of Commercial and Residential properties. Again the elevation of the road crown is 
predominately above the lot elevation. 

The Pioneer River Improvement Trust have previously constructed an earth levee approximately 1 metre high 
around the east of the study area on the banks of Bassett basin. To the south of the study area the Department of 
Transport and Main Roads (DTMR) has recently constructed the Rockleigh-North Mackay Road which also 
provides flood mitigation benefits in medium to high order riverine events. 

The existing underground stormwater infrastructure within the study area generally discharges via pipes through 
the levee banks into the Pioneer River via Barnes Creek and Vines Creek. Backflow prevention devices are fitted 
to the majority of the drainage outlets.  

The elevation over the study area varies between RL 8.3m AHD and RL 0.0m AHD. The topography within the 
study area is generally flat with an average grade of about 1 in 250 to the North and North East with areas 
adjacent to Barnes Creek and Evans Avenue being the highest points.   

MRC have identified the North Mackay study area as future potential infill development which may include: 

- Street/village shopping precinct (coffee precinct) – Evans Avenue. 

- Commercial and residential - study area to the east of Harbour Road. 

Future potential infill development may increase the nominal average impervious fraction from about 50% to 
approximately 90 - 100% (dependent of final planning approvals). 

2.3 Climate Characteristics 
The study area is situated on latitude of 21º north, about 300 km north of the Tropic of Capricorn. As a result, the 
catchment experiences a tropical maritime climate. 

The climate is dominated by summer rainfalls with heavy falls likely from severe thunderstorms and occasionally 
from tropical cyclones.  Heavy rainfall is most likely to occur between November and April with most of the flood 
events occurring in the months of December to March.  

2.3.1 Rainfall Regime 

Mackay has a mean annual rainfall between 1600mm – 1650mm. The highest mean monthly rainfall of 324mm 
occurs in February. The highest and lowest annual rainfall recorded at the Mackay Post Office and the Mackay 
Meteorological Station are 3080mm (in 1918) and 794 mm (in 1987) which shows a significant variation in annual 
rainfall from year to year. 

The highest monthly rainfall of 2161 mm was recorded in December 1918. Highest daily rainfall of 660mm was 
recorded on 15 February 2008. The following graph (Figure 2) shows the distribution of the mean monthly rainfall 
throughout the year at the Mackay Meteorological Station. 
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Figure 2 Mackay Meteorological Office rainfall statistics 

2.4 Historical Flood Events 
2.4.1 Pioneer River 

There have been a number of historical flood events which have impacted the city of Mackay and surrounding 
areas as a result of inundation from the Pioneer River. Table 1 lists the most significant events and the peak 
elevation with reference to Mackay Alert Gauge located on the southern bank, just downstream of the Forgan 
Bridge (approximately opposite Brisbane Street). 
Table 1 Significant Flood Events (Mackay Alert Gauge) 

Date River Gauge 
Elevation (m AHD) 

1918 5.35 

February 1958 6.20 

January 1970 5.80 

February 1978  4.90 

February 1979 5.10 

January 1980 4.70 

December 1990 4.70 

February 2008 4.06 

January 2010 4.10 

March 2011 3.50 
Source - Bureau of Meteorology. 

Flood mitigation works began in 1872 with the construction of training walls and embankments to protect the river 
banks that were being used as Mackay’s port. Most of the stone training walls on both sides of the river were 
constructed between 1886 and 1923.  

The levee sections which surround the study area were predominately constructed within the period of 1995-
1997. Sam’s Road which was constructed in 2010 also protects the western side of the study area and is an 
important flood protection mechanism for the North Mackay Region.  
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2.4.2 Local Catchment 

Whilst flooding from the Pioneer River poses the greatest geohazard threat to Mackay (AGSO, 2000), there have 
also been historical local catchment rainfall events which have resulted in flood inundation and property damage.  

Of particular note is the February 2008 event where an extremely intense and rare rainfall event occurred 
resulting in the flooding of up to 4,000 houses (BOM, 2008). The most statistically significant rainfall occurred in 
the lower Pioneer River around Mackay on the morning of 15 February when more than 600 mm was recorded in 
approximately six hours. Unofficial records of the total rainfall recorded over 24 hours for the Goosepond Creek 
catchment included 985 mm recorded at Glenella (GHD, 2012). The 2008 month of February resulted in the 
largest recorded rainfall for the city of Mackay in the history of the BOM records.  

The whole city was generally affected by the rainfall and in particular low lying areas such as North and South 
Mackay. The total cost of general insurance claims paid out for the Mackay 2008 flood event was approximately 
$410 million, based on reported data of insured loss where this may exceed $10 million (ICA, 2009). These claims 
related to items such as damage to building and contents, motor vehicles, business interruption, fencing in rural 
areas, etc. 

Other notable flood events occurred in March 1963 and November 2000. These events were also the result of 
significant local rainfall over the North Mackay area. 

2.5 Pioneer River and Ocean Influence 
The Pioneer River Flood Study (WRM, 2011 & 2012) shows the North Mackay levees provide just less than 2% 
AEP immunity, with approximately 0.8 m3/s overtopping the levee along the Bassett Basin South of Harbour 
Road, and 1.0 m3/s overtopping Sams Road in the 2% AEP event. These flows are directed into the Vines Creek 
catchment area. 

Elevated water levels in the Pioneer River system (due to storm tide and riverine flood events) also has the 
potential to close backflow prevention devices currently fitted to drainage structures penetrating the levee system. 
This has the potential to cause flooding within the interior catchment in the event of a local rainfall event occurring 
concurrently with elevated Pioneer River tailwater levels. 

It should also be noted that the likelihood of coincidental events, such as a 1% AEP storm event and a 1% 
Pioneer River flood is far less than that of either even occurring singularly.  
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3.0 Available Data 

3.1 General 
A comprehensive array of data was compiled at the commencement of the study. It should be noted that the 
outcomes of this investigation are limited by the data made available at the time. Much of the data was provided 
by MRC and included information for previous flood events, levee structures and existing stormwater drainage 
infrastructure within the investigation area. 

Available data used in the development of the hydrologic and hydraulic models consisted of:  

- Previous reports (refer to Section 3.2).   

- Topographic data (refer to Section 3.3).  

- ALS Data (refer to Section 3.3.1). 

- Detailed survey (refer to Section 3.3.2).   

- Details of hydraulic structures within the study area (refer to Section 3.4).   

- GIS data (refer to Section 3.5).  

Each of these is described in more detail in the following sections.   

3.2 Previous Reports 
There are a number of previous studies that have been reviewed to help inform various aspects of this 
investigation.  These include: 

- Pioneer River Flood Study (WRM, 2011 & 2012). 

- Mackay Region Storm Surge study (BMT WBM, June 2013) 

- Mackay Central Business District Drainage Study (AECOM, 2015) 

- Gaylard Street Report 

- GHD Gooseponds Report 

Figure 3 shows the extents of previous studies outlined above.  
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Figure 3 Extents of Previous Studies 

A brief synopsis of these historical reports, and the relevant information gained from them, is given in the following 
subsections. 

3.2.1 Pioneer River Flood Study (WRM, 2012) 

The Pioneer River Flood Study (WRM, 2011 & 2012) was a two-dimensional study of the river and adjacent 
floodplains with the study area extending from Mirani in the west to the coast south to Bakers Creek and North to 
the Mackay Harbour. The study area included a number of significant watercourses namely Bakers Creek and the 
Janes Creek/Gooseponds catchment. The study simulated a range of design flood discharges ranging from 20% 
AEP to 0.2% AEP. The study found that in river discharge events in the order of 1% AEP or larger, over bank 
(levee) flows occur on the southern bank into the study area near the Mackay showgrounds and downstream of 
the Forgan Bridge. These locations are shown in Figure 4. 

The Pioneer River Flood Study (WRM, 2011 & 2012) is relevant to the Vines Creek Local Drainage study as it is 
indicative as to the impacts of the Pioneer River on the North Mackay Catchment in the larger flood events.  
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Figure 4 WRM Report (2011) – 1% AEP flood extents 

3.2.2 Mackay Region Storm Surge study (BMT WBM, 2013) 

The BMT WBM Mackay Region Storm Surge study (June 2013) is an analysis of storm tide inundation risk for 
coastal communities from Midge Point in the north to Armstrong Beach in the south.  

The approach to the study involved the development of a numerical modelling system to predict tropical cyclone 
generated storm tide inundation. The system included a model of the entire Coral Sea and a more detailed model 
of the nearshore area within the Mackay local government area. These simulations resulted in estimates of 
Annual Exceedance Probability (AEP) storm tide levels and inundation mapping for the 2%, 1%, 0.5%, 0.2%, 
0.1% and 0.01% AEP storm tide events.  

3.2.3 Mackay Central Business District Study (AECOM, 2015) 

In 2015, AECOM undertook a detailed flood study on the Central Business District of Mackay.   

A one-dimensional/two-dimensional local catchment model (TUFLOW) was produced which simulated local 
catchment flood behaviour in the CBD area, bounded by the Pioneer River in the North and Pacific Ocean in the 
east. The TUFLOW model was calibrated to the 2008 flood event and the model was used to provide results for 
39%, 18%, 10%, 5%, 2%, 1%, 0.5%, 0.2% and PMF events.  

The study report compared a number of structural mitigation options which could be adopted to reduce flood 
impacts. Generally, structural mitigation options involved improvements to existing open channels, new 
stormwater network, upgrades to existing stormwater network, and construction of pump and detention systems. 
Initial cost estimation and flood damages assessment found that the most large scale structural mitigation options 
provided minimal economic value when comparing tangible damage reduction to the capital cost of the mitigation 
works.  
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This project is particularly relevant to the Vines Creek Drainage Study. The Vines creek study area has no 
existing flood gauges or rainfall stations in its immediate vicinity, therefore hydraulic models cannot be calibrated 
directly to historic events. For the purpose of this study, consistent initial/continuing rainfall losses and hydraulic 
roughness parameters have been adopted for the Vines Creek TUFLOW model.  

3.2.4 Gaylard Street Report (Cardno, 2007) 

The Gaylard Street Drainage Study, completed by Cardno in 2007 is a local drainage study of the area to the 
north of Palmer Street. The model extent for this flood study is shown in Figure 3. 

As a result of this Vines Creek Catchment Stormwater Drainage Study (AECOM, 2016), it is observed that the 
discharges from the Vines creek model will flow into the Gaylard Street model extent. Discharges will enter the 
Gaylard street model through Grendon Street, Thornber Street, Howland Street and from along Shute Harbour 
Road. It is therefore recommended that the Gaylard Street model be updated with appropriate inflows.  

3.2.5 Gooseponds/Vines Creek Flood Study (GHD, 2012) 

In 2012, GHD completed a Flood Study for Goosepond Creek, Janes Creek, Vines Creek and the Port Access 
Corridor in the North Mackay area. This project was a continuation of the 2009 Gooseponds/Vines Creek flood 
study and features updates which have arisen as a result of the availability of new LiDAR survey and from the 
results of the Pioneer River Flood Study completed by WRM in 2011.  

The model was produced using the MIKEFLOOD hydraulic software and is a dynamically linked 1D/2D model. 
The study assessed the catchment for 18% AEP, 2% AEP and 1% AEP events.  The model was calibrated to 
recorded flood data from 2007 and 2008, with 70% of the predicted flood levels being within +/- 300mm of the 
2007 flood event and 84% of the predicted flood levels being within +/- 300mm of the 2008 flood event.  

This report provides description as to the parameters which were used for manning’s roughness. The values 
which have been used correspond to the values provided in Mackay Regional Council’s Guideline for Preparation 
of Flood & Stormwater Drainage Catchment Reports (June, 2013).  

Due to the variation in hydrologic assessment approach, this report does not provide insight as to the calibration 
of initial and continuing losses.  

3.3 Topographical Data 
3.3.1 ALS Data 

Topographical data was provided by MRC in the form of LiDAR survey undertaken in 2009. The LiDAR points 
were used by DNRM to generate a ‘bare earth’ Digital Elevation Model (DEM) with a grid spacing of 1m. DNRM 
state that the DEM represents the ground with vertical accuracy of ±0.15 m on clear, hard surfaces at the 1 sigma 
confidence level.  The absolute horizontal accuracy will be ±0.45 m at the 1 sigma confidence level.  

A base DEM was prepared using the available data set. In order to improve data size and manageability, the 
LiDAR DEM was filtered to produce a 2 m Digital Terrain Model (DTM). The extent of the DTM was then ‘trimmed’ 
to match the extent of the hydraulic model.  

As a result of checking the DTM provided by MRC, a few issues were observed regarding the continuity of the 
individual LiDAR tiles. The data provided by MRC included 4 square LiDAR tiles. Due to corrupted data or errors 
in the various exporting and processing tasks involved in creating a LiDAR raster, gaps were identified where the 
tiles intersected. This issue was overcome by interpolating and smoothing values between cells on each side of 
the tiles.  

The difference in the topography outputs before and after the modifications is shown Figure 5 below.  
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Figure 5 Topography Smoothing Undertaken (image on the left is before smoothing, image on the right is after smoothing) 

3.4 Existing Stormwater Drainage Infrastructure 
As part of this study, MRC provided details of relevant stormwater drainage infrastructure from their asset 
database.  

The pit and pipe data was provided in the form of “As-Constructed” plans from the various consultants or 
contractors who have conducted works in the North Mackay region. The data required manipulation and 
interpretation before it could be incorporated into the TUFLOW model.  

For use in this study, Council provided the following information (between March and June 2015):  

- Survey information in AutoCAD file providing spatial layout, most sizes and most invert levels.  

- North Mackay stormwater pits and pipe shapefiles.  

- Design and Construction drawings stormwater network along: 

 Creek Street 

 Goldston Street 

 Knobel Street 

 Martin Street 

 Palmer Street 

 Evans Avenue 

 Harbour Road 

 Cornwall Street 

 Sams Road 

 Vine Street 

 Bassett Street 

 Carr Street 

 Howland Street 

- Grendon Street 

- TMR As-Constructed drawings for Sams Road 
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- Additional survey information requested by AECOM, provided in an AutoCAD file showing spatial layout, 
sizes and most invert levels. 

Where invert level, pipe size, pipe material and pit inlet data was missing, the following assumptions were applied: 

- All upstream invert levels are higher than downstream invert levels (i.e. no pipes flowing in the wrong 
direction). 

- No fall across pits. 

- Minimum cover of 600mm, where practicable. 

- Pipe configuration is a Reinforced Concrete Pipe (RCP). 

- Upstream pipe diameter matched downstream pipe diameter. 

- Pits with no inlet details were assumed to have a 0.9m x 0.6m grated opening. 

3.4.1 Pipe Network Details 

Data for the pipe network was provided in the following forms: 

- Mackay pipes shapefile. 

- Design and As-Constructed Drawings for various areas of the stormwater network. 

- Survey information as noted above.  

To fill in gaps in the invert level information, the following approach was taken:  

- Where invert information existed both upstream and downstream of the missing invert, interpolation of these 
values was used.  

- Where invert information was not available both upstream and downstream (e.g. if the pipe element was 
either the most upstream or downstream element in a drainage line), the slope of the covering topography 
was used to calculate an invert level with a depth of cover equivalent to the nearest element.  

Underground pipes have been incorporated into the model as 1D elements, which are dynamically linked to the 
2D domain via pit structures, as described in Appendix A.  

Some pipes were re-digitised to better represent the network within the 2m grid. Where multiple pipes of the same 
diameter were drawn parallel, these were reduced to a single line with the number of pipes as an attribute.  

There were some conflicts between the pipe size and material information when comparing the data sources. 
Preference was given to the recent survey data, and then to any data which was the same across multiple files.   

Hydraulic roughness has been applied to all pipes according to their material and using an equivalent Manning’s 
‘n’ value. The specific values assigned to each material are shown in Table 2.  
Table 2 Hydraulic Roughness for Pipe Network 

Material Manning’s ‘n’ 

FRC (fibre reinforced 
concrete)  & Fibro 0.013 

RCP & RCBC 0.013 

PVC, UPVC, plastic  0.010 

Steel 0.027 

For instances where the pipe material was not specified, the following process was adopted.  

- Box culverts have all been assumed as concrete.  

- Pipes with a diameter of 300 mm and greater have been assumed as concrete (0.013 Manning’s ‘n’).  

- Pipes with a diameter of less than 300 mm have been assumed as PVC.  



AECOM
  

North Mackay District Centre Stormwater Drainage Study 
Vines Creek Catchment 

  
Prepared for – Mackay Regional Council – ABN: 56 240 712 069 

14 

3.4.2 Culverts 

Data related to culverts within the study area was provided in PDF, AutoCAD or spreadsheet format. Where data 
was missing, the technique outlined in previous sections was applied.  

3.4.3 Pit Network Details 

Data for the pit network was provided in the following forms: 

- Design and As-Constructed Drawings for various areas of the stormwater network 

- Survey files outlined in previous sections  

As outlined above, a number of issues were identified regarding completeness of the pit data, particularly related 
to the size of the inlet structures.  

As very limited structure size data was available, all pits were assumed to be 0.9m x 0.6m square channels. This 
assumption was made such that the pit inlet structures would not limit runoff entering the underground pipe 
system. This process also accounts for any pits connected to the smaller elements of the drainage system that 
are not included in the trunk drainage representation.  

3.5 Other GIS Data 
For the various projects which have been completed by AECOM for MRC, the following data layers have been 
used; cadastral boundaries, road lines, railway lines, aerial imagery and planning zones.  

This information was provided February to March 2015. 
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4.0 Hydrologic Assessment 

4.1 Overview 
In order to estimate flood levels, flood extents and flood risk across the study area, a hydrologic assessment was 
undertaken to estimate flood flows resulting from local catchment design rainfall events. The hydrologic approach 
taken to define runoff within the investigation area was the application of rainfall directly onto the two dimensional 
hydraulic model (rain-on-grid). 

In the direct rainfall approach, the hydrological routing is undertaken in the two dimensional hydraulic model 
domain, rather than in a runoff routing package. The direct rainfall method involves the application of rainfall 
directly to the two dimensional model domain. The rainfall depth in a particular timestep is applied to each 
individual hydraulic model grid cell, and the two dimensional model calculates the runoff from this particular cell.  

Refer to Appendix A for details as to the development of the hydrologic input data. 

4.2 Design Events  
The design events adopted for this assessment included the 39%, 18%, 1%, 0.5% and 0.2% AEP local catchment 
events.  

The 1% AEP event was used to determine the critical duration for each of the models. This process and the 
outcomes from the critical duration assessment are described in section 6.2.  
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5.0 Hydraulic Model Development 

5.1 Adopted Methodology 
An integrated one-dimensional (1D) / two-dimensional (2D) numerical hydraulic model has been developed to 
simulate flood behaviour within the study area. 

A TUFLOW hydrodynamic model has been developed to simulate 1D and 2D flow, through solving of the depth 
averaged two-dimensional momentum and continuity equations for free-surface flow.  

An overview of the model setup and key parameters is provided in Table 3. 
Table 3  Hydraulic Model Setup Overview 

Parameter Information 

Completion Date May 2016 

AEP’s Assessed 39%, 18%, 1%, 0.5% and 0.2% AEP 

Hydrologic Modelling Approach Direct Rainfall within 2D domain 

IFD Input Parameters Based on AR&R Volume 2, refer to Appendix A 

Hydraulic Modelling Approach TUFLOW version 2013-12-AE-w64-iDP 

Model Extent Refer to Figure 6 

Grid Size 2 m 

DEM (year flown) 2009 

Roughness 
Spatially varying and depth varying standard values compliant with both 
AR&R guidelines and MRC Flood modelling guidelines (refer to Table 17 and 
Figure 19) 

Eddy Viscosity SMAGORINSKY (default) 

Model Calibration Not Undertaken in the Absence of Recorded Data 

Downstream Model Boundary Height-Time and Discharge-Time 

Hydraulic Model Timesteps 0.5 second  

Hydraulic Model Wetting and 
Drying Depths 

Cell centre set at 0.0002 m 
Cell side set at 0.0001 m 

Sensitivity Analyses 

- Climate change (20% increase in Rainfall intensity and 0.8m increase 
in tail water level) 

- 15% Increase in Manning’s Roughness 
- 15% Decrease in Manning’s Roughness 
- Highest Astronomical Tide 
- Planning Scheme Land Use 

5.1.1 Model Extent 

The rain on grid model extent was determined using the LiDAR provided by MR. The size of the model boundary 
was also chosen with respect to the study area specified by MRC. The extent of the rain on grid model can be 
seen in Figure 6. 

5.1.2 Material Roughness 

The material roughness coefficients have been applied with respect to the Mackay Regional Council’s Guideline 
for Preparation of Flood & Stormwater Drainage Catchment Reports (June, 2013). It should be noted that material 
roughness coefficients have been applied as height varying factors. Further information is provided in Appendix A.
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6.0 Basecase Hydraulic Modelling 

6.1 Overview 
The TUFLOW model described in Appendix A was used to simulate the 39%, 18%, 1%, 0.5% and 0.2% AEP 
events. Direct rainfall was applied within the model boundary. A height varying with time (HT) boundary has been 
applied at the south eastern extent of the model at the confluence of Vines Creek / Barnes Creek with the Pioneer 
River. This water level has been set to a constant 2.35mAHD which is the Mean High Water Springs (MHWS).  

Two separate basecase scenarios were established, as summarised below: 

- Basecase E0 Scenario – Levee Culvert Gates Open. 

 The scenario represents local catchment flooding within the study area, assuming free flow conditions 
through culverts penetrating the levee system. 

- Basecase E1 Scenario – Levee Culvert Gates Closed. 

 The scenario represents local catchment flooding within the study area occurring concurrently with 
elevated tidal plane or raised Pioneer River flood levels which has closed backflow prevention devices. 

6.2 Design Flood Critical Duration Assessment 
The critical storm duration for the study area was assessed by simulating the 15, 30, 45, 60,120, 180, 270 and 
360 minute durations for the 1% AEP event. Figure 7 shows the 1% AEP critical duration map. 

The 30, 60 and 120 minute storm durations were found to be critical across the majority of the study area. A 
comparison between the durations showed the 120 minute duration resulted in higher flood levels directly 
adjacent to the levee system and only marginally lower flood levels in the remainder of the study area. For this 
reason, the 120 minute storm was selected as the critical duration for study.  

The critical duration was applied to the 39%, 18%, 1%, 0.5% and 0.2% AEP events. 

6.3 Basecase Scenario (Levee Culvert Gates Open – E0 Scenario) 
6.3.1 Design Flood Depths, Extents and Velocities – E0 Scenario 

Table 4 provides a summary of recorded flood heights for the 39% AEP, 18% AEP, 1% AEP, 0.5% AEP and 
0.2%AEP Basecase events at key locations within the study area are shown in Figure 8. 
Table 4 Summary of Basecase Peak Flood Heights (E0) 

Location 
Point 

Elevation 
(mAHD) * 

PWSE (mAHD) 

39% AEP 18% AEP 1% AEP 0.5% AEP 0.2% AEP 

Creek / Goldston 5.46 5.60 5.62 5.69 5.71 5.73 

Knobel / Goldston 5.44 5.48 5.49 5.54 5.55 5.57 

Vine / Goldston 5.22 5.34 5.37 5.45 5.47 5.54 

Martin / Goldston 5.86 5.86 5.86 5.91 5.92 5.93 

Carr 1 4.96 5.08 5.13 5.30 5.35 5.40 

Carr 2 5.96 5.99 6.00 6.02 6.03 6.04 

Martin / Carr 5.53 5.60 5.62 5.68 5.69 5.71 

Carr / Creek 5.27 5.41 5.46 5.58 5.61 5.65 

Knobel 5.06 5.23 5.26 5.38 5.45 5.54 

Knobel / Basset 5.76 5.77 5.78 5.83 5.84 5.85 

Basset / Martin 6.65 6.66 6.66 6.68 6.69 6.70 

Basset / Vine 5.44 5.45 5.47 5.56 5.58 5.60 

Slade Point Road 5.26 5.61 5.63 5.69 5.70 5.72 
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Location 
Point 

Elevation 
(mAHD) * 

PWSE (mAHD) 

39% AEP 18% AEP 1% AEP 0.5% AEP 0.2% AEP 

Grendon / Cornall 6.80 6.81 6.81 6.81 6.82 6.82 

Cornwall / Keller 6.16 6.21 6.22 6.23 6.24 6.25 

Vine St 4.60 5.20 5.21 5.36 5.44 5.53 

Cornwall 6.20 6.28 6.30 6.34 6.36 6.37 

Keller 6.09 6.18 6.19 6.24 6.26 6.28 

Keller (North) 5.79 5.93 5.96 6.03 6.05 6.07 

Palmer / Grendon 6.34 6.36 6.37 6.38 6.39 6.40 

Palmer / Thornber 5.83 5.96 5.96 5.96 5.96 5.96 

Palmer / Keller 5.68 5.80 5.81 5.86 5.87 5.88 

Palmer / Howland 5.55 5.60 5.64 5.73 5.76 5.78 

* Note: point does not necessarily represent the road crown level.  

Map 1 to Map 5 of the Volume 2 report show the Basecase design flood depth, extents and velocities for the 39% 
AEP, 18% AEP, 1% AEP, 0.5% AEP and 0.2% AEP events respectively.  

- Map 1 – 39% AEP Basecase 

Within the urban area of the study area, the flood waters are generally contained within the road reserves for the 
39% AEP event. It can be seen on the eastern side of the model that there are a number of areas where surface 
water runoff is starting to pond against the landward side of the levee. This is particularly evident between the 
ends of Creek Street and Knobel Street. On the western side of the model, it can be seen that surface water 
runoff also ponds against Sam’s Road, which is part of the Pioneer River levee system.  

- Map 2 – 18% AEP Basecase 

Similar to the 39% AEP event, runoff is contained within the road reserve within the majority of the model area. 
The extent of inundation due to stormwater ponding on the landward side of the levee begins to increase, 
particularly at the end of Knobel Street where depths in some locations rise to between 500-1000mm. The flood 
footprint north of Sam’s Road also increases.  

- Map 3 – 1% AEP Basecase 

In the 1% AEP event, runoff is no longer contained within road reserves, with overland flow paths through the 
urbanised areas evident. This is particularly obvious in the allotments between Vine Street and Knobel Street 
where a flow path can be identified with depths between 300mm and 500mm. Also, overland flow can be seen on 
the open area leading to Bundesen Street to the north of the model.   

In this event, ponding on the landward side of the levee structures begins to impact adjacent private allotments. 
Specific examples of this include the an allotment immediately south of the Creek Street / Carr Street intersection 
which has depths of up to 500mm, and the areas between the end of Vine Street and Knobel Street which have 
depths ranging between 300mm and 1000mm. Furthermore, the depth of the flooded area north of Sam’s Road 
increases to between 700mm and 800mm, for the majority of the flood footprint.  

- Map 4 – 0.5% AEP Basecase 

Runoff within urbanised areas is similar to that of the 1% AEP event. Some areas demonstrate a significantly 
increased flood depth and flood footprint such as the area bounded by Vine Street, Goldston Street and Knobel 
Street, and the vacant allotment between Palmer Street and Bunderson Street.  

- Map 5 – 0.2% AEP Basecase 

During the 0.2% AEP event, the peak depths and velocities are similar to that of the 0.5% AEP event apart from 
some slight increases in flood depths and flood footprint, particularly around areas where ponding against the 
levee structure is evident.  
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6.3.2 Flood Hazard  

Flood hazard categorisation provides a better understanding of the variation of flood behaviour and hazard across 
the floodplain and between different events. The degree of hazard varies across a floodplain in response to the 
following factors: 

- Flow depth. 

- Flow velocity. 

- Flow depth multiplied by flow velocity (DV). 

- Rate of flood level rise (including warning times). 

- Duration of inundation. 

For the purposes of this study, flood hazard maps were generated according to Department of Infrastructure, 
Transport, Regional Development and Local Government (formerly Department of Transport and Regional 
Services, DOTARS) guidelines using both flood depth and flood velocity outputs to determine flood hazard. No 
assessment of evacuation times or duration of inundation were incorporated in this assessment due to the 
preliminary nature of the study. It is recommended that assessment of evacuation times be undertaken during 
future stages of the project. 

It should also be noted that, the 1D/2D model has assumed flow over entire allotments and ignores the house 
footprint. This provides an average velocity and more accurate water surface level over the allotments. However 
the velocity of floodwaters passing between buildings can produce a localised hazard or risk to the residence and 
it occupants, which may not be readily apparent as only the broad allotment average velocity is reported.  

Localised high hazard areas can occur because of obstructions to flow causing high localised velocities such as 
areas between houses and fences as mentioned above. The flood hazard maps produced as a result of this study 
do not and cannot depict these localised areas of high hazard. They only provide a preliminary overview of the 
general flood hazard for planning and decision making purposes. Further investigations and/or observations 
would be required to pinpoint individual hazard locations. 

The flood hazard during the 1% AEP Basecase events (Scenario E0) can be found within the Volume 2 report 
(Map 28). 

6.3.3 Underground Network Capacity 

Figure 9 provides an analysis of the existing underground network capacity. It can be seen that the approximately 
half the existing drainage network has less than 39% AEP capacity. 

Table 5 summarises the Basecase 1D network capacity. 
Table 5 Basecase 1D Network Capacity Summary (E0) 

Description Total Length 
(m) 

Pipes Flowing Full (m) 

39% AEP 18% AEP 1% AEP 

Basecase 1D 
Network 3157 1186 

(37.6%) 
1483 

(47.0%) 
2186 

(69.2%) 

6.3.4 Estimated Building Impacts 

In the absence of surveyed floor heights, desktop estimation methods have been used to estimate floor levels (i.e. 
LiDAR, Google Street View and aerial imagery).  Based on modelled peak flood heights and estimated floor 
heights, it is estimated that approximately 7 residential dwellings would experience over floor flooding 1% AEP 
local catchment event. 

It should be noted that this is a preliminary estimate undertaken using desktop estimation methods. It is 
recommended that floor level inundation estimates be updated once terrestrial LiDAR is captured by 
MRC. 
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6.4 Basecase Scenario (Levee Culvert Gates Closed - E1 Scenario) 
6.4.1 Design Flood Depths, Extents and Velocities – E1 Scenario 

Table 6 provides a summary of recorded flood heights for the 39% AEP, 18% AEP, 1% AEP, 0.5% AEP and 0.2% 
AEP Basecase events at key locations within the study area shown in Figure 8. 
Table 6 Summary of Basecase Peak Flood Heights (E1) 

Plot Output Location 2yr 5yr 100yr 200yr 500yr 
CreekGoldston 5.62 5.66 5.80 5.83 5.86 
KnobelGoldston 5.61 5.66 5.80 5.83 5.86 
VineGoldston 5.61 5.66 5.80 5.83 5.86 
MartinGoldston 5.88 5.89 5.92 5.93 5.95 
Carr1 5.90 5.92 5.97 5.99 6.01 
Carr2 5.99 6.00 6.02 6.03 6.04 
MartinCarr 5.69 5.70 5.80 5.83 5.86 
CarrCreek 5.61 5.66 5.80 5.83 5.86 
Knobel 5.61 5.66 5.80 5.83 5.86 
Knobel Basset 5.77 5.78 5.83 5.84 5.86 
BassetMartin 6.66 6.66 6.68 6.69 6.70 
BassetVine 5.61 5.66 5.80 5.83 5.86 
SPR1 5.61 5.63 5.69 5.71 5.72 
GrendonCornall 6.81 6.81 6.81 6.82 6.82 
CornwallKeller 6.21 6.22 6.24 6.24 6.26 
EndVIne 5.61 5.66 5.80 5.83 5.86 
Cornwall 6.28 6.30 6.35 6.36 6.38 
Keller 6.18 6.19 6.24 6.26 6.28 
KellerN 5.93 5.96 6.03 6.05 6.08 
palmerGrendon 6.36 6.37 6.39 6.39 6.40 
PalmerTHornber 5.96 5.96 5.96 5.96 5.96 
PalmerKeller 5.80 5.81 5.86 5.87 5.88 
PalmerHowland 5.60 5.64 5.74 5.76 5.79 

* Note: point does not necessarily represent the road crown level.  

Map 6 to Map 10 of the Volume 2 Report shows the Basecase (Gates Closed – Scenario E1) design flood depth, 
extents and velocities for the 39% AEP, 18% AEP, 1% AEP, 0.5% AEP and 0.2% AEP events respectively.  

The following is of note: 

- For the 39% AEP and 18% AEP event, where drainage is not influenced by closed outlets through the levee 
(predominately the north western section of model), flows are generally contained within the road reserves.  

- Throughout all modelled AEP events, the closure of stormwater drainage outlets heavily impacts the areas 
East of Goldston Street, between Vines Street and Creek Street. In the 1% AEP event, the majority of this 
area has peak water depths of between 500 and 700mm.  

- In the 1% AEP event the area north of Sam’s Road can be seen to have significant peak water depths. The 
majority of the flood footprint in this area has depths in excess of 1000mm.   

- Flood extents, depths and velocities continue to increase in the 0.2% AEP event.  

- The velocities throughout the study area are relatively small. In the 39% AEP event the majority of velocities 
are less than 0.3m/s and in the 0.2% AEP, the maximum velocity at any plot output point is 1.0m/s. 

6.4.2 Flood Hazard  

The flood hazard during the 1% AEP Basecase event (Scenario E1) can be found within the Volume 2 report 
(Map 28). 

As a general comparison between the hazard map for the E0 Basecase scenario (Gates Open) and the E1 
Basecase scenario (Gates Closed) the following points were identified: 
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- The closure of drainage outlets increases the hazard in the areas where ponding on the landward side of the 
levee is prevalent. This is particularly evident at: 

 The allotments bounded by Goldston Street, Vine Street and Knobel Street. 

 The southern end of Goldston Street. 

 The areas north of Sam’s Road where water ponds behind the levee.  

6.4.3 Estimated Building Impacts 

In the absence of surveyed floor heights, desktop estimation methods have been used to estimate floor levels (i.e. 
LiDAR, Google Street View and aerial imagery).   

Based on modelled peak flood heights and estimated floor heights, it is estimated that approximately 37 
residential dwellings would experience over floor flooding 1% AEP local catchment event with levee culvert gates 
closed.  

This represents an increase of 30 dwellings which experience over floor flooding as a result of closed levee 
culvert gates in comparison to the 1% AEP basecase (scenario E0). 

6.5 Sensitivity Analysis 
A number of sensitivity analyses have been completed as part of the study: 

- Increase in rainfall intensities to replicate potential climate change impacts (20% increase in rainfall intensity 
and a 0.8m increase in tidal level). 

- Increase in manning’s roughness values (15%). 

- Decrease in Manning’s Roughness Values (15%). 

- Highest Astronomical Tide tail water conditions. 

- Adoption of MRC’s Planning Scheme future land use classification within the study area (representing a 
change in fraction impervious percentage). 

- Long Duration Assessment (12hr Storm Event and 24hr Storm Event) 

Further discussion on each sensitivity analysis is provided below. 

6.5.1 Climate Change (Scenario S1) 

A climate change sensitivity analysis has been undertaken which applies a rainfall intensity 20% higher than that 
of which is calculated based upon the existing AR&R87 IFD data and applied through standard temporal patterns 
for Zone 3.  

In conjunction with the 20% increase in the rainfall intensity, the Pioneer River tail water levels were also 
increased to represent sea level rise associated with climate change. In accordance with the State Planning 
Policy Coastal Protection, an increase of 0.8m has been applied. Therefore, the existing mean high water springs 
(MHWS) tidal level has been increased from 2.35mAHD to 3.15mAHD.  

As shown in Map 21 of Volume 2, there is predicted to be an increase in flood depths across the majority of the 
study area. More extensive impacts to flood heights are predicted in the north western area of the study area 
where elevated tidal levels impact the ability for levee culverts to drain efficiently. 

6.5.2 Manning’s Roughness (Scenario S3 and S4) 

Model scenario’s S3 and S4 are sensitivity runs assessing the impact of a 15% increase and a 15% decrease in 
manning’s roughness values respectively.  

As can be seen in review of Map 22 and 23 shown in the Volume 2 Report, the difference created by the modified 
roughness values is typically within +/- 20mm. This indicates that the model is not particularly sensitive to the 
roughness values adopted.  
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6.5.3 Highest Astronomical Tide (Scenario S5) 

The 1% AEP Basecase design event was simulated with a constant downstream tidal boundary set to the Highest 
Astronomical Tide (HAT) level of 3.64m AHD. The difference in PWSE between the 1% AEP Basecase event with 
HAT and that with MHWS is provided as Map 24 of the Volume 2 report. 

Map 24 shows that the increase in constant tidal level from MHWS to HAT results in minimal difference to peak 
flood heights within the majority of the study area. The exception is north of Sam’s Road where peak flood heights 
are predicted to increase by 300mm. This area particularly sensitive to increased tidal levels.  

Figure 10 below, shows a comparison between the adopted constant river levels for various conditions, and the 
elevation of the pipe outlet inverts. The section along Sam’s Road which indicates an increased flood depth in 
exceedance of 300mm in the HAT model, is drained by the culverts with Pipe ID’s 42, 43, 44, 82 and 83. Figure 
10 shows the water surface elevation at the outlet of these pipes would be higher than that of the invert level. As a 
result the backflow prevention mechanisms would be in effect and this in turn would cause ponding to occur on 
the landward side of the levee, resulting in the increased depth shown in the model results. 

 
Figure 10 Comparison of Pipe Outlet Elevations to River Tail water Conditions 

6.5.4 Future Development (Scenario S6) 

A sensitivity analysis has been completed to assess potential future urban development within the study area, as 
indicated in MRC’s Planning Scheme. The latest planning scheme indicates that the majority of the currently “Low 
Residential” area south east of Harbour Road will become “Medium Density Residential.” To the north of Harbour 
Road, the planning scheme also indicates some development of “Medium Residential Area. “  

These developments have been represented in the TUFLOW model by altering the materials layer, which applies 
different roughness values for these locations. Figure 12 shows the material layers used within this sensitivity 
analysis and Figure 11 shows the original material layers used in the Basecase model.  

In reference to map 25 of Volume 2, it can be seen that the application of different roughness values for the 
proposed developed results in minimal impact to predicted peak flood heights. The difference map which 
compares the sensitivity run results to that of the Basecase results shows that the difference between the two 
models is within the margins of +/- 20mm.  
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Figure 11 Basecase Material Layers 

 
Figure 12 Future Development Scenario Material Layers 
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6.5.5 Long Duration Scenario 

A sensitivity analysis was completed to assess the impacts of a long duration event (12 hr and 24hr) on the 
catchment in a concurrent event where the levee gates are closed.  

In reference to map 26 and 27 of Volume 2, it can be seen that in the longer events, the flood extent increases 
significantly along with the peak water surface elevations in the regions where overland flow is accumulating 
behind the levee. While the long duration results do indicate a larger impacted area, the likelihood of concurrent 
events is far less than a local catchment event occurring in isolation.  

When viewing map 27 of volume 2, it is prevalent that on the western side of the model, the flood extent is smaller 
and the water surface elevations are lower by between 75mm and 150mm.  Therefore, the results from the long 
duration event indicate that for the purpose of a local catchment study the longer duration is not significant unless 
the Pioneer River catchment is also experiencing a significant flood event.  
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7.0 Flood Risk Management Principles 

7.1 Framework 
This study aligns to current best practice guidelines, including the Australia Emergency Management Handbook 
Series, Handbook 7 – Managing the Floodplain: a Guide to Best Practice in Flood Risk Management in Australia 
(Commonwealth of Australia, 2013). 

For a government agency with primary responsibility for managing flood risk in their area, the flood risk 
management framework provides a basis to improve management of flood risk for their community. The purpose 
of the framework is to assist Flood Management Agencies (FMA), like MRC, to:  

- Understand roles and responsibilities related to flood risk management. 

- Identify and engage with relevant stakeholders and agencies. 

- Identify and understand relevant legislation, policies, regulations and guidelines.  

- Identify vulnerable and high risk areas of the community. 

- Collate the best available information and use it appropriately. 

- Identify knowledge gaps and risks, to inform the decision making process related to these issues.  

- Develop plans to improve knowledge and manage flood risk, including implementation guidance.  

- Make informed development decisions related to flood prone areas. 

- Conduct community and stakeholder engagement related to flood risk and management. 

A well formulated floodplain management plan enables informed communities, flood risk managers, land-use 
planners and emergency managers to make sound floodplain management decisions. The full range of potential 
flood risk treatment options must be carefully considered, in relation to the specific flood risk associated with the 
area, to ensure suitability and resilience. 

Figure 10.1 (reproduced as Figure 13 below) of Managing the Floodplain: A Guide to Best Practice in Flood Risk 
Management in Australia (Commonwealth of Australia, 2013), illustrates the current best practice floodplain 
management process. Figure 13 demonstrates how this report fits within the overall process. 
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Figure 13 Floodplain Specific Management Process. Source: Reproduction of Figure 10.1 of Managing the Floodplain: A Guide to 

Best Practice in Flood Risk Management in Australia (Commonwealth of Australia, 2013) 

 

 

 

 

 

 

 

Vines Creek Drainage 
Study (This Report) 

Vines Creek Drainage 
Study (Partly Covered in 
This Report) 

Potential Future Works 



AECOM
  

North Mackay District Centre Stormwater Drainage Study 
Vines Creek Catchment 

  
Prepared for – Mackay Regional Council – ABN: 56 240 712 069 

31 

7.2 Floodplain Mitigation Measures 
Floodplain management measures can be broadly grouped into Non Structural and Structural options, as follows: 

- Non Structural (refer Section 8.0) 

 Community awareness. 

 Land use planning and development control.  

 Emergency management planning. 

- Structural (refer Section 9.0) 

 Property buyback. 

 Levees (both permanent and temporary). 

 Detention basins. 

 Improved conveyance through channel works and culverts. 

 Development planning – Raising of dwellings. 

 Development planning – Flood proofing of dwellings. 

 Backflow prevention devices. 

 Diversion channels. 

Non-structural flood mitigation measures relate to the management of current, potential and residual flood risks, 
whereas structural measures targets the partial or complete elimination of flood risk. Whilst sound floodplain 
management is preferably achieved through land use and development planning this is not always feasible where 
development has already occurred within the floodplain. Where development has occurred within flood prone 
areas, a reduction in flood risk can be achieved through the application of structural measures. 
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8.0 Non-Structural Flood Mitigation Measures 

8.1 Overview 
A summary of non-structural flood mitigation measures are outlined below for MRC’s consideration.   

8.2 Community Awareness 
It is critical that community living in the flood-prone areas of Mackay be made aware – and remains aware – of 
their role in the overall floodplain management strategy for the region, including defence of their communities and 
their personal evacuation. Sustaining an appropriate level of flood awareness involves continuous effort by MRC 
and the emergency services which can significantly increase the community’s resilience to future flood events. 

Irrespective of flood warnings, there can be widespread variation in flood awareness in a community which can 
result in a high degree of variation in flood damages. Within the Mackay area, more recent flood events (i.e. 2008 
event) have raised flood awareness in the community. However, as time passes, this awareness will reduce. 

MRC can enhance flood awareness through, for example, regular public education programs via newspaper, 
videos, pamphlets, meetings and other media outlets. It is recommended that awareness campaigns be 
undertaken just prior to each wet season. Community awareness brochures have been widely adopted and many 
followed the successful implementation of NSW SES’s ‘Flood Safe’ brochures. These brochures can include 
material specific to the local region and provide the following information: 

- What floods are and the history on flooding in Mackay. 

- Flood behaviour in Mackay 

- Flood warnings. 

- What to do before, during and after a flood. 

- Preparation of a household emergency plan. 

It is recommended that MRC develop a communications plan to explain existing flood risk to the Mackay 
community using outputs from this report. This should be incorporated into MRC’s current Coastal and Inland 
Flood Hazards Adaption Study (CIFHAS) community awareness campaign. 

8.3 Land Use Planning and Development Control 
Through suitable land use planning, the likelihood and consequence of flooding can be managed by guiding 
appropriate future development, removing existing inappropriate development and selecting land use zoning 
which is flood compatible. Sound land use planning goes hand in hand with sound development planning. 

Appropriate development and building controls can significantly reduce flood risk and the amount of damage to 
flood prone properties when a flood occurs. The level of protection provided by the Planning Scheme should be a 
consequence of an analysis of the risks and consequences of flooding and the opportunities provided by 
sustainable land uses. 

An underlying factor of community vulnerability is the degree of exposure to flooding. Where people have chosen 
to live is their own decision however, they may not be aware of the flood risk and hazard to which they are 
exposed. Planning schemes are a key element to prevent increasing the number of people, business and assets 
exposed to flooding from events less than the Defined Flood Event (DFE). It is therefore fundamental that future 
development is guided so that people and their property have limited exposure to flood hazard and/or the 
development uses flood resilient building material and practices and adopts/accepts a flood impact philosophy of 
shelter in place. 

Several broad recommendations are provided below for further consideration by MRC’s Planning and 
Development officers: 

- This study has assessed existing flood risk for local catchment events only. Storm surge and Pioneer River 
flood events should be considered in conjunction with the results of this study, when undertaking 
development planning and assessments. 
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- MRC needs to have regard to the cumulative impacts of developments, i.e. the consideration of the impacts 
of a development in combination with other developments. 

- A key component of land use planning is the adoption of a DFE. This has traditionally been adopted as the 
1% AEP flood however there is considerable evidence that rainfall intensity will increase during current 
planning horizons.  

 In application, a DFE being the 1% AEP flood with an allowance for the adverse impacts of climate 
change as represented by an increase in design rainfall intensities of 20% (being a 5% per degree 
Celsius rise in mean global temperature of 4°C to the year 2100) is recommended. 

- In consideration of the results of the sensitivity tests, and minimal data on which to base model calibration, it 
is recommended that a freeboard of 0.3m be applied to the model results from this report, when using them 
for development control purposes. 

- A comprehensive suite of development assessment measures is recommended, that not only includes the 
direct impact of development, but also the indirect impacts regarding flood warning and evacuation.  

- Relevant MRC staff should be appropriately trained in assessing flood study reports with respect to the 
development control measures selected. 

The aim of land use planning and development control is to: 

- Not unnecessarily sterilising land on the floodplain. 

- Manage future development. 

- Be ecologically, socially and culturally sustainable. 

- Provide a balanced and integrated mix of management measures. 

- Obtain best value. 

- Provide direction for implementation. 

- Promote community awareness, seek and take into account public comment. 

- Meet legislative requirements and act in good faith. 

There are a range of methods that can also be considered for future development and or future planning scheme 
controls.  Methods include: 

- Internal MRC Policy to guide development assessments including draft conditions for stormwater flooding 
prevention and control. 

- Preparing a more stringent Flood Hazard Overlay Code, using the flood maps prepared for this study. 

- Planning maps easily accessible by the public to find out if MRC has planning controls for flooding on the 
subject property. 

- Ensuring in development control provisions that any portion of a structure below flood planning levels will be 
built from materials that minimise potential damage due to inundation and impact from flood velocities. 

Planning scheme controls can also provide Performance Criteria & Acceptable Solutions that seek to achieve the 
following objectives: 

- Habitable floor areas for residential developments to be above the defined flood event plus freeboard. 

- Commercial buildings all habitable flooring to be above the ground floor for multi-story buildings. 

- Increase housing density that makes use of prefabricated or tilt up concrete panels. 

- Basement carparks prohibited in areas where the 1% (or lower) AEP event extends above to top of existing 
kerb and channel flood areas. 

- Major electrical equipment (switchboard, lift controls, etc.) for the buildings to be above the defined flood 
event. 

- Major plumbing and house drainage equipment (switchboard, pump controls, etc.) for the buildings to be 
above the defined flood event. 
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- Maximum site discharge to be no greater than 39% AEP - to be triggered by development application. 

- Avoid filling to minimise cumulative impacts on flood plains. 

- Maximise use of non-stud frame dwellings to reduce contents damage. 

- Place electrical outlets approximately 1m minimum above flor height. 

- Build all external wall and load bearing internal walls below the DFE plus freeboard of masonry construction 
eg double brick, concrete block, concrete panel rather than brick veneer or framed walls. 

- Use timber framed walls with sheet cladding only for non-load-bearing internal partitions. 

- Building foundations to be flood impact and inundation resilient. 

- For structural purposes use materials that are dimensional stable and not weakened by immersion. 

- Use of water resistant bracing materials – eg steel straps, fibre cement or waterproof plywood sheets. 

- Ignore bracing contribution from plasterboard wall lining. 

- Use medium of heavy-duty side fixed brick ties. 

- Use insulation with minimal absorption that dries- eg polystyrene panels. 

- Ensure adequate ventilation to cavities. 

- Staircases should be designed to facilitate the relocation of contents from the ground floor to the upper floor. 

8.3.1 Habitable Floor Level 

MRC currently set habitable floor levels based on the highest of:  

- 1% AEP Pioneer River event including Climate Change to 2100 and 0.3m freeboard. 

- 1% AEP Storm Surge event including Climate Change to 2100 and 0.3m freeboard.  

- a minimum level of 5.4 mAHD.  

It may be the case however that higher flood levels may be experienced during a 1% AEP Local Catchment event 
including Climate Change to 2100 and 0.3m freeboard, rather than the events listed above. 

8.4 Emergency Management Planning 
MRC’s Local Disaster Management Group (LDMG) is responsible for coordinating local planning and response for 
flood events. A lack of available data can be a limiting factor for a LDMG’s ability to plan for the event and to 
communicate the expected impacts to local residents / media. 

8.4.1 Flood Emergency Plan 

It is recommended that MRC further develop or amend their existing Flood Emergency Plan (FEP) following the 
completion of this study. The FEP should be a detailed document containing an agreed set of roles, 
responsibilities, functions, actions and management arrangements to deal with flood events of all sizes.  

The primary aim of the FEP is to reduce hazard during an actual flood. Essential issues addressed in the plan are 
flood forecasting, flood warning, location of vulnerable people/communities and evacuation and initial recovery. A 
local FEP forms an essential component of a floodplain management plan and requires close liaison between 
emergency management staff. 

Typically, a FEP has several trigger points that result in the activation and implementation of the plan as the 
actual flood event develops. The flood emergency plan should include activities to protect and reinstate essential 
infrastructure services required during clean-up and in the recovery phase. 

8.4.2 Assessment of Critical Infrastructure 

A list of critical infrastructure, and the Pioneer River gauge level at which it is likely to be inundated, should be 
prepared. This could include infrastructure such as: 

- Emergency services facilities (e.g. ambulance, police, fire, hospital). 

- Significant facilities for evacuation (e.g. child care, education, retirement, nursing care). 
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- Key evacuation routes. 

- Key water and sewerage infrastructure. 

- Roads / bridges. 

- Airport facilities. 

8.5 Summary of Non-Structural Flood Mitigation Measures 
A summary of non-structural flood mitigation measures is shown in Table 7, with a brief discussion on the various 
types of mitigation measures also provided. 
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Table 7 Non-Structural Flood Mitigation Options Summary 

Measure Mitigation Option Description Advantages / Disadvantages 

Community 
awareness 

Community and Stakeholder 
consultation 

Engagement throughout the floodplain 
management process, to inform the community on 
flood risk and develop flood resilience within the 
community. 

Advantages 
- Creates a flood resilient community. 
- Gives the community a sense of ‘buy in’ related to flood risk. 
- Allows for informed debate regarding flood mitigation 

strategies. 
- Consequence of flooding may be reduced. 
Disadvantages 
- May result in negative community feelings towards flood 

prone areas. 
- Likelihood of flooding remains the same. 

Land use planning Zoning Appropriate land use zoning to guide future 
development away from flood prone areas. 
 
Re-zoning of existing developments within flood 
prone areas, to flood compatible land uses (e.g. 
parks and open spaces). 

Advantages 
- Eliminates future development in areas affected by flooding.  
- Reduces future flood risk. 
Disadvantages 
- Re-zoning of existing developed areas may take time to 

have an effect on flood risk, as existing residents may not 
move on for some time.  

- May reduce land values, particularly on the flood fringe 
areas. 

Buyback / Purchase Voluntary or forced purchase of existing buildings 
within high hazard flood areas, to eliminate the 
flood risk. 

Advantages 
- Eliminates flood risk. 
- Links with re-zoning. 
Disadvantages 
- Costly. 
- May cause distress if residents resist the purchase. 
- Could take a long time, particularly if there is isolated 

resistance within a larger group of buybacks. 
Development 
planning and 
building controls 

Planning Scheme An overarching plan for the city / region to guide 
areas of development outside flood prone areas. 
 
 
 

Advantages 
- Provides a clear picture of areas where development should 

not take place, due to flood risk. 
Disadvantages 
- Could sterilise areas on the flood fringe. 



AECOM
  

North Mackay District Centre Stormwater Drainage Study 
Vines Creek Catchment 

  
Prepared for – Mackay Regional Council – ABN: 56 240 712 069 

37 

Measure Mitigation Option Description Advantages / Disadvantages 

Development 
planning and 
building controls 

Minimum floor levels Habitable floor levels are set based on a minimum 
height (freeboard) above the defined flood event. 

Advantages 
- Provides a level of flood resilience, up to the Defined Flood 

Elevation (DFE). 
Disadvantages 
- Residual risk remains for flooding in events larger the DFE. 
- There may be issues with flood free access / egress to 

buildings. 
Raising of dwellings Lifting of the habitable floor level of an existing 

dwelling, based on a minimum height (freeboard) 
above the defined flood event.  

Advantages 
- Provides a level of flood resilience, up to the DFE. 
- May prove to be cost effective, when compared to other 

building controls. 
Disadvantages 
- Not possible for all types of buildings. 
- Residual risk remains for flooding in events larger the DFE. 
- There may remain issues with flood free access to the 

building. 
Flood proofing of dwellings Improving the flood resistance of a building to 

inundation and velocities, through the use of 
appropriate materials. This is done by retrofitting 
to existing buildings or designing into new 
buildings. 

Advantages 
- Structural damage is reduced during flooding. 
Disadvantages 
- Other detrimental effects of flooding remain, including 

access, clean up, etc. 
Raising of services – 
electrical and plumbing 

Improved flood resilience of building to loss of 
services if major electrical equipment ( lifts and 
switchboards) and major plumbing items ( pumps) 
are above the DFE 

Advantages 
- Loss of service is reduced during flooding. 
Disadvantages 
Other detrimental effects of flooding remain, including access, 
clean up, etc. 

Emergency 
management  
planning 

Response planning Planning associated with managing flood 
forecasting, flood preparedness, emergency 
response and flood recovery.  
 
 
 
 

Advantages 
- Provides clear details on the responsibilities and actions to 

be taken prior to, during and after a flood event. 
- Identifies areas that require improvement, in relation to flood 

response. 
Disadvantages 
- Flood risk remains. 
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Measure Mitigation Option Description Advantages / Disadvantages 

Forecasting and warning Relates to the prediction of flood severity, flood 
extent and flood timing for a specific area, and the 
methods by which affected persons are informed. 
 
 

Advantages 
- Provides advanced warning of a flood event, which allows 

for flood preparedness and flood response. 
Disadvantages 
- Flood risk remains. 

Emergency 
management  
planning 

Flood preparedness Refers to the awareness of affected parties 
(community and agency alike) of what they need 
to do prior to the arrival of a flood.  
 
This will include items such as agency staff 
training and individual resident’s actions taken to 
prevent loss. 

Advantages 
- Reduces incidental flood damage. 
- Reduces social impacts. 
- Allows for effective flood response. 
Disadvantages 
- Flood risk remains. 

Flood Response Refers to the response by agencies and 
individuals affected by the flood, to reduce the 
hazard. This could include road closures, 
evacuations and rescue. 

Advantages 
- May reduce the consequences of flooding. 
Disadvantages 
- Flood risk remains. 

Recovery Once flood waters recede, the recovery process 
includes clean-up, services restoration, financial 
assistance and other activities to ensure safe 
access is available to flood affected areas. 

Advantages 
- Good planning will accelerate the recovery process. 
- Clearly defines the roles and responsibilities related to flood 

recovery. 
Disadvantages 
- Flood risk remains. 
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9.0 Preliminary Structural Mitigation Measures 

9.1 Overview of Mitigation Options 
Hydraulic modelling undertaken for this study has highlighted the increased flood hazard within the study area 
posed by elevated tidal levels or Pioneer River flood levels which cause existing backflow prevention mechanisms 
to close. Whilst these closure mechanisms protect the leveed area from most coastal and riverine flood events, 
they also prevent local catchment runoff from draining via the existing levee culverts.  

Modelling has also highlighted potential property impacts in larger magnitude local catchment flood events 
(without Pioneer River influence) due to limited drainage penetrations in the levee system to allow adequate 
drainage of the interior area.  

The mitigation options which could be beneficial in this catchment include:  

- Detention basins. 

- Additional drainage penetrations through the levee system. 

- Pump systems. 

9.2 Viability of Mitigation Options 
The potential for some mitigation options to be implemented is restricted by the land available and the ability to 
undertake construction through or around the levee system.  

Due to the lack of available space in the area, the use of detention basins as a mitigation measure is not possible 
without private property acquisitions. This is not deemed feasible at this stage but could be considered by Council 
in the future if warranted.  

The addition of stormwater pipes through the levee will be beneficial presuming that the invert level of the outlet is 
higher than the tidal conditions in the Pioneer River.  As indicated in Figure 10, the pipe outlet should be higher 
than 2.35mAHD for drainage structures to effectively convey flow in a local catchment event. It should be noted 
that for a concurrent event, additional structures through the levee will not provide any benefit for the drainage of 
the local catchment.  

The implementation of additional stormwater structures through the levee system does pose some risk to the 
levee structure, both in construction and in operation. Construction of the culverts will cause a period where the 
levee is opened and vulnerable. Construction activities would need to be undertaken in the ‘dry season’ and 
completed quickly to minimise risk. In operation, a stormwater structure can also represent an increased risk of 
levee failure, however this risk can be minimised through good design and construction techniques. 

A pump scenario is also suitable for the catchment to mitigate flooding in concurrent events and local catchment 
events by discharging surface runoff over the levee system, directly to the Pioneer River.  

9.3 Description of Options 
9.3.1 Stormwater Pump Station 

For the purpose of this preliminary assessment, a number of interior catchment pump scenarios have been 
trialled, including a 2 m3/s pump, a 5 m3/s pump and an 8 m3/s pump.  

The proposed pump station has been located at the eastern end of Knobel Street, immediately adjacent to the 
levee system in a low lying area (refer to Figure 14). This location was deemed to be the most appropriate based 
on a review of the natural topography and flood depths. 
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The three developed case models which have been simulated are outlined below: 

- D1 – Levee Gate Closed Scenario with a 5 m3/s Stormwater Pump. 

- D2 – Levee Gate Closed Scenario with a 2 m3/s Stormwater Pump. 

- D3 – Levee Gate Closed Scenario with a 8 m3/s Stormwater Pump. 

The D1, D2 and D3 model runs are simulated for the levee gate closed scenario.  

In order to assess the benefit of the stormwater pumps in a non-concurrent event, three additional simulations 
have been completed for the pump options for the levee gate open scenario. These scenarios are outlined 
below: 

- D1a – Levee Gate Open Scenario with a 5 m3/s Stormwater Pump. 

- D2a – Levee Gate Open Scenario with a 2 m3/s Stormwater Pump. 

- D3a – Levee Gate Open Scenario with a 8 m3/s Stormwater Pump. 

9.3.2 Additional Levee Drainage Penetrations 

In addition to the pump scenarios, a number of stormwater upgrade scenarios have been simulated. These 
scenarios are outlined below: 

- D4a – Levee Gate Open Scenario - additional 1 x 750RCP through the levee at end of Knobel Street (refer 
to Figure 15). 

- D4b – Levee Gate Open Scenario - additional 3 x 750RCP through the levee at end of Knobel Street (refer 
to Figure 16). 

- D4c – Levee Gate Open Scenario - additional 3 x 750RCP through the levee at end of Knobel Street and in 
combination with an additional 1 x 1050 RCP through the levee at the end of Vine Street (refer to Figure 17). 

- D4d – Levee Gate Open Scenario - additional 1 x 750RCP through the levee at end of Knobel Street, 
duplicated stormwater system along Knobel street from Goldston street to Levee, additional inlet on 
Goldston Street (refer to Figure 18).  

All options have been completed for the levee gate open scenario, as the options will not provide any flood 
mitigation benefits in a levee gate closed scenario. 
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Figure 15 Proposed Stormwater Upgrade (D4a) 

 
Figure 16 Proposed Stormwater Upgrade (D4b) 
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Figure 17 Proposed Stormwater Upgrade (D4c) 

 

Figure 18 Proposed Stormwater Upgrade (D4d) 
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9.4 Flood Depths, Extents and Velocities for Options Assessed 
Table 8 provides a summary of modelled flood heights for the 1% AEP Developed Case events at key locations within the study area shown in Figure 8. 
Table 8 Summary of Developed Case Flood Heights 

Location 
Point 
Elevation 
(mAHD) * 

PWSE (mAHD) 

E0 - 1% 
AEP 

(basecase) 

E1 - 1% 
AEP 

(basecase) 

D1 - 1% 
AEP 

(5m3/s 
Pump) 

D1a - 1% 
AEP 

(5m3/s 
Pump) 

D2 - 1% 
AEP 

(2m3/s 
Pump) 

D2a - 1% 
AEP 

(2m3/s 
Pump) 

D3 - 1% 
AEP 

(8m3/s 
Pump) 

D3a - 1% 
AEP 

(8m3/s 
Pump) 

D4a - 1% 
AEP 

D4b - 1% 
AEP 

D4c - 1% 
AEP 

D4d - 1% 
AEP 

Creek / Goldston 5.46 5.69 5.79 5.71 5.69 5.71 5.69 5.71 5.69 5.69 5.69 5.69 5.69 

Knobel / Goldston 5.44 5.54 5.79 5.55 5.54 5.65 5.54 5.55 5.54 5.54 5.54 5.53 5.53 

Vine / Goldston 5.22 5.44 5.79 5.48 5.44 5.65 5.44 5.48 5.44 5.44 5.44 5.44 5.44 

Martin / Goldston 5.86 5.90 5.92 5.92 5.90 5.92 5.90 5.92 5.90 5.90 5.90 5.90 5.90 

Carr 1 4.96 5.28 5.97 5.97 5.28 5.97 5.28 5.97 5.28 5.28 5.28 5.28 5.28 

Carr 2 5.96 6.02 6.02 6.02 6.02 6.02 6.02 6.02 6.02 6.02 6.02 6.02 6.02 

Martin / Carr 5.53 5.67 5.79 5.74 5.67 5.74 5.67 5.74 5.67 5.67 5.67 5.67 5.67 

Carr / Creek 5.27 5.57 5.79 5.69 5.57 5.69 5.57 5.69 5.57 5.57 5.57 5.57 5.57 

Knobel 5.06 5.35 5.79 5.43 5.33 5.65 5.33 5.39 5.33 5.33 5.33 5.32 5.32 

Knobel / Basset 5.76 5.83 5.83 5.83 5.83 5.83 5.83 5.83 5.83 5.83 5.83 5.83 5.83 

Basset / Martin 6.65 6.68 6.68 6.68 6.68 6.68 6.68 6.68 6.68 6.68 6.68 6.68 6.68 

Basset / Vine 5.44 5.55 5.79 5.59 5.55 5.65 5.55 5.59 5.55 5.55 5.55 5.55 5.55 

Slade Point Road 5.26 5.65 5.69 5.69 5.65 5.69 5.65 5.69 5.65 5.65 5.65 5.65 5.65 

Grendon / Cornall 6.80 6.81 6.81 6.81 6.81 6.81 6.81 6.81 6.81 6.81 6.81 6.81 6.81 

Cornwall / Keller 6.16 6.23 6.24 6.24 6.23 6.24 6.23 6.24 6.23 6.23 6.23 6.23 6.23 

Vine St 4.60 5.30 5.79 5.45 5.27 5.65 5.27 5.45 5.27 5.27 5.27 5.28 5.27 

Cornwall 6.20 6.34 6.35 6.35 6.34 6.35 6.34 6.35 6.34 6.34 6.34 6.34 6.34 

Keller 6.09 6.24 6.24 6.24 6.24 6.24 6.24 6.24 6.24 6.24 6.24 6.24 6.24 

Keller (North) 5.79 6.03 6.03 6.03 6.03 6.03 6.03 6.03 6.03 6.03 6.03 6.03 6.03 

Palmer / Grendon 6.34 6.38 6.39 6.39 6.38 6.39 6.38 6.39 6.38 6.38 6.38 6.38 6.38 

Palmer / Thornber 5.83 5.96 5.96 5.96 5.96 5.96 5.96 5.96 5.96 5.96 5.96 5.96 5.96 

Palmer / Keller 5.68 5.86 5.86 5.86 5.86 5.86 5.86 5.86 5.86 5.86 5.86 5.86 5.86 

Palmer / Howland 5.55 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 
* Note: point does not necessarily represent the road crown level.  
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9.4.1 Stormwater Pump Station Options 

Map 11, 13, and 15 of the Volume 2 Report shows the D1, D2 and D3 design flood depths, extents and velocities 
for the 1% AEP.   

A comparison of the peak flood depths from the developed case scenarios to that of the peak flood depths from 
the Basecase scenarios (both E0 and E1) provides an indication of the benefits afforded by the pumps. Maps 41, 
44 and 47 from the Volume 2 Report show the predicted flood height difference comparing D1, D2 and D3 1% 
AEP scenarios to the E1 1%AEP Scenario.  

The following is of note: 

- The area impacted by the pump includes Vine Street, Knobel Street, Goldston Street and Carr Street. The 
addition of the 5m3/s pump shows significant reduction at the immediate location of the pump, upwards of 
300mm, and a further benefit of between 75-150mm at the fringe of the flood footprint.  

- The D2 results indicate that use of a 2m3/s pump does still provide significant benefit in comparison to the 
E1 results. However, where the 5m3/s pump achieved a reduction of more than 300mm in some areas, the 
maximum reduction as a result of the 2m3/s pump is 150mm.  

- The 8m3/s pump used in D3 shows a significant reduction in flood depths over a large portion of the 
residential area east of Harbour Road. Map 47 shows that the reduction in flood depths as a result of the 
8m3/s pump extends to Bassett Street, and also along Martin Street.   

Maps 42, 45 and 48 from the Volume 2 Report show the predicted flood height difference when comparing D1, D2 
and D3 1% AEP scenarios to the E0 1%AEP Scenario. 

The following is of note: 

- As only a single pump has been added at the end of Knobel Street, the afflux map still shows a significant 
increase in flood depths at the area north of Sam’s Road.  

- Map 32 shows that the use of a 5m3/s pump, while it does reduce the flood depth significantly, it does not 
bring the level down to that of the original E0 scenario. Similarly, the 2m3/s pump shows that the flood depth 
is still over 300mm higher in the D2 scenario than the E0 scenario.   

- The implementation of an 8m3/s pump, used in D3, shows that the reduction in flood depths is large enough 
to create an overall benefit, even in comparison to the E0 scenario. Map 48 shows that the flood depth in the 
majority of the area east of Harbour Road is brought back to a range of between 300mm below and 75mm 
above the E0 results.  

The scenarios of D1a, D2a and D3a (Maps 43, 46 and 49 in the Volume 2 Report) show the predicted flood height 
difference when comparing 1% AEP Levee Gate Open Pump scenarios to the E0 1%AEP Basecase Scenario. 

The following is of note: 

- As only a single pump has been added at the end of Knobel Street, flood extents in other areas of the model 
have not varied in comparison to the original E0 scenario. 

- Map 43, 46 and 49 shows that the use of a pump system reduces the depth by more than 300mm in the 
area at the eastern end of Knobel Street and also reduces the flood footprint in this location.  

- The difference between maps 43, 46 and 49, (a 5m3 pump, a 2m3 pump and a 8m3 pump respectively) 
indicates that a larger pump size does not deliver a significantly greater benefit compared to the Basecase 
flood event (E0 scenario) and that a smaller pump still delivers a significant reduction in flood extent at the 
pump location.   

9.4.2 Additional Levee Drainage Penetrations 

The scenarios trialling increased stormwater structures through the levee, scenarios D4a-D4d, show a large 
benefit. Maps 50 to 53 from the volume 2 Report show the predicted flood height difference when comparing the 
1% AEP D4a, D4b, D4c and D4d scenarios to the E0 1% AEP Basecase Scenario.  
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The following is of note: 

- As shown in map 50, the implementation of a single additional 750 RCP through the levee at the end of 
Knobel Street shows significant reduction of the peak water surface elevation (up to 300mm) and a reduction 
of the flood footprint. This indicates that the pipes through the levee are currently undersized.  

- Implementation of 3 additional 750 RCPs through the levee at the end of Knobel Street reduces the flood 
surface height by over 300mm in the local area behind the levee between Vine and Knobel Street.  

- Doubling the 1050RCP located at the end of Vines also reduces the flood surface height by over 300mm. 
(Refer to map 52).  

- The addition of an additional stormwater line, simulated in scenario D4d, with an additional inlet on Goldston 
street (midway between Knobel Street and Creek Street) reduced water levels marginally however does not 
reduce the number of properties impacted.   

9.5 Flood Hazard Reduction 
The flood hazards during the D1 scenario 1% AEP event, D2 scenario 1% AEP event, D3 scenario 1% AEP 
event, can be found within the Volume 2 report (Maps 29-31 respectively). 

As a general comparison between the Hazard maps for the E1 Basecase scenario (Gates Open) and the 
Developed case models (D1-D3) the following points were identified: 

- The implementation of a stormwater pump significantly lessens the hazard level in the area bounded by 
Goldston Street, Vines Street and Knobel Street. The pump sizes have the following effects: 

 5m3/s Pump (D1 Scenario) – Reduces the majority of the area to a low hazard area (shown previously 
in E1 Scenario as Medium). 

 2m3/s Pump (D2 Scenario) – Reduces the extent of the ‘medium’ hazard level footprint. 

 8m3/s Pump (D3 Scenario) – Reduces the majority of the area to a low hazard area, and creates a 
lower hazard level than the E1 scenario.  

- Areas of the study area which are not benefited by the pump have hazard levels consistent with the E1 
scenario. 

The flood hazard maps for the D4a to D4d scenarios can be seen in map 36 to 39 of the Volume 2 report. When 
comparing these flood hazard maps to that of the 1% AEP E0 scenario (Map 28), it can be seen that there is a 
slight reduction in the extents of the higher level flood hazard levels, however the differences are minimal.  

9.6 Reduction in Building Inundation 
In the absence of surveyed floor heights, desktop estimation methods have been used to estimate floor levels (i.e. 
LiDAR, Google Street View and aerial imagery).   

The estimated number of residential dwellings experiencing over floor flooding following implementation of the 
mitigation options are summarised in Table 9. Note that where the floor level could not be estimated using 
desktop methods, a minimum elevation of 115mm  above the natural surface (from LiDAR) was adopted.   

 

 

 

 

 

 

 

 

 



AECOM
  

North Mackay District Centre Stormwater Drainage Study 
Vines Creek Catchment 

  
Prepared for – Mackay Regional Council – ABN: 56 240 712 069 

47 

Table 9 Estimated Residential Dwellings Experiencing Above Floor Flooding in the 1% AEP event. 

Scenario / Description Estimated No. of Houses 
with Above Floor Flooding 

Increase / Decrease 
in Affected Dwellings 

E0 – Basecase Levee Gates Open (1% AEP) 7 - 

E1 – Basecase Levee Gates Closed (1% AEP) 37 - 

D2a – Developed Case, 2 m3/s Pump (1% AEP) 
(Levee Gates Open) 5 -2 

D2 – Developed Case, 2 m3/s Pump (1% AEP) 
(Levee Gates Closed) 26 -11 

D1a – Developed Case, 5 m3/s Pump (1% AEP) 
(Levee Gates Open) 5 -2 

D1 – Developed Case, 5 m3/s Pump (1% AEP) 
(Levee Gates Closed)  12 -25 

D3a – Developed Case, 8 m3/s Pump (1% AEP) 
(Levee Gates Open) 5 -2 

D3 – Developed Case, 8 m3/s Pump (1% AEP) 
(Levee Gates Closed) 11 -26 

D4a – Additional 1 x 750 RCP (Levee Gates Open) 5 -2 

D4b – Additional 3 x 750 RCP (Levee Gates Open) 5 -2 

D4c – Additional 3 x 750 RCP and 1 x 1050 RCP 
(Levee Gates Open) 5 -2 

D4d – Additional 750 RCP and Duplicate 
Stormwater line through Knobel Street  
(Levee Gates Open) 

5 -2 
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10.0 Indicative Infrastructure Costs 

10.1 Structural Mitigation Costs 
Indicative structural mitigation construction costs (base year 2016) for structural mitigation options are 
summarised in Table 10. 
Table 10 Indicative Structural Mitigation Construction Costs 

Mitigation Option Description Indicative Cost  
($ 2016) 

D1 5 m3/s Stormwater Pump Station $1,170,000 

D2 2 m3/s Stormwater Pump Station $925,000 

D3 8 m3/s Stormwater Pump Station $1,260,000 

D4a D4a – Additional 1 x 750 RCP $120,000 
D4b D4b – Additional 3 x 750 RCP $260,000 
D4c D4c – Additional 3 x 750 RCP and 1 x 1050 RCP  $340,000 
D4d D4d – Additional 750 RCP and Duplicate Stormwater line 

through Knobel Street  $460,000 
The following qualifications are noted: 

- The project costs exclude Goods and Service Tax (GST). 

- The indicated project costs are for trunk drainage works only. The costs include a contingency of 15% of the 
direct costs for unforeseen works. This allowance is considered appropriate given the preliminary nature of 
the investigation. No allowance has been made in the project costs for any maintenance or repair costs 
associated with the existing drainage infrastructure. All new culverts are assumed to be non-aggressive 
environment culverts. 

- No subsurface investigations were undertaken for this study. No allowance has been made for unsuitable 
ground conditions or for the remediation and management of potential acid sulfate soils. 

- The project costs do not include any allowances for government agency costs, community consultation costs 
and community awareness costs. 

- The costs which have been estimated for pump scenarios are Net Present Values that include a 3% annual 
maintenance fee for the 15 year life of the pump at a discount rate of 4%.  
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11.0 Conclusion and Recommendation 

11.1 Key Findings 
There are a number of key findings of this study, including: 

- The study area has a short critical duration in both the Basecase and the Developed Case scenarios: 

 Ranging from 1 hour to 3 hours across the majority of the study area. 

- There is potential for over floor flooding within the study area; however the number of inundated properties 
will need to be confirmed using surveyed floor levels. 

- Flooding within some parts of the study area can be attributed to a lack of though levee culvert capacity, 
minimal stormwater detention areas and implications due to concurrent tidal / Pioneer River tail water 
conditions.  

- In the absence of formal interior levee drainage management infrastructure, there is predicted to be a 
significant increase in the number of properties experiencing above floor flooding if concurrent local 
catchment / Pioneer River flood events occur. Impacts are further exacerbated if longer duration local 
catchment flood events occur in combination with elevated Pioneer River levels. 

- Additional levee drainage structures at Knobel Street (i.e. Scenario D4a) are predicted to reduce the number 
of inundated properties in a local catchment event. Further additional levee drainage structures (i.e. 
Scenarios D4b, D4c and D4d) may provide additional flood reduction benefits but are not predicted to further 
reduce the number of properties experiencing above floor flooding, in comparison to Scenario D4a. 

- Pump station options are likely to provide a similar reduction in properties that experience above floor 
flooding as the options for additional levee drainage structures (for local catchment events with levee gates 
open). 

- A pump station is deemed to be the only viable option to reduce the number of properties experiencing 
above floor flooding in concurrent flood events, where levee gates are closed.  

- It is likely that a significant pump station (i.e. >8m3/s peak discharge) would be required to reduce property 
impacts in a concurrent flood event (levee gates closed) to that which is experienced in a local catchment 
event (levee gates open). 

- A range of non-structural mitigation options should be considered by MRC and implemented in conjunction 
with any future structural mitigation options. 
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11.2 Recommendations 
From the outcomes of this study, it is recommended that: 

- Study findings are used to inform MRC’s current community awareness campaign. 

- The TUFLOW Model is validated for future flood events. 

- Further more detailed assessment be undertaken to assess the implications of concurrent flood events and 
the potential impacts to flood risk within the study area. 

- A Floodplain Management Plan be developed, which incorporates all flooding mechanisms in the Mackay 
region including: 

 Pioneer River flooding. 

 Storm surge. 

 Local catchment runoff. 

- Non-Structural measures should be incorporated into the Mackay Planning Scheme. 

- It is recommended that Option D4a and Option D1 are taken forward for further assessment and 
optimisation. Further works are recommended, including: 

 Flood Damages Assessment to assess the reduction in tangible flood damage provided by the 
structural flood mitigation works. It is recommended that this be undertaken using surveyed floor 
heights. 

 Should the structural mitigation options be shown to provide a positive economic benefit, further 
business case development and evaluation should be undertaken prior to proceeding to project staging 
and budgeting. This information would also support future funding applications. 

 Potential structural mitigation options should be included in Council’s 10 year Flood and Stormwater 
Implementation Plan and prioritised using the Multi Criteria Assessment Framework. 
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Appendix A Model Development Technical Information 

A1 Hydrologic Assessment 
Design Rainfall Inputs 

Intensity Frequency Duration Rainfall Data 

Site specific Intensity Frequency Duration (IFD) data was determined using the design rainfall isopleths from 
Volume 2 of Australian Rainfall and Runoff (AR&R), 1987.  

The IFD input data set obtained for Mackay is shown in Table 11. 
Table 11 Adopted IFD Input Parameters 

Parameter Value 

1 hour, 2 year intensity (mm/hr) 55.26 

12 hour, 2 year intensity (mm/hr) 11.34 

72 hour, 2 year intensity (mm/hr) 3.76 

1 hour, 50 year intensity (mm/hr) 106.3 

12 hour, 50 year intensity (mm/hr) 25.68 

72 hour, 50 year intensity (mm/hr) 8.94 

Average Regional Skewness 0.16 

Geographic Factor, F2 4.09 

Geographic Factor, F50 17.75 

Standard techniques from AR&R were used to determine rainfall intensities up to the 72 hour duration for the 1EY 
(exceedance per year), and 39%, 18%, 10%, 5%, 2%, 1%, 0.5% and 0.2% AEP events. The calculated IFD data 
is shown in Table 12. 
Table 12 IFD Design Rainfall Intensities for Mackay (mm/hr) 

Duration 
(hrs) 1EY 39% 

AEP 
18% 
AEP 

10% 
AEP 

5% 
AEP 

2% 
AEP 

1% 
AEP 

0.5% 
AEP 

0.2% 
AEP 

1 42.3 55 70 80 93 110 123 137 156 

2 27.2 35.4 46.4 53 62 75 84 94 108 

3 20.9 27.3 36.2 41.8 49.1 59 67 75 87 

4 17.3 22.7 30.3 35.1 41.4 50 57 64 74 

4.5 16 21 28.2 32.7 38.6 46.8 53 60 70 

5 14.9 19.6 26.4 30.7 36.3 44.1 50 57 66 

6 13.3 17.5 23.6 27.5 32.6 39.7 45.3 51 60 

9 10.2 13.5 18.4 21.6 25.7 31.5 36.1 41 47.8 

12 8.44 11.2 15.43 18.17 21.73 26.7 30.69 34.94 40.95 

18 6.67 8.86 12.25 14.47 17.34 21.34 24.57 28.01 32.89 

24 5.62 7.48 10.38 12.28 14.73 18.17 20.94 23.9 28.1 
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Temporal Patterns 

Temporal patterns for Zone 3 were adopted for events up to the 0.2% AEP using the standard methodology 
outlined in AR&R (Pilgrim, et al, 1987).  

Areal Reduction Factors 

The IFD rainfall values described previously are applicable strictly only to one point; however AR&R state that 
they may be taken to represent IFD values over a small area (up to 4 km2). The catchment area of the Vines 
creek catchment study is ~0.96 km2. 

In order to ensure that appropriate rainfall depths were being applied to the model, Area Reduction Factors 
(ARFs) were calculated for the study area. The calculated ARF values were identified as being 95% for the 15 
minute storm, 96.8% for the 1 hour storm and 98.7% for the 6 hour storm. In order to ensure a conservative 
approach was adopted for the study, no reduction of the IFD rainfall was undertaken due to the relatively small 
catchment area and ARFs associated with this investigation. 

0.5% AEP and 0.2% AEP Rainfall Depths 

The AR&R87 IFD dataset is limited to providing rainfall intensities for Average Recurrence Intervals up to the 1% 
AEP event. Therefore, to determine the rainfall intensities and depths for the 0.5% and 0.2% AEP events, 
calculations were undertaken for the Probable Maximum Precipitation (PMP) event. The process for determining 
the PMP event yields values for larger flood events, including the rainfall depths for the 0.5% and 0.2% AEP 
events.  

The PMP has been defined by the World Meteorological Organisation (2009) as ‘the greatest depth of 
precipitation for a given duration, meteorologically possible for a given size storm area at a particular location at a 
particular time of year’.  

The PMP event results in a Probable Maximum Flood (PMF) event. This is a theoretical event which is very 
unlikely to ever occur within any given catchment. The PMF event is typically used in design of hydraulic 
structures, such as dams.  

The GSDM, as revised in 2003, was applied to derive estimates of PMP for short duration storms. The GSDM 
applies to catchments up to 1,000 km2 in area and durations up to 6 hours, which makes the method applicable to 
the Vines Creek Drainage Study which has a catchment area of approximately 0.99 km2 and a critical duration of 
2 hours (refer Section 6.2). 

Using the methodology set out in the GSDM Guidebook (BOM, 2003), the following data for the PMP was 
determined: 

- The coastal GSDM Method is applicable as the catchment lies on the Queensland coast. 

- The Roughness (R), Elevation Adjustment Factor (EAF) and Moisture Adjustment Factor (MAF) were 
calculated as 1.0, 1.0 and 0.99 respectively. 

- PMP parameters were calculated as shown in Table 13. 
Table 13 Adopted PMP Parameters 

AEP (%) Duration (hrs) Rainfall Total (mm) Rainfall Intensity (mm/hr) 

0.5 2 200 100 

0.2 2 239 119 

Direct Rainfall Modelling 

Overview 

In traditional flood modelling, separate hydrological and hydraulic models are constructed. The hydrological model 
converts the rainfall within a sub-catchment into a peak flow hydrograph. This flow hydrograph is then applied to 
the hydraulic model, which estimates flood behaviour across the study area. 

In the direct rainfall approach, the hydrological model is either partially or completely removed from the process. 
The hydrological routing is undertaken in the two dimensional hydraulic model domain, rather than in a runoff 
routing package. 
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The direct rainfall method involves the application of rainfall directly to the two dimensional model domain. The 
rainfall depth in a particular timestep is applied to each individual hydraulic model grid cell, and the two 
dimensional model calculates the runoff from this particular cell. 

AR&R Revision Project 15 notes the following advantages of direct rainfall modelling: 

- Use of the direct rainfall approach can negate the need to develop and calibrate a separate hydrological 
model, thus reducing overall model setup time. 

- Assumptions on catchment outlet locations are not required. When a traditional hydrological model is 
utilised, an assumption is required on where to apply catchment outflows to the hydraulic model. 

- Assumptions on catchment delineation are not required. Flow movement is determined by 2D model 
topography and hydraulic principles, rather than on the sub catchment discretisation, which is sometimes 
based on best judgement and can be difficult to define in flat terrains. 

- Cross catchment flow is facilitated in the model. In flat catchments, flow can cross a catchment boundary 
during higher rainfall events. This can be difficult to represent in a traditional hydrological model. 

- Overland flow is incorporated directly. Overland flow models in traditional hydrological packages require a 
significant number of small sub-catchments, to provide sufficient flow information to be applied to a hydraulic 
model. 

There are also several disadvantages associated with the use of the direct rainfall approach: 

- Direct rainfall is a new technique, with limited calibration or verification to gauged data. 

- The rain-on-grid approach can potentially increase hydraulic model run times.  

- Requires digital terrain information. Depending on the accuracy of the results required, there may be a need 
for extensive survey data, such as aerial survey data. 

- Insufficient resolution of smaller flow paths may impact upon timing. Routing of the rainfall applied over the 
2D model domain occurs according to the representation of the flow paths by the 2D model.  

- The shallow flows generated in the direct rainfall approach may be outside the typical range where 
Manning’s ‘n’ roughness parameters are utilised.  

Approach 

Rainfall is applied as a rainfall hyetograph with a depth applied per time interval. The model applies a rainfall 
depth to every cell and losses are applied on a material-by-material basis.  

Rainfall hyetographs (discrete depths per time interval series) were produced for each AEP event and storm 
duration to represent the total local precipitation for the study area. These were linked directly to the 2D domain, 
and the model applied the rainfall depth to every grid cell for the duration of the event.  

A spatially varying material map was created using MRC’s property boundary dataset and aerial imagery. Table 
14 summarises the rainfall losses adopted for the study and applied to all design events. Note that the adopted 
rainfall losses are within the acceptable ranges recommended by AR&R and match those adopted in the Mackay 
CBD Flood Study (AECOM, 2015). 
Table 14  Adopted rainfall losses 

Material Description Initial Loss (mm) Continuing Loss (mm/hr) 

Short grass / exposed soil  20 2 

Open space  20 2 

Roads 0 0 

Mixed vegetation & residential  20 2 

Commercial / manufacturing  0 0 

Open water  0 0 

Marsh / wetlands  0 0 
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Material Description Initial Loss (mm) Continuing Loss (mm/hr) 

Medium Residential 20 2 

Buildings  0 0 

Design Events 

Multiple design events were modelled as requested by MRC including the 39%, 18%, 10%, 5%, 2%, 1%, 0.5% 
and 0.2% AEP events  

The 1% AEP event was used to determine the critical duration with storms being run for 15, 30, 45, 60,120, 180, 
270 and 360 minute durations. This is further discussed in Section 6.2. 

Hydrologic Model Checking 

Rational Method Comparisons 

A Rational Method check has been undertaken on two major flow paths to validate the rain-on-grid hydrological 
model. The peak flows are listed in Table 15 below. 
Table 15 Rational Method Check 

Catchment Area (ha) AEP Model Output 
(m3/s) 

Rational 
Method (m3/s) Error (%) 

West of 
Harbour Road 

0.1380 
39% 1.37 1.70 19.1 

18% 1.89 2.46 23.1 

1% 3.63 5.15 29.6 

 

With reference to Error! Reference source not found. the low order flows (up to 18% AEP) are generally within 
the acceptable bounds of ±20% of the calculated Rational Method discharges. The high order events for the 
Rational Method assessment generally fall outside the acceptable bounds and are markedly higher than the rain-
on-grid hydrological analysis.  
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A2 Hydraulic Modelling 
Adopted Methodology 

An integrated one-dimensional (1D) / two-dimensional (2D) numerical hydraulic model has been developed to 
simulate flood behaviour within the study area. This is discussed in Section 6.1. 

One Dimensional Model Development 

Overview 

As detailed in Section 3.4 MRC provided a large amount of data related to the existing stormwater drainage 
network within the study area. Following data review, underground pipes were incorporated into the model as 1D 
elements, which are dynamically linked to the 2D domain via pit structures. 

Backflow Prevention Devices 

Pipes which outlet to Vines Creek and Barnes Creek have backflow prevention devices, which prevent river water 
ingress into the underground stormwater network and ultimately to the landward side of the levee system. These 
were modelled as one-way pipes, with additional friction losses to simulate head losses.  

Culverts  

All culverts were represented as dynamically linked 1D elements.  

Pit Network Details 

The pit network has been modelled based upon plans provided by MRC. Where information was not available, 
pits were assumed to be 0.9m x 0.6m square channels.  

Two Dimensional Model Development 

Model Extent 

The model extent was determined using the LiDAR provided by MRC. The size of the model boundary was also 
chosen with respect to the study area specified by MRC and to ensure that all natural flow paths into the study 
area were also captured. Further information is provided in Section 5.1.1. 

Model Topography 

Base model topography was derived from LiDAR data supplied by MRC. The data was supplied as a 1 m 
resolution Digital Elevation Model (DEM).  

As noted in Section 3.3 some updates to the base DEM were completed to smooth some discrepancies between 
LiDAR tiles. The final DEM was used within all basecase design event and developed case design event 
simulations.  

Boundary Conditions 

As detailed in Section 4.0, direct rainfall has been applied to the TUFLOW model, with no additional inflow 
boundaries applied.  

The outflow boundaries used in the TUFLOW model are height versus discharge (HQ) boundaries. These 
boundaries are located along the north and north western extent of the model. The HQ boundary allows flood 
waters to discharge from the model relative to the water surface elevation. Using a downstream slope value, 
TUFLOW automatically generates a HQ curve which is used to determine the HQ values.  

Heights versus time (HT) boundaries were set around the coastal sections of the model extent. The HT boundary 
applies a water level to the cells based upon a water level versus time curve. The tidal boundaries for each model 
scenario are summarised in Table 16. 
Table 16 Tidal Boundaries Summary 

Model Scenario Tidal Boundary 

Mean High Water Springs (Basecase model) Constant WSE of 2.35mAHD 

Climate Change (include sea level rise to 2100) Constant WSE of 3.15 mAHD 

Highest Astronomical Tide (Sensitivity) Constant WSE of 3.64 mAHD 



AECOM
  

North Mackay District Centre Stormwater Drainage Study 
Vines Creek Catchment 

  
Prepared for – Mackay Regional Council – ABN: 56 240 712 069 

a-6 

Hydraulic Roughness  

Each land use category was assigned a Manning’s ‘n’ roughness based on MRC’s Guideline for Preparation of 
Flood & Stormwater Drainage Catchment Reports (June 2013). Specific roughness values for each category as 
applied to the model are detailed in Table 17.  

Note that the Manning’s ‘n’ value in column 3 is applied for water depths up to 0.1m, above which Manning’s ‘n’ 
values are interpolated between the values in column 3 and column 4 until water depth reaches 0.3m. For water 
depths above 0.3m, the Manning’s ‘n’ value shown in column 4 is applied. 

Figure 19 shows a representation of the roughness map. 
Table 17 Adopted Roughness Values 

Category 

Suggested Manning’s n 
Range from MRC’s 

Guidelines for Flood 
Studies and Reports 

Manning’s ‘n’  
(Depth < 0.1m) 

 

Manning’s ‘n’  
(Depth > 0.3m) 

 

Short grass / exposed soil  0.03-0.05 (Open 
Pervious are – Sparse 
vegetation) 

0.050 0.035 

Open space  0.05-0.07 (Open pervious 
area – moderate 
vegetation) 

0.055 0.035 

Roads 0.02-0.03 (Paved Roads) 
0.018 (Bitumen Seal) 

0.020 0.020 

Mixed vegetation & residential  N/A 0.070 0.060 

Commercial / manufacturing  0.15 (Industrial 
Commercial) 

0.150 0.150 

Open water  0.02-0.04 0.030 0.030 

Marsh / wetlands  0.05-0.08 (Wetlands) 0.080 0.065 

Buildings  0.03-0.3 0.015 0.200 

Initial Conditions 

Table 18 summarises the initial water levels applied to the 1D and 2D model domains, for each of the models 
completed during the study.  
Table 18 Initial Water Levels 

Model Description Applied Initial Water Level Initial Water level (mAHD) 

Design Events MHWS 2.35 

Climate Change MHWS + 0.8m (refer to section 6.5.1) 3.15 

Highest Astronomical Tide HAT 3.64 
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Figure 19 Model Roughness Map 
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Time Step and Model Run Time 

Due to the small size of the model area, the TUFLOW model has been able to adopt a relatively small time step 
while still producing reasonable simulation time.  

The time step for the 1D and 2D domains of the model has been set to 0.5 seconds, with outputs being written at 
a 5minute interval.  These values have been adopted based upon preliminary estimates in which the model area, 
expected flood depths and velocities are used to estimate the courant number. The preliminary calculations which 
were undertaken indicated that a 0.5second time step would be sufficient, and this has been verified by the model 
courant number output consistently being below 1 within the study area. 

The courant number values throughout the study area, at a time step 1.5hrs into a 2hr storm event are 
approximately 1 or below. This is evident through the minimum, average and maximum courant numbers within 
the study area, summarised below  

- Maximum Courant Number = 1.0272 

- Average Courant Number = 0.3077 

- Minimum Courant Number = 0.0  

It should be noted that the courant number is at a maximum of 1.7 throughout the areas in which the water depths 
are high, such as throughout the lengths of Barnes and Vines creek. However this is characteristic of high water 
depth areas and does not have influence over the study area.  

Wetting and Drying Depth 

The adopted direct rainfall parameters are:  

- Model Precision = Double 

- Cell Wet/Dry Depth = 0.0002 

- Cell Side Wet/Dry Depth = 0.0001 

- Map Cut off Depth = 0.05 

Hydraulic Model Calibration 

Due to the small model size, and the location of the model area in regards to flood gauges and rainfall gauges, no 
model calibration has been able to be undertaken. However, as discussed in section 3.2.3 a previous study has 
been undertaken by AECOM in 2015 for the Central Business District of Mackay. This model involved 
comprehensive calibration process using the 2008 flood event. Pluviograph rainfall data was sourced from the 
Bureau of Meteorology and this information was applied as direct rainfall to the model. Appropriate edits were 
made to the model in regards to initial and continuing loss values, and manning roughness values.  

The same values which were used for losses and roughness in the CBD model have been adopted and applied to 
the Vines Creek model. Therefore, while the model could not be calibrated directly due to lack of available 
information, the parameters which have been used will yield a model as accurate as possible with the available 
information.  

  




