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EXECUTIVE SUMMARY 

Project Sea Dragon is a proposed large scale, integrated, land based prawn aquaculture venture 
operating across northern Australia. At full production the proponent, Seafarms Group Limited 
(Seafarms), intend to provide 100,000 tonne of prawn to the Australian and Asian markets annually.  

This document relates to the Stage 1 Grow-out facility located at Legune Station, Northern Territory. 
Stage 1 will produce nominally 14,000 tonnes of prawns per annum and will include development of 
3,861ha of Legune Station. The facility will comprise of intake pipes drawing seawater from Forsyth 
Creek, intake settling ponds, production ponds, wastewater discharge settling ponds and the 
discharge of wastewater into Alligator Creek. All weather access, infrastructure and facilities will also 
be constructed across the floodplain. 

Water Technology Pty Ltd has been commissioned by CO2 Australia, a subsidiary of Seafarms, to 
undertake an assessment of the existing surface water features of the floodplain environment and the 
impact upon these features of the proposed Stage 1 Grow-out Facility of Project Sea Dragon. 

Specifically, this report provides information relating to the following specific section of the NTEPA 
Terms of Reference for the project: 

 Section 2.5 Alternatives 

 Section 3.1 Existing Environment – Physical and biological 

 Section 4.4 Risk Assessment – Water 

Existing Surface Water Environment Assessment 

The existing surface water environment assessment has included the following tasks:  

 An evaluation of existing surface water data sets relevant to the coastal floodplain and 
waterways around Legune Station. 

 Development and validation of hydrodynamic models to assist in the evaluation of the existing 
surface water environment assessment.  This includes the “current infrastructure” conditions 
on the floodplain with existing roadways, paddock bunds and culverts, as well as “historical” 
conditions where these features have been removed from the floodplain surface wherever 
possible. 

 Characterisation of the existing surface water environment across the Legune Station 
floodplain for both historical and current infrastructure conditions. 

Key findings from the existing surface water environment assessment are as follows: 

 Surface water processes can be described under two main climatic conditions – the wet 
season and the dry season. During the dry season and start of the wet season there are many 
obvious flow paths throughout the site with two main features: 
o Flows in a northerly direction towards the Keep River to the west of Stage 1, and 
o Flows towards Forsyth Creek and the Victoria River to the east of Stage 1.  

As the wet season progresses, many of these flow paths begin to overflow and interact, with 
the floodplain becoming one major waterbody for months at a time. 

 Overall, the wet season causes large swathes of floodplain to slowly fill with water. These 
areas are relatively flat and do not allow significant drainage to the creek outlets. This is 
evidenced in the model by the large inundation extents and low velocities (generally less than 
0.1m/s). Inundation first occurs in the upper Alligator Creek catchment, before progressively 
inundating further downstream through the Alligator Creek floodplain until the end of the wet 
season. The inundation experienced in the Alligator Creek catchment throughout the wet 
season is more obvious than in the Forsyth Creek catchment. 
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 Modelled historical conditions represent conditions before local roadways, paddock bunds 
and farm dams were installed, and before the Forsyth Dam was constructed. The removal of 
downstream infrastructure in the model generally allows for less segmentation of flows, and 
a more continuous flow regime through the catchment. 

o In the Alligator Creek catchment, the removal of existing infrastructure across the 
catchment causes a slight decrease in flood extent and depth in the late wet season, 
except at the far downstream end in the SALTWATER paddock area. 

o In the Upper Forsyth Creek catchment water levels are generally much higher in the 
historical case, with the roadways having an insignificant effect compared to the 
presence of the dam. Without the Forsyth Creek Dam there is more water across the 
catchment throughout the wet season. 

 Releases from the Forsyth Creek Dam are discharged into both the Forsyth Creek and Alligator 
Creek catchments. The flow paths leading from the dam onto the floodplain in these 
catchments have velocities up to 0.5m/s and depths generally less than 1.0m. Once entering 
the respective floodplains these velocities and depths are reduced as the water spreads to fill 
the dry low lying areas. The inundation extent produced by the water released from the dam 
is constrained by existing infrastructure, specifically the roadways between the paddocks. 
Water builds behind these roads before flow paths are excavated through these roadways, 
allowing water to be released into the lower catchment.  The inundation extent and duration 
will depend on the volume of water available in Forsyth Creek dam and how the roadway 
releases are managed in any given year. The floodplain inundation from the dam releases only 
inundates the floodplain for a 4 to 8-week period depending on the volume released. 

 

Impact Assessment and Mitigation 

To assess the impact of the Stage 1 development on surface water flows across the floodplain the 
following tasks have been undertaken: 

 Incorporation of the Stage 1 development footprint into the hydraulic model. 

 Comparison of the surface water environment under Stage 1 conditions to the conditions on 
the floodplain with current infrastructure (roads, paddock bunds etc).  

Key findings from the existing surface water environment assessment are as follows: 

 The development and roadway crosses a number of major and minor flow paths throughout 
the Legune Station floodplain. 

 The inclusion of culverts to convey flows at these locations, results in limited localised changes 
in water level around the openings only.  There are no broader impacts across the floodplain.   
The net impact of the development is therefore minor.  

 Under extreme rainfall events (> 50 year ARI), the excess rainfall on the ponds may exceed the 
capacity of the drainage swales and result in an uncontrolled release of the excess water 
through a culvert crossing under the MDC.  Simulation of such a release showed generally 
shallow inundation across a localised area of the upper tidal floodplain immediately west of 
the MDC and limited or no interaction with the adjacent tidal creeks. 

 The main change across the floodplain under dry season conditions is the cessation of the 
artificial annual (for the last 10 years) and variable (in terms of amount) release of water from 
Forsyth Dam.  The dry season inundation that occurs as a result of dam releases persists on 
the floodplain for only 4 to 8 weeks.  The analysis of satellite imagery has shown that water 
will always be present to some extent in the lower sections of Alligator Creek during the late 
dry season as a result of localised rainfall events.  Therefore, mitigation is not required. 
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GLOSSARY  

Annual Exceedance 

Probability (AEP) 

Refers to the probability or risk of a flood of a given size occurring or being 
exceeded in any given year. A 90% AEP flood has a high probability of 
occurring or being exceeded; it would occur quite often and would be 
relatively small. A 1% AEP flood has a low probability of occurrence or 
being exceeded; it would be fairly rare but it would be of extreme 
magnitude.   

Australian Height Datum 

(AHD) 

A common national surface level datum approximately corresponding to 
mean sea level. Introduced in 1971 to eventually supersede all earlier 
datums. 

Average Recurrence Interval 

(ARI) 

Refers to the average time interval between a given flood magnitude 
occurring or being exceeded. A 10 year ARI flood is expected to be 
exceeded on average once every 10 years. A 100 year ARI flood is 
expected to be exceeded on average once every 100 years. The AEP is the 
ARI expressed as a percentage. 

Cadastre, cadastral base Information in map or digital form showing the extent and usage of land, 
including streets, lot boundaries, water courses etc. 

Catchment The area draining to a site. It always relates to a particular location and 
may include the catchments of tributary streams as well as the main 
stream. 

Design flood A design flood is a probabilistic or statistical estimate, being generally 
based on some form of probability analysis of flood or rainfall data.  An 
average recurrence interval or exceedance probability is attributed to the 
estimate.   

Discharge The rate of flow of water measured in terms of volume over time. It is to 
be distinguished from the speed or velocity of flow, which is a measure 
of how fast the water is moving rather than how much is moving. 

Flood Relatively high stream flow which overtops the natural or artificial banks 
in any part of a stream, river, estuary, lake or dam, and/or overland runoff 
before entering a watercourse and/or coastal inundation resulting from 
elevated sea levels and/or waves overtopping coastline defences. 

Flood hazard Potential risk to life and limb caused by flooding.  Flood hazard combines 
the flood depth and velocity. 

Flood mitigation A series of works to prevent or reduce the impact of flooding. This includes 
structural options such as levees and non-structural options such as 
planning schemes and flood warning systems. 

Floodplain Area of land which is subject to inundation by floods up to the probable 
maximum flood event, i.e. flood prone land. 

Flood storages Those parts of the floodplain that are important for the temporary storage, 
of floodwaters during the passage of a flood. 

Freeboard A factor of safety above design flood levels typically used in relation to the 
setting of floor levels or crest heights of flood levees. It is usually expressed 
as a height above the level of the design flood event. 

Geographical information 

systems (GIS) 

A system of software and procedures designed to support the 
management, manipulation, analysis and display of spatially referenced 
data. 
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Hydraulics The term given to the study of water flow in a river, channel or pipe, in 
particular, the evaluation of flow parameters such as stage and velocity. 

Hydrograph A graph that shows how the discharge changes with time at any particular 
location. 

Hydrology The term given to the study of the rainfall and runoff process as it relates 
to the derivation of hydrographs for given floods. 

Intensity frequency duration 
(IFD) analysis 

Statistical analysis of rainfall, describing the rainfall intensity (mm/hr), 
frequency (probability measured by the AEP), duration (hrs). This analysis is 
used to generate design rainfall estimates. 

LiDAR Spot land surface heights collected via aerial light detection and ranging 
(LiDAR) survey. The spot heights are converted to a gridded digital elevation 
model dataset for use in modelling and mapping. 

TUFLOW GPU A hydraulic modelling tool used in this study to simulate the flow of flood 
water through the floodplain. The model uses numerical equations to 
describe the water movement. 

Peak flow The maximum discharge occurring during a flood event. 

Probability A statistical measure of the expected frequency or occurrence of flooding. 
For a fuller explanation see Average Recurrence Interval. 

RORB A hydrological modelling tool used in this study to calculate the runoff 
generated from historic and design rainfall events.  

Runoff The amount of rainfall that actually ends up as stream or pipe flow, also 
known as rainfall excess. 

Stage Equivalent to 'water level'. Both are measured with reference to a specified 
datum. 

Stage hydrograph A graph that shows how the water level changes with time. It must be 
referenced to a particular location and datum. 

Storm Tide Storm tide refers to coastal water levels produced by the combination of 
astronomical and meteorological sea level forcing.  The meteorological 
component of a storm tide is commonly referred to as storm surge and 
collectively describes the variation in coastal water levels in response to 
atmospheric pressure fluctuations and wind setup 

Topography A surface which defines the ground level of a chosen area. 
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1. INTRODUCTION 

1.1 Background 

Project Sea Dragon is a proposed large scale, integrated, land based prawn aquaculture venture 
operating across northern Australia. At full production the proponent, Seafarms Group Limited 
(Seafarms), intend to provide 100,000 tonne of prawn to the Australian and Asian markets annually.  

Water Technology Pty Ltd has been commissioned by CO2 Australia, a subsidiary of Seafarms, to 
undertake an assessment of the existing surface water features of the floodplain environment and the 
impact upon these features of the proposed Stage 1 Grow-out Facility of Project Sea Dragon. 

The Stage 1 Grow-out facility will be located at Legune Station, Northern Territory. Stage 1 (referred 
to herein as the facility) will produce nominally 14,000 tonnes of prawns per annum and will include 
development of 3,861ha of Legune Station between the Keep River and the Victoria River, as shown 
in Figure 1-1. The facility will consist of intake pipes drawing seawater from Forsyth Creek, intake 
settling ponds, production ponds, effluent discharge settling ponds and the discharge of effluent into 
Alligator Creek. All weather access, infrastructure and facilities will also be constructed across the 
floodplain. 

Chapter 2 of this report details the existing floodplain hydrology and hydraulics in the study area based 
on desktop analysis and numerical modelling. Aspects addressed include the floodplain 
geomorphology and the influence of climatic conditions. Chapter 3 describes the surface water 
features of the site, while Chapter 4 summarises the potential impacts of the proposed development 
on the existing floodplain hydrologic and hydraulic conditions. 

 

Figure 1-1 Legune Station location showing Stage 1 of Project Sea Dragon.  
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1.2 Project Details 

Figure 1-2 shows the proposed Stage 1 development plan at May 2016. The main features of Stage 1 
of the project with respect to the floodplain hydrology and hydraulics are highlighted in Figure 1-2 
with details provided below. 

 

Figure 1-2 Project Sea Dragon Development Plan (from Seafarms Group, 2016) 

Intake channel and settlement ponds - A pump station is to be constructed at Forsyth Creek to extract 
water for use in the facility from the creek. The saline creek water will be pumped via pipes elevated 
above the floodplain to the intake channel and the settlement pond. The settlement pond has a 
retention time of 72 hours to allow for a large proportion of suspended sediment to settle before 
entering the main feeder channel which supplies water to the grow out farms and ponds. 

The intake channel and settlement pond bisect a section of the Forsyth Creek floodplain. 

Grow out farms - Stage 1 of the facility comprises three grow out farms covering approximately 500 
hectares per farm. Prawns are introduced to the farms as juveniles and harvested after 15-20 weeks. 
Each farm is comprised of 36-40 individual 10ha ponds which are bunded by a clay lined earth bank. 
Each farm also has a separate external bund around the perimeter of the ponds which is constructed 
to a height above the pond walls to ensure failure of an individual pond does not result into a loss 
across the floodplain. 

Discharge - Following harvesting of the prawns, water from the farms will be discharged into the main 
drainage channel and allowed to flow under gravity to the environmental protection zone (EPZ). The 
EPZ is a transition zone between the main drainage channel (MDC) and the discharge into Alligator 
Creek.  The channels and EPZ bisect part of the lower Alligator Creek floodplain. 

Roadways – The Stage 1 development includes a new all-weather access road running north-south 
across the floodplain.  This new roadway does not follow the alignment of existing access tracks on 
site and bisects the Alligator Creek floodplain. 
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1.3 Scope of Works 

The scope of works has been designed to respond to the following sections of the Terms of Reference 
(ToR) of the Environmental Impact Study (EIS) as provided by Northern Territory Environment 
Protection Authority (NTEPA): 

Section 2 Alternatives 

 The EIS should describe any feasible alternatives to carrying out the Project. The choice of the 
preferred option(s) should be clearly explained, including how it complies with the principles 
and objectives of ecologically sustainable development. 

 Alternatives should include: 
o ……Locations for components of the Project (e.g. water intake and waste discharge 

locations, pond siting, etc)….. 
o ……Alternative environmental management techniques (in particular, methods for 

waste treatments and discharge… 

Section 3.1  Existing Environment - Physical and biological 

Existing aspects to be discussed must include: 

 Climate and local meteorology in the context of project environmental management, 
including rainfall patterns and intensity, temperature, evaporation, wind, and the predicted 
frequency and severity of extreme weather events, such as storms and cyclones for the 2, 10 
and 100 year average recurrence intervals (ARI)….   

 …Surface water features in and adjacent to the proposed action including: 
o Major and minor rivers and drainage lines (permanent and ephemeral) 
o Catchment boundaries and sizes 
o Surface water flow directions 
o Water reservoirs (natural and artificial) 
o Wetlands 
o Areas of periodic inundation 
o Beneficial uses. 

Section 4.4 Risk Assessment – Water 

Section 4.4.2 Assessment of Risks 

The assessment of risks should include and assessment of risks to surface water (marine and fresh) 
and groundwater at an appropriate spatial scale as a result of the Projects. 

This should identify and assess the risks to: 

 To existing and/or groundwater quality and quantity, with specific reference to the Project 
components, 

 Of Planned discharges, and potential uncontrolled release or passive discharge of 
contaminants, such as hydrocarbons or nutrients, or pathogens to surface and/or 
groundwater, 

 Associated with the new infrastructure or disturbance of soils altering the hydrology and rates 
of erosion and sedimentation of waterways, 

 Of any additional impacts to surface water and/or groundwater resulting from the Project 
given the large volumes of both seawater and fresh water that will be required for the life of 
the Project. 

…The influence of seasonality should be discussed, where relevant. 

Section 4.4.3 Mitigation 
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The EIS should contain management plans that clearly outline objectives and measures to mitigate 
likely impacts of the Project on terrestrial, marine and freshwater systems. All mitigation measures in 
the plan(s) should be adequately detailed to demonstrate best practice management and that 
environmental values of receiving waters will be maintained. The plan must include but not be limited 
to measures that: 

 Minimise contamination of marine and freshwater systems,  

 …Account for times of intense and prolonged rainfall, extreme meteorological conditions, 
such as 100 year ARI storm events, cyclones and storm surges, and the predicted impacts of 
climate change. 

This report addresses the above conditions, except for the analysis of cyclones and storm surges and 
the predicted impacts of climate change. These are addressed in detail in the accompanying Water 
Technology Coastal Environment and Water Quality report. The impacts of these extreme events on 
floodplain inundation are noted in this assessment.   

1.4 Assessment Approach 

The work required to provide a thorough understanding of, and enable preparation of a description 
of the existing surface water environment at and around the Project Sea Dragon facility at Legune 
station has been undertaken as follows: 

Desktop Literature Review 

An extensive literature review was conducted to document the existing floodplain environment 
associated with the Keep and Victoria River estuaries as well as across the Legune Station. The site is 
remote and thus not heavily studied, however where available, data associated with the following 
have been reviewed: 

 Geology and geomorphology of the coastal plain and associated catchment, and 
Climatic conditions, including rainfall characteristics. 

Site Visits 

A series of 4 site visits were undertaken as part of the physical data collection program described in 
the accompanying Coastal Environments report (Volume 5, Appendix 8). Locations across the Legune 
Station floodplain and coastal areas were assessed during these visits, and the data and observations 
have been used to inform this report. 

Numerical Modelling 

Hydrologic and hydrodynamic models have been developed to enable the simulation of the rainfall, 
evaporation, inundation, and freshwater inflows within the Study Area. 

Appendix A documents the development and calibration of models employed in the floodplain 
inundation environment assessment. 
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2. EXISTING ENVIRONMENT 

2.1 Floodplain Geomorphology 

As described in Volume 2, Chapter 1 – Geology, Geomorphology and Soils of the EIS, the footprint for 
Project Sea Dragon is located on a series of four plains extending between the mouths of the Keep 
and Victoria Rivers to the foot of the Legune ranges and Spirit Hills. 

These plains can be described as follows: 

 The coastal plain – a very extensive, contiguous plain formed from marine sediments, subject 
to tidal influence and elevated from just below sea level to approximately 4.5 m AHD. 

 The estuarine-deltaic plain – a broad, contiguous plain above the level of tidal influence 
(except perhaps during king tides and cyclones), composed of black/brown cracking clays 
deposited during flood events by the Victoria and Keep Rivers, and elevated between 
approximately 4.5 and 10 m AHD. 

 The coastal erosional plain – a sandy/sandy clay plain, often laterised and a remnant of a land 
surface that likely predates the coastal and estuarine-deltaic plain and which has been 
encroached upon by both (and is being eroded by the processes that formed them).  It is 
present within the Project Area as one large plain and a number of smaller remnants.  It is 
situated between 10 and 50 m elevation. 

 A flood-out plain associated with a tributary of Sandy Creek - it crosses the Project Area in the 
far south, and is characterised by seasonally inundated swamps.  It lies between 10 and 25 m 
elevation and has the smallest Project Area extent of any of the plains. 

Figure 2-1 shows the different plains within the floodplain area analysed in this assessment.  As shown 
in the figure, the majority of the floodplain area lies within 5 m to 10 m AHD. 
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Figure 2-1 Floodplain Topography - Legune 
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2.2 Climatic Conditions 

The climate at Legune Station is considered to be tropical monsoonal in nature with a hot and dry 
season occurring June to August and a hot and humid wet season occurring late December through 
March. Transitional conditions occur between these two periods and vary in length. A tropical cyclone 
season between November and April overlaps with the wet season. 

A description of the climatic variation across the seasons and typical and extreme values is provided 
in this section. Data has been sourced from the Bureau of Meteorology (BoM) at a number of weather 
stations around Legune Station. These weather stations and their proximity to Legune Station are 
shown below in Figure 2-2. Recorded data in the area is relatively sparse, the distance between Legune 
Station and Wyndham (where the longest record of data exists) over 100km. Where available, the 
average, minimum and maximum conditions are presented to highlight the climatic variability which 
occurs in the region. 

 

Figure 2-2 Location and proximity of Weather and Tidal stations to Legune Station 

 

2.2.1 Air Temperature 

Figure 2-3 shows the average monthly minimum and maximum air temperature along with the 
recorded minimum and maximum air temperature for the stations noted in Figure 2-2. There is some 
spatial variation across the region, reflective of the different conditions local to each site. At Port 
Keats, located closer to the open water of Joseph Bonaparte Gulf, maximum air temperatures during 
the wet season are noticeably less than at the other stations and there is a range of up to 15oC in 
recorded minimums temperatures. With the exception of Timber Creek and Port Keats during the wet 
season, the average daily maximum and minimum are within 2 degrees of the average across the 
region. Port Keats is likely to be more exposed to west and north-westerly fronts which pass across 
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the area during the monsoon season whilst Timber Creek is located much further inland than the other 
weather stations. 

Across the year, the wet season has the lowest range in daily temperatures with an average range of 
10 degrees during January and February between 25oC and 35oC. During July and August, the daily 
average temperature ranges over 15 degrees from 16oC to 32oC.  

The hottest months are November and December as the wet season begins. Average monthly 
maximum temperature in this periods are 38 oC and 37 oC degrees respectively.  

 

Figure 2-3 Monthly Temperature Variation 

 

2.2.2 Rainfall 

Rainfall is driven by a combination of moist south-east trade winds, monsoonal conditions and tropical 
cyclones. Heaviest rainfall generally occurs across a monsoonal trough or during landfall of a tropical 
cyclone.  

The monsoonal patterns which bring rain during the wet season are shown below in Figure 2-4. Warm 
air blows south from South-East Asia, collecting moisture from the oceans which then falls onto the 
continent. During the breaks in the monsoonal pattern the front pushes north and light winds and 
short storms occur whilst humidity and temperature build until the next monsoonal front arrives. 

 

Figure 2-4 The Australian Monsoon (BoM, 2008) 
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Conditions in the Pacific Ocean which drive the El Niño/La Niña/Neutral cycle also drive rainfall in the 
northern and eastern Australian region. El Niño years, shown on the left in Figure 2-5, are generally 
drier with cooler than normal water temperatures in the north of Australia, whilst the La Niña 
conditions result in the opposite with more rainfall across the norther and east and warmer than 
normal ocean temperatures. The variation and strength of the Southern Oscillation Index (used to 
measure El Niño/La Niña variation) demonstrates the longer period changes associated with El 
Niño/La Niña. 

 

Figure 2-5 El Niño versus La Niña rainfall (BoM, 2008) 

Local rainfall has been recorded for varying time periods for the stations shown in Figure 2-2. The 
monthly rainfall recorded at Legune Station (1957-2016) and the across the surrounding sites are 
shown in Figure 2-6. The general pattern of wet summer months and dry winter months is 
demonstrated by the average monthly rainfall total at both Legune Station and regionally, shown by 
the dotted blue and orange lines respectively. Higher average monthly rainfall totals can be observed 
at Legune Station compared to the wider area. The average annual rainfall is close to 1,200mm at 
Legune Station with over 90% occurring in the sixth month period from November through to April. 
Port Keats shows similar annual rainfall totals to Legune Station, however across the region, stations 
which are less effected by coastal storms, average annual rainfall of less than 950mm. 

The variability of the monthly total rainfall measured at Legune Station is also illustrated in Figure 2-6, 
the light and royal blue shaded areas illustrating the difference between the maximum and median 
total monthly rainfall recorded at the Legune gauge between 1957 and 2015. Some differences can 
also be observed between the mean and median rainfall (illustrated as the shaded royal blue area and 
the dashed blue line with circles), indicating that the maximum monthly total can be outliers which 
skew the mean value upwards.  

The blue and gold columns represent the highest recorded single daily rainfall total recorded at Legune 
Homestead and within the region respectively. The highest daily rainfall event is often above the long 
term mean and median monthly total, illustrating the intense storms which can impact the area. 

The highest daily rainfall in the region is recorded at the Kimberley Rest Station in April 1959. An 
unnamed cyclone passed over the area at this time and 400mm of rain was also noted as falling (albeit 
over 2 days) at Wyndham.  

However, these intense storms are localised. During the same event in April 1959, just 134mm of rain 
was recorded at Legune over 6 days around the peak recorded event at the Kimberley Rest Station. 
The total for these 6 days at the Kimberley Rest Station (including the record daily total) was 527.8mm. 

Analysis of the recent Christmas Eve 2015 storm, presented in Figure 2-7 shows the daily variation of 
rainfall across the region with a high daily total at Port Keats compared with a more constant daily 
total at the Legune Homestead. 
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Figure 2-6 Monthly Average Rainfall  

 

 

Figure 2-7 Regional Rainfall 23-25th December, 2015 
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2.2.3 Evaporation 

The high temperatures in the region lead to high rates of evaporation. This evaporation can impact 
shallow or still water bodies and cause increases in salinity in standing water bodies across the 
floodplain. 

Evaporation data in the area around Legune Station is sparse and only a single BoM station has 
collected evaporation data in the region. A summary of the daily average evaporation between 1965 
and 2010 at the Kimberley Research Station (near Kununurra) is provided in Figure 2-8.  The average 
daily evaporation increases through the dry season before peaking in October, at or prior to the onset 
of the wet season and then reducing through the wet season to March.  

 

Figure 2-8 Monthly Evaporation Variation 

2.2.4 Impacts of Climate Change 

The predicted impacts of climate change on meteorological conditions are well documented. The 2015 
CSIRO report “Climate Change in Australia Projections, Cluster Report – Monsoonal North” (CSIRO, 
Climate Change in Australia Projections: Cluster Report – Monsoonal North, 2015) provides a summary 
of the impacts that could be expected around the Legune Station.  Key points are summarised below. 

Temperature 

Air temperatures within the monsoonal northwest have increased linearly by an average 0.9oC over 
the last century. Daytime temperatures have increased by slightly more at 1.0oC during the period. 
Global models predict that the temperatures in the north will increase by an additional 0.5-1.3oC 
above 1986-2005 average levels by the year 2030 depending on the modelled emission scenario. By 
2090 the projected increase in temperature rises to 1.3 to as much as 5.1oC on 1986-2005 levels.  

Along with the increase in average temperatures, the number of hot days (i.e. above 35oC) is predicted 
to increase from an average of 11 days per year under current conditions to between 25 and 74 days 
by 2030 and between 54 and 211 days per year by 2090.  

Rainfall 

The monsoonal environment of northern Australia, and the strong influence of the ENSO on annual 
climate variation results in no clear trend to base the projected impact of climate change on rainfall 
patterns or totals around Legune Station. However, it is agreed that rainfall will become more intense 
and maximum daily rainfall totals will increase in the future. 
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Evaporation 

As would be expected given the increases in average temperature and the number of hot days, the 
rate of surface evaporation in northern Australia is likely to increase into the future. The magnitude 
of this increase relies on a number of climatic conditions and CSIRO does not provide confidence in 
the current estimates of the magnitude of evaporation. 

2.3 Coastal Water Levels 

2.3.1 Tides and Water Levels 

The project site is located in a macro-tidal environment. The spring tidal range based on official tidal 
stations in the region is 8-9m and data collected for the project indicates that the spring tidal range at 
Legune Station is in the order of 10m. The calculated offshore mean high water spring tide is in the 
order of 3.7 m AHD (+/-0.2m).  

Water levels within the local waterways are impacted by the narrowing of the channel and shallow 
bed with the Keep River and Alligator Creek in particular, presenting a typical estuarine tidal signal 
with water levels dropping slowly across the ebb tide and continuing to flow seaward until the 
incoming tide reverses flow and water levels rapidly rise. Minimum tidal water levels across the site 
are limited by the increasingly shallow bed in the upstream direction with the tidal range decreasing 
with the reduction in low tide levels. 

Variations in sea levels at the project site are also driven by more regional processes such as storm 
surges which push water into Joseph Bonaparte Gulf and can increase water levels by 0.2-0.3m under 
non-cyclonic conditions. The wet and dry season conditions can result in a similar magnitude of water 
level changes as the air pressure, temperature and dominant wind conditions drive water circulation 
around the Top End. Over a longer timescale, ENSO conditions can result in a change in regional water 
levels by 0.1-0.2m. 

2.3.2 Tropical Cyclones and Storm Tides 

Located north of the Tropic of Capricorn, Legune Station is within the region affected by cyclones. On 
average, cyclones impact the area once every 2-3 years with varying severity. The frequency of severe 
tropical cyclones is heavily impacted by the ENSO, with more frequent cyclones occurring during La 
Niña periods.  

The impact of cyclones on the project site is a factor of the wind speed, cyclone radius, track and 
speed. A Category 2 cyclone passed directly over Legune in 2014, however very little damage was 
noted at the cattle station.  

Storm tide modelling was completed for the project by SEA and is detailed in accompanying Water 
Technology Coastal Environment and Water Quality report.  The modelling predicted 100 year return 
period storm tides of 4.9 – 5.4m AHD offshore under existing water level conditions and this is shown 
in Figure 2-9. Only in Forsyth Creek and the Victoria River is this condition above the highest 
astronomical tide level (HAT) which indicates that storm tide impacts from these events would have 
limited impact on the floodplain environment. Figure 2-1 shows the floodplain and intertidal 
topography around the site.  There are some locations along the upper reaches of Alligator Creek 
(Duckhole and Flappers Hill paddocks) below 5 m AHD however these areas are effectively isolated 
from the tidal section of the creek by the downstream paddock bunds which prevent or limit tidal 
inundation. Impacts from an extreme storm tide event may affect the integrity of the paddock bunds 
and allow increased tidal inundation upstream however assessment of the integrity of the structures 
is beyond the scope of the present assessment. 

 The large tidal range at Legune results in a lower storm tide level than might be expected for extreme 
events. The timing of the cyclone track and the tidal phase is a key factor of the storm tide magnitude 
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and the worst case scenario for storm surge is obviously the coincidence of the peak storm surge and 
the peak spring high tide. However, the joint probability of these two events is significantly reduced 
by the large tidal range, and the large variability in tidal range between spring and neap tides.  As a 
result, water levels are only above HAT during the 50 and 100-year average return interval (ARI) 
events. 

For catchment generated flood events there is a time lag of >12 hours associated with the rainfall and 
the majority of water entering the downstream waterways of Forsyth Creek and Alligator Creek. 
Therefore, the likelihood of the peak storm tide level occurring at the same time as the peak flow from 
the catchment entering the downstream sections of the floodplain are highly unlikely. 

 

 

Figure 2-9 Tropical cyclone storm tide levels  (SEA, 2016) 
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3. EXISTING SURFACE WATER FEATURES 

3.1 Waterways and Drainage Lines 

Waterways and drainage lines can be described under two main climatic conditions – the wet season 
and the dry season. During the dry season and start of the wet season there are many obvious flow 
paths throughout the site with two main features: 

 Flows in a northerly direction towards the Keep River to the west of Stage 1, and 

 Flows towards Forsyth Creek and the Victoria River to the east of Stage 1.  

As the wet season progresses, many of these flow paths begin to overflow and interact, with the 
floodplain becoming one major waterbody for months at a time. The drainage lines presented in 
Figure 3-1 show the major and minor flow paths that would exist during a rainfall event in the dry 
season or start of the wet season.     

There are two major waterways which drain the floodplain area – Forsyth Creek and Alligator Creek. 
Alligator Creek has a catchment area of 707 km2, starting 30 km south of the Legune Homestead 
before travelling in a predominately northerly direction and discharging into the Keep River west of 
the site grow-out farms. Flow from releases out of the Forsyth Creek dam are now split between 
Alligator Creek and Forsyth Creek, and are further discussed in Section 3.3. 

Forsyth Creek has a catchment area of 315 km2, and primarily consists of the area to the east of Stage 
1.  Forsyth Creek headwaters extend to the discharge point of Forsyth Creek dam. Before the 
construction of Forsyth Creek Dam, Forsyth Creek included the additional 56km2 catchment of the 
dam.  The creek then travels north for approximately 35km before discharging into the Victoria River. 

Apart from the two major waterways and their tributaries, there are two primary inland waterbodies. 
These are Forsyth Creek Dam and Osman’s Lake, labelled in Figure 3-1. Forsyth Creek Dam is currently 
operated to release water across the floodplain in the dry season and then refill during the wet season.  
Water released from the dam enters the Forsyth Creek and Alligator Creek catchments, flowing along 
the waterways identified in Figure 3-1.  
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Figure 3-1 Legune coastal floodplain – dry season and early wet season waterways 
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3.2 Catchments 

Major catchment boundaries are shown in Figure 3-4. As discussed in Section 3.1, Forsyth Creek 
catchment and Alligator Creek catchment are the two major waterway catchments in the study area. 
These catchments have a total area of 315km2 and 707km2, respectively.  Also displayed in Figure 3-4 
are the two inland waterbody catchments. Of these, Forsyth Creek dam has a catchment area of 56km2 
and Osman’s Lake has a catchment area of 42km2. The study area also includes some of the Keep 
River, Victoria River catchments, as displayed in Figure 3-4. 

3.3 Water Storages 

3.3.1 Forsyth Creek Dam 

Forsyth Creek dam captures water in the upper Forsyth Creek catchment, and its approximate location 
is shown in Figure 3-4. It holds up to 35 000 ML of water and at peak capacity inundates 550 ha of land 
upstream of the dam. The dam was originally constructed to provide water for cattle and domestic 
uses, whilst also irrigating an area of wetland that is usually dry in the dry season (Freeland, 2004). 
Construction of the dam altered the natural hydrology of the system. Whilst the dam captures a 
portion of wet season rainfall that would normally reach Forsyth Creek, it also provides a dry season 
water source itself. When the dam water is released during the mid-dry season, the water progresses 
downstream into both the Forsyth and Alligator Creek catchments and re-establishes wet season 
wetlands for a short period of time, further discussed in Section 3.5.2.  

 

 

Figure 3-2 Image of the Forsyth Creek Dam at the end of the dry season in August 2015 
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Figure 3-3 Outfall structure from Forsyth Creek dam 

3.3.2 Osman’s Lake 

The Osman’s Lake system is a naturally occurring lake and associated saltpans in the Legune Station 
coastal floodplain. The coastal lake is filled from surface water flow in the wet season, before drying 
out in the dry season. The lake and its associated catchment is almost entirely to the eastern side of 
the proposed development, and is therefore not affected by the development.  
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Figure 3-4 Legune Station floodplain major catchments 
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3.4 Floodplain Inundation 

3.4.1 Overview 

During the wet season (November – March) significant rainfall typically occurs across the site and the 
floodplain is heavily inundated for months at a time. A 2D hydraulic model was developed to simulate 
an “average” wet season condition. Details of the model setup are described in Appendix A. 

Daily precipitation rates across the 2000-2001 wet season used in the model are shown in Figure 3-5. 
Rainfall data is measured at Legune Station Weather Station (Station Number 14803) and accessed via 
the Bureau of Meteorology (BoM) website. Spatially and sub-daily temporally varying (Pluvio) rainfall 
data does not exist in the catchment area, therefore to apply the varying rainfall rates across the 
model, daily rainfall totals were divided across the entire 24-hour period at a constant precipitation 
rate. A ‘direct rainfall on grid’ method was then applied with no interception or precipitation losses 
applied to the rainfall (as the ground would be considered to already be wet during the wet season 
and no information is available on infiltration rates for soils at the site).  

The 2000-2001 ‘Wet Season’ rainfall totals were compared with long term averages and found to be 
a reasonable representation of average wet season rainfall conditions. The monthly rainfall totals are 
shown in Table 3-1 compared against the long term average at Legune Station weather station.  

Table 3-1  2000-2001 Wet Season Rainfall and Average Rainfall Totals 

Month Oct Nov Dec Jan Feb Mar Total 
Mean Average Rainfall 35 88 177 303 286 405 1294 

2000/2001 Wet Season 143 14 354 254 326 413 1504 

 

 

Figure 3-5 Rainfall rate measured at Legune Station Weather Station (BoM) 

The simulation was run over the full wet season period and the maximum inundation depths at each 
location during the wet season are shown in Figure 3-6.  

The flood extents shown in Figure 3-6 compares favourably with a typical flood extent expected during 
a wet season as indicated by the satellite imagery from mid-wet-season (January 20, 2001). The 
inundated extents depicted in Figure 3-6 are considered seasonal wetlands, likely to be inundated to 
some degree between November to March each year. 

The surface water flow characteristics for wet season rainfall have been assessed under current 
conditions, and for typical historic floodplain conditions.  Current conditions on the floodplain includes 
roadways, drains and paddock bunds which have been specifically included in the model topography 
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(termed “current-infrastructure” model). To represent typical historic floodplain conditions (termed 
“historical” model) these features have been removed from the model topography where possible. 

These seasonal wetlands then proceed to dry out during the subsequent dry season. Dry season 
inundation extents vary based on current infrastructure in the Legune Station floodplain and two 
examples are shown in Figure 3-7, with the imagery taken on 23 July 2013 and 30 August 2015, 
respectively. As these figures show, the majority of the surface water that was present during the wet 
season has now evaporated or infiltrated into the soil. The only visible water in the catchment is a 
small area of ponding in the DUCKHOLE and FLAPPERS HILL paddock areas.  The last rainfall prior to 
the July 2013 image date occurred approximately 15 weeks earlier on the 3 April (Legune Station rain 
gauge, 14803).  In 2015, no rainfall was recorded after the 5th March 2015 until the 11th October. 

A model simulation of ‘dry season’ conditions was considered, however given the lack of rainfall 
events, with the long term average rainfall effectively zero over the “dry season”, as shown in Figure 
2-6, infiltration and evaporation are the dominant processes and there is insufficient local data 
available to model these processes accurately. Localised rainfall may contribute to short-term surface 
ponding at low points in the floodplain during the dry season. 

Satellite imagery has been sourced for a series of years between 1990 and 2005 for the late dry 
season/early wet season (September, October, November) and are shown in Figure 3-8, Figure 3-9 
and Figure 3-10 and Appendix C.  These figures show the variability in inundation extent during the 
late dry season and early wet season prior to the construction of the Forsyth Creek dam, however 
water is always present to some degree. 

Subsequent to the construction of the dam, Figure 3-7 shows examples of the extent of inundation 
across the Alligator Creek catchment during the dry season. These satellite images were taken on 23 
July 2013 and 30 August 2015 respectively. This is discussed further in Section 3.5.
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Figure 3-6 Comparison of Legune coastal floodplain modelled wet season inundation extent with satellite imagery (20 January 2001) 
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Figure 3-7 Legune coastal floodplain dry season inundation extent (Imagery captured in dry season, 23 July 2013 and 30 August 2015)
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Figure 3-8 Examples of Alligator Creek catchment floodplain inundation during September 



CO2 Australia  
Project Sea Dragon – Floodplain Surface Water Assessment 

 

3894-10 / R01 V06  - 28/09/2016 24 

 

Figure 3-9 Examples of Alligator Creek catchment floodplain inundation during October 
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Figure 3-10 Examples of Alligator Creek catchment floodplain inundation during November 
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3.4.2 Surface Water Flow Direction – Current Infrastructure 

During the wet season steady rainfall fills the low-lying areas, with slow-moving flows. The following 
section describe the flow behaviour across the floodplain during the modelled wet season.   

The catchment remains relatively dry until the first significant bursts of rainfall occur from the 12th – 
18th October.  

 These initial bursts of rainfall do not fill the catchment, but do cause some of the low-lying 
areas to begin filling with water.  

 Water appears to quickly drain to these low-lying areas, however no areas of significant 
velocities are recorded, even in the major flow paths.  

 The first area to become significantly inundated is in the SPRING paddock area, in the 
upstream Alligator Creek catchment, with depths of up to 0.5m recorded in the early wet 
season. Water in this area is predominately from the upstream Alligator Creek catchment, 
with discharge into the downstream RED ROCK and MAIDENS paddock areas blocked by a local 
roadway. 

These upstream conditions are shown in Figure 3-12. No areas of significant inundation are obvious 
after this initial rainfall burst throughout the rest of the catchment. 

The next significant rainfall is not until the end of November, and in the time since the last rainfall 
burst, the previous inundation has drained or evaporated away, although low-lying areas still show 
some signs of inundation.  

The rainfall burst starts 30th November and rainfall is consistent until the end of December. Figure 
3-13 shows the water depths in the upper Alligator Creek catchment during the middle of this month 
of consistent rainfall, on the 16th December.   

 Water depths are now reaching up to 0.7m in the SPRING paddock area. There are now also 
significant water depths in the downstream Alligator Creek wetlands in RED ROCK and 
FLAPPERS HILL. 

 The water in these catchments is predominately from the upstream Alligator Creek catchment 
and SPRING paddock area, but also includes some local rainfall. Seasonal wetlands in RED 
ROCK reach depths of up to 0.6m, while FLAPPERS HILL is up to 0.7m depth.  

 Velocities are low throughout the area, with maximums of approximately 0.2m/s near the 
paddock boundary roads, however typically less than 0.1m/s on the major flow paths. 

 Water depths in these areas with vectors showing typical velocities and relative magnitudes 
are shown in Figure 3-15.  

 At this stage of the season there is very little in the upstream Forsyth Creek catchments 
wetlands, in the BILLIONS, SWEETWATER and STONEY KNOB paddock areas. Most of the upper 
catchment of Forsyth Creek is captured by Forsyth Creek Dam. This relatively dry area is shown 
in Figure 3-16.  

 The western floodplain and Osman’s Lake begin to show signs of inundation at this stage, with 
typical depths of up to 0.3m in the LAKE, SALTWATER and NELSONS POINT paddock areas, as 
shown in Figure 3-20. 

 Inundation is also beginning to occur in the furthest north TURTLE POINT areas, with depths 
of up to 0.2m as shown in Figure 3-18.  

By the end of the month of December, with an extra two weeks of consistent rainfall, there is a small 
increase in water level and flood extents in the Alligator Creek floodplain, with wetland water levels 
generally 0.1m deeper. The Forsyth Creek upper catchment is also beginning to exhibit some 
inundation with depths of up to 0.3m flowing through the main flow path. 

 After the heavy December rainfall, there is very little rain until the middle of January. From the middle 
of January there is heavily rainfall until the end of March. This rainfall is approximately four times that 
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which was recorded over the previous rainfall period in December. Figure 3-14 shows the water 
depths in the upper Alligator Creek catchment on 08 March, approximately three-quarter of the way 
through this rain period and soon after the highest recorded daily rainfall for this wet season. 

 The SPRING paddock area reaches depths of up to 1.0m, with significant flows continuing in a 
northerly direction to the RED ROCK and FLAPPER HILL paddock areas, reaching velocities up 
to 0.3m/s.  

 The Forsyth Creek catchment also shows some inundation with depths of 0.1 – 0.3m over a 
significant area of BILLIONS, SWEETWATER and STONEY KNOB, as shown in Figure 3-17. 

 TURTLE POINT also shows some shallow wetlands at the peak of wet season, with depths up 
to 0.3m, as shown in Figure 3-19. Water in this area is slow-moving, with velocities generally 
less than 0.1 m/s. 

 Osman’s Lake and its associated floodplain in the LAKE, NELSONS POINT and SALTWATER 
catchments are fully inundated by this time, as shown in Figure 3-21.  

Overall, the wet season causes large swathes of floodplain to slowly fill with water. These areas are 
relatively flat and do not allow significant drainage to the outlets creeks. This is evidenced in the model 
by the large inundation extents and low velocities (generally less than 0.1m/s). Inundation first occurs 
in the upper Alligator Creek catchment, before progressively inundating further downstream through 
the Alligator Creek floodplain until the end of the wet season. The inundation experienced in the 
Alligator Creek catchment throughout the wet season is more obvious than in the Forsyth Creek 
catchment.  

Higher rainfall intensities and durations are required for significant inundation to occurs in the Forsyth 
Creek floodplain, and generally of inundation depths are shallower than the Alligator Creek system. 
Osman’s Lake and its associated wetlands are also fed by a smaller local catchment and do not reach 
significant water depths until late in the wet season. The far northern area of the floodplain, labelled 
TURTLE POINT in Figure 3-6 also does not exhibit significant inundation until late in the wet season, 
and is the inundation is much less extensive when compared to paddock areas to the south. It should 
be noted that failure of roadways is known to occur on site during the wet season as shown in Figure 
3-11, allowing increased exchange of water between different areas on site.  However, these 
conditions have not been included in the wet season modelling due to lack of information. These were 
considered for the dam release model run, described in Section 3.5. 

 

Figure 3-11 Wet Season failure of a road crest on the Station, taken 26/01/15 
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Figure 3-12 Upstream Alligator Creek early wet season inundation extent 
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Figure 3-13 Upstream Alligator Creek mid wet season inundation extent 
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Figure 3-14 Upstream Alligator Creek late wet season inundation extent 
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Figure 3-15 Alligator Creek mid wet season inundation extent and velocity direction 
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Figure 3-16 Upstream Forsyth Creek early wet season inundation extent 
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Figure 3-17 Upstream Forsyth Creek late wet season inundation extent 
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Figure 3-18 Turtle Point early wet season inundation extent 
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Figure 3-19 Turtle Point late wet season inundation extent 
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Figure 3-20 Osman’s Lake early wet season inundation extent 
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Figure 3-21 Osman’s Lake late wet season inundation extent 
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3.4.3 Surface Water Flow Direction – Historical 

Historical conditions represent conditions before local roadways and farm dams were installed, and 
before the Forsyth Dam was constructed. The specifics of the historical conditions are discussed in 
Appendix A. While the topographic representation of historical conditions has been estimated as 
accurately as possible, there is some uncertainty around how the topography has been altered to 
accommodate roadways and farm dams, as topographic data pre-2015 is not available.  

The removal of the current downstream infrastructure from the model generally allows for less 
segmentation of flows, and a more continuous flow regime through the catchment. Early in the wet 
season impacts on Alligator Creek appear to be limited. Removal of the SPRING – RED ROCK farm 
boundary road causes less water to be held within the SPRING farm region, resulting in an approximate 
0.1m reduction in water levels on Alligator Creek up to 5km upstream of the road, as shown in Figure 
3-22.  This type of early wet season water level reduction is also visible at the DUCKHOLE - FLAPPERS 
HILL boundary, with an approximate 0.1m water level reduction up to 2km upstream in the FLAPPERS 
HILL farm area. Overall, it appears the removal of existing infrastructure in the catchment causes a 
slight decrease in flood extent and depth in the Alligator Creek catchment at the start of the wet 
season.  

This differs in the upper Forsyth Creek catchment, where water levels are generally much higher in 
the historical case, as shown in Figure 3-23. This is due to the removal of Forsyth Creek dam. The flow 
paths of Forsyth Creek upstream of the BILLIONS farm area, adjacent to the dam, show 0.5 – 1.0m 
water level increase. The less defined flow paths in the BILLIONS and SWEETWATER farm areas show 
increases of 0.1 – 0.3m. In general, the removal of infrastructure in Forsyth Creek causes an increase 
in flood extent in the early wet season, primarily due to the removal of Forsyth Creek dam.  

Late in the wet season, the removal of infrastructure generally shows similar, but more exaggerated, 
results compared to early in the wet season. In the Alligator Creek catchment, removal of the SPRING 
– RED ROCK farm boundary road causes less water to be held within the SPRING farm region.  This 
results in an approximate 0.1m reduction in water levels on Alligator Creek up to 5km upstream of the 
road, as shown in Figure 3-24.  Again, this is very similar to the water level difference in the early wet 
season.  

The water level reduction is also visible at the DUCKHOLE - FLAPPERS HILL boundary, as for earlier in 
the wet season, but with a greater change observed. In this area there is up to an approximate 0.1 - 
0.2m water level reduction up to 5km upstream in the FLAPPERS HILL farm area and stretching into 
the NELSONS POINT farm area. There is also a reduction in water level downstream of this roadway, 
caused by the removal of the north western DUCKHOLE farm roadway. Downstream of this roadway 
there is an increase in water level in the SALTWATER farm area, a direct result of the flows reduction 
from the roadway blockage.  

In general, it appears the removal of existing infrastructure in the catchment causes a slight decrease 
in flood extent and depth in the Alligator Creek catchment in the late wet season, except at the far 
downstream end in the SALTWATER farm area. 

In the Upper Forsyth Creek catchment water levels are generally much higher in the historical case, as 
shown in Figure 3-25. The BILLIONS and SWEETWATER farm areas show increases of 0.1 – 0.3m 
throughout, with the roadways having an insignificant effect compared to the presence of the dam. 
In general, the removal of infrastructure in Forsyth Creek causes an increase in flood extent 
throughout the wet season, primarily as a result of removing the Forsyth Creek dam.  
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Figure 3-22 Difference in Alligator Creek early wet season inundation (Current – Historical) 

Water level lower due to removal 
of roadway embankments 
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Figure 3-23 Difference in Forsyth Creek early wet season inundation (Current – Historical) 

Water level increase due to 
removal of dam 
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Figure 3-24 Difference in Alligator Creek late wet season inundation (Current – Historical) 
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Figure 3-25 Difference in Forsyth Creek late wet season inundation (Current – Historical) 

Water level increase 
due to removal of dam 
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3.5 Dam Release Inundation 

3.5.1 Overview 

Since construction of the Forsyth Creek dam, periodic releases of water from the dam across the 
floodplain have been undertaken. Typically, these dam releases occur towards the end of the dry 
season from July to September, and can inundate the floodplain downstream for a period of one – 
two months depending on the volume released. The hydraulic model was used to simulate a typical 
dam release condition, based on the volume released in 2015 (as data for this release was available).   

The resultant maximum inundation depths for the dam release are shown in Figure 3-26 below. The 
release extents compare favourably with the aerial imagery from mid-dam release (August 30, 2015) 
with a good match to the modelled flood extent. 

A comparison of the dam scenario release extent and the wet season flood extent is shown in Figure 
3-27, with the wet season covering a much larger inundation extent than the dam release extent. 

3.5.2 Surface Water Flow Directions 

The following section describes the flow characteristics associated with the 2015 dam release. 

Initially, water released from the dam is split between Forsyth Creek and Alligator Creek catchments. 
The flow paths leading from the dam into the floodplain in these catchments have velocities up to 
0.5m/s and depths generally less than 1.0m. Once entering the respective floodplains these velocities 
and depths are reduced as the water spreads to fill the dry low lying areas. The depth and extent of 
dam release after one day is shown in Figure 3-28, with the MAIDENS and BILLIONS farm areas the 
first to be inundated. The dam release extent is held back by existing infrastructure, specifically the 
roadways between farms. This is visible in Figure 3-28. Water builds behind these roads before the 
roadways are excavated on 18 August (18 days into the dam release), allowing water to be released 
into the lower catchment. 

Figure 3-29 shows water depths and extents after 3 days of the dam release, with water yet to flow 
into RED ROCK farm area due to the roadway between RED ROCK and MAIDENS. The water depth in 
MAIDENS reaches up to 0.9m, with maximum velocities generally less than 0.2m/s throughout the 
existing flood extent. In the Forsyth Creek catchment, water has reached SWEETWATER after passing 
through BILLIONS, and is generally at a depth of less than 0.3m. Apart from the discharge point into 
the Forsyth Creek catchment (near the BILLIONS farm border), velocities are generally less than 
0.2m/s. 

Figure 3-30 shows water depth and extents after one week of dam release, with a more extensive 
flood extent through both catchments. In the Alligator Creek catchment, water passes into RED ROCK 
farm area, generally to a depth of less than 0.5m. Water is blocked from entering FLAPPERS HILL farm 
area by the roadway. In the Forsyth Creek catchment water is still confined to the BILLIONS and 
SWEETWATER areas. 

Figure 3-31 shows water depths two weeks after dam release. Water has now entered the FLAPPERS 
HILL farm area by overtopping the roadway between FLAPPERS HILL and RED ROCK, with water 
backing up behind this roadway. A few days after this, the roadway bund is excavated at Crocodile 
Crossing, allowing flow into the downstream farm areas.   

Figure 3-32 is the inundation extent 4 weeks after the dam release. Crocodile Crossing has been 
excavated, allowing rapid flow into the downstream areas and through Point C and D towards the 
catchment outlet. Over the following weeks’ flow depths and extents will continue to decrease in the 
upstream sections.  
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Figure 3-26 Legune coastal floodplain dam release modelled inundation extent (2015 release) 
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Figure 3-27 Legune coastal floodplain modelled wet season and 2015 dam release inundation 
extent comparison 
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Figure 3-28 Dam release inundation extent after one day 

 

Figure 3-29 Dam release inundation extent after three days 
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Figure 3-30 Dam release inundation extent after one week 

 

Figure 3-31 Dam release inundation extent after two weeks 
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Figure 3-32 Dam release inundation extent after four weeks 

To understand the temporal and spatial variability in the extent of inundation associated with dam 
releases, available satellite imagery for the August-September period from 2005-2016 was analysed.  

Since around 2006 there has also been a number of dry season dam releases inundating the floodplain. 
These dam releases are variable in size and timing, and generally last in the region of 4 – 8 weeks, 
based on aerial imagery. Figure 3-33 shows the 2013 dam release, with inundation estimated at four 
weeks, whilst Figure 3-34 shows the 2015 dam release, estimated as a six-week inundation with much 
greater flood extents than the 2013 event. The 2013 dam release event did not appear to penetrate 
through to the lower catchment, instead only inundating a small area over a short period of time. The 
2015 dam release was also modelled (a description of which is provided in Section 3.5). The 2015 dam 
release extent is compared to a typical dry season extent in Figure 3-33. The surface water effect of 
the development would therefore be that for 4 – 8 weeks of the dry season, there would be no dam 
release water. Instead there would be the typical dry season water levels expected before installation 
of the dam. The comparison between the dam release inundation and the typical dry season 
inundation is shown in Figure 3-35. 
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Figure 3-33  Aerial imagery of 2015 dam release   
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Figure 3-34  Aerial imagery of 2013 dam release 
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Figure 3-35  Modelled dam release inundation extent compared to dry season satellite image 
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3.6 Flood Events 

In addition to typical wet season conditions, floodplain inundation due to extreme rainfall has been 
assessed.  Golder Associates have undertaken the flood hydrology and modelling assessment for flood 
events from the 10 year ARI to the 100 year ARI, details of which are provided in Appendix B. Since 
the hydraulic assessment detailed in Appendix B there have been updates to the development plan, 
and therefore the 10 year and 100 year Average Recurrence Interval (ARI) events have been re-
assessed and the updated results are presented in this section. 

The previous design flood peak values (Appendix B) were used as inflows to the updated hydraulic 
model for a 10 year and 100 year ARI events for both existing conditions (baseline scenario) and Stage 
1 conditions. A design 100 year and 10 year ARI rainfall hyetograph was also applied directly to the 
model grid, commonly referred to as a ‘rain on grid’ approach. Further details on the hydraulic model 
setup are provided in Appendix A. The model grid size for this assessment was 20m.   

The proposed roadway corridor crosses flood flow paths across the floodplain and therefore it is 
necessary to include culverts along the roadways to maintain these flow paths.  In the model gaps 
were included at each flow path to allow for inclusion of culverts. The design footprint and location 
for these culverts are provided below in Figure 3-36.  The specific design of the culverts required at 
each location has yet to be determined. 

The downstream coastal conditions in the model were represented as a variable spring tidal water 
level in Alligator Creek and Forsyth Creek.  A detailed analysis of coastal water levels is provided in the 
Coastal Environmental Section of this EIS (Appendix 8).  The peak spring tide water level is around 
5.0m AHD at the upstream section of Alligator Creek, which is comparable to the 100 year ARI storm 
tide water level of 5.4-5.8m AHD.  Sensitivity testing during the development of the model indicated 
the floodplain inundation results were not sensitive to this downstream water level condition. 

The resultant peak water depths for the 10 year and 100 year ARI flood events are shown in Figure 
3-36 to Figure 3-40.  The difference in peak flood depths across the site under the 10 year and 100 
year ARI flood events are shown in Figure 3-41 and Figure 3-42.  

The results indicated the following: 

 The most significant catchment generating rainfall-runoff flows to the site drains from the 
BLUEYS POCKET paddock to the south of the site.   

 The inundation regime across the study area is characterised by very extensive, but largely 
shallow flood inundation and ponding across the floodplain.  Maximum estimated flood 
depths for the 100 year ARI design event are generally below 1.0 m depth with inundation 
above 1.0 m depth largely limited to the lower lying flow areas draining to the Alligator Creek 
and Forsyth Creek outlets to the estuary. 

 Modelled flood flow velocities are low across much of the flooded area i.e. less than 0.5 m/s, 
with velocities above 1.0 m/s limited to the river-estuary drainage interfaces. 

 Estimated maximum 100 year ARI flood levels along the proposed road alignment were 
approximately 6.0 m RL. The hydraulic modelling indicates that in order to minimise flood risks 
and impacts to the road, appropriate cross road drainage infrastructure needs to be included. 
29 locations for culvert banks were identified, all of which have been included in the hydraulic 
model.    

 The modelling results indicate that flow conveyance and drainage infrastructure will be 
required to ensure the connectivity of storm runoff from upstream to the estuarine discharge 
areas of the Forsyth Creek and Alligator Creek.  Significant ponding may occur if development 
cuts across existing drainage paths. 
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Figure 3-36 Development Footprint and Culvert Locations (labelled A to AD) 
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Figure 3-37 Peak water depths for the 10 year ARI flood event (base case) 
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Figure 3-38 Peak water depths for the 10 year ARI flood event (Stage 1) 
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Figure 3-39 Peak water depths for the 100 year ARI flood event (base case) 
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Figure 3-40 Peak water depths for the 100 year ARI flood event (Stage 1) 
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Figure 3-41 Difference in peak water depths, 10 year ARI flood event (Base case minus Stage 1) 



CO2 Australia  
Project Sea Dragon – Floodplain Surface Water Assessment 

 

3894-10 / R01 V06  - 28/09/2016 59 

 

Figure 3-42 Difference in peak water depths, 100 year ARI flood event (Base case minus Stage 1)  
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4. STAGE 1 IMPACTS 

Potential impacts to surface water processes associated with the proposed Stage 1 facility at Legune 
Station have been assessed.  To simulate flow conditions with the proposed development in the 
Legune Station floodplain, modifications were made to the model. The model was then tested for 
typical wet season conditions. 

4.1 Topography 

To represent Stage 1 conditions, the model topography was modified by raising the Stage 1 
development area including the roadways, as shown in Figure 3-36, to a level above the predicted 
inundation level. It is assumed the development will be designed so as to remain above flood levels in 
a typical wet season except at specific culvert locations along the roads. 29 culvert banks were also 
included in the model along major and minor flow paths to ensure flow paths are maintained 
downstream.  

4.2 Surface Water Impacts 

4.2.1 Wet Season Scenario 

The maximum inundation extents and depths for the Stage 1 scenario are shown in Figure 4-1.  Figure 
4-2 shows the difference between the maximum water levels and extents between Stage 1 and the 
current infrastructure conditions. 

In the upper Alligator Creek catchment there is a road running in a north easterly direction through 
RED ROCK and FLAPPERS HILL farm areas. This road crosses the major flow path of Alligator Creek, 
however the modelling shows that with adequate culvert flow conveyance, water level effects are 
minor.  

Adjacent to this road is a road running in a north westerly direction from Forsyth Dam and through 
the BILLIONS paddock area. This road also crosses a number of flow paths; however, the inclusion of 
culverts results in only minor localised water level impacts. It is expected these impacts could be 
further mitigated through local earthworks.  

The road embankment running in a northerly direction through DUCKHOLE also blocks the interchange 
of flows from east to west. These flow paths have a very low grade, so a number of evenly spaced 
small culverts have been included in the modelling, as displayed in Figure 3-36. 

There are some local water level impacts throughout TURTLE POINT, as there is some trapping of flows 
in a relatively flat area by the development. It is envisioned localised earthworks would be able to 
encourage stormwater flows through the culverts in Figure 3-36.  

Without the culverts, the net effect of the development is to cause numerous upstream water 
blockages, causing a generally increased flood depth and flood extent. These impacts have been 
mostly mitigated through the inclusion of culverts in the model, and can be further mitigated through 
appropriately placed channel works. 



CO2 Australia  
Project Sea Dragon – Floodplain Surface Water Assessment 

 

3894-10 / R01 V06  - 28/09/2016        61 

 

Figure 4-1 Comparison of Legune Station floodplain modelled wet season maximum inundation extent with satellite imagery
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Figure 4-2 Difference in peak water depths under wet season conditions (Stage 1 minus Current 
conditions) 
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4.2.2 Dry Season Conditions 

Dry season conditions typically consist of just the downstream sections of Alligator Creek and Forsyth 
Creek being inundated. Typical dry season water extents were shown in Figure 3-7 to Figure 3-10. The 
rainfall recorded during the dry season is discussed in Section 2.2.2, which suggests there is very little 
rainfall during the dry season, and certainly not enough for runoff to reach wetlands outside of the 
extents shown in Figure 3-7. The development will have no impact on these typical dry season 
conditions as it is not altering any dry season flow paths or inundated areas.  

4.2.3 Uncontrolled Release Scenario 

To manage water across the Stage 1 area for storm events less than a 50 year ARI event, flows are 
captured by a system of swales adjacent to the farm bunds and transported to the main drainage 
channel (MDC) for planned release to the environment via the Environmental Protection Zone (EPZ), 
Figure 1-2. 

Under extreme rainfall events (> 50 year ARI), the capacity of the swales may be exceeded, resulting 
in an uncontrolled release of water into the bio-security zones between farm 1 and farm 2, Figure 4-3. 
The excess water would then be channelled along the biosecurity zone and discharged to the tidal 
floodplain through a culvert under the MDC. 

A model scenario was therefore developed to assess the potential inundation extent on the tidal 
floodplain as a result of this type of uncontrolled release.   The scenario assumed conditions associated 
with a 100 year ARI rainfall event, with the release flow rate and volume being the difference between 
a 100 year ARI rainfall event and a 50 year ARI event. It was assumed that the rainfall catchment area 
was only the farm pond surface area (500 hectares). 

The peak flow rate for the release was determined to be 26.91m3/s which was applied as a constant 
inflow to the model over the 90-minute storm duration period. This resulted in a total volume of 
145,300m3 of water being released through the culverts under the main drainage channel. The model 
was simulated for 100 hours to allow the uncontrolled release spread out across the tidal floodplain 
surface.  

The resultant inundation depths across the tidal floodplain are shown in Figure 4-3.  This shows surface 
flows immediately downstream of the uncontrolled release point with depths of up to 0.50 m.  They 
decrease to less than 0.1m as the flood waters spread out across the floodplain. The area inundated 
extends around 3 km west of the uncontrolled release point and just over 2 km south. Overall, the 
flow travels in a northerly direction towards the local tidal creeks. 

The inundation extent is limited and depths are shallow. Much of the water released is ponded on the 
upper tidal floodplain with little interaction with the tidal creeks. This inundation extent is considered 
insignificant when compared to the likely flooding conditions during a rainfall event that would cause 
this degree of overtopping. 
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Figure 4-3  Uncontrolled Release Maximum Flood Depth 

4.3 Mitigation Options 

4.3.1 Wet Season  

Whilst the development impedes a number of drainage paths, the inclusion of appropriately sized and 
located culverts mitigates the effects of the Stage 1 development footprint on the wet season 
inundation extent as shown in Figure 4-2. The culverts locations are shown Figure 3-36 . 

4.3.2 Dry Season 

No dry season mitigation options are proposed.  The main change across the floodplain under dry 
season conditions is the cessation of the artificial annual (for the last 10 years) and variable (in terms 
of amount) release of water from Forsyth Dam.  The dry season inundation that occurs as a result of 
dam releases persists on the floodplain for 4 to 8 weeks only. 

The analysis of satellite imagery has shown that water is always present to some extent in the lower 
sections of Alligator Creek during the late dry season as a result of localised rainfall events.  Therefore, 
mitigation is not required. 
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5. SUMMARY 

This results of this assessment are summarised as follows: 

Existing Surface Water Environment Assessment 

 Surface water processes can be described under two main climatic conditions – the wet 
season and the dry season. During the dry season and start of the wet season there are many 
obvious flow paths throughout the site with two main features: 
o Flows in a northerly direction towards the Keep River to the west of Stage 1, and 
o Flows towards Forsyth Creek and the Victoria River to the east of Stage 1.  

As the wet season progresses, many of these flow paths begin to overflow and interact, with 
the floodplain becoming one major waterbody for months at a time. 

 Overall, the wet season large swathes of floodplain to slowly fill with water. These areas are 
relatively flat and do not allow significant drainage to the creek outlets. This is evidenced in 
the model by the large inundation extents and low velocities (generally less than 0.1m/s). 
Inundation first occurs in the upper Alligator Creek catchment, before progressively 
inundating further downstream through the Alligator Creek floodplain until the end of the wet 
season. The inundation experienced in the Alligator Creek catchment throughout the wet 
season is more obvious than in the Forsyth Creek catchment. 

 Modelled historical conditions represent conditions before local roadways, paddock bunds 
and farm dams were installed, and before the Forsyth Dam was constructed. The removal of 
downstream infrastructure generally allows for less segmentation of flows, and a more 
continuous flow regime through the catchment. 

o In the Alligator Creek catchment, the removal of existing infrastructure across the 
catchment causes a slight decrease in flood extent and depth in the late wet season, 
except at the far downstream end in the SALTWATER farm area. 

o In the Upper Forsyth Creek catchment water levels are generally much higher in the 
historical case, with the roadways having an insignificant effect compared to the 
presence of the dam. Without the Forsyth Creek Dam there is more water across the 
catchment throughout the wet season. 

 Releases from the Forsyth Creek Dam are discharged into both the Forsyth Creek and Alligator 
Creek catchments. The flow paths leading from the dam onto the floodplain in these 
catchments have velocities up to 0.5m/s and depths generally less than 1.0m. Once entering 
the respective floodplains these velocities and depths are reduced as the water spreads to fill 
the dry low lying areas. The inundation extent produced by the water released from the dam 
is constrained by existing infrastructure, specifically the roadways between farms. Water 
builds behind these roads before flow paths are excavated through these roadways, allowing 
water to be released into the lower catchment.  The inundation extents and durations will 
depend on how the roadway releases are managed in any given year. In any given year the 
effects of the dam release are expected to persist for 4 – 8 weeks. 

 Dry season inundation (or remaining wetland) extent explanation  

Impact Assessment and Mitigation 

 The modelling shows that impacts on flow paths, and inundation extents can be managed 
through appropriately placed culverts and channel works. The net impact of the development 
is therefore minor.  

 Under extreme rainfall events (> 50 year ARI), the excess rainfall on the ponds may exceed the 
capacity of the drainage swales and result in an uncontrolled release of the excess water 
through a culvert crossing under the MDC.  Simulation of such a release showed generally 
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shallow inundation across a localised area of the upper tidal floodplain immediately west of 
the MDC and limited or no interaction with the adjacent tidal creeks. 

 The main change across the floodplain under dry season conditions is the cessation of the 
artificial annual (for the last 10 years) and variable (in terms of amount) release of water from 
Forsyth Dam.  The dry season inundation that occurs as a result of dam releases persists on 
the floodplain for only 4 to 8 weeks.  The analysis of satellite imagery has shown that water 
will often still be present in the lower sections of Alligator Creek during the late dry season as 
a result of localised rainfall events.  Therefore, mitigation is not required. 
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EXECUTIVE SUMMARY 

The following appendix provides information about the hydraulic model of the Legune Station 
floodplain which was developed to provide information regarding the flood behaviour of area during 
both the wet season and during a dam release from Forsyth Creek Dam during the dry season (August 
Release).  

Two hydrodynamic models were built using TUFLOW software package and ran using the 2015 
TUFLOW GPU engine, a ‘wet season’ model and a ‘dam release’ model. The use of TUFLOW GPU 
modelling software allowed for over 60,000 hectares of the Legune floodplain area to be modelled. 
The flood model results were validated using date stamped satellite imagery to show appropriate loss 
and bed resistance parameters were applied to the model. The results were then used to assess the 
flood behaviour under existing conditions, proposed development conditions as well as determine 
what flood behaviour may have been like on site prior to the development of infrastructure such as 
roadways associated with the Legune Station. Model result outputs also provide an indication of 
important flow paths, which affect bird habitat and wetland connectivity.  Previous flood modelling 
has been undertaken separately (Golders, 2016) at a coarser resolution and results are described in 
the body of the main report. The updated modelling compliments the previous modelling undertaken 
and provides further detail around flood behaviour throughout the wet and dry seasons under several 
different floodplain conditions, from pre-infrastructure through to the proposed Stage 1 
development.   
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1. MODEL DESCRIPTION 

The TUFLOW GPU module is a two dimensional fixed grid software package used for flood modelling 
applications. The models are built in the same way as the widely used and traditional TUFLOW Classic 
models. The introduction of graphic processing unit modelling software is relatively new to floodplain 
with the GPU version which aims to greatly speed up run time in the order of 10-100 times faster. The 
GPU version of TUFLOW uses a fully conservative finite volume formulation which incorporates an 
adaptive timestep approach into its 2D free-surface calculations. This approach has undergone 
significant verification testing and benchmarking in the UK and is recommended for broad scale rapid 
flood modelling at a large grid size.  

Two separate models were produced to assess the main forms of flooding on site which occur each 
year. 

 Wet season flooding as a result of runoff generated from rainfall events (October – March), 
referred to in this document as Floodplain Model. 

 Dam release from Forsyth Dam during the dry season prior to wet season rainfall (generally 
July/August), referred to in this document as Dam Release Model. 

1.1 Model Setup 

1.1.1 Model Extent 

The model domain for the entire floodplain model and dam release model are shown in Figure 1-1. 
The model extends from Forsyth Creek Dam in the south east to the major estuary outlets of Alligator 
Creek in the north west and Forsyth Creek in the north east, with a total model area of 404.2km2 for 
the dam release model and 618.0km2 for the floodplain model.  
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Figure 1-1 Model Extent and topography 
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1.1.2 Topography 

Figure 1-2 presents a closer view of the model topography in the Maidens Paddock area (near Forsyth 
Dam) with the proposed development footprint also included. This is an example of the data used as 
the basis for the hydraulic model. The topography, as shown, was generated by interpolation of 
available Light Detection and Ranging (LiDAR) data (Sea Farms, 2015) at a 20 m resolution.  

A 20 m model resolution was used for both models, as this resolution allowed for reasonable run times 
of 24-36 hours for an entire wet season model simulation. At locations where important hydraulic 
controls are present on the floodplain, ‘2D Z lines’ were placed in the model to ensure that correct 
levels were represented in the model topography. This mainly involved identifying roadways or tracks 
crossing the floodplain. An example is shown in Figure 1-2. 

 

Figure 1-2 Closer view of the model topography around the Maidens area where ‘2D Z lines’ 
were placed to represent hydraulic controls, in this case the road crest heights.  

Pre-Infrastructure  

To replicate the ‘pre-infrastructure’ conditions on site any roads, bunds, and channels were removed 
from the topography where they could be identified based on the available LiDAR datatset and from 
review of aerial imagery. These floodplain features were removed from the model using ‘2d_ZShapes’ 
in order to simulate the hydraulic conditions of the site prior to the construction of the roadways and 
bunded paddocks.  

Proposed Stage 1 Development 

To replicate the proposed Stage 1 development conditions on the site a development footprint was 
provided by Sea Farms, Figure 1-3. The footprint was stamped into the model to raise the layout above 
the existing surface. This means that no flows would be able to cross the Stage 1 footprint except 
where culverts or openings are included. Two sets of culverts in the layout were modelled as flow 
constrictions. 
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Figure 1-3 Closer view of the model topography at the main development site.  

 

LiDAR Issues 

The downstream section of Alligator Creek, in the DUCKHOLE farm area is known to have issues with 
topography data. It appears that the LiDAR tiles were not stitched together to the same datum. The 
issues are clearly visible in  Figure 1-4. This issue is considered when analysing hydraulic model results.  
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Figure 1-4 Model topography issue in DUCKHOLE farm area  

 

1.1.3 Simulation Period 

For the floodplain model simulating the wet season, the period from 01/10/2000 to 31/03/2001 was 
selected for modelling. This wet season is considered representative of a typical wet season 
experienced at the site. For the dam release scenario, the period of 01/08/2015 to 20/09/2015 was 
simulated. This was chosen due to data availability, including a dam release time series and aerial 
photography to validate the model. This time period is also thought to represent a typical dam release.  

1.1.4 Model Parameters 

The TUFLOW GPU Model Build 2013-12-AE-iSP-w64 was used to run the floodplain and dam release 
models. As previously mentioned, the GPU module allowed for an iterative time step to be used in the 
model calculations. This allowed for fast model simulation times of around 24 hours for an entire wet 
season model simulation. Several model setup parameters used are shown in Table 1-1, while other 
important parameters are mentioned in the following section.  

Table 1-1 Model Parameters and Constants 

Parameters Value 

Time Step 
Maximum Time Step Interval = 5s 

Initial Time Step = 0.5s 

Flood and Dry 

Cell Wet/Dry Depth = 0.0002m 

Cell Side Wet/Dry Depth = 0.0001m 

Maximum Courant Number = 1 
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Roughness 

A materials roughness map was developed for both models using satellite imagery and vegetation 
mapping, this varies the material roughness spatially across the model. The spatial variation is shown 
in Figure 1-7, while the corresponding Mannings’ n roughness values are shown in Table 1-2. 

 

Figure 1-5 Materials Roughness Map 
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Table 1-2  Manning’s n roughness values 

Material Manning’s n 

Mud Flats         0.045 

Scrub Sparse Veg  0.040 

Water             0.030 

Vegetation               0.050 

Bare Rock         0.030 

Bare Earth/Rock   0.030 

Sandy Mud Flats   0.040 

Sand              0.060 

 

Precipitation  

Daily precipitation rates used in the model are shown Figure 1-6. Rainfall data is measured at Legune 
Weather Station (Station Number 14803) and accessed via the Bureau of Meteorology (BoM) website. 
Spatially and sub-daily temporally varying (Pluvio) rainfall data does not exist in the catchment area, 
therefore to apply the varying rainfall rates across the model, daily rainfall totals were divided across 
the entire 24-hour period at a constant precipitation rate. A ‘direct rainfall on grid’ method was 
thenapplied with no interception or precipitation losses applied to the rainfall.  

The 2000-2001 ‘Wet Season’ rainfall was simulated using rainfall data obtained from the Bureau of 
Meteorology database. The 2000-2001 ‘Wet Season’ rainfall totals were compared with long term 
averages and found to be a reasonable representation of average wet season rainfall conditions. The 
monthly rainfall totals are shown in Table 1-3 compared against the long term average at Legune 
weather station. 

Table 1-3  2000-2001 Wet Season Rainfall and Average Rainfall Totals 

Month Oct Nov Dec Jan Feb Mar Total 
Mean Average Rainfall 35 88 177 303 286 405 1294 

2000/2001 Wet Season 143 14 354 254 326 413 1504 

 

 

Figure 1-6 Rainfall rate measured at Legune Weather Station (BoM) 
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Losses 

Losses were applied to the direct rainfall to account for precipitation, interception and infiltration 
losses. To assess losses across the entire model extent for an entire wet season, the losses were 
modelled as a single loss factor in the form of infiltration based on soil types. Soil types were 
delineated through Landsat imagery where assumptions of the soil type were made from the 
vegetation density and type in the area. The sensitivity analysis of the infiltration showed that over an 
extended period of time, 6 months in the floodplain model, losses were an important consideration.  

Infiltration losses were tested across both the floodplain and the direct inflow dam release model 
simulations. The wet season floodplain simulation of 6-month duration with no loss parameters 
applied appeared to overestimate flood depths. 

The dam release model matched results with no loss parameters applied matched closer to the 
satellite imagery compared to the model simulation with loss parameters applied. 

Applied infiltration rates were based on the Green Ampt method (TUFLOW, 2016), using 
predetermined continuing loss rates based on the average hydraulic conductivity, soil suction, 
porosity and initial moisture content of an average soil type as shown in Table 1-4.  

Table 1-4  Soil Infiltration Parameters based on Green Ampt Method 

Soil Type (from 
satellite mapping) 

Assigned Green 
Ampt 

Classification 
Suction (mm) 

Hydraulic 
Conductivity 

(mm/h) 

Porosity 
(fraction) 

2 Mudflats Silty Clay Loam 273.0 1.0 0.432 

3 Scrub/Sparse Veg Sandy Clay Loam  218.5 1.5 0.330 

4 Water Clay  316.3 0.3 0.385 

6 Veg Silt Loam 166.8 3.4 0.486 

7 Bare Rock Continuing loss method of 1.0 mm/h used 

10 Bare Earth/Rock Clay  316.3 0.3 0.385 

11 Sandy Mudflats Sandy Clay Loam  218.5 1.5 0.330 

12 Sand Sand 49.5 117.8 0.417 

 

1.1.5 Downstream Boundary Conditions 

To assess the flood behaviour across the site and wider floodplain for an average wet season, a static 
tailwater boundary set at 3.00 m AHD was used for both Alligator Creek and Forsyth Creek. This 
allowed for the rainfall runoff to be assessed separately to the impact of any storm surges which may 
slow the drainage of the floodplain. 

To assess the impact on the dam release, a dynamic tailwater level to represent the actual time varying 
tide conditions was used for both Alligator and Forsyth Creek. These tidal boundaries were produced 
by extracting model results from existing hydrodynamic coastal models of the Keep River and Forsyth 
Creek. These hydrodynamic models were originally developed from global tidal models and are further 
discussed in the Coastal HD Modelling Appendix. The extracted tide data was filtered to ensure the 
tidal height was maintained at or above 1.00 m AHD, to ensure the model boundaries did not dry out. 
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The location of the tailwater model boundaries is presented in Figure 1-7 and the tidal boundary 
fluctuation for the dam release model is shown in Figure 1-8.  

 

Figure 1-7 Location of the 2D hydrodynamic downstream boundary (in green) 

 

 

Figure 1-8 Model tidal boundary conditions for the 2015 dam release 
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1.1.6 Upper Catchment Inflows 

The Alligator Creek catchment extends further south than the study area as well as outside of the 
available LiADR. To include inflows for Alligator Creek catchment and other smaller tributary 
catchments upstream of the study area, a hydrologic rainfall-runoff model was developed. This 
hydrologic model used the identical rainfall data applied in the ‘direct rainfall on grid’ from the Legune 
Weather Station and was developed using MUSIC software. The catchment layout is shown in Figure 
1-9. The pre infrastructure scenario included the Forsyth Creek Dam catchment being modelled as a 
wet season inflow. A number of parameters were adopted in the hydrology model based on Northern 
Territory standardised values within the software package and are detailed in eWater 2012.  

 

Figure 1-9  Hydrology and Hydraulic Model Extents 
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2. MODEL VALIDATION 

Model validation consists of an iterative process of adjusting modelling parameters to arrive at a 
reasonable comparison between the modelled data and recorded measurements. These parameters 
include but are not limited to topography, boundary and initial conditions, roughness, rainfall losses 
and other model constants. Limited available measured data meant that the validation of both the 
floodplain and dam release models was undertaken through comparison to Landsat satellite imagery. 
Comparison of the flood depths in the model with the imagery was undertaken with caution, as 
shallow depths are unlikely to being easily defined in the imagery.  

2.1 Floodplain Validation 

To validate the floodplain model, satellite imagery from September 2000 through until March 2001 
was accessed through Landsat Look Viewer (United States Geological Survey). Using image dates, snap 
shots of the model at the corresponding dates were overlaid to compare flood extents. The resultant 
analysis found that all major waterbodies and flow paths were identified in the model simulations.  

The modelled maximum water depth across the floodplain over the 2000-2001 wet season is shown 
in Figure 2-1.  

Figure 2-2 shows the difference plot of the maximum flood depths for the floodplain model 
simulations with no infiltration and the infiltration method applied. The model with no infiltration 
resulted in higher flood depths compared to the model including infiltration. The difference in 
maximum flood levels was greater in areas where water is likely to pond. The floodplain model 
appeared to match validation imagery using infiltration more closely. Given these results, the 
floodplain model with infiltration parameters was used for the scenario modelling. 
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Figure 2-1  2000-2001 Wet Season Maximum Depth Plot 
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Figure 2-2  Floodplain Model Infiltration Sensitivity Difference Plot 
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2.2 Dam Release Validation 

To validate the performance of the Dam Release model, satellite imagery from August 2015 through 
until September 2015 was accessed through Landsat Look Viewer (United States Geological Survey). 
Using image dates, snap shots of the model at the corresponding dates were again overlain to 
compare flood extents. The dam release model with no infiltration matched validation satellite 
imagery for the 2015 dry season dam release closer than the infiltration model which had reduced 
flood extents compared with satellite imagery.  

The dam release model matched results with no loss parameters applied matched closer to the 
satellite imagery compared to the model simulation with loss parameters applied. The impact of 
infiltration in the dam release scenario would be assumed to have a lesser impact compared to the 
wet season floodplain model given the confined nature of the flood extent. Furthermore, evaporation 
losses at the site were found to be higher during the wet season compared to the dam release period 
of July and August based on evaporation data at Darwin (BoM). 

As shown in Figure 2-3, Figure 2-4 and Figure 2-5, the extents produced in the model results appear 
to match well to extents in the satellite imagery. These results show that an appropriate roughness 
parameter has been used as the floodwaters released from Forsyth Creek Dam make their way across 
the floodplain in a similar timeframe to the observed flood extents. A flood depth difference plot 
comparing maximum water levels for the infiltration and no infiltration models is shown in Figure 2-6. 

 

 

Figure 2-3  August 6, 2015 Dam Release Model Validation 
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Figure 2-4  August 22, 2015 Dam Release model validation 

 

 

Figure 2-5  September 7, 2015 Dam Release model validation 
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Figure 2-6  Dam release sensitivity analysis - losses 
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APPENDIX B FLOOD STUDY (GOLDERS) 
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1 Background 

This memorandum provides a summary of the data analyses and modelling processes carried out as 
part of the estimation of extreme flood levels and extents across the Project Sea Dragon (PSD) 
development area.  An assessment of the baseline design flood hydrology is presented along with a 
high level assessment of the potential impacts and modifications on the flood regime as a 
consequence of the development of the farm grow out master plan.  

Associated assumptions applied are noted where appropriate. 

2 Objectives 

The objective of the study is to carry out a hydrological and hydraulic modelling assessment of the 
PSD development area.  Design flood discharges and peak flood water levels for the 5,10, 20, 50 and 
100 year average recurrence intervals (ARI) are reported for selected locations across the floodplain. 

3 Hydrological Analysis 

3.1 Design Rainfall 

Rainfall intensity-frequency-duration (IFD) data for the study area have been derived using the Bureau 
of Meteorology’s (BoM) CDIRS (Computerised Design IFD Rainfall System), which allows automatic 
determination of a full set of IFD curves and associated data for any location in Australia.  This 
approach is compatible with the manual procedures described in Australian Rainfall and Runoff 
(ARR): A Guide to Flood Estimation (Pilgrim, 1987) and are valid for the currently recommended 
approaches for design flood estimation. 

Table1 and Figure 1 summarise the study area rainfall intensities associated with design storms with 
durations up to 72 hours and Average Recurrence Intervals (ARIs) up to 100 years applied in the 
estimation of design flood discharges for a range of ARI events. 

  



Table 1 Rainfall Intensity (mm/h) for Standard Durations and Average Recurrence Intervals (ARIs) 

Duration  
(mins)  

1 Year 
ARI 

2 Year 
ARI  

5 Year 
ARI  

10 Year 
ARI  

20 Year 
ARI  

50 Year 
ARI  

100 Year 
ARI 

Duration  
(hours)  

5 121.0 157.0 199.0 226.0 262.0 312.0 352.0 0.083 
6 113.0 146.0 186.0 211.0 246.0 293.0 330.0 0.1 
10 94.1 121.0 155.0 176.0 205.0 244.0 275.0 0.167 
20 72.0 93.1 119.0 135.0 157.0 187.0 210.0 0.333 
30 59.8 77.3 98.6 112.0 130.0 155.0 175.0 0.5 
60 40.4 52.3 67.0 76.3 88.9 106.0 120.0 1 

120 24.7 32.1 41.5 47.5 55.6 66.8 75.8 2 
180 18.0 23.4 30.5 35.0 41.1 49.5 56.3 3 
360 10.2 13.4 17.7 20.4 24.1 29.2 33.4 6 
720 6.0 7.9 10.6 12.3 14.7 17.9 20.6 12 

1440 3.8 5.0 6.8 8.0 9.6 11.8 13.6 24 
2880 2.45 3.26 4.48 5.30 6.38 7.92 9.19 48 
4320 1.78 2.39 3.31 3.94 4.76 5.95 6.93 72 

 
 

 

Figure 1 IFD Curves for the Project Sea Dragon Study Area Catchments 

3.2 Design Standard 

Although design IFD rainfall data and subsequent estimates of peak flood discharges can be 
calculated for the range of ARI events, the 100 year ARI peak event is commonly adopted as the 
design criteria standard for flood risk and impact assessment for major projects and significant 
infrastructure developments.  This design condition provides a very high level of flood protection, e.g. 
1% chance of occurring in any one year. 



3.3 Flood Estimation 

Hydrological flood modelling was undertaken using the hydrological modelling component of the 
XPSWMM software package (XP Solutions 2014) applying the Laurenson runoff routing method to 
estimate design flood hydrographs ranging from the 10 year to 100 year ARI flood events. Physical 
catchment characteristics, such as catchment area and slope, are used to estimate runoff responses 
across the catchment areas resulting from design storm events.   

Standard regional design storm rainfall temporal patterns for the study area (Zone 4), as defined in 
ARR (Pilgrim, 1987),  were applied for storm durations of 6 hours up to 72 hours in conjunction with 
appropriate regional rainfall loss parameters considering the local dominant soil type and geological 
characteristics. 

A map of the modelled surface water catchments, including subdivided catchment areas, is presented 
in Sketch No. 248390-4000-SKT-WW-0102-RevA.  The modelled sub-catchment areas range in size 
from 2.6 km2 to 49.6 km2 and the total modelled external contribution catchment area is 550 km2.  The 
southern catchment, draining from the Bluey’s Pocket catchment area, and providing the major 
surface water inflow to the study area and Alligator Creek, is approximately 411 km2.  

The critical duration for a catchment refers to the design storm duration that produces the maximum 
flood peak for the modelled catchment network.  The hydrological model was run using the adopted 
model parameters (described above) for a range of design storm durations for the 10, 20, 50 and 100 
year ARI design events in order to determine the critical storm duration generating the maximum 
design flood discharge for each ARI.  In the case of the 10 and 20 year ARI events the 24 hour 
duration storm event was found to generate the maximum peak discharge for the modelled catchment 
and for the 50 and 100 year ARI events the critical storm duration was found to be the 12 hour event. 

Estimated design flood hydrographs up to the 100 year ARI event for the major southern catchment 
area draining into Alligator Creek are presented in Figure 2.  The estimated peak flood discharge for 
the 100 year ARI design flood event is 920 m3/s. 

 

Figure 2 Modelled design flood hydrographs (major southern catchment) 

3.4 Hydraulic Modelling 

The flood modelling within the project area has been simulated using a 2-Dimensional (2D) hydraulic 
model developed in the XPSWMM software package (XP Solutions 2014), which provides an efficient 



and effective assessment of flood extents, depth and velocity along river systems and interactions with 
surrounding floodplain areas when flows exceed the channel conveyance capacity.  This modelling 
approach allows simulation of complex hydrodynamics of floods and tides by combining the full 1D St. 
Venant equations and the full 2D free-surface shallow water equations.  This is particularly powerful 
where the study area is dominated by "Flat" areas where flooding may be caused by heavy rainfall and   
slow hydrograph recession over time and/or where surface water drainage systems are poorly 
defined, non-continuous or braided with significant overbank areas. 

The model broadly comprised the following components:  

� A digital elevation model (DEM) of the existing topography.  The DEM has been developed using 
the LiDAR survey for the study area. 

� A model grid extent providing coverage of areas likely to experience inundation.  This is constrained 
to the extent of the available LiDAR survey data.  The 2D grid cells are defined at 90 m x 90 m 
resolution which equates to just over 81,000 model grid cells across the defined model domain. 

� A downstream boundary line facilitating unobstructed flow from the model.  For the purpose of this 
assessment the downstream boundary condition is defined as a steady state coastal/estuary water 
level based on the high tide level of 4 m.  

� Upstream inflow boundary conditions based on the estimated design flood hydrographs from the 
XPSWMM hydrological model. 

� A “no flow” inactive area is defined for developed scenarios representing the proposed farm 
development defined from the feasibility study farm grow out overall plan drawings (248390-4000-
SKT-0004-E.dwg).  

� A direct rainfall boundary layer across the model grid extent which applies the relevant design storm 
event (temporally distributed) as incident rainfall consistent with the storm event timing associated 
with the hydrological modelling.   

� The land use layer for the model area includes the relevant rainfall loss function in order to account 
for locally generated runoff across the modelled area in conjunction with the estimated design flood 
hydrograph inflows from upstream areas.  Direct rainfall is excluded from the inactive areas defined 
in the modelled scenarios. 

� A Manning’s roughness coefficient of 0.035 has been applied to both the 2D model terrain and for 
the runoff routing applied in the estimation of design flood hydrographs for upstream areas. 

The layout and extent of the 2D XPSWMM model domain is presented in Sketch No. 248390-4000-
SKT-WW-0103-RevA. 

At this stage the road alignment to the farm grow out central infrastructure corridor has not been 
included in the flood modelling assessment.  No designs or levels are currently available to assess the 
potential impacts of the road on flood inundation depths and extent.  However, modelled design flood 
discharge and peak flood depths (and elevations) are reported for the likely road alignment with the 
objective of providing key inputs to the future design requirements for road levels and cross drainage. 

3.5 Modelling Scenarios 

To address the requirements and objectives of the flood modelling assessment the following hydraulic 
modelling scenarios have been defined: 

� Baseline (Pre-Development) Scenario: Assessment of design flood levels and extents based on the 
available LiDAR topographic survey. 

� Stage 1 Development Scenario:  Assessment of design flood levels and extents based on the 
LiDAR topographic survey including the development extent of the Stage 1 grow out farm 
development (as indicated in Sketch No. 248390-4000-SKT-WW-0103-RevA), including the central 
infrastructure corridor. 



� All Stages Development Scenario: Assessment of design flood levels and extents based on the 
LiDAR topographic survey including the assumed total grow out farm development area as defined 
as the grow out farm overall plan extents defined in drawing 248390-XRF-OA-DFRM-001.dwg. 

These flood modelling scenarios aim to provide a detailed assessment and characterisation of the 
existing and future flood hydrology regimes across the proposed development area during extreme 
flood events up to the 100 year average recurrence interval (ARI) event.  The development scenarios 
also aim to define key design inputs and requirements to ensure that the potential flood risks and 
impacts to site infrastructure can be minimised and that a required level of serviceability can be 
maintained for the proposed farms and infrastructure corridors. 

3.6 Flood Modelling Results 

The following sections provide a brief summary of the results of the hydraulic modelling for each of the 
three development scenarios (outlined in Section 3.5). Modelled peak flood elevations for the 100 
year, 50 year, 20 year, 10 year and 5 year ARI design events are reported in Table 2 to Table 6 below, 
respectively.  The locations of the modelled flood discharge reporting lines and flood level reporting 
points where the modelled peak flood elevations are presented are shown in Sketch 248390-4000-
SKT-WW-0103-RevA. The modelled flood hydrographs (estimated from the three flow reporting 
sections and major modelled upstream inflow boundary (dashed line)) are presented for the three 
modelled scenarios (Baseline, Stage 1 and All Stages) to demonstrate the attenuation of the flood 
hydrographs through the study area prior to draining to the Alligator Creek (the downstream flow line 
location).  

The 100 year, 50 year, 20 year, 10 year and 5 year ARI design flood hydrographs are presented in 
Figure 3 to Figure 7 below, respectively.  

Table 2: Modelled 100 Year ARI Flood Scenario - Peak Water Elevations 

Location Ground 
Elevation 

(m) 

Baseline Scenario 
Peak Flood 

Elevation (m) 

Stage 1 Scenario 
Peak Flood 

Elevation (m) 

All Stages Scenario 
Peak Flood 

Elevation (m) 

Point 1 6.0 6.1 6.1 6.1 
Point 2 5.3 6.0 6.0 6.0 
Point 3 5.3 6.0 6.0 6.0 
Point 4 5.2 6.0 6.0 6.0 
Point 5 5.3 6.0 6.0 6.0 
Point 6 5.8 5.9 5.9 5.9 
Point 7 5.7 5.8 5.8 5.9 
Point 8 5.3 5.4 5.4 5.9 
Point 9 4.6 5.3 5.3 5.4 

 
Table 3: Modelled 50 Year ARI Flood Scenario - Peak Water Elevations 

Location Ground 
Elevation 

(m) 

Baseline Scenario 
Peak Flood 

Elevation (m) 

Stage 1 Scenario 
Peak Flood 

Elevation (m) 

All Stages Scenario 
Peak Flood 

Elevation (m) 

Point 1 6.0 6.1 6.1 6.1 
Point 2 5.3 5.9 5.9 5.9 
Point 3 5.3 5.9 5.9 5.9 
Point 4 5.2 5.9 5.9 5.9 
Point 5 5.3 5.9 5.9 5.9 
Point 6 5.8 5.8 5.8 5.9 
Point 7 5.7 5.8 5.8 5.8 
Point 8 5.3 5.3 5.3 5.8 
Point 9 4.6 5.2 5.2 5.3 



 

Table 4: Modelled 20 Year ARI Flood Scenario - Peak Water Elevations 

Location Ground 
Elevation 

(m) 

Baseline Scenario 
Peak Flood 

Elevation (m) 

Stage 1 Scenario 
Peak Flood 

Elevation (m) 

All Stages Scenario 
Peak Flood 

Elevation (m) 

Point 1 6.0 6.1 6.1 6.1 
Point 2 5.3 5.7 5.7 5.8 
Point 3 5.3 5.7 5.7 5.8 
Point 4 5.2 5.7 5.7 5.8 
Point 5 5.3 5.7 5.7 5.8 
Point 6 5.8 5.8 5.8 5.8 
Point 7 5.7 5.8 5.8 5.8 
Point 8 5.3 5.3 5.3 5.5 
Point 9 4.6 5.0 5.0 5.1 

 

Table 5: Modelled 10 Year ARI Flood Scenario - Peak Water Elevations 

Location Ground 
Elevation 

(m) 

Baseline Scenario 
Peak Flood 

Elevation (m) 

Stage 1 Scenario 
Peak Flood 

Elevation (m) 

All Stages Scenario 
Peak Flood 

Elevation (m) 

Point 1 6.0 6.1 6.1 6.1 
Point 2 5.3 5.5 5.5 5.5 
Point 3 5.3 5.6 5.6 5.6 
Point 4 5.2 5.5 5.5 5.6 
Point 5 5.3 5.5 5.5 5.6 
Point 6 5.8 5.8 5.8 5.8 
Point 7 5.7 5.7 5.7 5.7 
Point 8 5.3 5.3 5.3 5.3 
Point 9 4.6 4.9 4.9 4.9 

 

Table 6: Modelled 5 Year ARI Flood Scenario - Peak Water Elevations 

Location Ground 
Elevation 

(m) 

Baseline Scenario 
Peak Flood 

Elevation (m) 

Stage 1 Scenario 
Peak Flood 

Elevation (m) 

All Stages Scenario 
Peak Flood 

Elevation (m) 

Point 1 6.0 6.0 6.0 6.0 
Point 2 5.3 5.3 5.3 5.3 
Point 3 5.3 5.4 5.4 5.4 
Point 4 5.2 5.4 5.4 5.4 
Point 5 5.3 5.4 5.4 5.4 
Point 6 5.8 5.8 5.8 5.8 
Point 7 5.7 5.7 5.7 5.7 
Point 8 5.3 5.3 5.3 5.3 
Point 9 4.6 4.8 4.8 4.8 



 

 

 

Figure 3 Modelled 100 year ARI flood discharge hydrographs - Baseline Scenario (Top), Stage 1 Development Scenario 
(Middle) and All Stages Development Scenario (Bottom) 



 

 

 

Figure 4 Modelled 50 year ARI flood discharge hydrographs - Baseline Scenario (Top), Stage 1 Development Scenario 
(Middle) and All Stages Development Scenario (Bottom) 



 

 

 

Figure 5 Modelled 20 year ARI flood discharge hydrographs - Baseline Scenario (Top), Stage 1 Development Scenario 
(Middle) and All Stages Development Scenario (Bottom) 



 

 

 

Figure 6 Modelled 10 year ARI flood discharge hydrographs - Baseline Scenario (Top), Stage 1 Development Scenario 
(Middle) and All Stages Development Scenario (Bottom) 



 

 

 

Figure 7 Modelled 5 year ARI flood discharge hydrographs - Baseline Scenario (Top), Stage 1 Development Scenario 
(Middle) and All Stages Development Scenario (Bottom) 



4 Flood Mapping 

Flood maps are presented for the 100 year design flood events showing the modelled maximum flood 
depths, extent and maximum flood elevation through the modelled area.  

� layout and extent of the 2D XPSWMM model: Sketch No. 248390-4000-SKT-WW-0103-RevA 

� Baseline (Pre-Development) Max Flood Depth: Sketch 248390-4000-SKT-WW-0104-RevA 

� Stage 1 Development Max Flood Depth: Sketch 248390-4000-SKT-WW-0105-RevA 

� All Stages Development Max Flood Depth: Sketch 248390-4000-SKT-WW-0106-RevA 

� Baseline (Pre-Development) Max Flood Elevation: Sketch 248390-4000-SKT-WW-0107-RevA 

� Stage 1 Development Max Flood Elevation: Sketch 248390-4000-SKT-WW-0108-RevA 

� All Stages Development Max Flood Elevation: Sketch 248390-4000-SKT-WW-0109-RevA 

It should be noted that as a direct rainfall boundary layer input is defined across the study area, 
inundation and ponding across the floodplain is inherent in the presented flood maps, i.e. the 
inundation within the farm development area itself is generated from localised runoff and ponding of 
incident rainfall rather than flooding from upstream river catchments.  Modelled flood depths of below 
0.05 m have been excluded from the maximum flood depth maps. 

5 Summary of Results 

The following points provide a brief summary of the results of the flood modelling assessments that 
should be considered for future design assessment in further modelling investigations: 

� The hydrological assessments have clearly defined the catchment areas draining directly to the 
PSD study area.  The most significant catchment generating rainfall-runoff flows to the site drains 
from the Bluey’s Pocket catchment to the south of the site.   

� The fluvial flooding regime across the study area is characterised by very extensive, but largely 
shallow flood inundation and ponding across the floodplain.  Maximum estimated flood depths for 
the 100 year ARI design event are generally below 1.0 m depth with inundation above 1.0 m depth 
largely limited to the lower lying flow areas draining to the Alligator Creek and Forsyth Creek outlets 
to the estuary.   

� Modelled flood flow velocities are low across much of the flooded area i.e. less than 0.5 m/s, with 
velocities above 1.0 m/s limited to the river-estuary drainage interfaces.  It is likely that the higher 
flow velocities across the study area will be related to the tidal (or storm surge) dynamics. 

� Estimated maximum 100 year ARI flood levels along the proposed road alignment are 
approximately 6.0 m RL.  However, the construction of a raised road alignment, not currently 
included in the model, would change flood levels upstream of this alignment.  The hydraulic 
modelling indicates that in order to minimise flood risks and impacts to the road, appropriate cross 
road drainage infrastructure, such as floodways, will need to be considered along a significant 
length of the road, i.e. up to 7 km.   Peak flows across the road alignment are estimated to be up to 
530 m3/s for the 100 year ARI event, up to 350 m3/s for the 50 year ARI event and up to 190 m3/s 
for the 20 year ARI event.  

� The modelling results indicate that flow conveyance and drainage infrastructure will be required to 
ensure the connectivity of storm runoff from upstream to the estuarine discharge areas of the 
Forsyth Creek and Alligator Creek.  Significant ponding may occur where development cuts across 
existing drainage paths. 

� The nature of the estimated storm runoff regime for the study area, i.e. generally shallow and slow 
moving flows across an extensively inundated floodplain should not pose a significant risk to site 
infrastructure assuming that the design allows for appropriate drainage management and where 
necessary infrastructure is raised above the defined peak flood elevation.  The required level of 
serviceability for road alignments should be considered in the design process with respect to 
‘acceptable’ level of flooding across the road surface. 



� At this stage a coastal/estuary water level based on the high tide level of 4 m has been adopted as 
the peak downstream boundary condition.  The low lying nature of the proposed development site 
means that coastal and storm surge flooding of the site is likely to pose a significant risk and impact 
to site infrastructure and operation rather than river flooding from upstream areas alone.  
Additionally, higher flow velocities and associated erosion and scour risks are likely to be 
associated with extreme coastal and/or tidal flood events. 

� Further flood modelling assessments should be carried out to include the potential influence of 
coastal and storm surge impacts in conjunction with extreme rainfall-runoff flooding, when the 
relevant information becomes available. The potential impacts of long-term sea level rise should 
also be considered in the coastal and storm surge assessments.  

6 Limitations and Assumptions 

The following assumptions and limitations should be considered when interpreting the hydraulic 
modelling results presented in this document: 

� The hydraulic model and resulting peak flood assessments are based on LiDAR topographic survey 
data provided by Seafarms to define the existing drainage systems and surrounding floodplain 
levels.  It is assumed that the survey data and derived DTM provide a realistic representation of the 
surface water drainage systems and floodplain topography. 

� The generated DEM includes existing infrastructure developments which may influence natural 
rainfall-runoff responses, i.e. raised road alignments used to control and manage the inundation of 
paddocks. 

� Flood modelling assessments, i.e. estimates of design flood peak and volume, have been 
developed using recommended approaches as defined in Australian Rainfall & Runoff (Pilgrim 
1987) and are assumed to be representative of the current catchment response to extreme storm 
events.  

� The scale of the modelled domain in conjunction with the spatial resolution of the 2D modelled grid 
cells are defined at 90 m x 90 m and the low modelled flow velocity may limit the accuracy of the 
flood modelling results for low ARI flood events, i.e. 5 and 10 year ARI design floods, and across 
areas of shallow flood inundation. 

� At this stage the maximum tidal level for the downstream/coastal boundary condition is assumed to 
be 4.0 m.   This is consistent with the assumed maximum tidal level adopted for the development of 
the farm grow out hydraulic profiles.  This boundary condition will need to be verified and potentially 
updated based on the result of the costal and estuarine modelling and forecasting assessments.  
The potential risks and impacts of storm surge and forecasted sea level rise should be assessed in 
conjunction with the extreme flood scenarios. 

� The design storm rainfall distribution is assumed to occur equally and instantaneously across all 
modelled upstream catchments. 
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