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The existing drainage network within the Williamtown/Fullerton Cove area was originally constructed  
by the former Drainage Union to manage groundwater and drainage from paddocks used primarily for 
agriculture.  This drainage network extends from the RAAF Base Williamtown (the Base) and Newcastle 
Airport in the north to the single outlet flood gate along the Ring Drain that discharges into Fullerton Cove 
to the south. This drainage network includes the Nelson Bay Road table drain, Dawsons Drain, Leary’s 
Drain, Fourteen Foot Drain, Ten Foot Drain and Ring Drain.  Moors Drain discharges the catchment east of 
the Base and travels in an easterly direction connecting with Tilligerry Creek through a set of flood gates at 
Richardson Road.  South of Moors Drain, runoff travels across Nelson Bay Road (in a southerly direction) 
and into Tilligerry Creek (refer to Figure A).  

The majority of the drainage network is privately owned by local landholders, with Port Stephens Council 
(PSC) and NSW Office of Environment and Heritage (OEH) having management responsibilities of facets of 
the drainage system. The existing drainage system is still used to provide drainage for paddocks and to 
prevent the intrusion of saline water into the area, however it is also used to convey stormwater runoff 
from upslope areas including those associated with development of the airport.  The area is low-lying, 
tidally influenced and with a high water table.  This means that even under dry conditions provision of an 
efficient drainage system as per today’s standards (i.e. one that conveys runoff quickly and safely for most 
rain events) is challenging.   

The Department of Defence (Defence) engaged Umwelt (Australia) Pty Limited (Umwelt) in mid-2017 
to undertake a drainage study of the Williamtown/Fullerton Cove local catchment to: 

 Develop a detailed computer modelling tool (model) to understand the current behaviour of the
drainage system – where runoff comes from, in which proportion, and the mode of flooding; and

 Use this understanding to test the effectiveness of standard engineering options to improve the
efficiency of this system, to act as a first step in guiding what could be feasibly achieved in terms of
flood control in the local catchment area. It is accepted that the area is naturally poorly drained and for
the most part ‘rural’ in nature, however there are actions (structural and managerial) that could be
further investigated to improve runoff management.

It is acknowledged that given the complexities of the Williamtown landscape, any changes to the drainage 
system within the area require a thorough assessment which falls outside the scope of this report. There 
are a large number of stakeholders and consideration of the social, environmental and economic impacts, 
in addition to potential engineering requirements needs to take place as part of a holistic assessment of 
any potential option.    

In this study, ‘flooding’ refers to the rain event(s) that exceed the capacity of the main drainage channels 
within the study area.  This capacity is expressed in terms of Annual Exceedance Probability (AEP), that is, 
the probability that a rain event will occur within any year expressed as a percentage.  The lower the AEP, 
the more severe and infrequent the rain event.    

Executive Summary 
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Study Context 

Contemporary Flood Management Studies 

Port Stephens Council released the Williamtown Salt Ash Floodplain Risk Management Study and Plan 
(FRMS&P, BMT WBM) in December 2017 while this drainage study was well underway.  The FRMS&P, 
which covers a larger area than this study, builds from the Salt Ash/Tilligerry Creek Flood Study (BMT WBM, 
2005 & 2012) and considers the regional level flooding influences from the wider Hunter River system, in 
addition to tidal influences. The FRMS&P “aims to derive an appropriate mix of management measures and 
strategies to effectively manage flood risk in accordance with the Floodplain Development Manual.  The 
findings of this study will be incorporated in a Plan of recommended works and measures and program for 
implementation” (BMT WBM, 2017).    

This local drainage study has considered relevant information from the Port Stephens Council wider studies 
where possible and appropriate (e.g. for model verification purposes).  Unlike the FRMS&P, this study does 
not recommend specific works, rather it derives conclusions on the effectiveness of the engineering 
options to reduce flood levels tested through the new computer flood model. 

PFAS 

Defence is presently investigating management actions relating to per- and poly- fluroalkyl substances 
(PFAS) from historical use of fire-fighting foams on and in the vicinity of the Base.   

The analyses presented in this report do not deal with the management of PFAS.  Defence has facilitated 
the development of a computer flood model (as documented in this study) to assist in management of the 
drainage issues in the local catchment area.  PFAS remains an important consideration as the drainage 
challenges of the local area are addressed. 

Hydrodynamic Modelling 

Hydrologic and hydraulic models were used to simulate the drainage response of the Williamtown/ 
Fullerton Cove and Tilligerry Creek area (the ‘Study Area’ as shown in Figure A).   

The hydraulic modelling was undertaken using the RMA-2 finite element hydrodynamic modelling package.  
RMA-2 uses a highly detailed finite element digital terrain model to represent hydraulic features of the 
floodplain, including the table drains, roads, levees, and buildings.  The flexible nature of the finite element 
digital terrain model used allows for the retention of very high resolution terrain definition in the flood and 
drainage modelling where required, whilst minimising the computational load and the time taken to 
determine flooding characteristics and the effectiveness of a range of engineering options. 

Hydrologic models were used to estimate the volume and timing of runoff (flood flow) from external 
catchments to the RMA model extents.  The RMA hydraulic model engine was used to model the dynamic 
travel of runoff through the Williamtown/Fullerton Cove drainage system (flood heights and velocities).   
In addition to hydrologic models of the upper catchment areas, rain falling directly onto the floodplain area 
(direct rainfall) is used in the hydraulic modelling to account for all relevant catchments. 

Terrain information for the hydrodynamic model was derived from high resolution 2013 Light Detection and 
Ranging (LiDAR) that was provided by Land and Property Information accompanied by aerial imagery and 
additional survey data obtained during site inspections.  The LiDAR data was classified and processed 
specifically for the needs of the project to ensure that accurate and current terrain information was used in 
the modelling.  Using this information, 0.1 metre (m) contours were developed for the entire project area.  
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Existing Drainage System 

The hydrodynamic flood modelling enabled estimation of the current capacity of the existing drainage system, 
which was found to vary considerably.  A sensitivity analysis was also undertaken to explore the potential 
influence of a range of model parameters and assumptions (including climate change) on the model outputs. 

The analysis indicates that while some sections of the drainage system can accommodate peak flows in 
excess of the 10 per cent (%) AEP event (also known as the 10-year Average Recurrence Interval, (ARI)), 
the majority of the system does not have sufficient capacity to accommodate these flows.   

Put simply, modelling confirms the on-ground observations and anecdotal data collected from residents 
during this study, that the existing drainage channel system overtops readily (in varying degrees and at 
different locations) even during minor flood events.  The modelling has also enabled the mapping of flood 
depths and extents and importantly which parts of the system contribute to which channels. For example, 
the Base (excluding the Newcastle Airport) contributes 22% of the total Dawsons Drain catchment, 27% of 
the Moors Drain catchment and 14% of the Nelson Bay Road Table Drain catchment.  

Modelling also indicates that Cabbage Tree Road culverts within Dawsons Drain and Leary’s Drain appear to 
slow the conveyance of stormwater into the area south of Cabbage Tree Road with the drainage capacity of 
the culverts being less than the predicted peak discharge of a 50% AEP (2-year ARI) storm event. 
Immediately downstream of the Cabbage Tree Road culverts, the modelling indicates that Dawsons Drain 
has sufficient capacity to accommodate a 1% AEP event and Leary’s Drain has sufficient capacity to 
accommodate peak discharge from a 10% AEP (10-year ARI) event.   

The modelling indicates that upstream of Cabbage Tree Road, Nelson Bay Road table drain has the capacity 
to accommodate a peak discharge greater than the 10% AEP event.  Downstream of Cabbage  
Tree Road, the capacity of the Nelson Bay Road table drain increases to approximately above the 1% AEP 
event. 

The modelling indicates that the Fourteen Foot Drain has a drainage capacity which lies between the 1% AEP 
and 10% AEP event. 

The modelling indicates that the Ten Foot Drain and Ring Drain downstream of Nelson Bay Road table drain 
typically have drainage capacities of less than the peak discharge during a 50% AEP event.   

Option Testing 

The existing drainage network was originally constructed to manage groundwater levels and provide for 
localised drainage from low lying paddocks.  Any modification to the existing drainage system must therefore 
maintain the existing functionality of the drainage network and seek to enhance it without having a 
detrimental impact on surrounding properties or causing significant environmental, social or economic 
impact.  

Using the outcomes of the existing scenario modelling a range of standard engineering options were 
considered and assessed and three scenarios were modelled to determine their effect on the drainage system. 
Two design storm events were tested for each of the three scenarios – the 1% and 10% AEP events.  These 
were chosen for their contemporary relevance (rain events equivalent to the 10% AEP have been experienced 
in the catchment in recent history) or their standing as industry benchmarks (the 1% event is typically used 
when assessing higher bounds of flood risk).  Each scenario modelled contained a variety of upgrades to the 
existing drainage system at various locations. 

The options included: 

 Removal of obstructions within the bed and banks of drains;
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 Widening of drains;

 Alteration of drain cross sections;

 Upgrading of road culverts; and

 Creation of additional discharge points at the end of Dawsons Drain and Ten Foot Drain; and

 Upgrades to the existing floodgates along Moors Drain at Tilligerry Creek.

Modelling Scenario 1 included the creation of additional floodgates along the ring drain at the junction of 
Dawsons Drain and Ten Foot Drain as well as channel works along Dawsons Drain, increasing the size of the 
floodgates at the outlets of Moors Drain and embankment construction along Moors Drain and increases in 
culvert capacities along Cabbage Tree Road for Leary’s Drain and Dawsons Drain. The modelling showed 
that for Scenario 1 there are modest reductions in flood depths (from 20 – 70 mm) throughout the study 
area for the 10% AEP and 1% AEP events.  The synthetic hydrograph duration shortens (by approximately 1 
to 8 hours) throughout the network, with the greatest decrease seen along Leary’s Drain upstream of 
Cabbage Tree Road. 

Modelling Scenario 2 included the same measures as incorporated in Modelling Scenario 1 but without the 
construction of the floodgates along the ring drain at the Junction of Dawsons Drain and Ten Foot Drain 
and also without any improvement works along Moors Drain. This allowed for the assessment of the 
effectiveness of installing these flood gates along the Ring Drain.  The modelling shows that Scenario 2 
produces marginal reductions in flood depth throughout the study area except for the area upstream of 
Cabbage Tree Road for both the 10% AEP and 1% AEP events (where flood depths are decreased by 
approximately 60 – 85 mm).  There are also minimal changes in the synthetic hydrograph duration for this 
scenario across the drainage network except for upstream of Cabbage Tree Road in Dawsons Drain and 
Leary’s Drain where both Scenario 1 and 2 perform similarly. 

Modelling Scenario 3 included all of the upgrades and infrastructure proposed within Scenario 1 plus 
increasing the floodgate capacity at the Tilligerry Creek floodgates. The modelling for Scenario 3 showed 
notable reduction in the duration of out of bank flooding for both the 1% and 10% AEP events at the 
Tilligerry Creek floodgates. 

In summary, the modelling suggests that whilst engineering options such as flood gates, channel widening, 
culvert upgrades do offer a decrease in flood depths, the magnitude of the flood reduction is small 
(typically less than 100 mm).    

Given the varying success in reducing flood levels from the testing of structural options, non-engineering or 
administrative management principles should also be considered.  This is consistent with conclusions from 
the recent Williamtown Salt Ash FRMS&P which recommends: 

 “future modification of the existing flood gate structures at Salt Ash will need to be considered in
climate change adaptation programs” – this is consistent with findings from this drainage study which
suggest that improvements to the Tilligerry Creek flood gates warrant further investigation;

 “prepare a Management Plan for the local drainage systems. From the floodplain risk management
perspective, this is driven by the need for appropriate adaptation plans to be prepared to address
increasing flooding under future climate change conditions. There are associated issues relating to local
low flow drainage regimes including limited existing capacity, incidence of waterlogging and extended
flooding durations, and impact of development on increased runoff” – the hydraulic model developed
in this study is a very detailed and robust tool that can be used (and augmented if necessary) to
develop an in-depth local Overland Flow management plan; and
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 consider other non-structural measures like flood warning, improved response, flood awareness, etc.
Importantly, any adaptation to climate variability will involve a high degree of community participation
and ownership.  This could be one of the themes of a local Plan for the Williamtown study area.

Of key relevance to this study is the recommendation in the FRMS&P to prepare a Management Plan for 
the local drainage systems (i.e. to investigate flooding causes in the local runoff scenario).  This drainage 
study partly fulfils this recommendation and while this current study is not considered to be a full Local 
Drainage Management Plan, the model developed for and information provided within this report will be 
useful tools for the agencies who own the drains when considering: 

 the impact of future developments on the drainage system;

 the strategy for the ongoing management of the drainage network; and

 possible upgrades or alterations to the network in the Williamtown/Fullerton Cove area.

In summary: 

Any modification to the existing drainage system must maintain the existing functionality of the drainage 
network, whilst balancing the overall social, environmental, economic and engineering issues. These 
broader issues, while not within the scope of this study, must be considered and assessed in detail in any 
future Management Plans which are developed for the area. 

It is important to note that this report does not model nor consider the impact of potential future 
development on the flooding characteristics of the catchment.  The focus of this study was to construct a 
computer flood model to provide a detailed assessment of the performance of the local drainage network 
as it stands and test engineering options to improve its performance.  A range of options to achieve this 
have been considered, however the characteristics of the catchment (i.e. low lying with a low drainage 
gradient and single discharge point) mean that achieving significant reduction in flood depths and durations 
is challenging.   

A detailed hydraulic computer model (RMA-2) is the main output from this study.  The model represents 
the latest terrain configuration of the local catchment area and contains updated rainfall patterns as per 
AR&R 2016.  This represents a robust computer flood model that can be used to consider and target 
options to be further investigated in the Management Plan(s) for the local drainage area (as recommended 
in the FRMS&P). 
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1.0 Introduction 

1.1 Study Context 

The Department of Defence (Defence) works closely with the New South Wales (NSW) Government and 
Port Stephens Council (PSC) in the management of the Williamtown drainage network. 

During large rainfall events, there is widespread flooding through the Williamtown/Fullerton Cove/Tilligerry 
Creek area (referred to herein as the ‘Study Area’ as shown in Figure 1.1). It is recognised that the original 
purpose of the existing drainage network in the Study Area is to convey water after heavy rain to Fullerton 
Cove and Tilligerry Creek and to enable water from the high groundwater table to be drained from the area 
to facilitate pasture growth and agriculture, and not to fully prevent inundation (Umwelt, 2014). While there 
are some relatively straightforward opportunities to improve the capacity of the existing drainage network 
locally (e.g. drain maintenance), a detailed Drainage Study (this report) has been commissioned by Defence 
to contribute to: 

 Improving the understanding of the existing flood carrying standard of the Study Area; and

 Contribute to the tools and information used to investigate and plan upgrades to the network.

Defence owns and manages substantial property and associated drainage in the Study Area and engaged 
Umwelt (Australia) Pty Ltd (Umwelt) to complete these investigations in order to contribute to the 
knowledge required for relevant stakeholders to further investigate options available for improvements to 
the local drainage network.   

Defence is presently investigating management actions relating to per- and poly-fluroalkyl substances 
(PFAS) from historical use of fire-fighting foams on and in the vicinity of the Royal Australian Air Force 
(RAAF) Base at Williamtown (the Base).  The analyses presented in this report do not deal with the 
management of PFAS.  Defence has facilitated the development of modelling tools to assist in management 
of the drainage issues in the area (i.e. this study).  PFAS remains an important consideration as the drainage 
challenges of the local catchment are addressed. 

1.1.1 Types of Flooding 

Storms and flooding are a natural part of living in the Williamtown catchment.  Flooding in the Williamtown/ 
Fullerton Cove area can occur as a “combination of three mechanisms: rainfall on the local catchments, 
inundation from the Hunter River floods, and tides in Fullerton Cove and Port Stephens” (BMT WBM, 2005).  
Notable flooding in the region occurred in 1955 (from widespread Hunter River flooding) and in 1990 
following heavy rainfall over the local catchments (BMT WBM, 2005).   

The modelling performed in this investigation relates to rainfall that falls on the local catchment only  
and does not consider concurrent flooding within the Hunter River.  The runoff generated is conveyed  
to Fullerton Cove by a system of drains which have been modelled in this study.  Regional flooding from 
the Hunter River is documented in recent publications from Port Stephens Council (as summarised in 
Section 3.1.1).  Due to the low lying characteristics of the study area, tidal levels in Fullerton Cove and  
Port Stephens have a direct effect on the efficiency of the drainage channels and these influences have 
been accounted for in the modelling completed for this investigation.   

In this study, ‘flooding’ refers to the rain event(s) that exceed the capacity of the main drainage channels.  
This capacity is expressed in terms of Annual Exceedance Probability (AEP), that is the probability that a rain 
event will occur within any year expressed as a percentage.  The lower the AEP, the more severe and 
infrequent the rain event.    
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1.2 Purpose 

The primary objective of this Study is to develop a detailed hydraulic model of the study area and establish 
a strong technical understanding of the flood characteristics of the local catchment through modelling at a 
finer scale than existing regional studies.  The model includes the Base, the surrounding network of drains 
that discharge to Fullerton Cove, and Moors Drain which discharges to Tilligerry Creek.  This report 
documents the construction of the model and findings of model runs, and builds on the existing body of 
available information, particularly the Williamtown/Fullerton Cove Drainage Study prepared by Umwelt  
in 2014 for PSC. The report analyses the existing flood characteristics of the Williamtown Fullerton Cove 
and Tilligerry Creek catchment, and tests the capability of typical engineering measures to improve the 
performance of the drainage system.  To this end, the study: 

 Documents the existing functionality of the network of drainage infrastructure – this is a factual
account of the flooding characteristics of the area.  Industry standard methodologies (with specific
guidance from Australian Rainfall and Runoff, 2016 and the NSW Office of Environment and Heritage
(OEH Floodplain Risk Management Guideline on modelling the interaction of catchment flooding and
oceanic inundation in coastal waterways, 2016) have been employed where required to quantify flood
behaviour under a range of storm scenarios; and

 Models the hydraulic performance of typical engineering options for improvements to the network of
drainage infrastructure and presents these results as a starting point for further analyses.

This study does not seek to establish flood planning levels.  Current detailed studies commissioned by  
PSC exist for that purpose (refer to Section 3.1.1).  Hence the flood levels quoted in this report need to
be interpreted within the scope and context of this study. This study also does not address future 
development within the local catchment. 

It is acknowledged that given the complexities of the Williamtown landscape, any changes to the drainage 
system within the area require a thorough assessment which falls outside the scope of this report. There 
are a large number of stakeholders and consideration of the social, environmental and economic impacts, 
in addition to potential engineering requirements needs to take place as part of a holistic assessment of 
any potential option.    
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1.3 Background 

1.3.1 General 

The Study Area is located approximately 15 kilometres (km) north of Newcastle (refer to Figure 1.1).  A key 
feature of the Study Area is the Base and associated Newcastle Airport.  Both have undergone expansions 
in recent time – the airport is providing greater level of service to its customers with consequent upgrades 
to its infrastructure (buildings, carparks) and on-Base upgrades needed for the planned arrival of the Joint 
Strike Fighter fleet.  This increased activity makes the area attractive to other commercial ventures.  

The Base is Australia’s main fighter pilot training base and covers approximately 823 hectares (ha).  The 
Base is located in the upper catchment of a natural floodplain and is surrounded by rural and semi-rural 
land uses.  There are a range of natural flow paths, manmade drainage channels, low-lying areas and 
floodplains in the areas surrounding the Base (refer to Figure 1.2).  The Base discharges surface water 
runoff directly into Dawsons Drain via Lake Cochrane (to the southwest) and via the internal stormwater 
system into Moors Drain (to the east).  Although relatively large in size, the airport and Base complexes 
represent 25% of the total catchment draining to surrounding watercourses. 

The drainage systems in the Study Area were originally constructed to maintain groundwater at a level that 
allows the land to be used for agricultural purposes (Umwelt, 2014). These channels were constructed 
through different eras, by a number of parties, and to a variety of standards.  In many locations there is little 
to no hydraulic gradient, resulting in areas of poor drainage that are susceptible to inundation depending on 
the severity of the rainfall event. The drains are predominantly privately owned, with co-operation between 
owners that was formerly managed by the now defunct Drainage Union (Umwelt, 2014).  The area has been 
the subject of development over time and given its topography has been the subject of challenges between 
increased urbanisation and the capacity of the drainage network (Umwelt, 2014).   

Discharges from the drainage system into Fullerton Cove are significantly influenced by tidal conditions.  
To manage the intrusion of saltwater from Fullerton Cove and to assist in protecting properties from fluvial 
and tidal flooding, tidal gates have been installed at the outlet of the drainage system at Fullerton Cove.   
A levee has also been constructed adjacent to the Ring Drain to protect low-lying agricultural land in the 
Fullerton Cove Area from Salt Water intrusion. As a result of these measures, discharges from the drainage 
system are restricted during high tailwater levels.   
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1.3.2 Airport History 

The Williamtown RAAF Base was established with the designation of a Defence Practice Area in the 1930s. 
In 1941, the Base was established on the site to provide protection to the steelmaking facilities in the 
Hunter Region. Additional support buildings have since been constructed to provide headquarters, housing, 
workshops, stores, medical, hangars and offices as required. 

In 1990, the Base became the headquarters of the Tactical Fighter group and is currently home to the 
Tactical Fighter group (Air Combat Group) and units from the Surveillance and Reconnaissance Group. 

Commercial airport operations commenced at the Base in 1947, under the ownership of the Australian 
Government. In 1990, ownership of the airport was transferred to Newcastle City Council (NCC) and PSC. 
In 1993, the limited liability company Newcastle Airport Limited (NAL) was established to manage the 
commercial operations at Newcastle Airport.  NAL is wholly-owned by NCC and PSC. 

Newcastle Airport now occupies approximately 28 ha south of the Base and uses the same runway, with 
air control facilities provided by the RAAF. Approximately 1.2 million passengers per year now use the 
Newcastle Airport. 

1.3.3 Surrounding Development 

As operations at the Base and Newcastle Airport have expanded, so have related support services in the 
area surrounding the airport. These have included the construction of service stations, restaurants, the 
Williamtown Aerospace Centre (WAC), and most recently an approved commercial-industrial area.  The 
WAC is located to the south of the Newcastle Airport and will eventually be home to a wide range of 
support services and other synergistic enterprises for both the Newcastle Airport and the Base. 

1.4 Current Management 

The existing drainage system within the Study Area was established by the former Drainage Union to 
enable water from the high groundwater table to be drained from the area to facilitate pasture growth and 
agriculture (Umwelt, 2014), however today the system is used to convey the majority of stormwater 
generated within the catchment (Umwelt, 2014). The stormwater drains via a series of privately-owned 
drains that extend from the top of the catchment near the airport in the north and discharges: 

 South:  to the floodgates that discharge into Fullerton Cove approximately 5 km south of the Newcastle
Airport; and

 North-east:  via the Moors Drain floodgates to Tilligerry Creek.

Few formal easements cover the system of drains within Williamtown/Fullterton Cove (Umwelt, 2014) and the 
drains’ state of repair/maintenance varies throughout the study area.  Ownership and ongoing operation and 
maintenance of the drains is an important issue which can significantly influence the hydraulic conveyance 
capacity and hence performance of the drainage network and impact upstream landowners.   

Presently PSC and OEH have management responsibilities of facets of the existing drainage system.  OEH 
undertakes drain clearing works in the Williamtown area as part of the management of the Hunter Valley 
Flood Mitigation Scheme (HVFMS or the Scheme), which is designed to mitigate and protect the local 
community from flooding.  PSC is only responsible for a small number of drains in the Williamtown area, 
namely Moors and Leary's Drains and part of Dawsons Drain.  The remainder are either owned by state 
government agencies or private land owners.  PSC carries out routine maintenance and inspections of PSC 
owned drains to maintain stormwater flow. 
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The drainage infrastructure for which OEH is responsible is part of the HVFMS and includes the Ring Drain and 
Levee; sections of Dawsons Drain and Fourteen Foot Drain; the Ten Foot Drain and Tilligerry Creek drain; and 
floodgates on the Ring Drain and Tilligerry Creek.  

The ownership of the HVFMS is vested with the Minister for Regional Water under the provisions of the Water 
Management Act 2000. OEH advise that any substantial modification to the structures within the scheme 
would require the approval of the Minister for Regional Water. Most of the Scheme infrastructure is located 
on private land. The Water Management Act 2000 provides a head of power for OEH to maintain the Scheme, 
however any modification to Scheme infrastructure that would increase the footprint of the structures would 
require the agreement of the affected landowner. Works involving significant modification to Scheme 
infrastructure would also require the relevant environmental assessment and approvals, including community 
consultation and assessment of the impact of the changes on Fullerton Cove as the receiving environment. In 
addition, portions of Fullerton Cove are protected under both State and Commonwealth legislation. 
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2.0 Scope 

This section provides a brief summary of the tasks undertaken as part of this Drainage Study. Further 
detailed explanation of each stage of works is presented in the following sections. 

2.1 Stage 1 – Data Collection and Review, and Stakeholder 
Engagement. 

Stage 1 of the Drainage Study included the collection and review of the data relevant for future stages of 
the Drainage Study (refer to Section 3.0). 

The following engagement activities were undertaken as part of this stage (as detailed in Section 3.4): 

 Engagement with the community on critical drainage issues affecting the community followed up with
inspections of Moor’s Drain, Dawsons Drain and Fullerton Cove; and

 Engagement with representatives of various stakeholders including PSC, OEH, the NSW Environmental
Protection Authority (EPA), Hunter Water and the Water Working Group (WWG).  The WWG has been
established to assist in developing the NSW Government’s response to the Department of Defence in
relation to investigations to characterise and manage its offsite PFAS contamination resulting from
historical usage of PFAS containing firefighting foams at the Williamtown RAAF Base (more information
can be found at the following website: https://www.epa.nsw.gov.au/working-together/community-
engagement/community-news/raaf-williamtown-contamination/williamtown-expert-panel).

2.2 Stage 2 – Flood Model Development 

Stage 2 of the Drainage Study included the update and extension of the existing hydrodynamic model of 
the Study Area (developed by Umwelt in 2014) to include Tilligerry Creek (refer to Section 4.0). Stage 2 also 
included validation of the hydrodynamic model and assessment of the sensitivity of the hydrodynamic 
model to parameter selection (refer to Section 4.5). The hydrodynamic model was then used to model the 
response of the existing conditions within the Study Area for a range of design storm events (refer to 
Section 5.0). 

2.3 Stage 3 – Options Testing 

Stage 3 of the Drainage Study included the testing of a variety of typical engineering options to improve the 
performance of the drainage network in the Study Area. This included modification of the hydrodynamic 
model to test for these options (refer to Section 6.0). 
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3.0 Stage 1 – Data Collection, Review and 
Community Engagement 

3.1 Compilation and Review of Available Data 

3.1.1 Literature Review 

Drainage and flooding within the Williamtown/Fullerton Cove area has been widely investigated. A summary 
of several of the key reports documenting flooding within the study area as referenced within this report is 
provided in this section.  

3.1.1.1 Williamtown Salt Ash Flood Study – April 2005 – Prepared by BMT WBM for Port 
Stephens Council 

The Williamtown Salt Ash Flood Study (BMT WBM, 2005) was prepared for PSC to define existing flood 
behaviour between Raymond Terrace and Salt Ash and establish the basis for subsequent floodplain 
management activities.  The Flood Study covered an area of approximately 120 km2 and comprised the 
townships of Williamtown, Salt Ash, part of Raymond Terrace and the floodplain areas separating these 
towns. 

Specifically, this study developed a two-dimensional TUFLOW model of the study area and determined 
design flood conditions for a range of flood events (including the 0.5%, 1%, 2%, 5%, 10%, 20%, 50% AEP 
floods and PMF conditions due to a combination of local catchment rainfall, Hunter River flooding and tide 
flooding). 

The boundaries of the model (Raymond Terrace, Fullerton Cove, Salt Ash) were connected to other 
watercourses (Hunter River, Tilligerry Creek), whose downstream conditions are Port of Newcastle and  
Port Stephens. The influence on the study area of the Hunter River, Port Stephens and the ocean tide was 
investigated by incorporating adjacent study results at the model boundaries. 

The hydraulic model was calibrated and verified to historical flood events to establish the values of key 
model parameters and confirm that the model was capable of accurately predicting real flood events.  The 
historical events were: 

 1955 event – largest of the century for the Hunter River at Raymond Terrace.  Good rainfall data and
water level hydrographs available for main creek/river systems, however all recorded flood levels
within the Williamtown/Fullerton Cove area (i.e. the subject of this Drainage Study) were provided
during community consultation sessions and not recorded at a gauge.

 1990 event – represents a local runoff flood.  Good rainfall data and water level hydrographs available
for main creek systems, however all recorded flood levels within the Williamtown/Fullerton Cove study
area were provided during community consultation sessions and not recorded at a gauge.

 2000 event – represents a minor flood in Tilligerry Creek. Good quality rainfall data and river level
hydrographs were available, however there were no accurate flood records, only the lateral extents of
the flood were available from an aerial ‘fly over’ of the floodplain by DIPNR.

For the flood study a Digital Terrain Model (DTM) was generated using ground survey data across the study 
area. For the area to the north of Nelson Bay Road and north of Cabbage Tree Road, the ground levels were 
taken from survey prepared using photogrammetric techniques. For the southern sections of the study 
area, the DTM used a Hunter Water ground survey. 
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3.1.1.2 Williamtown/Salt Ash Flood Study Review – February 2012 – Prepared by BMT WBM 
for Port Stephens Council 

The Williamtown/Salt Ash Flood Study Review (BMT WBM, 2012), was prepared to inform PSC of the likely 
changes in flood behaviour within the study area that may arise through future climate change conditions, 
particularly in relation to flood planning levels. 

As part of the Flood Study Review significant changes were made to the TUFLOW hydraulic model 
developed as part of the 2005 Flood Study including updates to floodplain topography to incorporate the 
LiDAR aerial survey data acquired through the Department of Planning Central and Hunter Coasts LiDAR 
Project January 2007. The Williams River Flood Study (BMT WBM, 2009) hydraulic model was taken as the 
base model and was extended to incorporate the additional area modelled by the Williamtown/Salt Ash 
model. Model details including hydraulic controls, hydraulic structures, model boundaries and roughness 
distribution from the Williamtown Salt Ash Flood Study model were replicated in the new model.  

The study produced information on flood flows, velocities, levels and extents for the 1% AEP flood event, 
considering likely climate change impacts of increased sea level and rainfall intensities for a 90 km2 
catchment between Raymond Terrance to the west and Salt Ash to the east. 

Model topography, cell size and other parameters, such as roughness values, were retained from the 
original models (albeit with some minor local modifications). Accordingly a model re-calibration was not 
completed. However, the baseline 1% AEP modelled flood level was matched to that of the Flood 
Frequency Analysis at Raymond Terrace. 

The developed 1D/2D linked hydrodynamic model was used to derive baseline flood conditions in the study 
area for the 1% AEP design event. This was compared to the original 2005 Williamtown/Salt Ash Flood 
study output. Although some localised differences were observed, the results from the two models were 
found to be broadly similar. 

3.1.1.3 Williamtown/Fullerton Cove Drainage Study – September 2014 – Prepared by Umwelt 
for Port Stephens Council 

To provide guidance in regard to drainage for planning decisions, PSC engaged Umwelt (Australia) Pty 
Limited (Umwelt) to identify and develop a strategy to address existing and future drainage issues and 
provide feasible stormwater management options for future developments within the 
Williamtown/Fullerton Cove area. 

Hydrodynamic modelling, incorporating both hydrologic and hydraulic models, was used to estimate the 
flood and drainage response of the Williamtown/Fullerton Cove area but with a smaller coverage area than 
this current study. The hydraulic modelling was undertaken using the RMA-2 model.   

A sensitivity analysis was also undertaken to explore the potential influence of a range of model 
parameters and assumptions on the modelled flood and drainage. The model outputs were compared 
qualitatively to the outputs from the 2005 Flood Study and were found to be of a good match. 

The modelling indicated that the capacity of the existing drainage system within the Williamtown/Fullerton 
Cove area varied considerably and confirmed what is widely known – that the existing drainage channel 
system overtops resulting in out of channel (i.e. across paddock) flows even during minor flooding events 
and hence has limited stormwater conveyance capacity. 
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3.1.1.4 Williamtown – Salt Ash Floodplain Risk Management Study & Plan – September 2017 
– Prepared by BMT WBM for Port Stephens Council

The outcomes of the Williamtown Salt Ash Flood Study Review (BMT WBM, 2012) established the basis for 
subsequent floodplain management activities in the broader Williamtown/Salt Ash district. Building on the 
outcomes of the 2012 Flood Study Review (BMT, WBM), the Williamtown – Salt Ash Floodplain Risk 
Management Study and Plan (FRMS&P) was prepared with the aim of developing an appropriate mix of 
management measures and strategies to effectively manage flood risk within the catchment in accordance 
with the Floodplain Development Manual and then incorporate these findings into a Plan of recommended 
works and measures and a program for implementation. 

The FRMS&P found that flooding in the Williamtown/Salt Ash study area is primarily caused by three 
mechanisms: 

 Flooding due to local runoff;

 Flooding due to backwater effects of flooding in the Hunter River or elevated ocean tide, which may
include overtopping of the levee system surrounding Fullerton Cove; and

 Flooding due to backwater effects of Flooding in Port Stephens, which may include overtopping of the
levee system at Salt Ash.

The FRMS&P discusses that the dominant flooding mechanism (in terms of peak design water levels) for the 
Williamtown/Salt Ash locality is mainstream Hunter River flooding and this is the flood envelope used to set 
planning levels. Under these conditions, Hunter River flooding results in Fullerton Cove filling and 
discharging into Tilligerry Creek floodplain, under cross-drainage structures and through overtopping of 
Nelson Bay Road. Accordingly, the FRMS&P highlights that there is limited opportunity for flood 
modification options to mitigate flooding on a catchment scale. Moreover, it finds that in the context of the 
study area of the FRMS&P, the existing flood risk exposure to existing property is relatively limited such 
that expensive, broad scale catchment flood management measures are not required at this stage. 

Of key relevance to this study is the recommendation in the FRMS&P to prepare a Management Plan for 
the local drainage systems (i.e. to investigate flooding causes in the local runoff scenario).  This drainage 
study partly fulfils this recommendation and while this current study is not considered to be a full Local 
Drainage Management Plan, the model developed for, and information provided within this report will be 
useful tools for the agencies who own the drains when considering: 

 the impact of future developments on the drainage system;

 the strategy for the ongoing management of the drainage network; and

 possible upgrades or alterations to the drainage network in the Williamtown/Fullerton Cove area.

3.1.2 Catchment and Drainage System 

The existing drainage network within the Study Area was originally constructed by the former Drainage 
Union to manage groundwater and drainage from paddocks. This was undertaken largely for pasture 
management. There are no available records which indicate whether these drains were originally designed or 
constructed to any specific design criteria. This drainage network (consisting of some government-owned 
drainage with the majority being privately owned drains) extends from the Newcastle Airport to the north to 
the single outlet flood gate that discharges into Fullerton Cove to the south and to Tilligerry Creek to the 
north-east. This drainage network includes the Nelson Bay Road table drain, Leary’s Drain, Fourteen Foot 
Drain, Ten Foot Drain, the Ring Drain, Moors Drain and Tilligerry Creek. Further description of each of these 
drains is provided in the following sections. 
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The topography of the Study Area is predominantly low-lying, with most locations at an elevation below 
10 m AHD (Australian Height Datum – where the mean sea level is assigned as 0 m AHD), and a significant 
proportion below 2 m AHD. The south-eastern boundary of the Study Area is characterised by an elevated, 
large dune system which separates the floodplain from the Tasman Sea. The majority of land at higher 
elevations is located to the north and west boundaries of the catchment. Local catchment runoff primarily 
drains to the floodplain areas and drainage system located around Fullerton Cove and Tilligerry Creek.  

Land use within the catchment primarily consists of bushland (60%), rural pasture (35%) and urban 
development (15%) (BMT WBM, 2012). The floodplain area predominantly remains undeveloped and is 
largely occupied by rural farming. Properties situated within the lower-lying portions of the Study Area are 
situated along Cabbage Tree Road, Nelson Bay Road and Lemon Tree Passage Road, with higher rates of 
urbanisation at both Williamtown and Salt Ash. 

The Study Area contains a number of important roadways, most notably Nelson Bay Road, which is the only 
transport route in and out of Port Stephens, and Cabbage Tree road (BMT WMB, 2012). In order to provide 
flood-free transport routes, most of the roadways are elevated above the natural floodplain levels, 
constructed on embankments with waterway openings (bridges/culverts) at selected cross drainage 
locations (BMT, WBM, 2012). To this end, many of the roadways act as flood levees with the capacity of 
cross drainage (e.g. culverts) being one of the limiting factors to allowing free drainage of flood waters 
towards the outlets of the floodplain system at Fullerton Cove and Tilligerry Creek. 

The drainage system, show in Figure 1.2, allows the conveyance of runoff to two receiving waters, the 
Hunter River estuary via Fullerton Cove and Port Stephens via Tilligerry Creek. The system is comprised of 
a series of open, unlined agricultural drainage channels and other infrastructure, including culverts, flood 
gates and detention storage.  

For this study the drainage channels have been classified as either ‘minor’ or ‘major’ drains. Minor drains 
are field drains that have a smaller cross-sectional area and convey water to a major drain. Major drains are 
typically steep sided with greater cross-sectional areas and sections of elevated banks as a result of drain 
clearing and desilting. The major drains frequently include permanent standing water and thick grassy 
vegetation. Although there is surface/groundwater interaction, the modelling undertaken has focused on 
surface water behaviour only.  Where the drains pass under the public road network, culverts have been 
constructed. These culverts include both pipes and box culvert structures depending on the local 
requirements. The culverts are also a common location for blockages. Floodgates allow the outflow of 
floodwaters to the receiving water bodies, and help to prevent saline water inflow from downstream when 
the gates are fully closed. Detention storage is used in a number of developments within the area to reduce 
peak flows into the drainage system. 

The following sections include summaries of each major drainage channel within the system, including their 
history and function.  

3.1.2.1 Outlet to the Hunter River via Fullerton Cove 

Dawsons Drain begins at the outfall of Lake Cochrane inside the Base. Initially, water flows westward 
before turning in an approximately southerly direction; passing under Cabbage Tree Road and then meeting 
the Ring Drain (refer to Figure 1.2).  Dawsons Drain currently receives stormwater runoff from sections of 
the Base (via Lake Cochran) as well as local runoff from a large upstream catchment west of the base. 
Proportionally, the base contributes to approximately 29% of the total flow in Dawsons Drain.   

South of Cabbage Tree Road, the primary purpose of Dawsons Drain changes from transporting runoff to 
controlling groundwater levels in the surrounding land and managing irrigation water.  There are reports by 
residents of ongoing flooding within agricultural land along Dawsons drain north of Cabbage Tree Road. 
Dawsons Drain is managed and maintained by several stakeholders including: 
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 OEH (the section downstream of Cabbage Tree Road);

 PSC (a section upstream of Cabbage Tree Road); and

 Private landholders (upstream of Council’s section).

Leary’s Drain commences north of Cabbage Tree Road, flowing in an approximately southerly direction under 
Cabbage Tree Road to meet the Fourteen Foot Drain approximately 1 km south of Cabbage Tree Road.  It is 
understood that the primary purpose of Leary’s Drain is to maintain groundwater at a level low enough to 
allow the area to be used for agricultural purposes, particularly from the low-lying area to the north of 
Cabbage Tree Road (refer to Figure 3.1). PSC have an easement over a portion of Leary’s Drain (referred to as 
Middle Drain by PSC) between Fourteen Foot Drain and Cabbage Tree Road. This easement, however, only 
covers the drain itself (from Top of Bank to Top of Bank), with no area allowed for access or maintenance 
activities. 

The Nelson Bay Road table drain lies on the western side of Nelson Bay Road, extending from the eastern 
side of the Airport and the Base to the Fourteen Foot Drain approximately 2 km to the south.  The Nelson 
Bay Road table drain has a low longitudinal gradient, and includes several road culverts, which serve to 
slow stormwater drainage. Since the Williamtown/Fullerton Cove Drainage Study (Umwelt, 2014) was 
completed, a number of developments have occurred in and around the Airport and Base, including the 
Williamtown Aerospace Centre (WAC). The WAC is a large-scale commercial development to the south of 
the Airport (refer to Figure 1.2). The WAC includes the Newcastle Airport Precinct and 120 ha of industrial 
and business land. The WAC site includes an extensive drainage system that intercepts stormwater and 
conveys it to a large detention basin to a low-lying area within the south-east corner of the WAC site.  The 
WAC detention basin discharges attenuated stormwater into Nelson Bay Road table drain at a peak rate 
and duration designed to match previous discharge from the site. It is understood that (if not carefully 
managed) continued development within the Newcastle Airport may place further pressure on the Nelson 
Bay Road table drain conveyance capacity (Umwelt, 2014). 

The Fourteen Foot Drain extends from the east of Nelson Bay Road to the Ten Foot Drain via the Link Drain. 
Previously, the drain flowed continuously in a westerly direction, and into the Ring Drain. However, a 
greenhouse development at 157 and 183 Cabbage Tree Road (Maria’s Farm Veggies) required the diversion 
of the drain, known as the Link Drain, in a southerly direction into the Ten Foot Drain (Joint Regional 
Planning Panel, 2012).  The Fourteen Foot Drain receives flows from intercepted groundwater, surface 
runoff from agricultural land and stormwater discharges, from Leary’s Drain and the Nelson Bay Road table 
drain, as well as from the local catchment.  The Fourteen Foot Drain was originally constructed to manage 
groundwater levels and paddock drainage for the surrounding agricultural area.  The Fourteen Foot Drain is 
typically between 5 m and 12 m wide and includes an invert elevation that is typically less than 0 m AHD 
resulting in the water (groundwater) being permanently visible.  Adjacent to the Fourteen Foot Drain are a 
series of earth mounds created as a result of previous cleaning and desilting operations.  These raised 
mounds are discontinuous to allow for entry of surface water runoff from the surrounding floodplain and as 
a result do not increase the flow capacity of the Fourteen Foot Drain.   

The Ten Foot Drain lies to the south of the Fourteen Foot Drain, flowing in an approximately westerly 
direction from Nelson Bay Road in the east to the Ring Drain in the west.  The Ten Foot Drain is 
approximately 8 m wide, and has an invert elevation that is typically less than 0 m AHD, meaning that water 
(groundwater) is almost permanently visible.  Adjacent to the Ten Foot Drain are a series of earth mounds 
similar to those adjacent to the Fourteen Foot Drain.  These raised mounds are also not continuous to allow 
for the inflow of surface water from the surrounding floodplain and as a result do not increase the flow 
capacity of the Ten Foot Drain. The Ten Foot Drain was constructed to manage groundwater levels and 
paddock runoff in order to enhance the agricultural use of the surrounding area.   
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As with other drains within the Study Area, there are no drainage easements over the Fourteen Foot Drain 
or the Ten Foot Drain that would allow for significant changes to the use of the drains to occur. 

The Ring Drain flows in an approximately southerly direction, from Dawsons Drain in the north to the flood 
gated discharge point to the south (refer to Figure 1.2).  The Ring Drain receives water from Dawsons Drain, 
the Fourteen Foot Drain (including Leary’s Drain) and the Ten Foot Drain, as well as other smaller unnamed 
drains and local catchments.  The Ring Drain was constructed as part of the Study Area drainage system to 
assist in managing groundwater levels and paddock drainage in order to maintain the agricultural usage of 
the local area.  The flood gates and Ring Levee were constructed to provide further protection for the 
agricultural usage of the area against salt water intrusion.  No drainage easements cover the Ring Drain, 
which is located within private property. Historically, additional floodgates were located along the ring 
drain at the outlet of Dawsons Drain, Fourteen Foot Drain and Ten Foot Drain into Fullerton Cove. It is 
understood that these floodgates were removed following the 1955 flood event and replaced with a single 
gate which exists today.  The reason for this change is not known.  The drainage impact of providing 
additional outlet point(s) at the location of a selection of the old gate(s) has been investigated (refer to 
Section 6.0).  

3.1.2.2 Outlet into Port Stephens via Tilligerry Creek 

The north-eastern portions of the catchments surrounding the Base drain into Port Stephens via 

Moors Drain and Tilligerry Creek as described below. 

Moors Drain 

Moors Drain has two initial branches, the northern branch, which receives flows from Medowie Road table 
drain and flows in a south-east direction, and the southern branch, which receives run off from the 
Newcastle Airport and the Base flows in a north-west direction. The two branches meet approximately  
1 km to the east of Newcastle Airport and the Base, just north of Nelson Bay Road. From this point the 
drain flows for approximately 6 km, through Salt Ash under Richardson Road, Salt Ash Avenue, Hideaway 
Drive and Lemmon Tree Passage Road before discharging into the tidal zone of Tilligerry Creek. 
Observations from within the Base suggest that groundwater and surface water result in a near continuous 
flow to the initial branches of Moors Drain, except after prolonged dry periods when groundwater levels 
drop due to reduced recharge. An informal bank (referred to as the ‘Moors Drain Levee’) typically runs 
parallel to Moors Drain.  Visual inspection suggests that the levee varies in height with the top of the levee 
in some areas significantly lower (or missing) when compared to adjacent sections. 

Tilligerry Creek and agricultural drain 

For the purpose of modelling, the watercourse of Tilligerry Creek is defined as starting at the agricultural 
drain located at the end of Fourteen Foot Drain, 0.5 km south of Nelson Bay Road. The drainage channel 
follows a straight path for 1.2 km until reaching the ‘natural’ watercourse of Tilligerry Creek. The watercourse 
flows for approximately 5.3 km in a north-east direction, through fields and under a number of access tracks 
before flowing under Oakfield Track, Oakdale Drive and out to the larger Tilligery Creek System  via four 
culverts with hinged-flap floodgates.  

3.2 LiDAR Data  

LiDAR survey data was used to develop a very high resolution Digital Terrain Model (DTM) used for the Study. 

LiDAR (light detection and ranging) is a remote sensing method which uses light in the form of a pulsed 
laser to measure ranges (variable distances) to the Earth (National Oceanic and Atmospheric Administration 
(NOAA) – United States (U.S. Department of Commerce), 2017). These light pulses – combined with other 
data recorded by the airborne system – generate precise, three-dimensional information about the shape 
of the Earth and its surface characteristics (NOAA, 2017). 
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Two LiDAR surveys have been undertaken for the Study Area: the first in 2007 and the second in 2013. 

When an airborne laser is pointed at a targeted area on the ground, the beam of light is reflected by the 
surface is encountered. A sensor records this reflected light to measure a range. When laser ranges are 
combined with position and orientation data generated from integrated GPS, scan angles and calibration 
data, the result is a dense, richly detailed group of elevation points, called a “point cloud” (NOAA, 2017). 

Each point in the point cloud has three-dimensional spatial coordinates (latitude, longitude, and height) that 
correspond to a particular point on the Earth’s surface from which the laser pulse was reflected. The point 
clouds are used to generate other geospatial products, such as the DTM used for this study (NOAA, 2017). 

Every LiDAR point can also have a classification assigned to it that defines the type of object that has 
reflected the laser pulse (Environmental Systems Research Institute, 2016). LiDAR points can be classified 
into a number of categories including bare earth or ground, top of canopy, and water. Point classification is 
typically completed by data vendors using semi-automated techniques on the point cloud to assign the 
feature type (i.e. ground, water, etc) associated with each point. 

The 2007 LiDAR data set is known to include errors associated with the identification of ground points 
within heavily vegetated sections of the Study Area. The 2013 LiDAR data set provided by NSW Land and 
Property Information (LPI) includes both higher resolution LiDAR survey data as well as improved 
classification of ground return points (refer to Section 3.1.2), providing improved definition of the ground
surface. This allowed for a much more accurate DTM and subsequent finite element hydraulic model (refer 
to Section 4.1.3) to be developed. The LiDAR was verified using industry standard methodologies and the 
dataset was determined to be of high quality. 

The LiDAR dataset was complemented and improved with as-built surveys (where available) of key 
structures (such as culverts, drains, roads and impervious areas) and ground truthing with site inspection 
data (described in Section 3.3) as required. This included the addition of the following data sets:

 Maria’s Farm Veggies final developed landform including the diversion of Fourteen Foot Drain
(provided by PSC);

 New developments within the RAAF base since 2014 (provided by Defence); and

 Topographical survey of major drains (provided by PSC).

The LiDAR survey data coverage and supplementary landform and survey information as used in the Study 
is indicated in Figure 3.1. 

3.3 Site Inspection 

Two site inspections were conducted over the course of the study to ground truth portions of the LiDAR 
data and to provide additional survey information (such as culvert sizes and conditions (e.g. blocked, open) 
to feed into the flood model mesh for key drainage structures such as culverts and flood gates. Particular 
drainage items of interest visited during the site inspection included Dawsons Drain, the Ring Drain 
floodgates, Lake Cochran, Moors Drain and the Moors Drain Levee and the flood gates located at the outlet 
of Moors Drain to Tilligerry Creek. 
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3.4 Stakeholder and Community Engagement 

Community and stakeholder engagement was organised by Defence and attended by Umwelt over the 
course of this Study and included the following inspections and meetings as listed in Table 3.1. A draft 
version of this report was provided to the local and State authorities as listed in Table 3.1 who provided 
review comments which were considered in the final report. 

Table 3.1 Stakeholder and Community Engagement 

Consultation Date Type of 
Consultation 

Representative Parties 
in Attendance  
(in addition to Umwelt 
and Defence) 

Consultation Purpose and Outcomes 

7
 
November 2017 Meeting PSC Initial discussion on project scope and data 

availability  

7 December 2017 Site 
Inspection 

PSC 

Local land Owner 

An initial site inspection of the broader 
catchment to verify culvert sizes and 
condition in publically accessible locations 
as well as a site inspection of a resident’s 
property to inspect identified existing 
drainage inefficiencies along a portion of 
Dawsons Drain. 

18
 
December 2017 Meeting Community A round table meeting which provided an 

opportunity for local residents and their 
representatives to voice their concerns 
regarding flooding and drainage in the Study 
Area and to allow Umwelt to local collect 
information from residents related to 
flooding. This meeting highlighted the need 
for further site inspections (additional to the 
one completed for Dawsons Drain) which 
were then conducted at two properties to 
gather additional field data. 

19 December 2017 Meeting OEH Initial discussion on project scope and data 
availability  

29 January 2018 Site 
Inspection 

Two Local land Owners Subsequent site inspection of two 
properties as an outcome of community 
consultation meeting to gather additional 
field data 

2 May 2018 Meeting PSC, EPA, OEH, Hunter 
Water 

Discussion to provide feedback on draft 
report 

23 May 2018 Meeting Water Working Group Discussion to provide feedback on draft 
report 

24 July 2018 Meeting Water Working Group Discussion of the proposed amendments to 
the draft report 

26 July 2018 Meeting OEH, PSC, EPA, 
Department of Premier 
and Cabinet 

Discussion of the proposed amendments to 
the draft report 
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4.0 Stage 2 – Hydrodynamic Model 
Development 

4.1 Introduction 

Hydrodynamic modelling incorporates both hydrologic and hydraulic modelling. 

Hydrologic models are used to model the runoff response of the upper catchment areas to design rainfall 
events and typically constitute the principal inflow into the hydraulic model. 

Hydraulic models are used to model the dynamic flow of flood waters throughout a floodplain, 
incorporating the impacts of buildings, roads and driveways, drains, culvert, levees and other hydraulically 
important infrastructure.  

The development of these two models, along with a comparison to the models used in the Umwelt, 2014 
report, is described in the following sections. 

4.1.1 Terminology 

Some key terms used throughout this report are defined in this section. 

4.1.1.1 Design Storm Events 

Design storm events are a probabilistic or statistically-based estimate of the likelihood of a specific rainfall 
depth being recorded at a particular location within a defined duration (Australian Rainfall & Runoff 
(AR&R), Geosciences Australia, 2016). They are generally classified by an Annual Exceedance Probability 
(AEP) or Exceedances per Year (EY) (note: In previous versions of AR&R the term Average Recurrence 
Interval (ARI) was also used when describing the probabilities of flood events as discussed in Section 4.1.1.2 
below). Design storm events are therefore not observed rainfall events; they are values that are 
probabilistic in nature. 

4.1.1.2 ARI and AEP 

The ARI and AEP are both a measure of the rarity of a rainfall event (Bureau of Meteorology (BOM), 2018). 
ARI is defined as “the average, or expected, value of the periods between exceedances of a given rainfall 
total accumulated over a given duration” (BOM, 2018). The periods between exceedances are generally 
random (BOM, 2018). 

Regarding the term ARI, Australian Rainfall and Runoff (Institute of Engineers Australia, 1987) states: 

"Use of the terms "recurrence interval" and "return period" has been criticised as leading to confusion in the 
minds of some decision makers and members of public. Although the terms are simple superficially, they are 
sometimes misinterpreted as implying that the associated magnitude is only exceeded at regular intervals, 
and that they are referring to the elapsed time to the next exceedance." 

Due to the potential for confusion when using the term ARI, AEP is now recommended as the industry 
standard for referring to the frequency of storm events and is used throughout this report. 

AEP is defined as “the probability that a given rainfall total accumulated over a given duration will be 
exceeded in any one year” (BOM, 2018). When ARI is expressed in years there is a relationship between 
ARI and AEP which results in the following equivalencies as displayed in Table 4.1. 
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Table 4.1 Relationship between ARI and AEP for various design storm events (BOM, 2018) 

ARI (years) AEP AEP (% approximation used for this report for ease of reading) 

1 0.632 - 

2 0.393 50% 

5 0.181 20% 

10 0.095 10% 

20 0.049 5% 

50 0.020 2% 

100 0.010 1% 

4.1.2 Model Comparison with 2014 Drainage Study 

As discussed in Section 3.1.1, Umwelt completed a drainage study of the Williamtown/Fullerton cove area 
in 2014 which included development of a detailed hydrodynamic RMA-2 model (where RMA stands for 
Resource Modelling Associates). This Report extends and expands on the model developed for the 2014 
study.  A comparison of the differences between the 2014 hydraulic model and the hydraulic model 
developed for this Drainage Study is included in Table 4.2. 

The scope of this study did not include performing a flood study fully compliant with AR&R 2016, rather the 
analyses focused on constructing a detailed computer model of the study area with updated rainfall and 
tailwater conditions to enable relative comparisons of the effectiveness of certain engineering actions. 

Table 4.2 2014 versus 2017 flood model comparison – key parameters 

Model Item 2014 Drainage Study 2018 Drainage Study 

Rainfall 
Developed using BOM Intensity- 
Frequency-Duration (IFD) 1987 

BOM IFD 2016 using updated rainfall records since the 
1987 edition of AR&R 

Tailwater 
Boundary 

Developed based on 
observations 

Developed using OEH Guidelines 2016 as a hydrodynamic 
wave (representing low/high tide cycles) 

Model Extent 
Williamtown and portions of 
the Fullerton Cove catchment 

2014 model extended to cover Moors Drain and 
Tilligerry Creek

Model Terrain 
2014 Landform – 2013 LiDAR 
supplemented with site survey 
information 

2017 Landform – 2013 LiDAR supplemented with site 
survey information and data regarding recent 
developments and changes within the catchment since 
2014 (such as Maria’s Farm Veggies). 

4.1.3 Model Verification 

Full calibration of the model was not possible due to the lack of quality assured or verified flood levels in 
the Study Area. Detailed model verification, however, was undertaken during the development of the 
hydrodynamic model for Umwelt’s 2014 Study against published flood levels in the Williamtown / Salt Ash 
Flood Study (BMT WBM, 2005).  It was noted in the 2014 report (Umwelt, 2014) that the Flood Study (BMT 
WBM 2005) modelled an area approximately three times that of the 2014 study and included the adjacent 
section of the Hunter River which was not included in the 2014 Study. The differences in model extents, 
terrain information and modelling methods (refer to Section 3.1.1) meant that comparisons of model 
outputs between the 2014 Study (Umwelt) and the Flood Study (BMT WBM, 2005) should be considered as 
being primarily qualitative, providing an indication of the quality and realism of both approaches. 
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This verification process concluded that both the 2014 Umwelt modelling and the 2005 Flood Study  
(BMT WBM, 2005) include similar roughness conditions and tailwater conditions, as well as similar 
modelled flood response for the 1 % AEP 48 hour design storm event. The principal difference between  
the 2014 (Umwelt) and 2005 (BMT WBM) models are the underlying terrain which was significantly refined 
through the use of the 2013 LiDAR data (Refer to Section 3.2), model resolution and model extent.  Some 
modelled differences in water depth were observed across the catchment, which were reasonably 
attributed to the differences in underlying terrain. Despite the differences in flood depths at discrete 
locations there is good agreement between the two modelling methods for the conditions modelled.  

In order to verify that the extended model mesh outputs (flood depths, velocities and extents) from this 
study were valid, results were compared to the results produced by Umwelt in 2014 (smaller modelled 
study area). This comparison indicated similar results were produced by the extended model to those 
produced in 2014 (Umwelt, 2014). 

Of importance to understanding the results presented within this report is a discussion on the tolerance of 
the RMA model. While the model that has been developed is highly sophisticated, the model outputs may 
vary depending on a number of factors such as the accuracy of the base landform data used within the 
model and the design rainfall and temporal and spatial patterns applied across the catchment. The lack of 
available accurate gauge data within the catchment to enable calibration of the model to a known value 
can also impact on the accuracy of the model.   

In this report, the modelling has the objective of performing relative comparisons of the effectiveness of 
certain options for drainage improvement. In the absence of reliable calibration data, the results are not 
intended to be taken as absolutes, as such in a ‘like for like’ context the results provide guidance on 
whether an option may make material change to flood behaviour or not.   

4.2 Hydrologic Model 

The hydrodynamic model developed for the Study Area includes both upper catchment runoff and direct 
rainfall. 

Upper catchment runoff is the surface water runoff generated by the portions of a watershed not included 
within the hydraulic model area (refer to Section 4.3). The upper catchment areas are typically above the 
floodplain and therefore not impacted by flooding but contribute to flooding downstream. The upper 
catchment areas are divided into sub-catchments (refer to Figure 4.1). A hydrologic model is then used to 
estimate the runoff response for each sub-catchment for each design storm event. 

Direct rainfall refers to the rainfall falling directly into the hydraulic model area. In many hydrodynamic 
modelling approaches this input is computed as part of the upper catchment inflows. This is detailed 
further in Section 4.2.2. 

4.2.1 Upper Catchment Areas  

Approximately 33% of inflow into the hydraulic model area (refer to Section 4.3) is generated by the runoff 
from the upper catchment outside of the model extent.  

The upper catchment was divided into sub-catchment areas (refer to Figure 4.1) based on the terrain 
information obtained from the high resolution LiDAR data (refer to Section 3.2 and Figure 1.2). Runoff from 
each of the sub-catchments has been modelled as entering the hydraulic model area at a specified inflow 
location (refer to Figure 4.1). 



Williamtown Drainage Study 
10506_R01_WDS_Final 

Stage 2 – Hydrodynamic Model Development 
21 

A total of 44 sub-catchments were included within the modelling, ranging in area from approximately 
5 ha to approximately 480 ha (refer to Figure 4.1). 

For each sub-catchment, the runoff response to design rainfall events is modelled using XP-Storm software 
which includes the RAFTS runoff-routing model. Additional information about the XP-Storm model used in 
this study can be found in Appendix A. 
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4.2.2 Design Storm Events 

In the Umwelt 2014 study, Design storm events were estimated using the methods outlined in Australian 
Rainfall and Runoff  (AR&R) (Engineers Australia, 1987).   

Design storm events are defined in terms of intensity, frequency, and duration (IFD). The intensity of a 
design storm event refers to the intensity of the rainfall (typically expressed in terms of millimetres per 
hour). The frequency of a design storm event refers to the probability of the design storm event being 
exceeded within any year (expressed in terms of the AEP). The duration of a design storm event refers to 
the time over which the rainfall occurs (typically expressed in hours). 

The scope of this study was to produce an updated hydraulic model to act as a tool for future decision 
making for the area.  As such, the design event hydrographs from the 2014 study were updated with 
contemporary rainfall data as per AR&R 2016.  Design storm events used within this Study include the 50%, 
20%, 10% and 1% AEP design storm events, with a design storm duration of 48 hours (refer to Section 5.1 
for further discussion on design storm duration).  

4.2.2.1 Ensemble Analysis as per AR&R 2016 

The scope of this drainage study did not allow for a full upgrade of the hydrologic model (flows).  In order 
to add confidence to the hydraulic model robustness a brief comparison of the chosen 48 hour temporal 
pattern with the contemporary Ensemble method was performed.  AR&R 2016 (Book 4, Chapters 3 & 4) 
provide a detailed description of the contemporary methodology to selecting design event durations.  
Figure 4.2 below exemplifies this process. 

Figure 4.2 AR&R 2016 Category of Approaches – Ensemble versus Simple Approach 

Previous versions of AR&R (1987) relied on a single hydrograph approach to flood estimation, and this was 
the approach used in the 2014 Umwelt study.  The contemporary Ensemble methodology requires an 
average of 10 temporal patterns to select the critical one at a given location within the catchment.  
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A sensitivity test of this new methodology was performed whereby 10 temporal patterns were obtained and 
averaged.  This was compared with the previously chosen 48 hour temporal pattern (as the critical storm 
duration).  The comparison is presented in Figure 4.3.  As can be seen, the single 48 hour hydrograph has a 
higher peak instantaneous rainfall than the maximum values in the average (or median) of 10 hydrographs.  
The volume of the average storms is equivalent.  Given this result, the updated 48 hour single hydrographs 
were adopted. 

Figure 4.3 Comparison of Single versus Ensemble Hydrographs 
© Umwelt, 2018 

4.3 Hydraulic Model Development 

The RMA-2 finite element hydrodynamic modelling package was used to model the flooding and drainage 
response of the Study Area; including the minor and major drainage channels (refer to Section 3.1.2 and 
Figure 1.2). 

RMA-2 utilises a highly detailed finite element (FE) DTM. The FE-DTM utilises triangular elements to 
represent small planar sections of the floodplain. The size and shape of the triangular elements is 
determined by the local terrain, with smaller elements being employed within complex terrain areas or 
where higher resolution outputs are required. 

The flexible nature of the FE-DTM allows for the retention of very high resolution terrain information, 
where required, that is important to flood and drainage modelling where required, whilst minimising the 
computational load. 

Additional information on the RMA-2 hydrodynamic modelling package is included in Appendix B. 



Williamtown Drainage Study 
10506_R01_WDS_Final 

Stage 2 – Hydrodynamic Model Development 
25 

4.3.1 Direct Rainfall Methods 

As discussed in Section 4.1.3, the RMA-2 finite element hydraulic model allows for the explicit inclusion of 
rain falling directly onto the hydraulic model area into the flood and drainage modelling. Direct rainfall 
methods provide a more realistic model of the distributed nature of the flood generation process and can 
result in the more accurate estimation of localised flooding than may otherwise be achieved if using upper 
catchment inflows only. 

4.3.2 Hydraulic Model Extent 

The extent of the hydraulic model area was identified based on the requirements of the hydraulic 
modelling to incorporate: 

 The extent of the Williamtown/Fullerton Cove and Tilligerry Creek coastal floodplain (identified from
the LiDAR survey data; refer to Section 3.2);

 The nature and extent of current developments;

 Upper catchment inflow locations (refer to Section 4.2.1) and outflow locations (refer to Section 4.3.2.1);
and

 Catchment boundaries, both within and outside of the Study Area.

The extent of the hydraulic model is indicated in Figure 4.1 outlined in white. 

4.3.2.1 Inflow and Outflow Locations 

The hydraulic modelling included a total of 50 inflow and outflow locations. 44 of these were inflow locations 
for upper catchment areas (refer to Section 4.2.1). The remaining 6 locations consist of model outflow points 
and boundary conditions, including: 

 tidal controlled outflow locations (flood gates) to Fullerton Cove at the south-western end of the
hydraulic model extent (refer to Figure 1.2); and

 tidal controlled outflow locations (flood gates) to Tilligerry Creek at the north-west end of the hydraulic
model extent  (refer to Figure 1.2).

4.3.3 Hydraulic Features 

Hydraulic features are explicitly included in the hydraulic model FE-DTM using breaklines. Breaklines delineate 
the size and shape of hydraulic structures and the landform that may have an impact on the flow of surface 
water. 

The hydraulic features included in the modelling for this Study are represented by three groups of breaklines 
included within the hydraulic model FE-DTM, specifically: 

 roads, tracks, driveways, or other hardstand areas, which are typically defined by breaklines along the
edge and centreline of the road, track or driveway;

 drains, including culverts and bridges, which are typically defined by breaklines along the top and
bottom of each bank as well as the centre line of each drain; and

 buildings, which are typically defined by breaklines tracing the footprint of each building.

A summary of the breaklines included within the hydraulic model FE-DTM used in this study is included in 
Figure 4.4. 
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4.3.3.1 Land Usage 

Within the Study Area there are several different land usage types. Manning’s n is a parameter that 
represents a surface’s resistance (friction) to flows within a channel or for overland flows and allows 
definition of land usage types within the model based on the surface “roughness” (and therefore resistance 
to flows). A total of 9 land usage types were included within the hydraulic model FE-DTM. For each land 
usage type, a Manning’s ‘n’ roughness value is selected that is typical for the surface covering within each 
land usage type (refer to Table 4.3). Table 4.3 also includes the values of Manning’s n used in the sensitivity 
analysis (refer to Section 5.2).  

Table 4.3 Land Usage and Roughness 

Land Usage 
Manning’s n 

Typical Sensitivity Range 

Buildings 0.990 0.891-0.999 

Low grasses and pastures 0.045 0.041-0.050 

Forest and woodlands 0.100 0.090-0.110 

Sealed roads and concrete 0.014 0.013-0.015 

Unsealed roads and road reserves 0.025 0.023-0.028 

Major drainage channels 0.030 0.027-0.033 

Minor drainage channels 0.040 0.036-0.044 

Culverts 0.017 0.015-0.019 

Open Water 0.012 0.011-0.013 

4.3.4 Base Model Mesh 

By combining the hydraulic model extent (refer to Section 2.0), hydraulic features (refer to Section 4.3.3)
and the 2013 LiDAR survey data (supplemented by relevant and detailed survey information as required) 
(refer to Section 3.2), a high resolution finite element mesh base model was created for the existing (2017) 
conditions within the Study Area (refer to Figure 4.5 for an example). 

The LiDAR survey data (refer to Section 3.2) was provided at a resolution that is much higher than what is 
hydraulically required by the base model mesh. An intelligent sliming routine (Qslim: Garland 1999) was 
used to reduce the number of LiDAR return points included within the base model mesh, whilst preserving 
the accuracy of the hydraulic characteristics of the resulting landform. The slimmed base model mesh was 
checked against the full resolution LiDAR data set and found to be a good representation of the surveyed 
landform within the Study Area. 

The resulting base model mesh includes approximately 96,040 triangular elements, with horizontal areas 
(planar) ranging from less than 1 m2 to approximately 11,184 m2 (refer to Table 4.4), with a median 
element area of approximately 149 m2. 

Table 4.4 RMA-2 Base Model Mesh – Summary Statistics 

Item Value Units 

Total mesh area (planar) (approximate) 3565 Hectares 

Number of triangular elements (approximate) 96040 - 

Area of smallest element (planar) 0.025 m
2

Area of largest element (planar) 11184 m
2
 

Median area of elements 148.8 m
2
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4.4 Tailwater Boundary Conditions 

The OEH have developed the Floodplain Risk Management Guideline on modelling the interaction of 
catchment flooding and oceanic inundation in coastal waterways (NSW OEH, 2016) referred to as the ‘2016 
OEH Guidelines’. These guidelines were taken into account for this study when developing the modelling 
methodology for the floodgates located at Fullerton Cove.  It is reiterated that this study is concerned with 
local catchment flooding only.  The larger Hunter River flooding scenarios are considered in the PSC studies 
described in Section 3.1.1. 

A summary of the selection process to determine the modelling scenarios is presented in Table 4.5. 

Table 4.5 Adopted Boundary Condition 

Name of Waterway Tributary to Coastal Bay 

Location Two Locations: Fullerton Cove and Tilligerry Creek 

Purpose of Assessment Develop downstream boundary conditions for strategic flood study 

Local Council Port Stephens 

Adopted Methodology Reference/Reasoning 

Waterway Entrance 
Type 

A Ref Table 2.1 OEH Guidelines: Group 3 
tide dominated estuaries. This entrance 
type results in little ocean tide 
attenuation and negligible wave set-up. 

Selected Modelling 
Approach 

General Requirements for strategic flood study. 
This approach assumes the default 
unsteady state (dynamic) water level 
boundary conditions in modelling 

Entrance Condition and 
Management 

N/A Waterway Entrance Type A 

Modelling The Ocean Water Level Boundary 

North or South of 
Crowdy Head 

South Ref Figure 5.2 OEH Guidelines: 
Fullerton Cove and Tiligerry Creek – 
locations south of Crowdy Head 

Peak Design Ocean 
Boundary Water Level 

1% - 1.45 m AHD 

5% - 1.4 ms AHD 

Ref Figure 5.2 and Table 5.2 OEH
Guidelines: Maximum design ocean 
levels based on estuaries classification 
and entrance type 

Static or Dynamic 
Analysis 

Dynamic Requirements for strategic flood study 
general  approach 

Peak Catchment with 
Dynamic Ocean Level 

Catchment flooding and dynamic 
oceanic inundation – peaks aligned 

Requirements for strategic flood study 
general approach 

Determining Design Flood Levels 

Ocean Water Level 
Boundary Scenario 

5% 

HHWS(SS), maximum peak 1.05 m AHD 

Ref Table 8.1 and Figure C.1 OEH 
Guidelines 

Design AEP envelope for 
Peak Level/Velocity 

1% envelope – catchment and 5% - ocean; 

10% - catchment and HHWS(SS) - ocean 

20% - catchment and HHWS(SS) - ocean 

50% - catchment and HHWS(SS) - ocean 

Ref Table 8.1 OEH Guidelines 

Predominantly catchment flooding, the 
floodplain is regulated by flood gates. 

Incorporation Sea Level Rise 

Adjustment made to 
Ocean Water Level 

+0.4 m AHD 
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Seven minor and major (highlighted in bold in Table 4.6) floodgates within the catchment exist and have 
been included in the model, the locations of which are displayed on Figure 1.2. The modelled condition of 
each outlet can be varied as required. The modelled scenarios of each outlet used for every modelled 
scenario are presented in Table 4.6. 

Table 4.6 Model outlet locations and modelled conditions 

Floodgate 
Number 

Drain/Creek System 
Approximate 

Invert Elevation 
(m AHD) 

Modelled Condition 

1* Ring Drain -1.0 Floodgates Open (inflow and outflow) 

2 Ring Drain 0.1 Floodgates closed (only outflow permitted) 

3 Ring Drain 0.6 Floodgates blocked (no flow) 

4 Moors Drain 0.3 Floodgates closed (only outflow permitted) 

5 Tilligerry Creek 0.6 Floodgates blocked (no flow) 

6* Tilligerry Creek -1.0 Floodgates closed (only outflow permitted) 

7 Tilligerry Creek 0.1 Floodgates closed (only outflow permitted) 

*Major floodgates in bold

4.5 Sensitivity Analysis 

A sensitivity analysis was undertaken to estimate the potential influence of a range of model parameters 
and assumptions to test for robustness in modelling outputs.  A full discussion on these is presented in 
Section 5.2. 

A summary of the models that were undertaken as part of the sensitivity analysis is included in Table 4.7. 
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Table 4.7 Summary of Sensitivity Analysis Models 

Design AEP for 
Peak Levels/ 

Velocities 

Catchment Flood  
Scenario (AEP) 

Ocean Water Level Scenario 
(AEO) 

Sensitivity Variable 

Variation in Sensitivity Parameter 

Lower Bound Existing Condition Higher Bound 

1% Envelope 
Level 

1% 5% 

Landform (changes to 
Impervious Areas) 

2014 landform 2017 landform (refer Section 3.2) - 

Roughness -10% Typical (refer Table 4.3) +10% 

Climate Change - 
Rainfall (refer Table 4.2) 

Ocean Level (refer Table 4.5) 

Rainfall (+10%),  
Ocean Level (+0.4m) 

10% 10% HHWS(SS) peak 1.05 mAHD - - - - 

20% 20% HHWS(SS) peak 1.05 mAHD - - - - 

50% 50% HHWS(SS) peak 1.05 mAHD 

Landform (changes to 
impervious areas) 

- 2017 landform (refer Section 3.2) - 

Roughness -10% Typical (refer Table 4.3) +10% 

Climate Change - 
Rainfall (refer Table 4.2) 

Ocean Level (refer Table 4.5) 

Rainfall (+10%),  
Ocean Level (+0.4m) 
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5.0 Stage 2 –Modelling Results 

5.1 Critical Flood Duration 

A detailed analysis of the critical duration of rainfall for the model extent was undertaken as part of the 
2014 study (Umwelt, 2014). The 2014 study identified that the critical storm duration which produced the 
maximum modelled flood depths across the modelled extent was typically the 48 hour event. This analysis 
was replicated for the extended model mesh and a critical duration of 48 hours was again determined to be 
appropriate for the extended modelling area and therefore adopted as the critical duration event and used 
in all models for this report. The critical duration analysis is included within Appendix C. 

5.2 Sensitivity Analysis 

Maps displaying the modelled flood velocities, depths and hazard categories for the sensitivity analysis 
model runs are included in Appendix D. Stage hydrographs have been extracted from the modelling results 
to compare and analyse the results of the sensitivity runs. These stage hydrographs display the depth of 
flooding over time for each modelled scenario. Stage hydrographs for the Sensitivity Analysis runs are 
included in Appendix E. 

5.2.1 Modelled Landform Comparison – 2014 vs 2017 – Stage Hydrographs 

The potential impact of changes to the modelled landform was investigated by comparing the stage 
hydrographs for the landform modelled in 2014 with the updated landform used for this report. To assess 
the influence of the landform on the modelled flood response throughout the modelled area, stage 
hydrographs were extracted at locations throughout the drainage network (refer to Figure 5.1). The 
resulting stage hydrographs for the two landforms included in the sensitivity analysis for the 1% AEP 
(48 hour duration) design storm event are included in the charts presented in Appendix E. 

It can be seen from the stage hydrographs extracted (refer to Appendix E), that the maximum modelled 
flood elevations and out of bank flood durations at each of the stage hydrograph locations is typically 
greater for the 2017 modelled landform. As can be seen in Appendix E, the maximum modelled increase in
flood depths for the 1% AEP event from the 2014 landform to the 2017 landform ranged from no change to 
a maximum increase of approximately 210 mm at location 6 – within the Nelson Bay Road table drain 
(upstream of Cabbage Tree Road). 

5.2.2 Manning’s n Roughness – Stage Hydrographs 

Manning’s n is a parameter that represents a surface’s resistance (friction) to flows within a channel or for 
overland flows. Standard reference values are available for a wide range of surface materials.  The potential 
impact of the selection of Manning’s n roughness values for the various land usage types through the Study 
Area was investigated using three sets of Manning’s n roughness values (refer to Table 4.3 in Section 4.3.3.1), 
including: 

 values typical for the land usage types;

 values that were 10% lower than the typical values (i.e. smoother); and

 values that were 10% higher than the typical values (i.e. rougher).
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To assess the potential influence that the selection of Manning’s n values had on the modelled flood 
response throughout the modelled area, stage hydrographs were extracted at locations throughout the 
drainage network (refer to Figure 5.1) for the 50% and 1% AEP design storm events. The resulting stage 
hydrographs for the three Manning’s n roughness sets included in sensitivity analysis (refer to Table 4.3) 
are included in Appendix E. 

The modelling indicates that by reducing the Manning’s n roughness by 10% (i.e. a smoother catchment), 
maximum modelled flood elevations were lowered throughout the Study Area for both the 50% and 1% AEP 
design storm events. On the other hand, the modelling also indicated that by increasing Manning’s n 
roughness by 10% (i.e. a rougher catchment), maximum modelled flood elevations were raised throughout 
the Study Area for both the 50% and 1% AEP design storm events. The differences in the maximum modelled 
elevations for the 1% AEP event for the stage hydrographs analysed were typically in the range of 5  - 20 mm, 
indicating a relatively low sensitivity to the selection of Manning’s n roughness values. 

The maximum modelled flood depths throughout the model extent for the 1% AEP event with 10% smoother 
and 10% rougher Manning’s n roughness values are depicted in Appendix D for comparison purposes. 
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5.2.3 Impacts of Climate Change – Stage Hydrographs 

Climate change has the potential to alter the prevalence and severity of rainfall extremes, storm surge and 
floods. A full climate change assessment is outside the scope of this study, however to assess the sensitivity 
of the model to typical climate change estimates, both rainfall and ocean levels were increased as per  
Table 4.7 and results compared to the existing scenario. Stage hydrographs were extracted at locations 
throughout the drainage network (refer to Figure 5.1) for the 50% and 1% AEP events. These stage 
hydrographs are presented in Appendix E. 

The modelling indicates that by applying potential climate change scenarios to the model and increasing 
rainfall and ocean water levels, maximum modelled water levels and flood durations across the catchment 
for both the 50% AEP and 1% AEP increase, in some areas of the catchment, quite significantly. Flood 
durations for the 50% AEP and 1% AEP event are predicted to increase at various locations throughout the 
Study Area. Maximum modelled flood depths for the 1% AEP event increase by approximately 25 mm to 
approximately 320 mm. Maximum modelled flood depths for the 50% AEP event increase by approximately 
13 mm to approximately 245 mm. 

The maximum modelled flood depths throughout the model extent for the 1% AEP event plus climate 
change are depicted in Figures in Appendix D. 

Note that this sensitivity analysis is not a rigorous climate change study and the changes in flood depths 
quoted should not be taken as absolute values.  However the analysis indicated that flooding will likely be 
deeper and will last longer than presently observed.  Further analyses may be required when investigating 
any changes to the drainage system in greater detail.   

5.3 Flood Model Results – Existing Conditions 

Following the Sensitivity Analysis (refer to Section 2.0), the drainage response of the Study Area
under existing conditions was modelled. 

The modelling for the existing conditions was completed for the 1%, 10%, 20% and 50% AEP events and 
was used to estimate the capacity of the existing drainage network relative to these design storms. The 
maximum modelled flood depths and flood velocities for all modelled events are included in Appendix F. 
The model results for each modelled event were used to estimate provisional flood hazard categories  
(refer to Appendix F). 

Provisional flood hazard categories were determined from the model results in accordance with Appendix G 
of the Floodplain Development Manual (2005). The four flood hazard categories, in order of increasing 
hazard, are: 

 Walking and vehicle access - vehicles are considered to be stable and wading safe

 Vehicles unstable - vehicles are considered to be unstable but wading is considered to be safe

 Wading unsafe (and vehicles unstable) -  vehicles and wading are considered to be unsafe; and

 Damage to light structures – damage to light structures is possible.

The maximum modelled flood depths, velocities and hazard categories for each of the modelled design 
storm events for the existing conditions are included in Appendix F. Stage hydrographs showing the 
modelled flood depths for each of the design storm events for existing conditions in relation to time are 
displayed in Appendix G. 
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5.3.1 Drainage Network Capacity 

To assist in the assessment of the capacity of the existing drainage network relative to the modelled design 
storms throughout the Study Area, stage hydrographs were extracted at locations throughout the modelled 
area (refer to Figure 5.1).  Note this is an estimate of capacity of the various channels to indicate at which 
magnitude flood event the channel is likely to spill onto the floodplain.  This assessment is therefore not 
intended as an evaluation of the adequacy of the existing drainage system. The existing system of channels 
in the area do not constitute a formal drainage system in a contemporary sense – it performs as best as it 
can given the shallow grades and continuous groundwater interaction. 

Stage-hydrographs were extracted for the 4 critical duration design storm events under existing conditions, 
and are included Appendix G, and the maximum modelled flow elevations (and the approximate elevations 
of the adjacent floodplains) at these locations (refer to Figure 5.1) are summarised in Table 5.1. Figure 5.2 
graphically displays the estimated drainage capacities at each of the stage hydrograph locations (refer to 
Figure 5.1) assessed throughout the model extent. 

Table 5.1 Maximum modelled flood elevations – Existing Conditions 

Drain Name 
Location 
Description 

Approx. 
Floodplain 
Elevation 

Maximum Flood Elevation (mAHD) 

1% AEP 10% AEP 20% AEP 50% AEP 

Dawson Drain 
Upstream of 
Cabbage Tree Road 

1.15 2.05 1.82 1.72 1.47 

Dawson Drain 
Downstream of 
Cabbage Tree Road 

1.68 1.36 0.95 0.89 0.77 

Dawson Drain 
Junction with Ring 
Drain 

0.60 1.34 0.87 0.77 0.65 

Leary’s Drain 
Upstream of 
Cabbage Tree Road 

1.05 1.95 1.69 1.55 1.27 

Leary’s Drain 
Downstream of 
Cabbage Tree Road 

1.25 1.61 1.44 1.35 1.09 

Nelson Bay Road 
Table Drain 

Upstream of 
Cabbage Tree Road 

1.40 1.71 1.15 0.98 0.87 

Nelson Bay Road 
Table Drain 

Downstream of 
Cabbage Tree Road 

1.40 1.44 0.95 0.83 0.68 

Fourteen Foot 
Drain 

Downstream of 
Nelson Bay Road 

0.50 1.35 0.90 0.80 0.68 

Fourteen Foot 
Drain 

Upstream of the 
Glasshouse 

0.37 1.34 0.88 0.78 0.68 

Ten Foot Drain 
Upstream of 
Fourteen Foot Drain 
Diversion 

0.35 1.34 0.87 0.78 0.67 

Ring Drain 
Upstream of Ten 
Foot Drain 

0.20 1.34 0.87 0.77 0.67 

Ring Drain 
Downstream of Ten 
Foot Drain 

0.35 1.33 0.84 0.78 0.68 

Moors Drain 
Beginning of the 
Drain 

2.10 2.51 2.33 2.24 2.07 
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Drain Name 
Location 
Description 

Approx. 
Floodplain 
Elevation 

Maximum Flood Elevation (mAHD) 

1% AEP 10% AEP 20% AEP 50% AEP 

Moors Drain 
1200 m Upstream 
of Richardson Road 

1.60 1.90 1.77 1.73 1.67 

Moors Drain 
80 m Upstream of 
Richardson Road 

1.60 1.80 1.70 1.64 1.56 

Moors Drain 
Between Salt Ash 
Avenue and 
Hideaway Drive 

1.60 2.08 1.83 1.74 1.57 

Moors Drain 
Upstream of Lemon 
Tree Passage Road 

1.33 1.64 1.26 1.15 0.99 

Tilligerry Creek 
4700 m Upstream 
of Floodgates 

0.85 1.41 1.00 0.92 0.79 

Tilligerry Creek 
100 m Upstream of 
Floodgates 

0.35 1.35 0.99 0.90 0.78 

Estimate of Flood Duration 

Flood duration and timing of flood peaks as illustrated by the flood hydrographs presented herein need to 
be interpreted as theoretical approximations and not as actual timing of real floods.  Flood durations are 
not to be taken as absolute values, rather an indication of the likely length (for instance days as opposed to 
hours) of flooding in the area and to enable like-for-like comparisons between scenarios. 





Williamtown Drainage Study 
10506_R01_WDS_Final 

Stage 2 –Modelling Results 
39 

5.3.1.1 Dawsons Drain 

The modelling indicates that some sections of Dawsons Drain have wide ranging flood carrying capacities.  
For example, upstream of the Cabbage Tree Road culverts (refer to Graph 5.1) the capacity of the drain is 
less than the 50% AEP event while immediately downstream of Cabbage Tree Road culverts, Dawsons Drain 
has the capacity to contain flows up to the 1% AEP event (refer to Figure 5.1 and Appendix G). This is most 
likely as a result of undersized Cabbage Tree Road culverts. Limitations within the upstream and 
downstream sections of Dawsons Drain indicate that the practical capacity of Dawsons Drain under the 
existing conditions is less than the 50% AEP event. 

Graph 5.1 – Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 

5.3.1.2 Leary’s Drain 

The modelling indicates that the existing capacity of Leary’s Drain ranges from less than the peak discharge 
during the 50% AEP event (upstream of Cabbage Tree Road: refer to Graph 5.2 and Figure 5.2) up to 
approximately the 10% AEP event (downstream of Cabbage Tree Road: refer to Appendix G).  Upstream of 
Cabbage Tree road, the modelling indicates that all modelled design storm events result in maximum 
modelled flood levels that are higher than the top of bank of Leary’s Drain, resulting in flooding. Downstream 
of Cabbage Tree Road however, the modelling indicates that the 1% AEP event results in maximum modelled 
flood levels that are higher than the top of bank of Leary’s Drain, resulting in flooding (refer to Appendix G).  
The modelling indicates that as a result of the potential for flooding of the surrounding floodplain areas, the 
existing capacity of Leary’s Drain is less than the peak discharge during the 50% AEP event. 
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Graph 5.2 – Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 

5.3.1.3 Nelson Bay Road Table Drain 

The modelling indicates that the existing capacity of the Nelson Bay Road table drain ranges along its length 
from between the peak discharge during the 10% AEP and 1% AEP events (upstream of Cabbage Tree Road: 
refer to Graph 5.3 and Figure 5.2) to greater than the peak discharge during the 1% AEP event 
(downstream of Cabbage Tree Road: refer to Appendix G) (i.e. it has the capacity to contain all modelled 
storm events at this location). 

Graph 5.3 – Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 
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5.3.1.4 Fourteen Foot Drain 

As shown in Figure F.1 (Appendix F) the modelling indicates that while some sections of the landform 
adjacent to Fourteen Foot Drain include earth mounds that are above the modelled flood level for the  
50% AEP event, the discontinuous nature of these earth mounds means that the surrounding floodplains 
are likely to be inundated during all modelled design storm events.  

The stage hydrographs indicate that the existing capacity of Fourteen Foot Drain ranges from less than the 
peak discharge during the 1% AEP event (between Nelson Bay Road and Leary’s Drain: refer to  Graph 5.4 
and Figure 5.2 and Appendix G) where out of bank flooding during this event is predicted to occur for 
approximately 33 hours to just slightly greater than the peak discharge during the 10% AEP event 
(upstream of the Glasshouse: refer to Graph 5.4).  

The modelling therefore indicates that the existing capacity of the Fourteen Food Drain is greater than the 
peak discharge during the 10% AEP event but less than the peak discharge during the 1% AEP event. 

Notwithstanding this, the discontinuous nature of the earth mounds adjacent to Fourteen Foot Drain is 
essential in maintaining the intended function of the Fourteen Foot Drain, as the cut outs in the raised 
banks allow runoff from the surrounding agricultural area to enter the Fourteen Foot Drain. As a result, the 
infilling of these cut outs to create raised channel banks for the length of Fourteen Foot Drain would alter 
the existing usage of the Fourteen Foot Drain. 

Graph 5.4 – Stage Hydrograph 9 – Fourteen Food Drain (upstream of the Glasshouse) 
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5.3.1.5 Ten Foot Drain 

The modelling indicates that within the Ten Foot Drain, modelled flood levels for each of the design storm 
events modelled are above the top of bank level (refer to Graph 5.5, Figure 5.2 and Appendix F and G).  
Consequently, stormwater flows are currently carried by both the Ten Foot Drain and the adjacent 
floodplain area and the capacity of Ten Foot Drain is less than the 50% AEP event.   

The earth mounds adjacent to the Ten Foot Drain, similar to Fourteen Foot Drain, are discontinuous and are 
essential in maintaining the intended function of the Ten Foot Drain, as the cut outs in the earth mounds 
allow runoff from the surrounding agricultural area to enter the Ten Foot Drain.  As a result, the infilling of 
these cut outs to create raised channel banks for the length of the Ten Foot Drain would alter the existing 
usage of the Ten Foot Drain. Any change to flows from the upper catchment areas therefore also has the 
potential to alter the existing usage of the Ten Foot Drain and adjacent floodplain, even for minor storm 
events. 

Graph 5.5 – Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain Diversion) 

5.3.1.6 Ring Drain 

The modelling indicates that the existing capacity of the Ring Drain is less than the 50% AEP event (refer to 
Appendix F and G).  The modelling indicates that flood flows are conveyed to the outlet along both the Ring 
Drain and via the adjacent floodplain at very low flow velocities (refer to Figures in Appendix F). Out of 
bank flooding can occur for the majority of the simulation time for the Ring Drain for all modelled design 
storm events and ranged from approximately 30 hours duration for the 50% AEP event to greater than 112 
hours for the 1% AEP event. 
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Graph 5.6 – Stage Hydrograph 11 – Ring Drain (between Dawsons Drain and Ten Foot Drain) 

5.3.1.7 Moors Drain 

The modelling indicates that the existing capacity of Moors Drain ranges from just less than the peak 
discharge during the 20% AEP event (at the beginning of Moors Drain and approximately 1,200 m upstream 
of Richardson Road: refer to Graph 5.7, Figure 5.2 and Appendix F and G) to greater than the peak 
discharge during the 1% AEP event (approximately 80 m upstream of Richardson Road). Typically over bank 
flooding will occur along the majority of the drain during events greater than the 50% AEP event for 
durations ranging from approximately 3 hours (at the beginning of Moors Drain during the 20% AEP event) 
to approximately 23 hours (1,200 m upstream of Richardson Road during the 1% AEP event).  

Analysis of the flow paths of the floodwaters which are seen during the modelling for Moors Drain and the 
properties to the south of Moors drain, indicate that flooding on these properties is primarily a result of 
rain falling on the landscape and then pooling behind Nelson Bay Road and is typically not due to the 
overflow from Moors Drain itself. 

The modelling indicates that the existing capacity of Moors Drain is slightly less than the peak discharge 
during the 20% AEP event and greater than the peak discharge during the 50% AEP event. 
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Graph 5.7 – Stage Hydrograph 18 – Moors Drain (Approximately 1,200 m upstream of Richardson Road) 

5.3.1.8 Tilligerry Creek 

The modelling indicates that the existing capacity of Tilligerry Creek upstream of the floodgates ranges 
from less than the peak discharge during the 50% AEP event (100 m upstream of the floodgates: refer to 
Graph 5.9, Figure 5.2 and Appendix F and G) to greater than the peak discharge during the 50% AEP event 
(upstream of the Glasshouse: refer to Graph 5.8).  The modelling therefore indicates that the existing 
capacity of Tilligerry Creek is less than the peak discharge during the 50% AEP event. 

Out of bank flooding occurs along the length of Tilligerry Creek with the deepest modelled flood depths on 
the adjacent floodplain occurring just upstream of the flood gates in the vicinity of Salt Ash. Out of bank 
flood durations range from approximately 15 hours during the 50% AEP event (just upstream of the 
floodgates), to greater than 113 hours (i.e. outside of the model run time) during the 1% AEP event (also 
just upstream of the floodgates).  

As can be seen in Graph 5.9 the fluctuating flood depths at the floodgates for Tilligerry Creek are directly 
related to the tidal ocean boundary conditions applicable to the model at this location. This fluctuation is 
not seen in hydrographs extracted further upstream as the impact of tidal variation decreases further 
upstream from the outlet. 
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Graph 5.8 – Stage Hydrograph 17 – Tilligerry Creek (4,700 m upstream of the floodgates) 

Graph 5.9 – Stage Hydrograph 19 – Tilligerry Creek (100 m upstream of the floodgates) 
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5.3.2 Flood Velocities and Indicative Flood Hazard Categories 

Flood Velocities for each of the modelled storm events are depicted in figures in Appendix F. As can be 
seen in these figures, modelled flood velocities across the Study Area for all modelled design events are 
typically less than 0.25 m/s, with only localised areas of the catchment (typically within the drainage 
channels) experiencing flow velocities greater than this. This can be attributed to the predominantly flat 
topography of the region which minimises the potential velocity of water flowing from the Study Area. 

Indicative flood hazard categories have also been determined and are depicted in the figures in Appendix F. 
As discussed in Section 5.3, indicative flood hazard categories are determined as a product of flood water 
velocity and depth, as the velocities of the flood waters within the Study Area are relatively slow, flood 
hazard is predominantly driven by the modelled flood depths. Indicative flood hazard categories across the 
catchment range from no hazard to high hazard where damage to light structures may occur – however this 
category is typically limited to within drainage lines. Across the floodplain flood hazard categories range 
from “low hazard – unclassified hazard” to “high hazard – wading unsafe”, with the higher flood hazards 
occurring more frequently for the 1% AEP event. 
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6.0 Stage 3 – Options Testing 

6.1 Approach 

The existing drainage system servicing the Study Area has two key functions, first its original function of 
providing drainage from paddocks to facilitate agricultural use of the land and the second being a 
stormwater system to convey runoff from developed sections of the area. Under the current land use both 
of these functions need to continue.  There are no available records which indicate if the original drains 
were designed or constructed to convey a specific design storm event to the outlets. Therefore it is 
impossible to state whether or not the drains are functioning to a specific design standard.  

It is likely that management of the existing drainage network requires two components: the upgrading of 
the existing network at specific locations and the implementation of non-engineering administrative 
controls (such as the creation of easements where required over those upgraded drains to allow for 
ongoing maintenance of the system) and / or Flood Resilience type measures (BTM WBM, 2017). 

The relatively flat topography of the catchment and subsequent low hydraulic gradient within the existing 
network presents a unique challenge in quickly and efficiently discharging water from the system.  
Intuitively, providing additional outlets to the system (as per pre 1955 flood) would appear a logical option 
and hence it was included in the suite of engineering options tested.  Additionally, the upgrade of known 
drainage ‘choke’ points were modelled.  In every circumstance the environmental, social and economic 
values in the area, coupled with the current management of PFAS need to be accounted for should any 
structural option be found favourable from a flood reduction standpoint.  For instance, re-establishing the 
former connection between the end of Dawsons Drain and Fullerton Cove could increase the hydraulic 
gradient by shortening the flow path and hence provide greater capacity to remove flood flows from the 
area.  This option, although potentially favourable from a hydraulic standpoint, may have prohibitive 
environmental challenges and would require rigorous environmental assessment.  Nevertheless, the option 
was modelled for technical completeness. 

Non-engineering and management solutions fall outside the scope of this study (which is focused on 
developing a computer model for future use in testing of floodplain management measures).  An in-depth 
discussion of the suite of non-engineering solutions from a ‘whole of catchment’ perspective is presented in 
the Williamtown/Salt Ash FRMS&P (BMT WBM, 2017) (as discussed in Section 3.1.1). 

6.2 Options Tested 

There is an array of potential engineering options which could be implemented for the future management 
of the drainage network within the Study Area. As a starting point for assessment, typical engineering 
solutions were chosen as a logical and common starting point in order to determine their effectiveness in 
improving drainage capacity.  

It is important to note that the list of modelled options is not exhaustive. There are numerous possible 
combinations of management options and potential upgrade or construction options for existing and new 
infrastructure. This portion of the study focussed on modelling and assessing those items which have 
potential to provide improvements to enhance the existing functionality of the drainage system from an 
engineering standpoint.  A high level discussion of the other important considerations (such as 
environmental, social and economic factors) which must be taken into account is presented in Section 6.1. 
Detailed assessment of each of the modelled options with regards to these additional factors was outside 
of the scope of this assessment.   
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In order to update the model to undertake options testing, high level conceptual designs were developed 
for each of the typical engineering options to be assessed and the underlying DTM and model mesh 
updated to incorporate these options for each scenario. When developing the high level conceptual 
designs, terrain information at each location was analysed with reference to photos taken during the site 
inspections as well as the existing condition model outputs. Further engineering design and assessment 
(environmental, social and economic), would be required prior to final selection and progression of any 
potential option. 

The locations of the modelled options are displayed in Figure 6.1. Detailed description of the options is 
provided in Section 6.4. 
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6.3 Description of Options Tested 

The suite of options tested were uniquely combined to form three distinct modelling scenarios. This 
enabled assessment of the effectiveness of the key engineering options included in each scenario (such as 
the addition of a new outlet into Fullerton Cove along the Ring Drain). 

The existing landform DTM was modified for each of the three upgraded drainage scenarios and then the 
model was run for: 

 The 10% AEP event to assess the impacts of the upgraded drainage options on mitigating the impacts of
nuisance flooding in the catchment; and

 the 1% AEP event to assess the impacts of the measures on mitigating the impacts of larger flood
events.

The 10% AEP was chosen as it more closely reflected the anecdotal flooding experienced by residents.  The 
1% AEP was chosen as it provides a consistent benchmark against other recent studies in the area. 

Appendix H includes figures displaying the modelled flood depths, velocities and hazard categories for each 
of the upgraded drainage scenarios for the two modelled storm events as well as the change in modelled 
water elevation from existing conditions to each of the modelled scenarios.  

6.3.1 Modelling Scenario 1 

The engineering options included in Modelling Scenario 1 include the upgrades to the drainage system as 
listed in Table 6.1. The measures included in this Scenario included the creation of additional floodgates 
into Fullerton Cove along the ring drain at the junction of Dawsons Drain and Ten Foot Drain as well as 
channel works along Dawsons Drain, increasing the size of the floodgates at the outlets of Moors Drain and 
embankment construction along Moors Drain and increases in culvert capacities along Cabbage Tree Road 
for Leary’s Drain and Dawsons Drain. 

This scenario was based on the principle that flooding in the catchment was the result of either prolonged 
rainfall (such as the chosen 48h event) or very intense short duration rain (such as the June 2007 event).  In 
either case, a large amount of rain gets collected in the catchment and this runoff needs to be conveyed 
through the drainage system and then discharged through the designated outlets.  

Table 6.1 Summary of Engineering Options modelled in Modelling Scenario 1 

Item No. Location of Option 
Type of Engineering 
Option 

Details Comments 

1 
Dawsons Drain approx. 
600 m upstream of 
Cabbage Tree Road 

Channel works 

Trapezoidal channel: 
bottom width ~ 9m, top 
width ~ 16m, depth ~ 
0.7m, length ~ 145m.  

- 

2 
Dawsons Drain - 
Cabbage Tree Road 
culvert 

Increase culvert 
capacity  

Build second culvert of 
same size 

Additional channel works 
(channel widening) are 
required upstream and 
downstream of the culvert 

3 
Leary's Drain - Cabbage 
Tree Road culvert 

Increase culvert 
capacity  

Build second culvert of 
same size 

Additional channel works 
(channel widening) are 
required upstream and 
downstream of the culvert 
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Item No. Location of Option 
Type of Engineering 
Option 

Details Comments 

4 
Dawson Drain - junction 
with Ring Drain 

New outlet: flap 
floodgates 

5 x 0.75m pipes, invert 
elevation 0.1 mAHD 

 - 

5 
Ten Foot Drain - 
junction with Ring Drain 

New outlet: flap 
floodgates 

5 x 0.75m pipes, invert 
elevation 0.1 mAHD 

 - 

6 
Moors Drain floodgates 
at Lemon Tree Passage 
Road 

Increase floodgate 
capacity 

Build additional 
floodgates of same size 

Additional channel works 
(channel widening) are 
required upstream and 
downstream of the 
floodgates 

7 Moors Drain 
Right bank 
embankment (levee) 

Build embankment for 
specific locations 

 - 

6.3.2 Modelling Scenario 2 

In order to determine the potential impact of constructing new floodgates into Fullerton Cove at the 
junction of Dawsons Drain and Ten Foot Drain with the Ring Drain, the engineering options modelled within 
Modelling Scenario 2 were the same as those within Modelling Scenario 1, but without the construction of 
these floodgates and also without any improvement works along Moors Drain. A summary of the 
engineering options modelled in Modelling Scenario 2 are detailed in Table 6.2. 

Table 6.2 Summary of Engineering Options modelled in Modelling Scenario 2 

Item 
No. 

Location of Option 
Type of 
Engineering Option 

Details Comments 

1 
Dawson Drain approx. 
600 m upstream of 
Cabbage Tree Road 

Channel works 

Trapezoidal channel: 
bottom width ~ 9m, top 
width ~ 16m, depth ~ 
0.7m, length ~ 145m.  

- 

2 
Dawson Drain Cabbage 
Tree Road culvert 

Increase culvert 
capacity  

Construct second 
culvert of same size 

Additional channel works 
(channel widening) are 
required upstream and 
downstream of the culvert 

3 
Leary's Drain Cabbage 
Tree Road culvert 

Increase culvert 
capacity  

Construct second 
culvert of same size 

Additional channel works 
(channel widening) are 
required upstream and 
downstream of the culvert 

6.3.3 Modelling Scenario 3 

The engineering options modelled within Modelling Scenario 3 include all of the options included within 
Modelling Scenario 1 plus increasing the floodgate capacity at the Tilligerry Creek floodgates. A summary of 
the engineering options modelled in Modelling Scenario 3 are detailed in Table 6.3. 
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Table 6.3 Summary of Engineering Options modelled in Modelling Scenario 3 

Item 
No. 

Location of Option 
Type of 
Engineering Option 

Details Comments 

1 
Dawson Drain approx. 
600 m upstream of 
Cabbage Tree Road 

Channel works 

Trapezoidal channel: 
bottom width ~ 9m, top 
width ~ 16m, depth ~ 
0.7m, length ~ 145m.  

- 

2 
Dawson Drain Cabbage 
Tree Road culvert 

Increase culvert 
capacity  

Build second culvert of 
same size 

Additional channel works 
(channel widening) are 
required upstream and 
downstream of the 
culvert 

3 
Leary's Drain Cabbage 
Tree Road culvert 

Increase culvert 
capacity  

Build second culvert of 
same size 

Additional channel works 
(channel widening) are 
required upstream and 
downstream of the 
culvert 

4 
Dawson Drain junction 
with Ring Drain 

New outlet: flap 
floodgates 

5 x 0.75m pipes, invert 
elevation 0.1 mAHD 

 - 

5 
Ten Foot Drain junction 
with Ring Drain 

New outlet: flap 
floodgates 

5 x 0.75m pipes, invert 
elevation 0.1 mAHD 

 - 

6 
Moors Drain 
floodgates at Lemon 
Tree Passage Road 

Increase floodgates 
capacity 

Build additional 
floodgates of same size 

Additional channel works 
(channel widening) are 
required upstream and 
downstream of the 
floodgates 

7 Moors Drain 
Right bank 
embankment (levee) 

Build embankment for 
specific locations 

 - 

8 
Tilligerry Creek 
floodgates 

Increase floodgates 
capacity 

Build additional 
floodgates at same size 

Additional channel works 
(channel widening) are 
required upstream and 
downstream of the 
floodgates 

6.4 Results 

The maximum modelled flood depths, velocities and hazard categories for the 10% AEP and 1% AEP events 
for each of the Modelling Scenarios are included in Appendix H. Stage hydrographs for selected locations 
throughout the catchment (as shown on Figure 5.1) are included in Appendix I. 

6.4.1 Flood Elevations 

The approximate maximum flood elevations at a range of locations (as indicated on Figure 5.1) for each of 
the three modelled scenarios for the 10% AEP and 1% AEP events are included in Tables 6.4 and 6.5, 
respectively. The maximum modelled elevations are also displayed on the charts presented in Appendix I. 
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Table 6.4 Comparison of Maximum Modelled Flood Elevations - 10% AEP Event 

Drain Name 
Stage 

Hydrograph 
Location ID 

Maximum Modelled Flood Elevation (mAHD) 

Existing Scenario 1 Scenario 2 Scenario 3 

Dawsons Drain 1 1.82 1.76 1.76 1.76 

Dawsons Drain 2 0.95 0.99 1.00 0.99 

Dawsons Drain 3 0.87 0.83 0.88 0.83 

Leary’s Drain 4 1.69 1.62 1.62 1.62 

Leary’s Drain 5 1.44 1.41 1.41 1.41 

Nelson Bay Road 
Table Drain 

6 1.15 1.07 1.07 1.06 

Nelson Bay Road 
Table Drain 

7 0.95 0.91 0.93 0.91 

Fourteen Foot Drain 8 0.90 0.87 0.90 0.87 

Fourteen Foot Drain 9 0.88 0.84 0.88 0.84 

Ten Foot Drain 10 0.87 0.83 0.88 0.83 

Ring Drain 11 0.87 0.82 0.87 0.82 

Ring Drain 12 0.84 0.80 0.85 0.80 

Moors Drain 13 2.33 2.33 2.33 2.33 

Moors Drain 14 1.70 1.70 1.70 1.70 

Moors Drain 15 1.83 1.83 1.83 1.83 

Moors Drain 16 1.26 1.21 1.26 1.21 

Tilligerry Creek 17 1.01 1.00 1.01 1.00 

Moors Drain 18 1.77 1.77 1.77 1.77 

Tilligerry Creek 19 0.98 0.98 0.98 1.00 

Table 6.5 Comparison of Maximum Modelled Flood Elevations - 1% AEP Event 

Drain Name 
Stage 

Hydrograph 
Location ID 

Maximum Modelled Flood Elevation (mAHD) 

Existing Scenario 1 Scenario 2 Scenario 3 

Dawsons Drain 1 2.05 2.01 2.01 2.01 

Dawsons Drain 2 1.35 1.31 1.36 1.32 

Dawsons Drain 3 1.34 1.26 1.34 1.27 

Leary’s Drain 4 1.95 1.91 1.91 1.91 

Leary’s Drain 5 1.61 1.59 1.59 1.59 

Nelson Bay Road 
Table Drain 

6 1.72 1.67 1.67 1.67 

Nelson Bay Road 
Table Drain 

7 1.44 1.40 1.42 1.41 

Fourteen Foot Drain 8 1.34 1.29 1.35 1.29 
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Drain Name 
Stage 

Hydrograph 
Location ID 

Maximum Modelled Flood Elevation (mAHD) 

Existing Scenario 1 Scenario 2 Scenario 3 

Fourteen Foot Drain 9 1.34 1.28 1.34 1.28 

Ten Foot Drain 10 1.34 1.27 1.34 1.28 

Ring Drain 11 1.33 1.27 1.34 1.27 

Ring Drain 12 1.33 1.26 1.33 1.26 

Moors Drain 13 2.51 2.51 2.51 2.51 

Moors Drain 14 1.90 1.90 1.90 1.90 

Moors Drain 15 2.08 2.08 2.08 2.08 

Moors Drain 16 1.64 1.48 1.64 1.48 

Tilligerry Creek 17 1.41 1.39 1.41 1.38 

Moors Drain 18 1.90 1.90 1.90 1.90 

Tilligerry Creek 19 1.30 1.29 1.30 1.40 

6.4.2 Flood Durations 

The approximate out of bank flood durations at a range of locations (as indicated on Figure 5.1) for each 
of the three modelled scenarios for the 10% AEP and 1% AEP events are included in Tables 6.6 and 6.7,
respectively. The approximate durations are also displayed on the charts presented in Appendix I. 

As stated in Section 5.3.1, the flood duration and timing of flood peaks need to be interpreted as 
theoretical approximations and not as actual timing of real rainfall.  Flood durations are not to be taken as 
absolute values, rather an indication of the likely length (for instance days as opposed to hours) of flooding 
in the area.  Flood durations enable ‘like for like’ comparison between modelled scenarios. 

Table 6.6 Comparison of Modelled Flood Duration Estimates – 10% AEP Event 

Drain Name 
Stage 

Hydrograph 
Location 

Modelled Approximate Flood Duration (hours) 

Existing Scenario 1 Scenario 2 Scenario 3 

Dawsons Drain 1 23 19 19 19 

Dawsons Drain 2 -* -* -* -* 

Dawsons Drain 3 -* -* -* -* 

Leary’s Drain 4 27 24 24 24 

Leary’s Drain 5 -* -* -* -* 

Nelson Bay Road 
Table Drain 

6 -* -* -* -* 

Nelson Bay Road 
Table Drain 

7 -* -* -* -* 

Fourteen Foot Drain 8 -* -* -* -* 

Fourteen Foot Drain 9 -* -* -* -* 

Ten Foot Drain 10 48 41 
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Drain Name Stage 
Hydrograph

Location

Modelled Approximate Flood Duration (hours) 

Ring Drain 11 

Modelled out 
of bank 
duration 
longer than 
simulation 
time 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely
reduction in out 
of bank flood 
duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely similar
out of bank 
flood duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time – 
likely reduction 
in out of bank 
flood duration 
compared to 
existing 

Ring Drain 12 

Modelled out 
of bank 
duration 
longer than 
simulation 
time 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely
reduction in out 
of bank flood 
duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely similar
out of bank 
flood duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time – 
likely reduction 
in out of bank 
flood duration 
compared to 
existing 

Moors Drain 13 9 9 9 9 

Moors Drain 14 -* -* -* -* 

Moors Drain 15 -* -* -* -* 

Moors Drain 16 -* -* -* -* 

Tilligerry Creek 17 39 37 39 36 

Moors Drain 18 9 9 9 9 

Tilligerry Creek 19 31 31 31 12 

* Nil out of bank flooding at this location

Table 6.7 Comparison of Modelled Flood Duration Estimates – 1% AEP Event 

Drain Name 
Location 

Modelled Flood Duration 

Existing Scenario 1 Scenario 2 Scenario 3 

Dawsons Drain 1 40 33 37 33 

Dawsons Drain 2 -* -* -* -* 

Dawsons Drain 3 -* -* -* -* 

Leary’s Drain 4 49 41 48 41 

Leary’s Drain 5 13 11 11 11 

Nelson Bay Road 
Table Drain 

6 11 9 9 9 

Nelson Bay Road 
Table Drain 

7 -* -* -* -* 

Fourteen Foot Drain 8 32 27 32 21 
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Drain Name Location Modelled Flood Duration 

Fourteen Foot Drain 9 

Modelled out 
of bank 
duration 
longer than 
simulation 
time 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely
reduction in out 
of bank flood 
duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely similar
out of bank 
flood duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time – 
likely reduction 
in out of bank 
flood duration 
compared to 
existing 

Ten Foot Drain 10 

Modelled out 
of bank 
duration 
longer than 
simulation 
time 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely
reduction in out 
of bank flood 
duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely similar
out of bank 
flood duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time – 
likely reduction 
in out of bank 
flood duration 
compared to 
existing 

Ring Drain 11 

Modelled out 
of bank 
duration 
longer than 
simulation 
time 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely
reduction in out 
of bank flood 
duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely similar
out of bank 
flood duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time – 
likely reduction 
in out of bank 
flood duration 
compared to 
existing 

Ring Drain 12 

Modelled out 
of bank 
duration 
longer than 
simulation 
time 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely
reduction in out 
of bank flood 
duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely similar
out of bank 
flood duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time – 
likely reduction 
in out of bank 
flood duration 
compared to 
existing 

Moors Drain 13 19 18 18 18 

Moors Drain 14 -* -* -* -* 

Moors Drain 15 6 6 6 6 

Moors Drain 16 4 0 4 0 
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Drain Name Location Modelled Flood Duration 

Tilligerry Creek 17 

Modelled out 
of bank 
duration 
longer than 
simulation 
time 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely
reduction in out 
of bank flood 
duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely similar
out of bank 
flood duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time – 
likely reduction 
in out of bank 
flood duration 
compared to 
existing 

Moors Drain 18 23 23 23 23 

Tilligerry Creek 19 

Modelled out 
of bank 
duration 
longer than 
simulation 
time 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely
reduction in out 
of bank flood 
duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time 
– likely similar
out of bank 
flood duration 
compared to 
existing 

Modelled out of 
bank duration 
longer than 
simulation time – 
likely significant 
reduction in out 
of bank flood 
duration 
compared to 
existing 

6.4.3 Hydraulic Behaviour of Options Tested 

Stage hydrographs for each of the three scenarios are presented in Appendix I. These hydrographs show 
the change in water elevation over time at a selection of locations (as displayed on Figure 5.1) for each 
modelled scenario. 

As discussed previously in Section 4.1.3, of importance to understanding the results presented within this 
report is a discussion on the tolerance of the RMA model. While the model that has been developed is 
highly sophisticated, model outputs may vary depending on a number of factors such as the accuracy of the 
base landform data used within the model, the design rainfall and temporal and spatial patterns applied 
across the catchment and the lack of available accurate gauge data within the catchment for calibration of 
the model to a known value.  

In this instance, the modelling has the objective of performing relative comparisons of the effectiveness of 
certain options for drainage improvement.  So in a ‘like for like’ context the results provide guidance on 
whether the option makes material change to flood behaviour or not.   

6.4.3.1 Modelling Scenario 1 - Drainage Network Capacity 

As shown in the Charts presented in Appendix I, there are modest reductions in flood depths (from 20 – 
70 mm) throughout the study area for the 10% AEP and 1% AEP events.  The synthetic hydrograph duration 
shortens (by approximately 1 - 8 hours) throughout the network, with the greatest decrease seen along 
Leary’s Drain at location 4. 
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Dawsons Drain 

The modelling indicates that modelling scenario 1 reduces the maximum modelled flood levels within 
Dawsons Drain by up to approximately 60 mm in the 10% AEP event (upstream of Cabbage Tree Road), 
however this option also produces an increase in flood depths of up to 45 mm (downstream of Cabbage 
Tree Road). Modelling scenario 1 reduces the maximum modelled flood levels for the 1% AEP events by up 
to 70 mm (at the Junction with the Ring Drain) and by up to 40 mm both upstream and downstream of 
Cabbage Tree Road when compared to the existing scenario. 

Modelling scenario 1 produces a decrease in the out of bank flood duration upstream of Cabbage Tree 
Road by up to seven hours in the 1% AEP storm event and by up to four hours in the 10% AEP storm event 
when compared to the existing scenario.  

Leary’s Drain 

The modelling indicates that Modelling scenario 1 reduces the maximum modelled flood levels within 
Leary’s Drain by up to approximately 70 mm in the 10% AEP event (upstream of Cabbage Tree Road), and 
up to 30 mm (downstream of Cabbage Tree Road). Modelling scenario 1 reduced the maximum modelled 
flood levels for the 1% AEP events by up to 30 mm (upstream of Cabbage Tree Road) and by up to 20 mm 
downstream of Cabbage Tree Road when compared to the existing scenario. 

Similar to the results for Dawsons Drain, Modelling scenario 1 produces a decrease in the out of bank flood 
duration upstream of Cabbage Tree Road by up to 8 hours in the 1% AEP storm event and by up to 2 hours 
in the 10% AEP storm event when compared to the existing scenario.  

Nelson Bay Road Table Drain 

The modelling indicates that Modelling scenario 1 reduces the maximum modelled flood levels within the 
Nelson Bay Road Table Drain by up to approximately 90 mm in the 10% AEP event (upstream of Cabbage 
Tree Road), and up to 45 mm downstream of Cabbage Tree Road. Modelling scenario 1 reduced the 
maximum modelled flood levels within the Nelson Bay Road Table Drain for the 1% AEP events by up to 
50 mm (upstream of Cabbage Tree Road) and by up to 40 mm downstream of Cabbage Tree Road when 
compared to the existing scenario. 

Modelling scenario 1 produces a decrease in the out of bank flood duration in Nelson Bay Road Table Drain 
upstream of Cabbage Tree Road by up to two hours in the 1% AEP storm event when compared to the 
existing scenario. 

Fourteen foot drain 

The modelling indicates that Modelling scenario 1 reduces the maximum modelled flood levels within the 
Fourteen Foot Drain by up to approximately 40 mm in the 10% AEP event (upstream of the Glasshouse), 
and up to 30 mm (between Nelson Bay Road and Leary’s Drain). When compared to the existing scenario, 
modelling scenario 1 reduced the maximum modelled flood levels within the Fourteen Foot Drain for the 
1% AEP events by up to 55 mm (between Nelson Bay Road and Leary’s Drain) and by up to 65 mm 
upstream of the Glasshouse. 

Modelling scenario 1 produces a decrease in the out of bank flood duration in Nelson Bay Road Table Drain 
upstream of Cabbage Tree Road by up to 6 to 14 hours in the 1% AEP storm event when compared to the 
existing scenario. 



Williamtown Drainage Study 
10506_R01_WDS_Final 

Stage 3 – Options Testing 
59 

Ten foot drain 

The modelling indicates that modelling scenario 1 reduces the maximum modelled flood levels within the 
Ten Foot Drain by up to approximately 40 mm in the 10% AEP event (upstream of the Fourteen Foot Drain 
Diversion). Modelling scenario 1 reduced the maximum modelled flood levels within the Ten Foot Drain for 
the 1% AEP events by up to 65 mm (upstream of the Fourteen Foot Drain Diversion) when compared to the 
existing scenario. 

Modelling scenario 1 produces a decrease in the out of bank flood duration in Nelson Bay Road Table Drain 
upstream of Cabbage Tree Road by up to seven hours in the 10% AEP storm event when compared to the 
existing scenario. 

Ring Drain 

The modelling indicates that modelling scenario 1 reduces the maximum modelled flood levels within the 
Ring Drain by up to approximately 45 mm in the 10% AEP event. Modelling scenario 1 reduced the 
maximum modelled flood levels within the Ring Drain for the 1% AEP events by up to 70 mm when 
compared to the existing scenario. 

Modelling scenario 1 will likely produce a decrease in the out of bank flood duration in the Ring Drain in the 
10% AEP and 1% AEP storm however it is not possible to quantify the duration of this decrease as the out of 
bank flooding duration is longer than the modelled simulation time for both events. It is appropriate to 
assume that the time of inundation will be over a number of days. 

Moors Drain 

The modelling indicates that modelling scenario 1 does not have any significant impact on the maximum 
modelled flood levels within Moors Drain in the 10% AEP event except upstream of Lemon Tree Passage 
Road where flood levels are reduced by up to 50 mm when compared to the existing scenario. Modelling 
scenario 1 also reduced the maximum modelled flood levels within Moors Drain for the 1% AEP events by 
up to 160 mm upstream of Lemon Tree Passage Road only. 

Modelling scenario 1 lowers the flood levels within Moors Drain to a point where out of bank flooding no 
longer occurs for the 1% AEP critical duration flood event upstream of Lemon Tree Passage Road when 
compared to the existing scenario. 

Tilligerry Creek 

The modelling indicates that modelling scenario 1 does not have any significant impact on the maximum 
modelled flood levels nor flood durations within Tilligerry Creek in the 10% AEP event or in the 1% AEP 
events when compared to the existing scenario.  

6.4.3.2 Modelling Scenario 2 – Drainage Network Capacity 

Modelling scenario 2 contains the majority of the upgrades as included in Scenario 1, but with the notable 
difference of not including the additional floodgates at the junction of the Ring Drain with Dawsons Drain 
and Ten foot Drain. As shown in the Charts presented in Appendix F, there are marginal reductions in food 
depth throughout the study area except for the area upstream of Cabbage Tree Road for both the 10% AEP 
and 1% AEP events. There are also minimal changes in the synthetic hydrograph duration for this scenario 
across the drainage network except for upstream of Cabbage Tree Road in Dawsons Drain and Leary’s Drain 
where both Scenario 1 and 2 perform similarly.  
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Dawsons Drain 

The modelling indicates that modelling scenario 2 reduces the maximum modelled flood levels within 
Dawsons Drain by up to approximately 60 mm in the 10% AEP event (upstream of Cabbage Tree Road) 
(similar to scenario 1), however this scenario also produces an increase in flood depths of up to 50 mm 
(downstream of Cabbage Tree Road) when compared to the existing scenario. Modelling scenario 2 
reduced the maximum modelled flood levels for the 1% AEP events by up to 40 mm (upstream of Cabbage 
Tree road) when compared to the existing scenario. 

Modelling scenario 2 produces a decrease in the out of bank flood duration upstream of Cabbage Tree 
Road by up to two hours in the 1% AEP storm event and by up to four hours in the 10% AEP storm event 
when compared to the existing scenario, similar to Scenario 1.  

Leary’s Drain 

The modelling indicates that modelling scenario 2 reduces the maximum modelled flood levels within 
Leary’s Drain by up to approximately 70 mm in the 10% AEP event (upstream of Cabbage Tree Road), and 
up to 30 mm (downstream of Cabbage Tree Road) when compared to the existing scenario, similar to 
Scenario 1. Modelling scenario 2 reduced the maximum modelled flood levels for the 1% AEP events by up 
to 30 mm (upstream of Cabbage Tree Road) and by up to 20 mm downstream of Cabbage Tree Road, 
similar to Scenario 1. 

Similar to the results for Dawsons Drain, modelling scenario 1 produces a decrease in the out of bank flood 
duration upstream of Cabbage Tree Road by only up to one hour in the 1% AEP storm event and by up to 
two hours in the 10% AEP storm event, similar to Scenario 1 for the 10% AEP event.  

Nelson Bay Road Table Drain 

The modelling indicates that modelling scenario 2 reduces the maximum modelled flood levels within the 
Nelson Bay Road Table Drain by up to approximately 85 mm in the 10% AEP event (upstream of Cabbage 
Tree Road), and up to 25 mm (downstream of Cabbage Tree Road) when compared to the existing scenario. 
Modelling scenario 2 reduced the maximum modelled flood levels within the Nelson Bay Road Table Drain 
for the 1% AEP event by up to 45 mm (upstream of Cabbage Tree Road) and by up to 25 mm downstream 
of Cabbage Tree Road. 

Modelling scenario 2 produces a decrease in the out of bank flood duration in Nelson Bay Road Table Drain 
upstream of Cabbage Tree Road by up to two hours in the 1% AEP storm event when compared to the 
existing scenario, similar to Scenario 1. 

Fourteen foot drain 

The modelling indicates that modelling scenario 2 does not reduce the maximum modelled flood levels 
within the Fourteen Foot Drain in either of the modelled events when compared to the existing scenario. 

Modelling scenario 2 does not produce a decrease in the out of bank flood duration in Nelson Bay Road 
Table Drain in either of the modelled events when compared to the existing scenario. 

Ten foot drain 

The modelling indicates that Modelling scenario 2 does not reduce the maximum modelled flood levels 
within Ten Foot Drain in either of the modelled events when compared to the existing scenario. 

Modelling scenario 2 does not produce a decrease in the out of bank flood duration in Ten Foot Drain in 
either of the modelled events when compared to the existing scenario. 
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Ring Drain 

The modelling indicates that modelling scenario 2 does not significantly reduce the maximum modelled 
flood levels within the Ring Drain in either of the modelled events when compared to the existing scenario. 

Modelling scenario 2 does not produce a decrease in the out of bank flood duration in the Ring Drain in 
either of the modelled events when compared to the existing scenario. 

Moors Drain 

The modelling indicates that modelling scenario 2 does not significantly reduce the maximum modelled 
flood levels within Moors Drain in either of the modelled events when compared to the existing scenario. 

Modelling scenario 2 does not produce a decrease in the out of bank flood duration in the Moors Drain in 
either of the modelled events when compared to the existing scenario. 

Tilligerry Creek 

The modelling indicates that modelling scenario 2 does not significantly reduce the maximum modelled 
flood levels within Tilligerry Creek in either of the modelled events when compared to the existing scenario. 

Modelling scenario 2 does not produce a decrease in the out of bank flood duration in Tilligerry Creek in 
either of the modelled events when compared to the existing scenario. 

6.4.3.3 Management Measure Option 3 

Modelling scenario 3 included all of the measures included within Scenario 1 plus increasing the floodgate 
capacity at the Tilligerry Creek floodgates. It can be seen in the hydrographs in Appendix F that the 
results for Scenario 1 as described in Section 6.4.3.1 above are applicable for Scenario 3 with the
exception of the results for Tilligerry Creek which are described below. 

Tilligerry Creek 

The modelling indicates that modelling scenario 3 initially increases the maximum modelled flood levels 
within the Tilligerry Creek by up to approximately 20 mm in the 10% AEP event (just upstream of the 
floodgates) when compared to the existing scenario, however this is followed by decreases of up to 
300 mm over the duration of the model simulation. Modelling scenario 3 initially increased the maximum 
modelled flood levels within Tilligerry Creek for the 1% AEP events by up to 95 mm followed by decreases 
of up to 300 mm over the duration of the simulation (just upstream of the floodgates) and produced 
decreases of up to 20 mm approximately 4,700 metres upstream of the floodgates when compared to the 
existing scenario. It should be noted however, that while the peak flood level is increased, the subsequent 
flood levels are reduced below those of the other options and existing scenarios. In addition, Modelling 
scenario 3 significantly reduces the duration of out of bank flooding just upstream of the floodgates for 
both the 1% and 10% AEP events as shown in the graphs in Appendix I.  

6.5 Administrative Management Measures 

As the modelling of the existing flood landscape has indicated, the typical engineering upgrades to the 
existing drainage network which were modelled have varying success in reducing flood levels in the area.  It 
is therefore important to the ongoing management and improvement of the drainage system for the Study 
Area that non-engineering or administrative management principles are considered.  This concept is 
confirmed in the recent FRMS&P (BMT WBM, 2017) report which highlights a range of measures that focus 
on adaptation to flooding and empowering the local community and government to develop a ‘local flood 
planning’ approach.  Some administrative management measures which could improve drainage in the 
Study Area include: 
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 the establishment of a working group between key regulatory bodies of the Study Area drainage
system including PSC, NSW OEH and Hunter Water Corporation (and other stakeholders as required) to
facilitate a cohesive and consistent approach to the ongoing management of the drainage system and
to enable establishment of responsibilities for the drainage system (or portions of the drainage
system).  There is an existing Water Working Group established to manage the PFAS contamination
issue so this working group could continue to provide leadership for future drainage improvements;
and

 creation of access to allow for the upgrade and maintenance of the drainage network where access is
not currently available. Access may be granted via creation of easements over the drainage network
(where required) and access tracks for maintenance, and/or other access agreements with landholders.
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7.0 Conclusions 

The use of the existing Williamtown/Fullerton Cove drainage system for stormwater drainage from upper 
catchment areas has changed the functionality and performance of the drainage network over time.  The 
existing drainage network was originally constructed to manage groundwater levels and provide for 
drainage from low lying paddocks.  Any modification to the existing drainage system must maintain the 
existing functionality of the drainage network, whilst balancing the overall social, environmental, economic 
and engineering issues.   

It is important to note that this report does not model nor consider the impact of potential future 
development on the flooding characteristics of the catchment.  The focus of this study was to provide a 
detailed assessment of the performance of the drainage network as it stands (through the construction of a 
detailed computer model) and, consider options to improve its performance.  A range of typical 
engineering options to achieve this have been considered, however the characteristics of the catchment 
(i.e. low lying with a low drainage gradient and single discharge point) mean that achieving significant 
reduction in flood depths and durations is challenging.   

A detailed hydraulic computer model (RMA-2) is the main output from this study.  The model represents 
the latest terrain configuration of the local catchment area and contains updated rainfall patterns as per 
AR&R 2016.  This represents a robust computer flood model that can be used to consider and target 
options to be further investigated in any Management Plan(s) developed for the local drainage area (as 
recommended in the FRMS&P (BMT WBM, 2017)). 

The model was used to test the effectiveness of a suite of standard engineering options to reduce flood 
levels from local catchment flooding.  Two design storm events were tested – the 1% and 10% AEP events. 
These were chosen for their contemporary relevance (rain events equivalent to the 10% AEP have been 
experienced in the catchment in recent history) or their standing as industry benchmarks (the 1% event is 
typically used when assessing higher bounds of flood risk).  The modelling suggests that whilst engineering 
options such as flood gates, channel widening, culvert upgrades do offer a decrease in flood depths and 
flood durations, the magnitude of the flood reduction is small (typically less than 100 mm).    

Given the varying success in reducing flood levels from structural upgrades to the existing drainage 
network, non-engineering or administrative management principles should also be considered.  This is 
consistent with a number of current studies conducted by Port Stephens Council that deal with regional 
flooding in the wider catchment, taking account of the larger Hunter River system and tidal inundation.  
The recent Williamtown Salt Ash Floodplain Risk Management Study and Plan (BMT WBM, 2017) provide 
in-depth analyses of regional flooding and recommend: 

 “future modification of the existing flood gate structures at Salt Ash will need to be considered in
climate change adaptation programs” – this is consistent with findings from this drainage study which
suggest that improvements to the Tilligerry Creek flood gates warrant further investigation and would
provide a moderate improvement for local flooding in the current Study Area (refer to Section 6.4.3);

 “prepare a Management Plan for the local drainage systems. From the floodplain risk management
perspective, this is driven by the need for appropriate adaptation plans to be prepared to address
increasing flooding under future climate change conditions. There are associated issues relating to local
low flow drainage regimes including limited existing capacity, incidence of waterlogging and extended
flooding durations, and impact of development on increased runoff” – the hydraulic model developed
in this study is a very detailed and robust tool that can be used (and augmented if necessary) to
develop an in-depth local Overland Flow management plan for the current Study Area; and
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 “consider other non-structural measures like flood warning, improved response, flood awareness, etc.
Importantly, any adaptation to climate variability will involve a high degree of community participation
and ownership.”  This could be one of the themes of a local Management Plan for the Williamtown/
Fullerton Cove area.
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XP-Storm Modelling 

XP-Storm is a one-dimensional hydrodynamic model which can be used to model stormwater flows in 
watercourses, culverts and street drainage systems. XP-storm is suitable to calculate overland runoff 
generated from large natural or developed catchments and is capable of predicting flood levels as a result 
of backwater effects. 

Model Setup 

The model parameters used for the analysis were typical of watercourses and catchments within the  
Study Area, and have been applied in the modelling of a wide range of catchments in the Hunter region. 
The parameters were selected from the reference values provided in the XP-Storm user manual 
(XPSolutions 2010). The key model parameters used in the calculation of catchment runoff using the  
XP-Storm Model were: 

 Laurenson Equation 𝑆 = 𝐵𝑄𝑛+1 

where: n = -0.285 (storage non-linearity exponent) 
B = storage delay time parameter (derived from the catchment 
Manning’s roughness, n*) 
Q = instantaneous discharge (m3/s) 

 Mannings Roughness n = 0.035 to 0.050 (channels) 
n = 0.25 (catchments) 

 Horton Infiltration 𝐹𝑝 = 𝐹𝑐 + (𝐹𝑜 + 𝐹𝑐)𝑒
−𝑘𝑡

where: Fp = Horton Infiltration (mm/hr) 
Fo = 25.4 mm/hr (maximum infiltration rate) 
Fc = 1.27 mm/hr (minimum (asymptotic) infiltration rate) 
k  = 0.002 1/sec (decay parameter) 
t  = time (sec) 
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RMA-2 Modelling 

RMA-2 is a two dimensional (2D) finite element modelling package, originally developed by Resource 
Management Associates (RMA; USA) and Professor Ian King of the University of NSW. Over the past  
15 years Umwelt has worked with Professor Ian King to significantly improve the scale and functionality 
of RMA-2 and have developed new input and output processes for the model that have substantially 
increased the capacity and usability of the model.  

The RMA-2 package offers several points of advantage over other 2D hydrodynamic modelling packages, 
including: 

 the accurate computation of flood flows across a watercourse and adjoining floodplain;

 the use of finite element methods to solve the 2D depth averaged equations for turbulent energy
losses, friction losses and momentum transfer, within a single continuous flood model (i.e. no separate
one dimensional model for open channels and watercourses);

 the geometry of the finite element mesh can be optimised to suit the requirements of the local terrain
rather than the limitations of an arbitrary grid;

 the underlying terrain is described using a finite element mesh, resulting in improved spatial realism of
both the terrain and flood response simulations whilst reducing the computational load of the flood
model;

 the inclusion of high levels of detail where required, such as building outlines, flood levees, roads and
weirs, and in areas of overland flooding and transition zones between potential sub critical and super
critical flow zones, resulting in more realistic, reliable, and accurate flood model outputs;

 dynamic flood model solutions which allow for the simulation of systems that flood and dry within the
analysis period; and

 inclusion of both direct rainfall on the mesh and upstream river inflows and catchment hydrograph inputs.

The RMA-2 2D hydrodynamic model represents a land surface as an interconnected mesh of triangular and 
quadrilateral planes of variable size (elements). The size, shape and location of each element are 
dependent on the local terrain and hydraulic requirements. LiDAR survey provides very high resolution 
terrain for the Study Area. 

The very high resolution digital terrain model (DTM) created from the LiDAR survey data was simplified to 
create a triangulated mesh of a suitable size for RMA-2. The simplification of the LiDAR survey data was 
completed using QSLIM (Garland and Heckbert, 1995). QSLIM simplifies an irregular network (mesh) by 
removing those nodes whose removal results in the least change in the overall DTM shape. 

The simplified DTM was checked against the very high resolution DTM to ensure that the simplified DTM 
remained an accurate representation of the Study Area terrain, particularly within the vicinity of 
hydrologically significant features such as creek channels, drains and roads. 

Detailed topographical features, including creek channels, houses, access tracks, roads and race tracks were 
identified from the very high resolution DTM and aerial photography and included within the RMA-2 model 
mesh as breaklines. Breaklines force the model to delineate hydraulically important features (e.g. roads) 
into the RMA-2 model mesh (refer to Figure 4.2 of the main report). 

Finally, inflow and outflow locations were incorporated into the RMA-2 model mesh. Each inflow and 
outflow point incorporates an artificial section of channel, which assist in ensuring the mathematical 
stability and efficiency of the model. 
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Stage Hydrographs – Critical Duration 

To assist in the determination of the most suitable critical duration storm for the modelled area, stage 
hydrographs were extracted at locations throughout the drainage network (refer to Figure 5.1) for a range 
of design storm durations ranging from short (6 and 9 hour) to long (36, 48, 72 hours). This analysis was 
completed using IFD data from AR&R 2016. 

From each of the stage hydrographs extracted (refer to Charts K.1 to K.19) the design storm duration  
that resulted in the highest flood elevation at that location was identified as the local critical duration.  
A summary of the local critical durations for the nineteen stage hydrograph locations is included in 
Table K.1. From Table K.1 (and Charts K.1 to K.19) the 48 hour duration design storm event was selected  
as the critical duration throughout the modelled area as it predominantly featured as the local critical 
duration at the analysed stage hydrograph locations throughout the model. 

It should be noted that many of the drains have raised earth mounds beside the channel banks. These are 
above the level of the surrounding floodplain but are discontinuous, with numerous cut outs placed to 
provide drainage of the surrounding agricultural area (i.e. floodplain). These cut outs mean that the raised 
mounds do not contain flood flows in channel, with the adjacent floodplain areas often being inundated. 
The cut outs are essential in the preservation of the existing usage of the drainage network (i.e. drainage of 
the local agricultural area) and therefore need to be retained. The approximate levels of the discontinuous 
raised banks are included within Charts K.1 to K.19 for indicative purposes only. 

Table K.1 Identification of Critical Duration 

Stage 
Hydrograph 
Number 

Stage Hydrograph Location Local 
Critical 
Duration Drain Name Location Description within Drain 

1 Dawson Drain Upstream of Cabbage Tree Road 36 hour 

2 Dawson Drain Downstream of Cabbage Tree Road 48 hour 

3 Dawson Drain Junction with Ring Drain 48 hour 

4 Leary’s Drain Upstream of Cabbage Tree Road 48 hour 

5 Leary’s Drain Downstream of Cabbage Tree Road 48 hour 

6 Nelson Bay Road Table Drain Upstream of Cabbage Tree Road 48 hour 

7 Nelson Bay Road Table Drain Downstream of Cabbage Tree Road 48 hour 

8 Fourteen Foot Drain Downstream of Nelson Bay Road 48 hour 

9 Fourteen Foot Drain Upstream of the Glasshouse 48 hour 

10 Ten Foot Drain Upstream of Fourteen Foot Drain Diversion 48 hour 

11 Ring Drain Upstream of Ten Foot Drain 48 hour 

12 Ring Drain Downstream of Ten Foot Drain 48 hour 

13 Moors Drain Beginning of the Drain 36 hour 

14 Moors Drain 80 m upstream of Richardson Road 48 hour 

15 Moors Drain Between Salt Ash Avenue and Hideaway Drive 36 hour 

16 Moors Drain Upstream of Lemon Tree Passage Road 36 hour 

17 Tilligerry Creek 4700 m Upstream of Floodgates 48 hour 

18 Moors Drain 1200 m Upstream of Richardson Road 48 hour 

19 Tilligerry Creek 100 m Upstream of Floodgates 48 hour 

Critical Storm Duration for the Model Extent 48 hour 
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Graph C.1 Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 

 

 

 

Graph C.2 Stage Hydrograph 2 – Dawsons Drain (downstream of Cabbage Tree Road) 
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Graph C.3 Stage Hydrograph 3 – Dawsons Drain (at the Junction with the Ring Drain) 

 

 

 

Graph C.4 Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 
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Graph C.5 Stage Hydrograph 5 – Leary’s Drain (downstream of Cabbage Tree Road) 

 

 

 

Graph C.6 Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 
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Graph C.7 Stage Hydrograph 7 – Nelson Bay Road Table Drain (downstream of Cabbage Tree Road) 

 

 

 

Graph C.8 Stage Hydrograph 8 – Fourteen Foot Drain (between Nelson Bay Road and Leary’s Drain) 
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Graph C.9 Stage Hydrograph 9 – Fourteen Foot Drain (upstream of the Glasshouse) 

 

 

 

Graph C.10 Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain diversion) 
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Graph C.11 Stage Hydrograph 11 – Ring Drain (upstream of the Ten Foot Drain) 

 

 

 

Graph C.12 Stage Hydrograph 12 – Ring Drain (downstream of the Ten Foot Drain) 
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Graph C.13 Stage Hydrograph 13 – Moors Drain (beginning) 

 

 

 

Graph C.14 Stage Hydrograph 14 – Moors Drain (80 metres upstream of Richardson Road) 
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Graph C.15 Stage Hydrograph 15 – Moors Drain (between Salt Ash Avenue and Hideaway Drive) 

 

 

 

Graph C.16 Stage Hydrograph 16 – Moors Drain (upstream of Lemon Tree Passage Road) 
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Graph C.17 Stage Hydrograph 17 – Tilligerry Creek (4,700 metres upstream of floodgates) 

 

 

 

Graph C.18 Stage Hydrograph 18 – Moors Drain (1,200 metres upstream of Richardson Road) 
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Graph C.19 Stage Hydrograph 19 – Tilligerry Creek (100 metres upstream of floodgates) 
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Sensitivity Analysis Stage Hydrographs 

Modelled Landform Comparison – 2014 vs 2017  

Dawsons Drain 

 

Graph E.1  – Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 

 

 

Graph E.2  - Stage Hydrograph 2 – Dawsons Drain (downstream of Cabbage Tree Road) 
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Graph E.3   – Stage Hydrograph 3 – Dawsons Drain (at the junction with the Ring Drain) 
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Leary’s Drain 

 

Graph E.4   – Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 

 

 

Graph E.5   – Stage Hydrograph 5 – Leary’s Drain (downstream of Cabbage Tree Road) 
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Nelson Bay Road Table Drain 

 

Graph E.6   – Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 

 

 

Graph E.7   – Stage Hydrograph 7 – Nelson Bay Road Table Drain (downstream of Cabbage Tree Road) 
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Fourteen Foot Drain 

 

Graph E.8  – Stage Hydrograph 8 – Fourteen Foot Drain (between Nelson Bay Road and Leary’s Drain) 

 

 

Graph E.9   – Stage Hydrograph 9 – Fourteen Food Drain (upstream of the Glasshouse) 
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Ten Foot Drain 

Graph E.10  Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain Diversion) 
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Ring Drain 

Graph E.11   – Stage Hydrograph 11 – Ring Drain (between Dawsons Drain and Ten Foot Drain) 

Graph E.12  – Stage Hydrograph 12 – Ring Drain (downstream of the Ten Foot Drain) 
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Moors Drain 

Graph E.13   – Stage Hydrograph 13 –Moors Drain (beginning) 

Graph E.14   – Stage Hydrograph 18 – Moors Drain (Approx. 1,200 m upstream of Richardson Road) 
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Graph E.15   – Stage Hydrograph 14 – Moors Drain (80 m upstream of Richardson Road) 

Graph E.16   – Stage Hydrograph 15 – Moors Drain (between Salt Ash Avenue and Hideaway Drive) 
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Graph E.17   – Stage Hydrograph 16 – Moors Drain (Upstream of Lemon Tree Passage Road) 
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Tilligerry Creek 

 

Graph E.18   – Stage Hydrograph 17 – Tilligerry Creek (4,700 m upstream of the floodgates) 

 

 

Graph E.19  – Stage Hydrograph 19 – Tilligerry Creek (100 metres upstream of the floodgates) 
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Manning’s n Roughness  

50% AEP 

Dawsons Drain 

 

Graph E.20   – Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 

 

Graph E.21  - Stage Hydrograph 2 – Dawsons Drain (downstream of Cabbage Tree Road) 
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Graph E.22  – Stage Hydrograph 3 – Dawsons Drain (at the junction with the Ring Drain) 

 

  



 

Williamtown Drainage Study 
10506_R01_WDS_APPENDICES 

Appendix E 
14 

 

Leary’s Drain 

 

Graph E.23   – Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 

 

 

Graph E.24  – Stage Hydrograph 5 – Leary’s Drain (downstream of Cabbage Tree Road) 
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Nelson Bay Road Table Drain 

 

Graph E.25   – Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 

 

 

Graph E.26   – Stage Hydrograph 7 – Nelson Bay Road Table Drain (downstream of Cabbage Tree Road) 
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Fourteen Foot Drain 

 

Graph E.27 – Stage Hydrograph 8 – Fourteen Foot Drain (between Nelson Bay Road and Leary’s Drain) 

 

 

Graph E.28 – Stage Hydrograph 9 – Fourteen Food Drain (upstream of the Glasshouse) 
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Ten Foot Drain 

 

Graph E.29 – Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain Diversion) 
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Ring Drain 

 

Graph E.30 – Stage Hydrograph 11 – Ring Drain (between Dawsons Drain and Ten Foot Drain) 

 

 

Graph E.31 – Stage Hydrograph 12 – Ring Drain (downstream of the Ten Foot Drain) 
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Moors Drain 

 

Graph E.32 – Stage Hydrograph 13 –Moors Drain (beginning) 
 
 

 

Graph E.33 – Stage Hydrograph 18 – Moors Drain (Approx. 1,200 m upstream of Richardson Road) 
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Graph E.34 – Stage Hydrograph 14 – Moors Drain (80 metres upstream of Richardson Road) 

 
 

 

Graph E.35 – Stage Hydrograph 15 – Moors Drain (between Salt Ash Avenue and Hideaway Drive) 
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Graph E.36 – Stage Hydrograph 16 – Moors Drain (Upstream of Lemon Tree Passage Road) 
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Tilligerry Creek 

 

Graph E.37 – Stage Hydrograph 17 – Tilligerry Creek (4,700 metres upstream of the floodgates) 

 

 

Graph E.38– Stage Hydrograph 19 – Tilligerry Creek (100 metres upstream of the floodgates) 
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1% AEP 

Dawsons Drain 

 

Graph E.39 – Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 

 

Graph E.40- Stage Hydrograph 2 – Dawsons Drain (downstream of Cabbage Tree Road) 
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Graph E.41 – Stage Hydrograph 3 – Dawsons Drain (at the junction with the Ring Drain) 
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Leary’s Drain 

 

Graph E.42 – Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 

 

Graph E.43 – Stage Hydrograph 5 – Leary’s Drain (downstream of Cabbage Tree Road) 
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Nelson Bay Road Table Drain 

 

Graph E.44 – Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 

 

Graph E.45 – Stage Hydrograph 7 – Nelson Bay Road Table Drain (downstream of Cabbage Tree Road) 
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Fourteen Foot Drain 

 

Graph E.46 – Stage Hydrograph 8 – Fourteen Foot Drain (between Nelson Bay Road and Leary’s Drain) 

 

 

Graph E.47 – Stage Hydrograph 9 – Fourteen Food Drain (upstream of the Glasshouse) 
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Ten Foot Drain 

 

Graph E.48 – Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain Diversion) 
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Ring Drain 

 

Graph E.49– Stage Hydrograph 11 – Ring Drain (between Dawsons Drain and Ten Foot Drain) 

 

 

Graph E.50– Stage Hydrograph 12 – Ring Drain (downstream of the Ten Foot Drain) 
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Moors Drain 

 

Graph E.51 – Stage Hydrograph 13 –Moors Drain (beginning) 

 

Graph E.52 – Stage Hydrograph 18 – Moors Drain (Approx. 1,200 m upstream of Richardson Road) 
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Graph E.53 – Stage Hydrograph 14 – Moors Drain (80 metres upstream of Richardson Road) 

 

Graph E.54 – Stage Hydrograph 15 – Moors Drain (between Salt Ash Avenue and Hideaway Drive) 



 

Williamtown Drainage Study 
10506_R01_WDS_APPENDICES 

Appendix E 
32 

 

 

Graph E.55 – Stage Hydrograph 16 – Moors Drain (Upstream of Lemon Tree Passage Road) 
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Tilligerry Creek 

Graph E.56 – Stage Hydrograph 17 – Tilligerry Creek (4,700 metres upstream of the floodgates) 

Graph E.57 – Stage Hydrograph 19 – Tilligerry Creek (100 metres upstream of the floodgates) 
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Impacts of Climate Change 

50% AEP 

Dawsons Drain 

 

Graph E.58 – Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 

 

Graph E.59- Stage Hydrograph 2 – Dawsons Drain (downstream of Cabbage Tree Road) 
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Graph E.60 – Stage Hydrograph 3 – Dawsons Drain (at the junction with the Ring Drain) 
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Leary’s Drain 

 

Graph E.61 – Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 

 

Graph E.62 – Stage Hydrograph 5 – Leary’s Drain (downstream of Cabbage Tree Road) 
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Nelson Bay Road Table Drain 

 

Graph E.63 – Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 

 

Graph E.64– Stage Hydrograph 7 – Nelson Bay Road Table Drain (downstream of Cabbage Tree Road) 
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Fourteen Foot Drain 

 

Graph E.65 – Stage Hydrograph 8 – Fourteen Foot Drain (between Nelson Bay Road and Leary’s Drain) 

 

Graph E.66 – Stage Hydrograph 9 – Fourteen Food Drain (upstream of the Glasshouse) 
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Ten Foot Drain 

 

Graph E.67 – Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain Diversion) 
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Ring Drain 

 

Graph E.68 – Stage Hydrograph 11 – Ring Drain (between Dawsons Drain and Ten Foot Drain) 

 

Graph E.69 – Stage Hydrograph 12 – Ring Drain (downstream of the Ten Foot Drain) 
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Moors Drain 

 

Graph E.70– Stage Hydrograph 13 –Moors Drain (beginning) 

 

Graph E.71 – Stage Hydrograph 18 – Moors Drain (Approx. 1,200 m upstream of Richardson Road) 
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Graph E.72 – Stage Hydrograph 14 – Moors Drain (80 m upstream of Richardson Road) 

 

Graph E.73 – Stage Hydrograph 15 – Moors Drain (between Salt Ash Avenue and Hideaway Drive) 
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Graph E.74 – Stage Hydrograph 16 – Moors Drain (Upstream of Lemon Tree Passage Road) 
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Tilligerry Creek 

 

Graph E.75– Stage Hydrograph 17 – Tilligerry Creek (4,700 m upstream of the floodgates) 

 

Graph E.76 – Stage Hydrograph 19 – Tilligerry Creek (100 m upstream of the floodgates) 
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1% AEP 

Dawsons Drain 

 

Graph E.77 – Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 

 

Graph E.78- Stage Hydrograph 2 – Dawsons Drain (downstream of Cabbage Tree Road) 
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Graph E.79 – Stage Hydrograph 3 – Dawsons Drain (at the junction with the Ring Drain) 
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Leary’s Drain 

 

Graph E.80 – Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 

 

Graph E.81 – Stage Hydrograph 5 – Leary’s Drain (downstream of Cabbage Tree Road) 
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Nelson Bay Road Table Drain 

 

Graph E.82 – Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 

 

 

Graph E.83 – Stage Hydrograph 7 – Nelson Bay Road Table Drain (downstream of Cabbage Tree Road) 
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Fourteen Foot Drain 

 

Graph E.84 – Stage Hydrograph 8 – Fourteen Foot Drain (between Nelson Bay Road and Leary’s Drain) 

 

 

Graph E.85 – Stage Hydrograph 9 – Fourteen Food Drain (upstream of the Glasshouse) 
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Ten Foot Drain 

 

Graph E.86 – Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain Diversion) 
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Ring Drain 

 

Graph E.87 – Stage Hydrograph 11 – Ring Drain (between Dawsons Drain and Ten Foot Drain) 

 

 

Graph E.88 – Stage Hydrograph 12 – Ring Drain (downstream of the Ten Foot Drain) 
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Moors Drain 

 

Graph E.89 – Stage Hydrograph 13 –Moors Drain (beginning) 

 

 

Graph E.90 – Stage Hydrograph 18 – Moors Drain (Approx. 1,200 m upstream of Richardson Road) 
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Graph E.91 – Stage Hydrograph 14 – Moors Drain (80 metres upstream of Richardson Road) 

 

 

Graph E.92 – Stage Hydrograph 15 – Moors Drain (between Salt Ash Avenue and Hideaway Drive) 
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Graph E.93 – Stage Hydrograph 16 – Moors Drain (Upstream of Lemon Tree Passage Road) 
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Tilligerry Creek 

 

Graph E.94 – Stage Hydrograph 17 – Tilligerry Creek (4,700 metres upstream of the floodgates) 

 

 

Graph E.95 – Stage Hydrograph 19 – Tilligerry Creek (100 metres upstream of the floodgates) 
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Stage Hydrographs - 50%, 20%, 10%, 1% AEP events – Existing Conditions  

Dawsons Drain 

Graph G.1 – Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 

Graph G.2- Stage Hydrograph 2 – Dawsons Drain (downstream of Cabbage Tree Road) 
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Graph G.3 – Stage Hydrograph 3 – Dawsons Drain (at the junction with the Ring Drain) 
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Leary’s Drain 

Graph G.4 – Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 

Graph G.5 – Stage Hydrograph 5 – Leary’s Drain (downstream of Cabbage Tree Road) 
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Nelson Bay Road Table Drain 

Graph G.6 – Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 

Graph G.7 – Stage Hydrograph 7 – Nelson Bay Road Table Drain (downstream of Cabbage Tree Road) 
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Fourteen Foot Drain 

Graph G.8 – Stage Hydrograph 8 – Fourteen Foot Drain (between Nelson Bay Road and Leary’s Drain) 

Graph G.9 – Stage Hydrograph 9 – Fourteen Food Drain (upstream of the Glasshouse) 
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Ten Foot Drain 

Graph G.10 – Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain Diversion) 
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Ring Drain 

Graph G.11 – Stage Hydrograph 11 – Ring Drain (between Dawsons Drain and Ten Foot Drain) 

Graph G.12 – Stage Hydrograph 12 – Ring Drain (downstream of the Ten Foot Drain) 
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Moors Drain 

Graph G.13 – Stage Hydrograph 13 –Moors Drain (beginning) 

Graph G.14 – Stage Hydrograph 18 – Moors Drain (Approx.1,200 m upstream of Richardson Road) 
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Graph G.15 – Stage Hydrograph 14 – Moors Drain (80 metres upstream of Richardson Road) 

Graph G.16 – Stage Hydrograph 15 – Moors Drain (between Salt Ash Avenue and Hideaway Drive) 
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Graph G.17 – Stage Hydrograph 16 – Moors Drain (Upstream of Lemon Tree Passage Road) 
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Tilligerry Creek 

Graph G.18 – Stage Hydrograph 17 – Tilligerry Creek (4,700 metres upstream of the floodgates) 

Graph G.19 – Stage Hydrograph 19 – Tilligerry Creek (100 metres upstream of the floodgates) 
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APPENDIX I 

Modelled Drainage Scenarios Stage 
Hydrographs - 10% and  1% AEP events 
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10 % AEP event stage hydrographs 

Dawsons Drain 

Graph I.1 – Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 

Graph I.2- Stage Hydrograph 2 – Dawsons Drain (downstream of Cabbage Tree Road) 
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Graph I.3 – Stage Hydrograph 3 – Dawsons Drain (at the junction with the Ring Drain) 
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Leary’s Drain 

Graph I.4 – Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 

Graph I.5 – Stage Hydrograph 5 – Leary’s Drain (downstream of Cabbage Tree Road) 
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Nelson Bay Road Table Drain 

Graph I.6 – Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 

Graph I.7 – Stage Hydrograph 7 – Nelson Bay Road Table Drain (downstream of Cabbage Tree Road) 
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Fourteen Foot Drain 

Graph I.8 – Stage Hydrograph 8 – Fourteen Foot Drain (between Nelson Bay Road and Leary’s Drain) 

Graph I.9 – Stage Hydrograph 9 – Fourteen Food Drain (upstream of the Glasshouse) 
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Ten Foot Drain 

 

Graph I.10 – Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain Diversion) 
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Ring Drain 

 

Graph I.11 – Stage Hydrograph 11 – Ring Drain (between Dawsons Drain and Ten Foot Drain) 

 

 

Graph I.12 – Stage Hydrograph 12 – Ring Drain (downstream of the Ten Foot Drain) 
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Moors Drain 

 

Graph I.13 – Stage Hydrograph 13 –Moors Drain (beginning) 

 

 

 

Graph I.14 – Stage Hydrograph 18 – Moors Drain (Approx. 1,200 m upstream of Richardson Road) 
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Graph I.15 – Stage Hydrograph 14 – Moors Drain (80 metres upstream of Richardson Road) 

Graph I.16 – Stage Hydrograph 15 – Moors Drain (between Salt Ash Avenue and Hideaway Drive) 



 

Williamtown Drainage Study 
10506_R01_WDS_APPENDICES 

Appendix I 
10 

 

 

Graph I.17 – Stage Hydrograph 16 – Moors Drain (Upstream of Lemon Tree Passage Road) 

 

 

  



 

Williamtown Drainage Study 
10506_R01_WDS_APPENDICES 

Appendix I 
11 

 

Tilligerry Creek 

 

Graph I.18 – Stage Hydrograph 17 – Tilligerry Creek (4,700 metres upstream of the floodgates) 

 

 

 

Graph I.19 – Stage Hydrograph 19 – Tilligerry Creek (100 metres upstream of the floodgates) 
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1 % AEP Event Stage Hydrographs 

Dawsons Drain 

 

Graph I.20 – Stage Hydrograph 1 – Dawsons Drain (upstream of Cabbage Tree Road) 
 

 

Graph I.21- Stage Hydrograph 2 – Dawsons Drain (downstream of Cabbage Tree Road) 
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Graph I.22 – Stage Hydrograph 3 – Dawsons Drain (at the junction with the Ring Drain) 
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Leary’s Drain 

 

Graph I.23 – Stage Hydrograph 4 – Leary’s Drain (upstream of Cabbage Tree Road) 

 
 

 

Graph I.24 – Stage Hydrograph 5 – Leary’s Drain (downstream of Cabbage Tree Road) 
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Nelson Bay Road Table Drain 

 

Graph I.25 – Stage Hydrograph 6 – Nelson Bay Road Table Drain (upstream of Cabbage Tree Road) 

 
 

 

Graph I.26 – Stage Hydrograph 7 – Nelson Bay Road Table Drain (downstream of Cabbage Tree Road) 

 



 

Williamtown Drainage Study 
10506_R01_WDS_APPENDICES 

Appendix I 
16 

 

Fourteen Foot Drain 

 

Graph I.27 – Stage Hydrograph 8 – Fourteen Foot Drain (between Nelson Bay Road and Leary’s Drain) 

 

 

Graph I.28 – Stage Hydrograph 9 – Fourteen Food Drain (upstream of the Glasshouse) 
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Ten Foot Drain 

 

Graph I.29 – Stage Hydrograph 10 – Ten Foot Drain (upstream of the Fourteen Foot Drain Diversion) 
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Ring Drain 

 

Graph I.30 – Stage Hydrograph 11 – Ring Drain (between Dawsons Drain and Ten Foot Drain) 

 

 

Graph I.31 – Stage Hydrograph 12 – Ring Drain (downstream of the Ten Foot Drain) 

 



 

Williamtown Drainage Study 
10506_R01_WDS_APPENDICES 

Appendix I 
19 

 

Moors Drain 

 

Graph I.32 – Stage Hydrograph 13 –Moors Drain (beginning) 

 

 

Graph I.33 – Stage Hydrograph 18 – Moors Drain (Approx. 1,200 m upstream of Richardson Road) 
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Graph I.34 – Stage Hydrograph 14 – Moors Drain (80 metres upstream of Richardson Road) 

 

 

 

Graph I.35 – Stage Hydrograph 15 – Moors Drain (between Salt Ash Avenue and Hideaway Drive) 
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Graph I.36 – Stage Hydrograph 16 – Moors Drain (Upstream of Lemon Tree Passage Road) 
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Tilligerry Creek 

 

Graph I.37 – Stage Hydrograph 17 – Tilligerry Creek (4,700 metres upstream of the floodgates) 

 

 

 

Graph I.38 – Stage Hydrograph 19 – Tilligerry Creek (100 metres upstream of the floodgates) 



Newcastle 

75 York Street 
Teralba NSW 2284 

Perth 

PO Box 783 
West Perth WA 6872  
7 Havelock Street 
West Perth WA 6005 

Canberra 

PO Box 6135 
56 Bluebell Street 
O’Connor ACT 2602 

Sydney 

50 York Street 
Sydney NSW 2000 

Brisbane 

Level 11 
500 Queen Street 
Brisbane QLD 4000 

Ph. 02 4950 5322 Ph. 1300 793 267 Ph. 02 6262 9484 Ph. 1300 793 267 Ph. 1300 793 267 

www.umwelt.com.au 




