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Executive Summary 
Jacobs has been appointed by Roads and Maritime Services to undertake the concept design and 
environmental assessment for the upgrade of the M1 Princes Motorway, Mount Ousley Interchange. This report 
presents the potential hydrology and flooding impacts that may arise during construction and operation of the 
proposal, together with safeguards and management measures to mitigate any negative flood impacts. 

The proposal involves the upgrade of the intersection to include a dedicated heavy vehicle bypass, off-ramp and 
two new safety ramps in conjunction with two new roundabouts connected by an overpass to allow Mount 
Ousley Road northbound traffic to safely access the M1 Princes Motorway. The proposal also includes the 
provision of a new northern entry and exit to the University of Wollongong. The proposal crosses two creek 
branches, named the Dallas Street Branch and University Branch, which drain the steep slopes of Mount Kiera. 
These two channels pass under the M1 Princes Motorway which will be upgraded as part of this proposal. The 
proposal is also subject to overland flows from the north, and flows coming down the Illawarra Escarpment 
along the M1 Princes Motorway. 

The available data was reviewed, including the existing “Fairy and Cabbage Tree Creeks Flood Study” (BMT 
WBM, 2009) flood model. This model was obtained and updated with the latest available information to 
represent the existing conditions. Wollongong City Council’s latest blockage policy (2016) was also incorporated 
into the model and run for the 20%, 10%, 5%, 2% and 1% annual exceedance probability (AEP) design events 
plus the PMF event, for both ‘blocked’ and ‘unblocked’ design scenarios. The model was updated for the 
proposed operational phase with topography and hydraulic structures representing the proposed conditions. 
The model results were compared to the existing conditions to simulate potential flood impacts from the 
proposal. 

The potential construction phase impacts are expected to be minor. The sites are generally not located in areas 
flooded by the 1% AEP event. Avoiding overland flow paths and ensuring erosion and sediment control 
measures are in place should mitigate any adverse hydrology and flooding impacts during construction. 

The operational phase has the potential to cause flooding impacts that have been assessed with the flood 
model. The operational phase has the potential to redistribute flows, cause an increase in flood levels, increase 
in flow velocity and increase in duration of ponding in some areas. The current design has been reviewed and 
the flood impacts have been mitigated at the current design stage, including the sizing of new culverts to limit 
afflux and the provision of channels to contain and direct flood water to the major creeks. 

The residual impacts are as follows: 

• Flood level increases on the Dallas Street Branch upstream of the proposed University Access Road. 
These generally remain within the channel or on open land. One property upstream of the proposed 
main culvert has flood level increases, however, the available terrain data suggests that the property is 
located above the peak water level caused by water backing up behind the proposed embankment. 
Duration of inundation is increased. 

• In existing conditions, water was modelled to break out of the Dallas Street Branch and flow through the 
University of Wollongong in the PMF event under an unblocked scenario. This does not occur in the 
PMF event with the proposal in the unblocked scenario. In blocked conditions, this occurs in the 5% 
AEP event under existing conditions and only in the PMF event under proposed conditions. 

• Flood levels in the Dallas Street Branch channel are typically increased adjacent to the proposed 
retaining wall of Mount Ousley Road, and decreased from the retaining wall to the culvert under the M1 
Princes Motorway. Water remains in the channel except immediately upstream of the M1 Princes 
Motorway culvert, where water can break out toward the sag point on the motorway (in the PMF event 
in unblocked conditions and 2% AEP in blocked conditions). Velocity generally increases in this 
channel, and the duration of inundation is increased. 

• At the sag point on the M1 Princes Motorway, there are generally increases in flood levels and a 
decrease in the duration of flooding. There can be both increases and decreases in flood level 
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downstream of the culvert crossing and sag point on the M1 Princes Motorway, impacting on areas 
such as Wollongong TAFE. Velocities can also increase downstream of the M1 Princes Motorway. 

• On the University Branch, there are generally flood level increases both upstream and downstream, but 
are contained within the channels, road corridor and open areas. Flow velocity decreases in the 
channel, but can increase for overland flows. 

• There are some flood impacts on the Botanic Gardens Branch, due to the increase in ponding at the M1 
Princes Motorway sag point, and more water flowing south to this location. The largest impact occurs 
around properties on College Place and Graham Avenue. Velocities can increase downstream of the 
M1 Princes Motorway. 

Potential safeguards and management measures include debris control structures, scour protection at culvert 
outlets, on steep embankments subject to overland flows and along the proposed retaining wall adjacent to the 
Dallas Street Branch. Roads and Maritime would continue to refine the design throughout the detailed design 
phase to minimise the potential flood impacts. 
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Important note about this report 

The sole purpose of this report and the associated services performed by Jacobs is to undertake a hydrology 
and flooding assessment in accordance with the scope of services set out in the contract between Jacobs and 
Roads and Maritime Services (the Client). That scope of services, as described in this report, was agreed to 
with the Client.  

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the 
absence thereof) provided by the Client and/or from other sources.  Except as otherwise stated in the report, 
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is 
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and 
conclusions as expressed in this report may change. 

Jacobs derived the data in this report from information sourced from the Client, third parties, and/or available in 
the public domain at the time or times outlined in this report.  The passage of time, manifestation of latent 
conditions or impacts of future events may require further examination of the proposal and subsequent data 
analysis, and re-evaluation of the data, findings, observations and conclusions expressed in this report. Jacobs 
has prepared this report in accordance with the usual care and thoroughness of the consulting profession, for 
the sole purpose described above and by reference to applicable standards, guidelines, procedures and 
practices at the date of issue of this report. For the reasons outlined above, however, no other warranty or 
guarantee, whether expressed or implied, is made as to the data, observations and findings expressed in this 
report, to the extent permitted by law. 

This report should be read in full and no excerpts are to be taken as representative of the findings.  No 
responsibility is accepted by Jacobs for use of any part of this report in any other context. 

This report has been prepared on behalf of, and for the exclusive use of, Jacobs’ Client, and is subject to, and 
issued in accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no 
liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third 
party. 
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Glossary 

Term Definition 

Afflux An increase in water level immediately upstream of and due to a natural or artificial 
obstruction. 

Annual Exceedance Probability 
(AEP) 

The chance of a flood of a given or larger size occurring in any one year, usually 
expressed as a percentage.  In this study AEP has been used consistently to define 
the probability of occurrence of flooding.  It is to be noted that design rainfalls used in 
the estimation of design floods up to and including 100 year ARI (ie. 1% AEP) events 
was derived from 1987 Australian Rainfall and Runoff.   The following relationships 
between EY, AEP and ARI applies to this study (AR&R, 2016). 

 

Australian Height Datum (AHD) A common national surface level datum approximately corresponding to mean sea 
level. 
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Term Definition 

Average Annual Damage (AAD) Depending on its size (or severity), each flood will cause a different amount of flood 
damage to a flood prone area. AAD is the average damage per year that would occur 
in a nominated development situation from flooding over a very long period of time.  

Average Recurrence Interval (ARI) The long-term average number of years between the occurrences of a flood as big as 
or larger than the selected event. For example, floods with a discharge as great as or 
greater than the 20 year ARI flood event will occur on average once every 20 years. 
ARI is another way of expressing the likelihood of occurrence of a flood event. 

The Annual Exceedance Probability (AEP) is the preferred notation for the frequency or 
magnitude of flood events. Refer to the definition for AEP in this glossary. 

Catchment The land area draining through the main stream, as well as tributary streams, to a 
particular site.  It always relates to an area above a specific location. 

Development Is defined in Part 4 of the Environment Protection and Assessment Act 1979 (EP&A 
Act) 

In fill development: refers to the development of vacant blocks of land that are 
generally surrounded by developed properties and is permissible under the current 
zoning of the land. Conditions such as minimum floor levels may be imposed on infill 
development. 

New development: refers to development of a completely different nature to that 
associated with the former land use. For example, the urban subdivision of an area 
previously used for rural purposes. New developments involve re-zoning and typically 
require major extensions of exiting urban services, such as roads, water supply, 
sewerage and electric power.  

Redevelopment: refers to rebuilding in an area. For example, as urban areas age, it 
may become necessary to demolish and reconstruct buildings on a relatively large 
scale. Redevelopment generally does not require either re-zoning or major extensions 
to urban services. 

Digital Elevation Model (DEM) A specialised 3D dataset that represents the surface topography using points of a 
known elevation. 

Effective Warning Time The time available after receiving advise of an impending flood and before the 
floodwaters prevent appropriate flood response actions being undertaken. The 
effective warning time is typically used to move farm equipment, move stock, raise 
furniture, evacuate people and transport their possessions. 

Exceedances per Year (EY) The number of times an event is likely to occur or be exceeded within any given year. 

Flood Relatively high stream flow which overtops the natural or artificial banks in any part of a 
stream, river, estuary, lake or dam, and/or local overland flooding associated with 
major drainage before entering a watercourse, and/or coastal inundation resulting from 
super-elevated sea levels and/or waves overtopping coastline defences excluding 
tsunami. 

Flood fringe areas The remaining area of flood prone land after floodway and flood storage areas have 
been defined. 

Flood liable land Is synonymous with flood prone land (ie.) land susceptibility to flooding by the PMF 
event. Note that the term flooding liable land covers the whole floodplain, not just that 
part below the FPL (refer to flood planning area) 

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

Floodplain risk management 
options 

The measures that might be feasible for the management of particular area of the 
floodplain. Preparation of a floodplain risk management plan requires a detailed 
evaluation of floodplain risk management options. 
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Term Definition 

Floodplain risk management plan A management plan developed in accordance with the principles and guidelines in this 
manual. Usually include both written and diagrammatic information describing how 
particular areas of flood prone land are to be used and managed to achieve defines 
objectives. 

Flood plan (local) A sub-plan of a disaster plan that deals specifically with flooding. They can exist at 
state, division and local levels. Local flood plans are prepared under the leadership of 
the SES. 

Flood planning levels (FPLs) Are the combination of flood levels (derived from significant historical flood events or 
floods of specific AEPs) and freeboards selected for floodplain risk management 
purposes, as determined in management studies and incorporated in management 
plans. FPLs supersede the “designated flood” or the “flood standard” used in earlier 
studies.  

Flood proofing A combination of measures incorporated in the design, construction and alteration of 
individual buildings and structures subject to flooding, to reduce or eliminate flood 
damages. 

Flood readiness Readiness is an ability to react within the effective warning time. 

Flood risk Potential danger to personal safety and potential damage to property resulting from 
flooding. The degree of risk varies with circumstances across the full range of floods. 
Flood risk in this manual is divided into 3 types, existing, future and continuing risks. 
They are described below. 

Existing flood risk: the risk a community is exposed to as a result of its location on the 
floodplain. 

Future flood risk: the risk a community may be exposed to as a result of new 
development on the floodplain. 

Continuing flood risk: the risk a community is exposed to after floodplain risk 
management measures have been implemented. For a town protected by levees, the 
continuing flood risk is the consequences of the levees being overtopped. For an area 
without any floodplain risk management measures, the continuing flood risk is simply 
the existence of its flood exposure. 

Flood storage areas Those parts of the floodplain that are important for the temporary storage of 
floodwaters during passage of a flood. The extent and behaviour of flood storage areas 
may change with flood severity, and loss of flood storage can increase the severity of 
flood impacts by reducing natural flood attenuation. Hence, it is necessary to 
investigate a range of flood sizes before defining flood storage areas 

Floodway areas Those areas of the floodplain where a significant discharge of water occurs during 
floods. They are often aligned with naturally defined channels. Floodways are areas 
that, even if only partially blocked, would cause a significant redistribution of flood flow, 
or a significant increase in flood levels. 

Freeboard Provides reasonable certainty that the risk exposure selected in deciding on a 
particular flood chosen as the basis for the FPL is actually provided. It is a factor of 
safety typically used in relation to the setting of floor levels, levee crest levels, etc.  
Freeboard is included in the flood planning level.  

Hazard A source of potential harm or situation with a potential to cause loss. In relation to this 
manual the hazard is flooding which has the potential to cause damage to the 
community.  

Light Detection and Ranging 
(LiDAR) 

A remote sensing survey method that uses a pulsed laser light to measure distances to 
a target. This typically involves a device being mounted to an aircraft that is flown at a 
known height, such that vast areas of the underlying terrain can be surveyed. 

Local overland flooding Inundation by local runoff rather than overbank discharge from a stream, river, estuary, 
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Term Definition 

lake or dam.  

m AHD Metres Australian Height Datum (AHD) 

m/s Metres per second.  Unit used to describe the velocity of floodwaters. 

m3/s Cubic metres per second or “cumecs”.  A unit of measurement of creek or river flows or 
discharges.  It is the rate of flow of water measured in terms of volume per unit time. 

Mainstream flooding Inundation of normally dry land occurring when water overflows the natural or artificial 
banks of a stream, river, estuary, lake or dam. 

Modification measures Measures that modify either the flood, the property or the response to flooding.  

Overland flow path The path that floodwaters can follow as they are conveyed towards the main flow 
channel or if they leave the confines of the main flow channel.  Overland flow paths can 
occur through private property or along roads. 

Probable Maximum Flood (PMF) The largest flood that could conceivably occur at a particular location, usually 
estimated from probable maximum precipitation couplet with the worst flood producing 
catchment conditions.  Generally, it is not physically or economically possible to 
provide complete protection against this event.  The PMF defines the extent of flood 
prone land, that is, the floodplain. 

Probable Maximum Precipitation 
(PMP) 

The  PMP  is  the  greatest  depth  of  precipitation  for  a  given  duration  
meteorologically possible over a given size storm area at a particular location at a 
particular time of the year, with no allowance made for long-term climatic trends  
(World  Meteorological  Organisation,  1986).    It is the primary input to PMF 
estimation. 

Risk Chance of something happening that will have an impact. It is measured in terms of 
consequences and likelihood. In the context of the manual it is the likelihood of 
consequences arising from the interaction of floods, communities and the environment. 

Runoff The amount of rainfall which actually ends up as a streamflow, also known as rainfall 
excess. 

Stage Equivalent to water level (both measured with reference to a specified datum) 

TUFLOW TUFLOW is a computer program which is used to simulate free-surface flow for flood 
and tidal wave propagation. It provides coupled 1D and 2D hydraulic solutions using a 
powerful and robust computation. The engine has seamless interfacing with GIS and is 
widely used across Australia. 

Watershed Bounded Network 
Model (WBNM) 

WBNM is a computer program which is used to simulate local catchment rainfall-runoff 
processes, incorporating the effects of storage and routing to estimate a flood 
hydrograph at the catchment outlet. 

XP-RAFTS XP-RAFTS is a computer program which is used to simulate catchment rainfall-runoff. 
It is widely used across Australia in both urban and rural catchments. 
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1. Introduction 
1.1 Proposal background 
Jacobs has been appointed by Roads and Maritime Services to undertake the concept design and 
environmental assessment for the upgrade of the M1 Princes Motorway Mount Ousley interchange. The primary 
goals of the proposed upgrade are to improve road safety, travel times and to cater for the growing freight task. 

The M1 Princes Motorway is the primary road link between Sydney and the Illawarra with average daily traffic of 
more than 50,000 vehicles per day using this link at the base of Mount Ousley near Wollongong. Heavy vehicles 
represent up to 15 per cent of total daily vehicle movements. The M1 Princes Motorway and Mount Ousley 
Road currently experience heavy traffic congestion particularly during weekday, weekend and holiday peaks. 
The intersection of these two roads is the only location on the M1 Princes Motorway between Waterfall and 
Albion Park Rail (a distance of about 60 km) where vehicles turning right to access the motorway need to give 
way to oncoming motorway traffic. In addition to poor road network performance, 56 crashes were recorded in 
the vicinity of the intersection during the five year period between July 2011 and June 2016 (inclusive). Of the 
56 crashes, one crash resulted in one fatality and four injuries, and 23 were injury crashes. The two most 
common crash types were intersection and rear end crashes. 

The southbound carriageway of the M1 Princes Motorway has a signposted speed limit of 80 km per hour for 
light vehicles and 40 km per hour for heavy vehicles (trucks and buses). This speed differential creates conflicts 
between light and heavy vehicles as faster moving light vehicles (travelling in the median lane) are required to 
cut across groups of slower moving heavy vehicles (travelling in the kerbside lane) to access the exit at Mount 
Ousley Road. Conflicting interactions between light and heavy vehicles create road safety risks as well as 
contributing to flow breakdown (stop-start or acceleration and braking) conditions, thus affecting the efficiency of 
the network in this area. In turn, this reduces the efficiency of access to nearby destinations, such as the 
Wollongong CBD and University of Wollongong. 

Further south on the M1 Princes Motorway, the southbound morning traffic queue at the University Avenue off 
ramp is observed to tail back toward the motorway, comprising vehicles mostly bound for the university. This 
also creates flow breakdown on the motorway and increases the risk of crashes between through traffic and 
vehicles slowing down to exit the motorway. Modelling shows that in the future years, without intervention these 
queues would regularly extend back onto the M1 Princes Motorway in peak times, blocking the Mount Ousley 
Road intersection and southbound access into Wollongong.   

Additionally, the M1 Princes Motorway creates a barrier for safe pedestrian and cyclist movements between the 
University of Wollongong and suburbs to the north. Within three km of the university, 23 percent of students live 
to the north of the campus. However, only four percent of people who walk to the university come from suburbs 
to the north. 

1.2 The proposal 
The proposal is situated at the base of the Illawarra escarpment at Mount Ousley, where the M1 Princes 
Motorway enters Wollongong via an existing at-grade intersection with Mount Ousley Road, as shown in Figure 
1-1. The main features of the proposal include:  

• An overpass from Mount Ousley Road to allow northbound traffic to safely access the M1 Princes 
Motorway  

• A dedicated heavy vehicle bypass lane, to separate heavy vehicles from general southbound traffic on the 
M1 Princes Motorway and light vehicles exiting at Mount Ousley Road 

• A dedicated southbound heavy vehicle exit ramp to Mount Ousley Road, to separate heavy and light 
vehicles exiting the M1 Princes Motorway to Mount Ousley Road 

• A new entry to the University of Wollongong from the M1 Princes Motorway, for both northbound and 
southbound vehicles, via a new overpass from Mount Ousley Road and a new (northbound) motorway exit 
ramp 

• A new exit from the University of Wollongong to the M1 Princes Motorway northbound, and to Mount 
Ousley Road via the new overpass 

• New roundabouts at Mount Ousley Road, servicing the new entrance to the University of Wollongong and 
for vehicles exiting the M1 Princes Motorway (from northbound and southbound lanes) at Mount Ousley 
Road 

• A new southbound service road, which would replace the existing southbound access from the M1 Princes 
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Motorway to University Avenue  
• Two new heavy vehicle safety ramps 
• A new pedestrian and cyclist bridge over Mount Ousley Road and the M1 Princes Motorway, and a new 

shared path connecting suburbs to the north with the University of Wollongong and the TAFE NSW 
Wollongong campus  

• Upgrades to the existing pedestrian bridge over the M1 Princes Motorway at Northfields Avenue, including 
extending the bridge span and changes to the eastern access ramp 

• A new commuter car park, relocated to the southern side of the M1 Princes Motorway, with additional 
formalised parking spaces 

• New noise walls along the M1 Princes Motorway, between the motorway and nearby residential areas 
− On the northern side of the M1 Princes Motorway, extending the existing noise wall along Dumfries 

Avenue as far as Foothills Road 
− On the southern side of the M1 Princes Motorway, extending the existing noise wall along the edge of 

the motorway as far as the proposed western roundabout. 
• New noise walls along Mount Ousley Road, between the M1 Princes Motorway interchange and Gowan 

Brae Avenue. 
The proposal can be seen in Figure 1-2. 
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Legend 

 
Figure 1-1  Proposal context 
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Legend 

 
Figure 1-2 The proposal 
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1.3 Purpose of this report 

The potential hydrology and flooding impacts that may arise during the construction and operation of the 
proposal are presented, together with safeguards and management measures to mitigate any negative flood 
impacts. This includes outlining existing flood behaviour, summarising potential flood impacts of the interchange 
upgrade and possible mitigation options. Water quality is addressed separately in the Surface and ground water 
quality assessment report in Appendix I. 

1.4 Methodology 

The methodology for this assessment involved: 

• Reviewing background information relevant to the proposal, including: 

o Previous flood investigations for the area including Fairy and Cabbage Tree Creeks Flood Study 
(BMT WBM, 2009), Fairy and Cabbage Tree Creeks Floodplain Risk Management Study and 
Plan (Bewsher, 2010), Culvert Surcharge Management Study for Upper Mount Oulsey Road 
(GHD, 2012) and Memorial Drive Off Ramp Upgrade, North Wollongong – Review of 
Environmental Factors (Cardno, 2016). 

o Flood modelling (including hydrological and hydraulic modelling) undertaken for the above studies 

o Survey data, including detailed survey within the proposal boundary of the road, road features 
and drainage as well as LiDAR data. 

o GIS data including aerial photography, cadastre and Council’s drainage layer. 

• Utilisation of the available hydrological and hydraulic models to assess the existing flood conditions for 
the area. This involved updating the existing models with the latest available information including 
Wollongong City Council’s latest blockage policy (2016) and refinement of the hydraulic model for the 
study area to better assess the flood behaviour. 

• Utilisation of the hydrological and hydraulic models to assess the flood conditions with the proposal.  
This involved updating the models with the proposed design. 

• Identifying potential impacts on flood behaviour as a result of the proposal and identifying additional 
potential mitigation measures. 

1.5 Structure of the report 

This report is comprised of the following chapters which provide details on the various stages required to meet 
the study objectives: 

• Chapter 1 introduces the study. 

• Chapter 2 discusses the available data. 

• Chapter 3 details the existing environment and flood behaviour 

• Chapter 4 describes the proposed concept design 

• Chapter 5 discusses the potential flood impacts 

• Chapter 6 outlines the proposed safeguards and mitigation measures 

• Chapter 7 provides a summary of the residual impacts 

• Chapter 8 lists the references used 
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2. Review of available data 
2.1 Previous studies 

There have been a number of studies undertaken within the catchment area including a flood study for Fairy 
and Cabbage Tree Creeks (BMT WBM, 2009); floodplain risk management study and plan for Fairy and 
Cabbage Tree Creeks (Wollongong City Council, 2010), Culvert Surcharge Management Study for Upper Mount 
Oulsey Road (GHD, 2012) and Memorial Drive off ramp upgrade (Cardno, 2016). 

2.1.1 Fairy and Cabbage Tree Creeks Flood Study (BMT WBM, 2009) 

The Fairy and Cabbage Tree Creeks Flood Study was completed by BMT WBM in 2009 on behalf of 
Wollongong City Council and defines the flood behaviour across the Fairy and Cabbage Tree Creek 
catchments, including the study area. It is a technical document describing the development of the hydrologic 
and hydraulic models that were used to simulate flooding across the catchments. 

2.1.2 Fairy and Cabbage Tree Creeks Floodplain Risk Management Study and Plan (Bewsher, 2010) 

The Fairy and Cabbage Tree Creeks Floodplain Risk Management Study and Plan was completed by Bewsher 
in 2010 and uses the flood model results developed for the flood study to evaluate options for managing 
flooding issues across the catchments. The study and plan provides an estimation of the high, medium and low 
flood risk precincts used for planning and development control. It also provides a detailed evaluation of potential 
floodplain management measures to reduce flood damages to existing developments with consideration of the 
environmental, social and economic factors. Recommended high priority structural works which would affect 
flooding in the proposal area include: 

• Roads and Traffic Authority (now Roads and Maritime Services) to investigate the feasibility of a 
detention basin upstream of Parkview Grove as a means of reducing flow down Mount Ousley Road 
(M1 Princes Motorway). 

• Roads and Traffic Authority (now Roads and Maritime Services) to maintain the waterway area that 
existed prior to recent works at the Mount Ousley Road (M1 Princes Motorway) culverts at the top of the 
Parkview Grove Branch. 

• Install debris control structures, including two culverts located on Mount Ousley Road (M1 Princes 
Motorway) 

2.1.3 MR95 – Upper Mount Ousley Road: Culvert Surcharge Management Study (GHD, 2012) 

The objective of this study was to review the culvert capacities for all of the MR95 culverts, the inter-
relationships with catchments and road installations on a consolidated basis. An XP-RAFTS model was 
developed to simulate catchment runoff and culvert capacities were estimated using Bentley Culvert Master 
(considering no blockage). The resulting overflow in the northbound carriageway (constrained by the F type 
median barrier) was simulated in the XP-RAFTS model. The resulting flows, flood depths and vehicle hazard 
categories were obtained for the 20%, 10%, 5%, 2% and 1% AEP events. The resulting accumulated flows at 
the downstream end of the study area were 1.9, 4.1, 7.9, 14.6 and 23.1 m3/s for these events, respectively. The 
study also proposed various strategies to reduce the potential for significant surface runoff on the road. 

2.1.4 Memorial Drive Off Ramp Upgrade, North Wollongong, Review of Environmental Factors 
(Cardno 2016) 

The Memorial Drive Off Ramp Upgrade Review of Environmental Factors (REF) was completed by Cardno in 
2016. The document looks at options for upgrading the Memorial Drive northbound off ramp at the Princes 
Highway, approximately 600 m downstream of the Mount Ousley interchange proposal, to improve road safety 
and traffic flow on Memorial Drive. It also looks at the environmental impacts of the Off Ramp Upgrade, with a 
particular focus on the flooding impacts, and how they can be minimised.  
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2.2 Flood model data 

The following flood models were obtained: 

• The Fairy and Cabbage Tree Creeks Flood Study (BMT WBM, 2009) Watershed Bounded Network 
Model (WBNM) hydrologic model and TUFLOW linked one dimensional-two dimensional (1D-2D) 
hydraulic model. 

• Memorial Drive Off Ramp Upgrade, North Wollongong, Review of Environmental Factors (Cardno, 
2016) TUFLOW hydraulic model. This model was based on the flood study model, with some additional 
updates. This model was used and updated for the current assessment. 

2.3 Additional GIS data 

The following additional GIS data was provided to undertake the flood assessment: 

• Detailed survey of the existing roads within the study area. This included the drainage network and 
surrounding terrain. 

• Details on existing hydraulic structures crossing the M1 Princes Motorway including design drawings, 
as-built drawings and inspection reports. 

• LiDAR terrain data captured in 2013 by LPI, provided as a 1m digital elevation model (DEM) covering 
the study area. 

• Aerial imagery captured in 2016. 

• GIS layers of the stormwater network, as held by Wollongong City Council. 

2.4 Wollongong City Council Blockage Policy 

Wollongong City Council (Council) completed a review of their Conduit Blockage Policy in 2016 to ensure that 
the policy meets the current and future requirements of Council and the community in a fair and reasonable 
way. Based on the outcomes of the policy review, data compilation and probabilistic modelling analysis, it was 
recommended that Council’s Conduit Blockage Policy be revised. The revised blockage policy is set out in the 
Review of Conduit Blockage Policy Summary Report (WMAwater, 2016). 

The revised policy includes the application of two different blockage factors, “Design” blockage factors and “Risk 
Management” blockage factors. “Design” blockage factors are to be applied for infrastructure design, assessing 
changes to flood behaviour resulting from proposed development, assessing the benefit of proposed flood 
mitigation works, estimating flood damages and assessing flood risk for insurance purposes. “Risk 
Management” blockage factors are for setting Flood Planning Levels, determining the Flood Planning Area and 
delineating Flood Risk Precincts. “Design” blockage factors are applicable to the Mount Ousley Interchange and 
should be used for the estimation of design flood levels, velocities and depths for flood studies and the 
infrastructure design. Details of the “Design” blockage factors are shown in Table 2-1. 
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Table 2-1 : “Design” blockage factors 

 
Source: Review of Conduit Blockage Policy Summary Report (WMAwater, 2016) 

Culvert and bridge classifications are defined as follows: 

• Class 1. Pipes 1.2 m internal diameter or smaller. Box culverts or bridges with a diagonal opening less than 
1.5 m, and a width or height less than 0.9 m. 

• Class 2. Pipes greater than 1.2 m internal diameter. Box culverts or bridges with a diagonal opening of 
more than or equal to 1.5 m, less than 3 m and minimum dimension of 0.9 m for both width and height. 

• Class 3. Box culverts or bridges with a diagonal opening of more than or equal to 3 m, less than 6 m, and a 
minimum dimension of 1.2 m for both width and height. 

• Class 4. Box culverts or bridges with a diagonal opening greater than or equal to 6 m, and a minimum 
dimension of 2.5 m for both width and height. 

For “Design” applications, flooding is to be assessed using the following two scenarios: 

• No blockage; and 

• “Design” blockage factors. 
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3. Existing Environment 
3.1 Catchment description 
The proposal is located at the base of Mount Ousley, on the Illawarra Escarpment. Mount Keira is located 
approximately 2.2 kilometres west of the proposal area, at an elevation of approximately 465m AHD. The 
catchment drains east, down the steep slopes of Mount Keira to the proposal area, located at an elevation 
between 15 and 40 m AHD. The M1 Princes Motorway runs from the top of the Illawarra Escarpment at 
approximately 350 m AHD to the base at Mount Ousley. The road runs generally north/south, almost parallel to 
the escarpment at the start of its descent, before crossing Cabbage Tree Creek and heading south east. At the 
proposal location, Mount Ousley Road continues east into Fairy Meadow and the suburbs of Wollongong. The 
M1 Princes Motorway turns south from the intersection. 

The proposal crosses two unnamed ephemeral creeks, south of the proposed interchange, as shown in Figure 
3-1. The northern creek runs west to east along the northern edge of the University of Wollongong sporting 
facilities and is referred to as the Dallas Street Branch in the Fairy and Cabbage Tree Creeks Flood Study (BMT 
WBM, 2009). The creek is an incised channel, with a steep 15 m high batter on its northern edge up to the M1 
Princes Motorway and a 5 m high batter on the southern side to the University of Wollongong sporting facilities. 
It currently crosses the M1 Princes Motorway via 3 x 1350 mm diameter culverts. The catchment draining to this 
culvert is approximately 50 hectares. The creek discharges into Cabbage Tree Creek approximately 1.4 km 
downstream of this crossing. There is also another minor culvert crossing for this catchment just to the east of 
the University of Wollongong sporting fields. This culvert is located at the sag point on the M1 Princes 
Motorway. The culvert is a 2 x 1350 mm (W) x 600 mm (H) box culvert. 

The second crossing is just south of Northfields Avenue at the southern end of the proposal boundary. This is 
referred to as the University Branch in the flood study. The open channel is conveyed into 4 x 1400 mm 
diameter pipes between the University of Wollongong bus bays and the multi-deck carpark. This flows for 
approximately 380 m before being discharged into an open channel downstream of Irvine Street. It is then 
conveyed under the M1 Princes Motorway by 4 x 1800 mm (W) x 900 mm (H) box culverts. The catchment 
draining to this culvert is approximately 85 hectares. The waterway discharges into Fairy Creek. 

In addition to these major drainage catchments, there is a smaller catchment between the M1 Princes Motorway 
/ Mount Ousley Road and Dumfries Avenue that drains south into the proposal area (shown in Figure 3-1). The 
M1 Princes Motorway also captures water from road runoff and water in excess of the capacity of cross 
drainage culverts. The water is contained within the road corridor by concrete type F barriers and noise walls. 
Water in excess of the drainage capacity will then make its way down to the proposal location at the bottom of 
the escarpment.
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Legend 

 

Figure 3-1  Creek crossings and catchments draining to them 
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3.2 Existing flood model 
The flood model developed for the “Fairy and Cabbage Tree Creeks Flood Study” (BMT WBM, 2009) was 
updated by Cardno in 2016 for the proposed Memorial Drive Off Ramp Upgrade. This updated existing model 
was then used for the modelling and analysis contained in this assessment. The study utilised a WBNM 
hydrologic model to estimate the runoff from the contributing catchments, covering an area of approximately 
2074 hectares. These flows were then used as boundary conditions for a linked 1D-2D TUFLOW hydraulic 
model. 

The hydraulic model covers an area of 561 hectares and a separate model domain was developed for 
Wellington Drive covering an area of 7 hectares. The 2D domain was developed using LiDAR data from several 
sources. The model incorporates 1D structures such as open channels, culverts and bridges to allow the 
exchange of water through a 2D embankment.  Upstream of the 2D domain, there are 1D channels defined to 
route flows down the Illawarra escarpment into the 2D domain. This includes the representation of the M1 
Princes Motorway. A total of 21 cross drainage culverts along the M1 Princes Motorway were represented in the 
model as individual flow paths. In conjunction with the culverts, the overflow to the M1 Princes Motorway was 
represented by weirs at the level of the western road crest at the culvert location (derived from the DEM). The 
overflow is then conveyed by steep channels representing the flow along the M1 Princes Motorway. Cross 
sections for the road were derived from the DEM and included the representation of the type F barriers along 
the median. 

The TUFLOW model was calibrated to the flood events of August 1998 and October 1999. Almost 400mm of 
rain fell at Mount Ousley on the 17th August 1998. The most significant recorded intensities being in the order of 
a 1% AEP event, although the rainfall was highly variable across the catchment. The October 1999 event was 
even more varied across the catchment and was a short rainfall burst resulting in a small flood event. 
Considering the nature of the variables, such as rainfall distribution and blockages of conduits, it was concluded 
that the models (hydrological and hydraulic) accurately represented the flooding characteristics of the 
catchment sufficient for defining flooding behaviour with design storm events. 

The calibrated flood model was run for the 20%, 5%, 2% and 1% annual exceedance probability (AEP) events 
plus the probable maximum flood (PMF) for the flood study. A number of blockage scenarios were also run, 
using Council’s Conduit Blockage Policy (2002). An envelope approach was used to define the peak flood levels 
across the catchments.  

3.3 Updated flood model 

The existing flood model was reviewed and updated to more accurately represent features in the vicinity of the 
proposal. The updated model was then used as the baseline case, representing the existing conditions, for the 
flood impact assessment. At each stage of updating, the flood behaviour was checked against the behaviour 
simulated by the flood study model to ensure consistency. The following updates have been made to the 
existing hydraulic model to develop the baseline hydraulic model, and can be seen in Figure 3-2: 

• The proposal area was modelled with a 2 m grid. This was nested within the existing 5 m grid. 

• The topographic survey data was used to define terrain levels and hydraulic controls within the proposal 
area. Where this information was not available, the LiDAR data was used to define the terrain. 

• Catchments within the proposal area were refined to include more detailed sub-catchments within the 
WBNM hydrologic model. The inflow boundaries within the TUFLOW model were updated to align with 
these updated catchments. 

• The one dimensional (1D) representation of the Dallas Street Branch upstream of the M1 Princes Motorway 
was converted to a two dimensional (2D) flow path since the finer model grid size and survey data within the 
channel allow for this. The model was also extended upstream in order to model the full proposal area. 

• Existing transverse drainage structures that were surveyed were included in the model as 1D elements. 
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• The Review of Conduit Blockage Policy was completed in 2016 and presents revised blockage factors to be 
adopted across the Wollongong local government area (LGA). Further discussion on the blockage policy is 
provided in Section 2.4. This new blockage policy was applied to the structures within the flood model. 
Since the proposal area is located at the upper end of the catchment, two scenarios were used to define the 
flood behaviour in the proposal area: an unblocked scenario and a blocked scenario where all culverts 
across the catchment were blocked to the degree defined in Council’s blockage policy. The blockage of 
structures includes those along the M1 Princes Motorway down the Illawarra Escarpment. The blockage of 
these structures results in overflows being conveyed down the M1 Princes Motorway into the proposal area. 
The blockage of structures will also result in afflux upstream of the M1 Princes Motorway cross drainage 
structures for the Dallas Street Branch and University Branch. The blocked scenario would result in the 
maximum water levels upstream of the M1 Princes Motorway crossings of the Dallas Street Branch and 
University Branch, while the unblocked case would provide the maximum water levels downstream of these 
crossings. 
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Legend 

 

Figure 3-2  Updated existing conditions TUFLOW model 
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3.4 Existing flood behaviour 

The baseline case hydraulic model was run for the 20%, 10%, 5%, 2% and 1% AEP design events plus the 
PMF event for the 2 hour duration, since the 2 hour storm was critical, producing the peak flood levels in the 
vicinity of the proposal, according to BMT WBM’s assessment of critical durations (BMT WBM, 2009). For each 
event, two scenarios were run – one with no blockage of hydraulic structures and one with blockage of hydraulic 
structures according to Council’s updated blockage policy (2016). The peak water levels, peak depths and peak 
velocities were defined for both the unblocked and blocked scenarios. Flood maps showing the peak flood 
depth (with water level contours) and peak flood velocity for the range of flood events modelled are presented in 
Appendix A. 

3.4.1 Existing flood behaviour for unblocked scenario 

Flooding along the Dallas Street Branch is a result of local catchment runoff and flows running down the M1 
Princes Motorway. Overland flow along Dallas Street is present in all events downstream of the intersection with 
Robsons Road and Binda Street. Flood water is conveyed along Dallas Street before breaking out into an open 
grassed area before the intersection with Ashcroft Place. A twin 800 mm diameter culvert conveying water from 
the western end of Dallas Street also discharges at this location. Water flows into a channel located between 
properties on Ashcroft Place and the University of Wollongong’s (UOW) Building 31. This channel flows east 
before being conveyed into a single 900 mm diameter culvert near the UOW Northern Carpark. The culvert 
discharges approximately 100 m downstream into another channel. The upstream channel contains flood water 
up to and including the 1% AEP event, with flood depth reaching almost 4 m. In the PMF event, the high ground 
in between these two channels is overtopped and water flows into UOW’s Northern Carpark and continues east 
onto the hockey field. From the second channel, there is another culvert (single 900 mm diameter pipe) that 
carries flow into the larger incised channel located between the UOW sporting facilities and the M1 Princes 
Motorway. Another channel joins at this location which carries flow past 17 Falder Place. Once these two 
channels join, water flows east along the incised channel, being contained by the M1 Princes Motorway 
embankment to the north and the UOW sporting fields to the south. Water is generally contained within the 
channel up to and including the 1% AEP event. 

In the 20% to 1% AEP events, overland flows enter the channel laterally from the M1 Princes Motorway. This 
flow originates from the transverse drainage catchment runoff exceeding the capacity of the structures along the 
M1 Princes Motorway as it descends the Illawarra Escarpment. It has been assumed that the concrete F-type 
median barrier would contain these overflows to the northbound carriageway and allow them to continue all the 
way down to the proposal area. Noise barriers located along the M1 Princes Motorway where the road aligns in 
an east-west direction prevents water from flowing down the hill into the urban area around Dallas Street. 
Floodwater can reach over 1 m in the gutter of the northbound carriageway in the 1% AEP event, with velocities 
of up to 5 m/s. On the southern side of the M1 Princes Motorway, the noise barrier containing the flow stops 
near the intersection with Mount Ousley Road. It is here that overland flow starts to cascade down the slope and 
into the incised creek channel. Cross drainage structures running north to south also contribute to this flow. The 
overflow occurs over a distance of approximately 270 m and flows are generally shallow (less than 0.3 m deep) 
flow in events up to the 1% AEP. 

In the PMF event, overland flows enter the channel laterally from both the M1 Princes Motorway and the 
University of Wollongong. The overland flow breaking out of the channel through the UOW’s Northern Carpark 
and into the hockey field can then flow north, back to the creek or south east to the soccer field. From there, 
overland flow continues through the university, along the access road and through the sporting fields. The flow 
is generally shallow (less than 0.3 m) but can be up to approximately 1 m deep around buildings in the 1% AEP 
event. Water can flow to the north back to the creek or east toward the M1 Princes Motorway sag point. At the 
sag point (refer Figure 3-1), water ponds on the western side of the M1 Princes Motorway in all events from the 
20% AEP to the PMF. The 2 x 1350 mm (W) x 600 mm (H) culvert at the sag point does not have capacity to 
convey even the 20% AEP event runoff that ponds at this location. Along this section of the M1 Princes 
Motorway, there are concrete F-type barriers, which are just overtopped in the 5% AEP event. In the 5% AEP 
event, the water reaches depths of up to 1.5 m in the northbound carriageway and up to 1.6 m in the 1% AEP 
event. The flooding extends for approximately 270 m along the northbound carriageway of the M1 Princes 
Motorway. 



Hydrology and Flooding Working Paper 

 
IA128700 Review of Environmental Factors 22 

The southbound carriageway is flooded by water flowing down the M1 Princes Motorway from the Illawarra 
Escarpment that is trapped on the southbound carriageway by the F-type barrier. This is also added to by 
overland flow from the catchment to the north of the proposal area exceeding cross drainage capacity. This 
water ponds at the sag point and combines with water overtopping the barrier from the northbound carriageway. 
The depth reaches approximately 0.6 m in the 1% AEP event at the barrier. When the ponding level exceeds 
the outer kerb edge, water flows east through Wollongong TAFE, joining flows from the sag point culvert. To the 
north, the main culvert crossing the M1 Princes Motorway (3 x 1350 mm diameter pipes), takes flow from the 
Dallas Street Branch and discharges it on the downstream side into the channel. Water remains in the channel 
upstream of this culvert in events up to the 2% AEP. In the 2% AEP event, water just overtops the southern 
channel bank just upstream of the culvert and water flows toward the sag point on the M1 Princes Motorway. 
Downstream of the Dallas Street Branch culvert and sag point on the M1 Princes Motorway, overland flows and 
channelised flows combine as flow exceeds the channel capacity and spread across the floodplain in all events. 

From the intersection of the M1 Princes Motorway with Mount Ousley Road, water that exceeds the capacity of 
the cross drainage structures can also flow east, down Mount Ousley Road. This flow path is activated in the 
PMF event. The flow is generally very shallow (less than 0.1 m deep), with velocities generally less than 0.5 
m/s, upstream of Gaynor Avenue. This combines with flows coming down Dumfries Avenue (where the 
stormwater network capacity is exceeded in the 5% AEP event) near Gaynor Avenue. Overland flow continues 
down Dumfries Avenue and the three separate carriageways of Mount Ousley Road toward the Princes 
Highway. 

Along the University Branch, channelised flows are conveyed into a 4 x 1400 mm diameter culvert between the 
UOW bus bays and the multi-deck carpark. The 20% AEP starts to break out of the channel, but the extent is 
minor. Only in the PMF event is overland flow significant, flowing down Northfields Avenue and causing flooding 
through the University to the north. The culvert discharges immediately downstream of Irvine Street into a 
channel before being conveyed into 4 x 2200 mm (W) x 1350 mm (H) box culvert under the M1 Princes 
Motorway northbound off ramp. Another short open channel is present before water is conveyed through a 4 x 
1800 mm (W) x 900 mm (H) box culvert under the M1 Princes Motorway. In the 10% AEP event, water starts to 
break out of the channel upstream of the M1 Princes Motorway culvert and flow south along the road verge, 
eventually joining another channel south of the University Avenue overpass. In the 5% AEP event, water starts 
to break out of the channel upstream of the M1 Princes Motorway off ramp as well, flowing south. The 
northbound carriageway of the M1 Princes Motorway start to be affected in the 5% AEP event, with depths of up 
to 0.3 m in the gutter. In the 2% and 1% AEP events, the northbound carriageway of the M1 Princes Motorway 
becomes inundated, and is contained to the northbound carriageway by the F-type barrier. Depths reach up to 
0.5 m in the 1% AEP, with velocities of approximately 1.5 m/s. In the PMF event, water breaks out of the 
University Channel Branch upstream of the M1 Princes Motorway to the north and south, causing extensive 
inundation. Downstream of the M1 Princes Motorway on the University Branch, there is a channel conveying 
flows around the south western edge of a sporting field before crossing under Foleys Lane and Memorial Drive 
and continuing through the urban areas of North Wollongong. Flows are contained within the channel up to and 
including the 10% AEP event. In the 5% AEP event, water starts to break out across University Avenue and join 
another channel (Botanic Gardens Branch) to the south. This is evident in events up to the 1% AEP. Water can 
also break out of the channel at the upstream end and can cause inundation of the M1 Princes Motorway 
southbound off ramp to University Avenue in the 2% and 1% AEP event, up to 0.2 m deep. In the PMF event, 
water breaks also out of the channel to the east and water can flow through the sporting field. 

3.4.2 Existing flood behaviour for blocked scenario 

For the blocked scenario, Wollongong City Council’s Blockage Policy (2016) was implemented for all hydraulic 
structures across the catchment. This will typically result in the maximum flooding within the project area 
upstream of the M1 Princes Motorway. One major difference between the two scenarios is the flows coming 
down the M1 Princes Motorway from the Illawarra Escarpment. In the blocked scenario, the transverse drainage 
structures along the M1 Princes Motorway have reduced capacity, resulting in increased flows entering the 
proposal area. A comparison of flows entering the hydraulic model domain along the M1 Princes Motorway is 
provided in Table 3-1 below. 
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Table 3-1  Flows entering the model domain along M1 Princes Motorway for the baseline case 

Flood event Unblocked scenario flow (m3/s) Blocked scenario flow (m3/s) 

20% AEP 0.04 2.23 

10% AEP 1.48 7.22 

5% AEP 3.89 13.65 

2% AEP 6.49 36.07 

1% AEP 9.59 52.04 

PMF 66.07 122.00 

For the 20% AEP event, the flood behaviour is similar to that of the unblocked case. There is more flow that 
comes down the M1 Princes Motorway, but there is minimal change in flood behaviour. There is less than 0.1 m 
flood level increase in the creek of the Dallas Street Branch, and negligible changes downstream of the M1 
Princes Motorway. There is increased flooding on the University Branch, with flows breaking out of the channel 
upstream of the M1 Princes Motorway crossing and continuing south to join with the channel south of the 
University Avenue overpass. Flood levels are decreased immediately downstream of the M1 Princes Motorway 
crossing since flows do not overtop the road and are controlled by the culvert capacity. 

In the 10% AEP event, the combination of more flows entering the Dallas Street Branch and the blockage of the 
main culvert under the M1 Princes Motorway causes a flood level increase of almost 1.5 m at the upstream end 
of the culvert. This causes water to begin overtopping the bank and flowing toward the sag point on the M1 
Princes Motorway. In the 10% AEP events and rarer, flooding is more prolific both upstream and downstream of 
the M1 Princes Motorway waterway crossing due to both the afflux of water on the upstream side of the blocked 
structures and increase in flows overtopping the road. In the 10% AEP event there is an increase in overbank 
flows on the University Branch upstream of the M1 Princes Motorway, which flow south. There is also overbank 
flooding which occurs on the University Branch downstream of the M1 Princes Motorway, which inundates 
University Avenue. In the 5% AEP event, culvert blockages near the UOW Northern Carpark cause overbank 
flooding, with overland flows running through the university, in a similar fashion to the unblocked PMF event 
flood behaviour. Flooding at the M1 Princes Motorway sag point is also increased, causing water to flow south 
over a small crest and join overland flows from the University Branch. Due to culvert blockages on the University 
Branch, overland flooding affects Northfields Avenue in the 5% AEP event, and worsens in rarer events. The 
shallow overland flooding on Mount Ousley Road is also activated in the 5% AEP event under blocked 
conditions. 

In the 1% AEP event, flood levels in the Dallas Street Branch channel upstream of the M1 Princes Motorway 
increase by up to 1.2 m under blocked conditions, causing flooding on the M1 Princes Motorway above the 
culvert crossing. Flood levels on the M1 Princes Motorway sag point increase by approximately 0.4 m. For the 
PMF event, flood extent is increased with the blocked scenario. The flood levels increasing in the Dallas Street 
Branch channel by up to 0.5 m and at the M1 Princes Motorway sag point by up to 0.15 m. Increased 
overtopping of the concrete median barrier causes an increase in flooding downstream of the M1 Princes 
Motorway also. The flood level increase along the University Branch (along Northfields Avenue) during the PMF 
event is generally up to 0.4 m, with reductions immediately downstream of the M1 Princes Motorway crossing, 
since flows do not overtop the road. The shallow overland flooding remains similar on Mount Ousley Road, 
upstream of Gaynor Avenue. 
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4. Proposed Concept Design 
4.1 Description of the Concept Design 

4.1.1 Construction Phase 

The construction phase would include development of compound sites for construction works and is likely to 
include stockpiles of construction material. The location and nature of these compound and stockpile sites has 
the potential to impact on flood behaviour. The proposed construction phase compound and stockpile sites are 
shown in Figure 4-1. 
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Figure 4-1  Proposed construction compound sites 
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4.1.2 Operational Phase 

The drainage design for the operational phase of the proposal consists of the following aspects which are 
relevant to flooding: 

• The road formation, with the main features of the proposed upgrade as described in Section 1.2. 
• Upgrades to drainage infrastructure, including: 

-  Pavement drainage pit and pipe network, 
-  Table drains, catch drains and water quality swales,  
-  Spill containment basins, and 
-  Transverse drainage culverts and associated inlet and outlet earthworks and scour protection. 

4.1.2.1 Pavement drainage 

The proposal can be seen in Figure 1-2. Proposed pavement drainage has been designed to connect in to 
existing pavement drainage on the M1 Princes Motorway where possible, based on levels in the latest survey. 
Two new underbore pipes have been proposed: a 1200 mm diameter RCP underbore pipe at Stn 79220 to 
separate external runoff from the road pavement runoff, and a 1500 mm diameter RCP underbore pipe is 
proposed at Stn 79880 due to the shallow cover at the upstream end of the existing crossing pipe which does 
not allow sufficient depth to connect the proposed drainage network into the existing drainage network. In 
general, the pavement drainage network has been designed for 10% AEP storm event, with the exception of the 
two trapped sag points located at the Heavy Vehicle Off-Ramp at approximately Stn 79400. The proposed pipe 
network at this location has been designed to cater for the 1% AEP storm event. Additional pits have been 
provided at Mount Ousley Road Northbound On-Ramp to capture the 10% AEP flood event overflow of 4.1 m3/s 
presented in the Culvert Surcharge Management Study (GHD, 2012) in Section 2.1.3. It was agreed to utilise 
Australian Rainfall and Runoff 1987 (Pilgrim, 1987) methodology to design the pavement and transverse 
drainage. This is consistent with what has been used for previous studies including BMT WBM, 2009 and GHD, 
2012. Intensity-Frequency-Duration (IFD) data has also been sourced using Australian Rainfall and Runoff 1987 
methodology. This is conservative, since the latest IFD data suggests that rainfall intensities at the proposal 
area are up to 40 percent lower than the 1987 values.  

4.1.2.2 Water quality treatments 

Spill containment basins and swales have been located where possible within the project boundary to provide 
water quality treatment at the pavement drainage outlets. Due to the steep nature of the existing topography of 
the project vicinity, basins B79260R and B79600R have been designed to consist of fill at the southern bank of 
these basins to minimise footprint and encroachment into the project boundary. Spillways have been provided 
at spill containment basins to discharge treated pavement runoff back into the existing watercourse. 
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4.1.2.3 Transverse drainage 

Existing transverse culverts have been extended where the existing M1 Princes Motorway has been widened as 
part of the project works. Proposed culvert C79280 has been provided beneath the proposed University Access 
Road. Details of transverse culverts are included in Table 4-1. 

Table 4-1  Proposed transverse drainage strategy 

Culvert 
ID 

Location Type Size 
(mm) 

No. of 
Culverts 

Comment 

C79280 Approximately 50 m 
southwest of proposed 
western roundabout 

RCP 2100 4 New culvert proposed 

C79800 M1 Princes Motorway 
between RMS stockpile 
site and TAFE NSW 
Illawarra Campus 

RCP 1350 3 Existing culvert extended at 
the upstream and 
downstream sides. 

C80360 Southbound Service 
Road leading to 
University Avenue, at 
approximately 60m 
south of existing 
pedestrian bridge 
upgrade. 

RCBC 1800 W 
x 900 H 

4 Existing culvert extended at 
the downstream side 
beneath the proposed 
access track. 

4.1.2.4 Catch drains 

At locations where the road alignment is in cut and is draining towards the proposed road alignment, concrete 
lined catch drains are provided to capture the external catchment. Open drains with substantial capacity are 
proposed at the toe of the batter on both sides of the proposed University Access Road. The open drains at the 
western side of the access road are provided to traverse the existing watercourse and drain into proposed 
culvert C79280 and the 1200 mm diameter RCP pipe near the UOW northern car park. The open drain at the 
eastern side of the access road is proposed to capture the overflow at the low point of the road in the 1% AEP 
flood event under blocked conditions. 

4.1.3 Key design features for flood mitigation 

The alignment of the elevated Mount Ousley Road between the western roundabout and eastern roundabout is 
close to the edge of the Dallas Street Branch creek. The edge of this retaining wall is aligned with Mount Ousley 
Road geometry that conforms to Austroads Guidelines, and retains the conveyance capacity of the creek. The 
University Access Road crosses the Dallas Street Branch, across two major flow paths. Two culverts have been 
provided at this location – one to maintain continuity of the existing culvert system on the southern flow path, 
and one to provide continuity of the main creek channel on the northern flow path. A single 900 mm diameter 
culvert is proposed to replace the existing 900 mm diameter culvert on the southern flow path. On the northern 
flow path, a 4 x 2100 mm diameter culvert is proposed based on flood modelling results. This culvert size was 
adopted as it is able to convey catchment flows effectively for the unblocked case, and in blocked conditions. 
The upstream flood level is modelled to be below the estimated ground level on which the properties located 
immediately upstream of the culvert are situated on. This is subject to detailed floor level survey of these 
properties. Alternative culvert sizes were considered, however these were not notably smaller than the culvert 
adopted. This culvert size has been adopted in order to mitigate potential afflux. The resulting flood impacts are 
discussed further in Section 5. 

A channel has been proposed on the eastern side of the University Access Road. This is primarily to capture 
overland flows conveyed down the M1 Princes Motorway from the Illawarra Escarpment. Particularly in the 
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blocked cases, the large amount of flow coming down the road is conveyed to the western roundabout and a 
portion flows along the University Access Road and eventually off the road. While some of the flow enters the 
Dallas Street Branch, some can be discharged into the University of Wollongong, and significant flood impacts 
can occur. The channel is designed to convey flows in events up to the 1% AEP blocked case, restricting them 
from entering the university and discharge them back into the Dallas Street Branch. 

Further downstream, the existing 3 x 1350 mm diameter culvert on the Dallas Street Branch under the M1 
Princes Motorway has been retained and is to be extended. This will help to maintain the existing flooding 
conditions since this is a hydraulic control on this creek. The culvert located at the sag point on the M1 Princes 
Motorway will be upgraded from a 2 x 1350 mm (W) x 600 mm (H) box culvert to a single 1500 mm diameter 
pipe, providing a slight increase in waterway area to drain this sag point. The existing culvert will remain from 
the median to the outlet and will form part of the pavement drainage system. 

On the University Avenue Branch, the existing 4 x 1800 mm (W) x 900 mm (H) box culvert will be retained under 
the M1 Princes Motorway, helping to maintain existing flooding conditions on this branch. The culvert will be 
extended by approximately 5.3 m, to accommodate for the shared path on the downstream side of the M1 
Princes Motorway. 
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5. Potential Flood Impacts 
5.1 Construction Phase 

Temporary compound sites would be required to enable the construction of the project and would include 
stockpiling of material and assets required to complete the construction. A number of construction activities 
have the potential to impact flooding. The inclusion of any temporary fill within the floodplain (e.g. stockpiles) 
would reduce floodplain storage, which can result in increased flood elevations. Buildings, stockpiles and 
machineries located on flow paths also have the potential to cause flood impacts. Temporary crossings of 
watercourses may also be required during the construction and have the potential to impact on flooding. 
Portable buildings and other items not fixed on the site compounds have the potential to float and be carried 
away if affected by deep floodwaters, and may then become lodged and cause blockage of bridges and culverts 
further downstream. This could cause flood level impacts for areas upstream of the blockage. Loose materials 
stored within the floodplain have the potential to be mobilised during a flood, which can become a hazard during 
a flood, and may also contribute to blockage of hydraulic structures. 

Construction phase impacts to flooding have not been modelled as part of the concept design assessment. A 
qualitative assessment has been undertaken on potential flood impacts during the construction phase. 

Temporary watercourse crossings may be required for the Dallas Street Branch to facilitate the construction of 
the University Access Road and works on the M1 Princes Motorway. Temporary watercourse crossings may 
result in the following potential impacts: 

• Disturbance of the watercourse bed and banks, resulting in erosion and sedimentation 

• Partial obstruction of low flows, resulting in minor modification of downstream flow 

• Scour of the bed near the culvert inlets and outlets. 

The proposed compound and stockpile sites (refer to Section 4.1.1 for further information) are shown in Figure 
4-1. The compound site boundaries have been compared to modelling results discussed in Section 3.4. The 
model results and flood maps indicate that the main compound site is generally flood free for the 1% AEP event. 
The southern boundary of the site is located along the Dallas Street Branch, but due to the nature of the terrain 
in this location, the flood water does not extend beyond the creek on its northern edge. Any temporary works 
that are to be located in this site would be situated out of the main creek line. 

There are two stockpile / laydown sites that have been identified. One is located at the site of the proposed 
commuter car park, and the other is a hardstand area located near Northfields Avenue, on the eastern side of 
the M1 Princes Motorway. The stockpile site located at the site of the proposed commuter car park is subject to 
overland flows coming down the M1 Princes Motorway. These flows would be diverted around the stockpile site 
to ensure stockpiles are not subject to high velocity overland flows. Proposed modifications to the existing noise 
barriers may assist in diverting the majority of flows to the Dallas Street Branch further up the M1 Princes 
Motorway. The proposed stockpile site near Northfields Avenue would be located adjacent to the University 
Branch creek line on the downstream side of the M1 Princes Motorway. Flooding in the 1% AEP event would 
not extend onto the site.  

To ensure the benefits of the flood mitigation measures included in the design are realised early in the 
development of the proposal, it is recommended that these measures are implemented during early stages of 
the construction phase. 

Compound and stockpile sites are generally located away from known overland and mainstream flow paths to 
avoid flood impacts during construction. Temporary localised reshaping or bunding within proposed construction 
compound sites would be considered to avoid the potential impact of erosion and carriage of construction 
material. These measures would be outlined in the Construction Erosion and Sedimentation Control Plan. 

Construction of the proposed upgrade would be staged to ensure drainage works provide earlier benefits to the 
catchments to avoid temporary impacts beyond those identified in this report. 
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5.2 Operation Phase 

During the proposal’s operational phase, there is potential for impacts on existing flood behaviour, primarily due 
to: 

• Increased impervious areas causing an increase in surface runoff volumes and peak flows 

• Drainage and culvert upgrades and additions altering existing flow distributions 

• Proposed earthworks encroaching onto the existing creek flow paths causing a reduction in channel 
conveyance and floodplain storage 

• Proposed earthworks causing a redistribution of flows from the M1 Princes Motorway down the Illawarra 
Escarpment and local overland flows flowing north to south across the proposal toward the Dallas 
Street Branch. 

• Proposed traffic barriers causing an increase in ponding levels and a redistribution of flows, including an 
increase in cross-catchment flows between the Dallas Street Branch, University Branch and Botanic 
Gardens Branch. 

The operational phase has been modelled using the WBNM hydrologic and TUFLOW hydraulic models used to 
define the existing conditions flood behaviour. The models were updated to represent the operational conditions 
as follows, and are shown in Figure 5-1: 

• WBNM catchments were adjusted according to the proposed concept design. Impervious fractions were 
also reviewed based on the proposed additional road surface. 

• The proposed finished terrain was represented in the TUFLOW hydraulic model, including proposed 
road barriers, retaining walls, water quality basins and noise barriers. 

• Surface roughness was adjusted in the TUFLOW model based on the proposed design land use. 

• Proposed transverse drainage structures and those draining trapped sag points were included in the 
TUFLOW model. 

The proposed conditions TUFLOW model was run for the 2 hour storm for the 20%, 5%, 2% and 1% AEP and 
PMF events, since the 2 hour event was critical in this location. Both blocked and unblocked scenarios were run 
using Council’s current blockage policy (2016). 
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Figure 5-1  Proposed case TUFLOW model 
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5.2.1 Operational phase flood behaviour 

The flood behaviour within the proposal area is changed as a result of the proposal. Flood depth and velocity 
maps for the proposed operational phase conditions can be found in Appendix B. An overview of the changes in 
flood behaviour is outlined below. 

• A large proportion of flow coming down the M1 Princes Motorway from the Illawarra Escarpment would 
be diverted along the new Mount Ousley Road on ramp northbound. This would result in less flow being 
conveyed along the M1 Princes Motorway, particularly in the northbound lanes. This water, that did 
continue in the northbound carriageway and eventually discharge into the Dallas Street Branch where 
the noise wall ended, would continue into the proposed western roundabout and along Mount Ousley 
Road near the commuter carpark, eventually flowing back onto the M1 Princes Motorway near the 
bridge over M1 Motorway. A large proportion of the flow, however, would continue down the University 
Access Road. Where the proposed noise wall on the western side of the road ends, water could flow 
down the embankment and into the Dallas Street Branch, upstream of the proposed culvert under the 
University Access Road. Where the concrete barrier ends on the eastern side of the University Access 
Road, water would also flow down the embankment and into a channel designed to capture this runoff 
and convey it to the Dallas Street Branch creek, downstream of the proposed culvert under the 
University Access Road. 

• Flows upstream of the University Access Road on the Dallas Street Branch would be restricted by the 
proposed road embankment. Water would be conveyed via a proposed 900 mm diameter culvert, 
designed to replicate the existing culvert. Overflows that originally flowed through the UOW northern 
carpark and through the university would now be largely diverted via a channel along the western side 
of the University Access Road that would convey flows into the main Dallas Street Branch creek line. 
Water at this location would cross the University Access Road via the proposed 4 x 2100 mm diameter 
culverts. 

• The proposed retaining wall of Mount Ousley Road could constrict the flows in the Dallas Street Branch. 
Velocities in the creek would be up to approximately 3 m/s in the vicinity of the retaining wall for the 1% 
AEP and PMF events. 

• Modification to cross drainage structures would result in overland flow from north to south across the 
proposal area being modified. Water from these structures would be discharged into basins which spill 
into the Dallas Street Branch creek line. 

• There are trapped sag points in the proposed design along the heavy vehicle off ramp and heavy 
vehicle safety ramp 1 where ponding of water may occur. There would be depths of up to 0.4 m on the 
heavy vehicle off ramp and 0.5 m on the heavy vehicle safety ramp in the 1% AEP event under blocked 
conditions. 

• Overflows continuing along the northbound carriageway of the M1 Princes Motorway downstream of the 
bridge over the M1 flow overland into the Dallas Street Branch between the proposed basin and the 
culvert on the Dallas Street Branch crossing the M1 Princes Motorway. Water in the southbound 
carriageway would continue to the sag point as it does in the existing conditions, but could be joined by 
flows from the heavy vehicle bypass and southbound service road. 

• At the sag point on the M1 Princes Motorway, there are proposed concrete barriers in the southbound 
carriageway, between the southbound lanes and the southbound service road. Just south of the sag 
point, there is also a proposed barrier located on the eastern side of the southbound service road, 
between the carriageway and the pedestrian track. Due to the superelevation of the road, these 
barriers, located on the eastern side of the road, would be at a higher elevation than the existing median 
concrete barrier. This is likely to result in water ponding to a deeper level at the sag point until the 
higher barrier is overtopped. In less frequent events, when the depth of ponding at this location is high 
enough, water could flow along the western side of the M1 Princes Motorway to the south. There is a 
small crest which divides the catchment of the Dallas Street Branch and the University Branch. Ponding 
at the sag point could cause additional water to flow from the sag point to the University Branch. 
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• Along Mount Ousley Road, from the eastern roundabout down to Gaynor Avenue, there would be no 
overflow from the M1 Princes Motorway, as there is in the existing case. These flows would be trapped 
by the sag points in the proposed design.  

5.2.2 Flood level impacts for the unblocked scenario 

Flood impact maps comparing the proposed operational phase conditions with the existing conditions can be 
found in Appendix C. These impact maps include flood level impact and flow velocity impact maps. 

5.2.2.1 Dallas Street Branch upstream of Princes Motorway 

There would be flood level increases in the Dallas Street Branch channel between Ashcroft Place and UOW 
northern carpark of up to 0.35 m in the 20% AEP event. In the 1% AEP event, this would reduce to 0.24 m. In 
events up to and including the 2% AEP event, the flooding with the proposal would remain within the creek 
corridor. In the 1% AEP event, flood water breaks out of the channel and flows overland towards the proposed 
University Access Road. In the PMF event, the flood level increase would be just 0.01 m, which would affect the 
edge of the current UOW northern carpark.  There are also predicted flood level increases upstream of the 
proposed culvert on the Dallas Street Branch under the University Access Road. Increases of 1-2 m at the 
culvert inlet would be experienced in the 20% to PMF events. This large flood level increase, however, would be 
generally contained within the proposal boundary. On either side of the main channel, the flood level would 
decrease with the proposal. There would be some flood level increases upstream of the proposal boundary of 
up to approximately 0.3 m over the range of flood events modelled. Based on a site investigation, the property 
located at the proposal boundary is set above the natural ground level, with a retaining wall approximately 1.5 m 
high at the proposal boundary. While no accurate survey data exists for this property, the available LiDAR data 
suggests the ground level is at approximately RL 26.0. The flood model results indicate that at the proposal 
boundary, the flood levels, for all events up to the PMF, would be lower than RL 26.0. The property would not 
be impacted by backwater building up behind the proposed embankment. Rather, it is modelled to flood from 
overland flows breaking out of the channel upstream of the proposal.  

Along the Dallas Street Branch, downstream of the culvert crossing the proposed University Access Road, the 
flood levels generally increase outside the proposal boundary and upstream of the point where the proposed 
retaining wall encroaches on the flow path. Predicted flood level increases outside the proposal boundary range 
from 0.01 m in the 20% AEP event, to 0.35 m in the 1% AEP and 0.6 m in the PMF event. The floodwaters, 
however, would still be contained within the channel and would not inundate the university’s facilities. 
Downstream of the constriction point, flood levels would generally decrease for the 20% to 2% AEP events up 
to the eastern end of the proposed basin adjacent to this reach of the channel. The largest decrease would be 
in the 2% AEP event, with peak flood levels reducing by up to 0.1 m. In the 1% AEP and PMF events, the 
reductions would be evident up to the M1 Princes Motorway culvert crossing. In the 1% AEP, these reductions 
would be up to 0.08 m, and up to 0.35 m in the PMF event. From the eastern end of the proposed basin to the 
main culvert under the M1 Princes Motorway, there would be increases in flood levels in the 20% to 2% AEP 
events. These increases would be up to 0.6 m, but again, would still be contained within the channel. 

5.2.2.2 Princes Motorway sag point and Dallas Street Branch downstream 

At the sag point on the M1 Princes Motorway, there would be a reduction in flood level in the northbound 
carriageway, ranging from 0.23 m in the 20% AEP event, to 0.14 m in the 1% AEP event. In the southbound 
carriageway however, there would be an increase in flood levels for the 20% to 1% AEP events. This increase 
would be evident along the southbound carriageway up the hill, indicating that more water is being diverted 
along this carriageway than in the existing conditions. The additional concrete traffic barriers proposed on the 
eastern side of the road would function to contain the water ponding at the sag point in this location. In the PMF 
event, both the northbound and southbound carriageways at the sag point would have increased flood levels, by 
up to 1 m in some locations and extending both upstream and downstream. On the upstream side, flood level 
increase would be up to 0.3 m at the proposal boundary, and would affect a portion of the university sporting 
field. On the downstream side, the largest increase outside the proposal boundary, being up to 0.3 m, would 
occur in the TAFE NSW Illawarra campus. Generally, there would be decreases in flood level of up to 0.1 m 
downstream of the M1 Princes Motorway in the PMF event. 
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Both downstream of the sag point and downstream of the main culvert on the Dallas Street Branch under the 
M1 Princes Motorway, there would be increases in flood level. The largest increase would be up to 0.1 m in the 
2% AEP event within the channel. This would not affect any properties outside of the drainage reserve. 
Overland flow downstream of the M1 Princes Motorway through the TAFE and residential areas generally 
experience a decrease in flood levels of up to 0.1 m, with some isolated areas experiencing increases. 

5.2.2.3 Dumfries Avenue 

In the 20% AEP to PMF events, there would be increases in flood levels along Dumfries Avenue, due to the 
increase in catchment draining to this area. This would result in flood level increases of up to 0.03 m along this 
road. This also causes flood level increases along Mount Ousley Road. 

5.2.2.4 University Branch and Botanic Gardens Branch 

Along the University Branch, there would generally be flood level increases both upstream and downstream of 
the M1 Princes Motorway. In the 20% to 1% AEP events, the increase on the upstream side would be 
approximately 0.01 m and would not extend into private property. Downstream, the flood levels would increase 
by up to 0.09 m at the proposal boundary, but would be contained within the channel and would not extend 
more than 100 m downstream of the proposal boundary. Downstream of this, including the Botanic Gardens 
Branch channel located to the south of the University Branch, there would generally be decreases in flood level 
in the urban areas. In the PMF event however, with the increase in ponding level at the M1 Princes Motorway 
sag point, more water would flow south along the M1 Princes Motorway to the University Branch. While similar 
flood level increases to the more frequent events are expected within the channel on both the upstream and 
downstream sides, overland flows to the south and east would increase, resulting in flood level increases of up 
to approximately 0.05 m over an extensive area on the Botanic Gardens Branch. The most impacted areas 
would be those around College Place and Graham Avenue. The flood depth in this area is typically greater than 
1.5 m for the PMF unblocked scenario. 

5.2.2.5 Additional notes 

Some flood impacts are predicted within the proposal boundary as a result of proposed increases in terrain level 
that are not systematic flood level increases. These would occur on the earthworks located around the 
proposed commuter carpark, including Mount Ousley Road, the western roundabout, the proposed basins and 
the University Access Road. Here, predicted flood levels on the proposed surface have been compared to the 
existing case where there is flow down the steep slope toward the Dallas Street Branch creek. When comparing 
flood levels in these cases, it is not reasonable to assume these are ‘flood impacts’ as such. 

5.2.3 Flood level impacts for the blocked scenario 

Flood impact maps comparing the proposed operational phase conditions with the existing conditions can be 
found in Appendix C. These impact maps include flood level impact and flow velocity impact maps. 

5.2.3.1 Dallas Street Branch upstream of Princes Motorway 

Flood level increases are predicted in the Dallas Street Branch channel between Ashcroft Place and UOW 
northern carpark of up to 0.23 m in the 20% AEP event under the blocked scenario. In the 1% AEP event, this 
reduces to a 0.01 m increase. Water would still remain within the channel up to and including the 10% AEP 
event as it does in the existing conditions. The flood level increase in less frequent events would encroach onto 
the UOW northern carpark. Upstream of the proposed culvert on the Dallas Street Branch under the University 
Access Road, there would also be flood level increases in the range of 0.3 m to 4 m for the 20% AEP to PMF 
events. These large flood level increases however would generally be contained within the proposal boundary 
up to and including the 1% AEP event. Flood level increases at the proposal boundary would be approximately 
0.6 m in the 1% AEP event. The predicted flood level due to ponding behind the proposed culvert under the 
University Access Road is approximately RL 25.2 m. While no accurate survey data exists for this property, the 
available LiDAR data suggests the ground level is at approximately RL 26.0, so the property would not be 
affected by water building up behind the proposed culvert, even in the blocked scenario. It is however, modelled 
to experience flooding from overland flows breaking out of the channel upstream of the proposal. The flood 
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impact due to this flooding mechanism would be up to approximately 0.02 m in the 1% AEP event. In the PMF 
event, while the predicted flood impact in the channel between Ashcroft Place and the UOW northern carpark is 
negligible, the flood impact upstream of the culvert under the proposed University Access Road would be quite 
large, with flood levels increasing by almost 3 m at the proposal boundary with blocked conditions. It is only in 
the PMF event that water would exceed the proposed channel capacity located on the eastern side of the 
University Access Road and flow through the university. Under existing conditions, water was flowing through 
the university in the 5% AEP event. However, under the proposal all water would diverted back to the main 
Dallas Street Branch channel up to and including the 1% AEP event. 

Along the Dallas Street Branch, downstream of the culvert crossing the proposed University Access Road, the 
flood levels are generally increased downstream of the culvert crossing and where the proposed retaining wall 
encroaches on the creek corridor. The flood impact is up to 0.8m in the 1% AEP event at the proposal 
boundary. The flows, however, remain within the channel up to and including the 1% AEP event.  In the reach of 
this channel where the proposed basin is adjacent to the creek up to the main culvert crossing the M1 Princes 
Motorway, there are reductions in flood level outside the proposal boundary in all events modelled. These flood 
level decreases range from 0.1 to 0.25m for the 20% to 1% AEP events respectively. In the PMF event, the 
flood level decreases up to 0.4m. In this event, there are also decreases in flood levels across the university of 
up to 0.3m. 

5.2.3.2 Princes Motorway sag point and Dallas Street Branch downstream 

At the M1 Princes Motorway sag point, there would be reductions in flood level for the northbound carriageway 
for the 20% and 10% AEP events of up to 0.23 m. In the southbound carriageway however, there would be 
increases of the same magnitude. In less frequent events, there would be increases in flood level at the M1 
Princes Motorway sag point in both carriageways. This is due to the new concrete traffic barriers proposed on 
the eastern side of the road. The predicted flood level increase is up to 0.24 m in the northbound lanes and up 
to 1 m in the southbound lanes in the 1% AEP event. Only in the 1% AEP event would this impact extend 
upstream beyond the proposal boundary, where the predicted flood impact is up to 0.13 m adjacent to the 
Dallas Creek Branch channel. In the PMF event, there would be flood level increases in the northbound lanes of 
up to 0.3m and in the southbound lanes of over 1 m. 

Immediately downstream of the M1 Princes Motorway sag point and in the Dallas Street Branch creek, there are 
predicted increases in flood level. At the proposal boundary these would generally be up to 0.2 m in the 1% 
AEP event and would mostly be confined within the channel outside the proposal boundary. There would be 
minor and localised residual impacts through the TAFE, with the highest being approximately 0.06 m in the 1% 
AEP event on the paved areas adjacent to the channel. In the PMF event, there would be some impacts to the 
south east of the M1 Princes Motorway sag point, which are up to 0.3 m. Generally however, there would be 
flood level decreases along the Dallas Street Branch and the overland flows associated with this branch 
downstream of the proposal.  

5.2.3.3 Dumfries Avenue 

In the 20% AEP to PMF events, there are predicted increases in flood levels along Dumfries Avenue, due to the 
increase in catchment area draining to this location. This would result in flood level increases of less than 0.05 
m in all events along this road. This also causes flood level increases along Mount Ousley Road in the 2% and 
1% AEP events. 

5.2.3.4 University Branch and Botanic Gardens Branch 

From the M1 Princes Motorway sag point, water would start to flow south to the University Branch in the 5% 
AEP event, as it does in existing conditions with the blocked scenario. However, since the flood level at the sag 
point would increase, the flow would also increase. This would impact on flood levels along the northbound 
carriageway of the motorway and upstream and in the University Branch channel, both upstream and 
downstream of the motorway crossing. This would also cause an increase in overland flow to the south, towards 
the Botanic Gardens Branch, south of the University Avenue overpass. The largest area impact would be 
around College Place, where flood levels could increase by up to 0.06 m in the 1% AEP event. These impacts 
occur in areas where the flood depth is in the range of 0.5 to 2 m. There are areas downstream of this that 
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would generally experience an increase in flood levels. Flood level increases of more than 0.05 m would 
generally be constrained to within the downstream channels. Areas upstream of the M1 Princes Motorway 
would experience increases in flood level of up to 0.02 m in the 1% AEP event. In the PMF event, some 
properties around Murphys Avenue and Irvine Street would experience flood level increases of approximately 
0.03 m. Downstream, College Place and Graham Avenue would experience flood level increases of up to 0.13 
m. There would be increases further downstream of up to 0.06 m around Porter Street, Railway Crescent and 
Crawford Avenue. The area impacted by increased flood levels would be quite large downstream of the 
proposal. 

5.2.3.5 Additional notes 

Some flood impacts predicted within the proposal boundary are a result of the increases in terrain level that are 
not systematic flood level increases. These would occur on the earthworks located around the proposed 
commuter carpark, including Mount Ousley Road, the western roundabout, the proposed basins and the 
University Access Road. Here, predicted flood levels on the proposed surface are compared to the existing 
case where there is flow down the steep slope toward the Dallas Street Branch creek. When comparing flood 
levels in these cases, it is not reasonable to assume these are ‘flood impacts’ as such. 

5.2.4 Flow velocity impacts for the unblocked scenario 

Predicted changes in flow velocity for the unblocked scenario for the range of events assessed can be seen in 
the maps in Appendix C. 

In the 20% to 1% AEP events, there would be some increases in flow velocity in the channel upstream of the 
M1 Princes Motorway crossing of the Dallas Street Branch adjacent to the proposed retaining wall, of up to 0.5 
m/s within the main channel. A similar trend can be seen for the PMF event, with predicted velocities increasing 
adjacent to the retaining wall by up to 1.3 m/s. Along the M1 Princes Motorway, there would be increases in flow 
velocity in the southbound carriageway, continuing from where the heavy vehicle bypass separates from the 
main carriageway down to the sag point. These increases could be over 1 m/s in the 1% AEP event. 
Downstream on the Dallas Street Branch and associated overland flows the velocity impact would be variable, 
but the modelled flows typically exhibit a small reduction in velocity.  

Along Dumfries Avenue however, flow velocity increases are predicted, which persist down Dumfries Avenue 
and Mount Ousley Road to the Princes Highway and further downstream. This trend can be seen in all modelled 
events, with the less frequent events exhibiting greater impacts. 

On the University Branch, there would be decreases in flow velocity in the vicinity of the M1 Princes Motorway 
culvert for the 20% to 5% AEP events, which would remain within the channel. In the 2% and 1% AEP events, 
while there are still reductions in flow velocity within the channel, there would be increases in velocity of the 
overland flows which break out of the channel and flow south. This would also result in an increase in flow 
velocities in the Botanic Gardens branch to the south of the University Avenue overpass. However, the 
increases would remain within the channel. In the downstream reaches of both the University Branch and 
Botanic Gardens Branch, there would be both increases and decreases in velocity. However, the majority of 
impacts up to the 1% AEP event would be contained within the channels or open spaces. In the PMF event, 
there would be some more extensive increases in velocity in the downstream areas, where increases of up to 
0.05 m/s are typical. 

5.2.5 Flow velocity impacts for the blocked scenario 

Changes in predicted flow velocity for the blocked scenario for the range of events assessed can be seen in the 
maps in Appendix C. 

The flow velocity would decrease upstream of the proposed University Access Road for the 20% and 10% AEP 
events. In less frequent events the velocity would increase upstream of the proposed road. On the Dallas Street 
Branch upstream of the M1 Princes Motorway crossing, the change in flow would be similar to the unblocked 
case, where there would be an increase in velocity in the vicinity of the proposed retaining wall, and a decrease 
in velocity downstream of this to the culvert crossing. The increase in flow velocity would be up to approximately 
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1.5 m/s in the 1% AEP event. In the PMF event, the overland flow through the university would decrease and 
hence there would be a reduction in flow velocity also. Upstream of the sag point on the M1 Princes Motorway, 
there would be some increases in velocity upstream of the proposal boundary. Along the M1 Princes Motorway, 
there would be increases in flow velocity in the southbound carriageway, continuing from where the heavy 
vehicle bypass separates from the main carriageway down to the sag point. These increases could be over 2 
m/s in the 1% AEP event. Downstream, on the Dallas Street Branch and the associated overland flows, the 
predicted velocity impact is variable, but typically exhibits a small reduction in velocity. There would be localised 
increases in velocity immediately downstream of the project boundary in the overland flows for the 20% and 
10% events, while there would be increases immediately downstream of the proposal boundary in the Dallas 
Street Branch channel for the 2% and 1% AEP events. 

Along Dumfries Avenue however, increases in flow velocity would persist down Dumfries Avenue and Mount 
Ousley Road to the Princes Highway and further downstream. This trend can be seen in all events, with the less 
frequent events exhibiting greater impacts. 

In the 2%, 1% AEP and PMF events, there would be an increase in the flow velocity from the sag point on the 
M1 Princes Motorway south to the University Branch. In all events, there would be a decrease in flow velocity 
for the blocked scenario both upstream and downstream of the M1 Princes Motorway culvert crossing on the 
University Branch. However, the increase in overland flows for the less frequent events would also cause an 
increase in velocity along the Botanic Gardens Branch to the south. These increases in velocity can also be 
found downstream of these areas, and would be particularly widespread in the PMF event, with changes in 
velocity generally being less than 0.1 m/s. 

5.2.6 Duration of inundation impacts 

The duration of inundation was also assessed for the 1% AEP event at various locations. A flood level time 
series for both the blocked and unblocked scenarios has been extracted for existing and proposed operational 
phase conditions. A comparison of these graphs can be found in Appendix D. A map of these locations can also 
be found in Appendix D. The results have been summarised in Table 5-1 below. 

Table 5-1  Summary of impacts to duration of inundation for the 1% AEP flood at key locations 

No Location Unblocked scenario Blocked scenario 

1 Upstream of University 
Access Road 

At this location, the proposed case 
flood level rises quicker, peaks at a 
higher level and recedes slower 
than the existing case. The increase 
in duration of inundation at any one 
particular level is up to 
approximately 15 minutes. 

For the blocked scenario, the 
duration of inundation does not 
substantially change with the 
proposal. The duration of inundation 
is similar to the existing case. 

2 Upstream of new culvert 
crossing University Access 
Road on the Dallas Street 
Branch 

The flood peaks at a similar level for 
the existing case, however, there is 
a reduction in the duration of 
inundation during the rising and 
receding limbs of the flood. 

Since this is located upstream of a 
new culvert crossing, the blocked 
scenario causes a substantial 
increase in peak water level. The 
duration of inundation above the 
existing peak flood level is 
approximately 45 minutes.
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No Location Unblocked scenario Blocked scenario 

3 Upstream of the M1 
Princes Motorway culvert 
crossing on the Dallas 
Street Branch 

The proposed peak flood level is 
slightly lower than the existing case, 
however, the water generally takes 
longer to drain out. The increase in 
duration of inundation is between 15 
minutes and 1 hour, depending on 
the flood level where the duration is 
assessed. 

The proposed peak flood level is 
slightly lower than the existing case, 
however, like the unblocked 
scenario, the water takes a longer 
time to drain away. The increase in 
duration of inundation is 
approximately 15 minutes. 

4 At the M1 Princes 
Motorway sag point, 
northbound lanes 

The peak flood level is lower for the 
proposed case and the duration of 
inundation is shorter than the 
existing case. The flood recedes 
quicker under proposed conditions, 
and the decrease in duration of 
inundation is approximately 30 
minutes, taking into account both 
the rising and receding limbs of the 
flood. 

In the blocked scenario, the flood 
peaks at a higher level, however it 
rises and recedes quicker than the 
existing conditions. At elevations 
near the peak flood levels, the 
duration of inundation increases by 
approximately 30 minutes, but at 
lower elevations the duration of 
inundation reduces by 
approximately 30 minutes. 

5 Upstream Princes 
Motorway culvert crossing 
on the University Branch 

At this location there is no 
discernible change in the duration of 
inundation. 

At this location there is no 
discernible change in the duration of 
inundation. 
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6. Safeguards and Management Measures 
6.1 Construction Phase 

The main compound site would be located adjacent to the Dallas Street Branch channel, immediately 
downstream of the M1 Princes Motorway crossing. Based on the flood modelling undertaken, the peak flood 
level for all events up to and including the PMF downstream of the M1 Princes Motorway on the Dallas Street 
Branch would not extend far beyond the channel bank on its northern side where the main compound site is 
proposed. Significant flood impacts due to this compound site are not anticipated as long as temporary works 
are located outside the PMF extent.  

There are two proposed stockpile / laydown sites. One, located at the site of the proposed commuter carpark, 
may be subject to overland flows. A Soil and Water Management Plan (SWMP) whould be developed in 
accordance with Managing Urban Stormwater: Soils and Construction Volume 1 (Landcom, 2004). The SWMP 
should outline appropriate diversions of overland flows for these areas. The other stockpile site is located 
adjacent to the University Branch channel. While this site would not be flooded in the 1% AEP event, 
appropriate management measures should be in place during construction to ensure the site causes minimal 
impact on the channel and its capacity to convey flows. 

Appropriate erosion and sediment control measures should be used during the construction phase to minimise 
the sediment that could be transported into the nearby creeks for both the main compound and stockpile / 
laydown sites. These erosion and sediment control measures should be documented in the SWMP and 
developed in accordance with Managing Urban Stormwater: Soils and Construction Volume 1 (Landcom, 2004). 

It is also recommended that a flood management plan be prepared as part of the detailed design phase to 
address potential flood impacts during the construction phase. 

6.2 Operational Phase 

The existing flow regimes have been retained as far as practicable for the operational phase. There are some 
areas where flood impacts would occur, including increases in flood level and flow velocity. There are only two 
areas where these impacts are considered substantial and extend into private property: 

• Upstream of the proposed culvert on the Dallas Street Branch crossing the proposed University Access 
Road. The flood level increases due to ponding upstream of the culvert (particularly in the blocked 
scenario) are not likely to affect the property upstream. It is recommended that a flood level survey be 
conducted at the dwellings on this property to determine if there is any increase in above floor flooding. 
The design of these culverts should be optimised during the detailed design stage to ensure minimal 
flood impact to this property. 

• On the Botanic Gardens Branch, downstream of the M1 Princes Motorway, there would be an increase 
in flood level on private properties of up to 0.06 m in the 1% AEP event. This is due to additional 
concrete traffic barriers proposed on the southbound side of the M1 Princes Motorway near the sag 
point on the Dallas Street Branch. An increase in ponding in this area would cause additional flow to 
move to the south, toward the University Branch and eventually the Botanic Gardens Branch. This 
additional flow would cause impacts to private properties. The flood depth at these properties is in the 
range of 0.5 to 2 m. There may be opportunity at the detailed design stage to minimise this impact. 

Additional management measures to be considered include the following: 

• Debris control structures at transverse culvert inlets located on the Dallas Street Branch 

• Scour protection at culvert outlets 
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• Scour protection at the base of the retaining wall adjacent to the Dallas Street Branch creek. The 
retaining wall depth and scour protection should be based on an estimation of potential flow and 
velocities against the wall, and potential scour depths 

• Scour protection measures should be considered at locations where pavement runoff exceeds the 
stormwater capacity and can overflow down steep embankments. 
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7. Conclusions and Recommendations 
This report has identified the potential flood impacts of the current design form of the M1 Princes Motorway 
Mount Ousley Interchange.  The operational phase of the proposal would cause the largest changes to flood 
behaviour. Two scenarios were modelled – an unblocked scenario, assuming that all culverts and bridges were 
functioning at their full capacity, and a blocked scenario, assuming that all culverts and bridges were blocked 
according to Wollongong City Council’s current blockage policy (2016).  

The potential construction phase impacts are expected to be minor. The construction sites are generally not 
located in areas flooded by the 1% AEP event. Avoiding overland flow paths and ensuring erosion and sediment 
control measures are in place should mitigate any adverse hydrology and flooding impacts during construction. 
A flood management plan is also recommended to be developed at the detailed design phase to address 
potential flood impacts during construction. 

The operational phase has the potential to cause flooding impacts that have been assessed with the flood 
model. The operational phase has the potential to redistribute flows, cause an increase in flood levels, increase 
in flow velocity and increase in duration of ponding. Flood impacts have been mitigated at the current design 
stage, including the sizing of new culverts to limit afflux and the provision of channels to contain and direct flood 
water to the major creeks. The residual impacts are as follows: 

• Flood level increases on the Dallas Street Branch upstream of the proposed University Access Road. 
These would generally remain within the channel or on open land. One property upstream of the 
proposed main culvert would experience flood level increases. However, the available terrain data 
suggests that the property is located above the peak water level caused by water backing up behind the 
proposed embankment. Duration of inundation would be increased. 

• In existing conditions, water was modelled to break out of the Dallas Street Branch and flow through the 
University of Wollongong in the PMF event under an unblocked scenario. This now would not occur in 
the PMF event. In blocked conditions, this would occur in the 5% AEP event under existing conditions 
and only in the PMF event under proposed conditions. 

• Flood levels in the Dallas Street Branch channel would typically be increased adjacent to the proposed 
retaining wall of Mount Ousley Road, and would decrease from the retaining wall to the culvert under 
the M1 Princes Motorway. Water would remain in the channel except immediately upstream of the M1 
Princes Motorway culvert, where water may break out toward the sag point on the motorway. Velocity 
and the duration of inundation would generally increase in this channel. 

• At the sag point on the M1 Princes Motorway, there are predicted increases in flood levels and a 
decrease in flooding duration. There would be both increases and decreases in flood level downstream 
of the culvert crossing and sag point on the M1 Princes Motorway, impacting on areas such as the 
TAFE NSW Illawarra campus. Velocities would also increase downstream of the M1 Princes Motorway. 

• On the University Branch, there would be flood level increases both upstream and downstream, but 
contained within the channels, road corridor and open areas. Flow velocity would decrease in the 
channel, but may increase for overland flows. 

• There would be some flood impacts on the Botanic Gardens Branch, due to the increase in ponding at 
the M1 Princes Motorway sag point, and more water flowing south to this location. The largest impact 
would occur around properties on College Place and Graham Avenue. Velocities would increase 
downstream of the M1 Princes Motorway. 

Potential safeguards and management measures include debris control structures, and scour protection at 
culvert outlets, on steep embankments subject to overland flows and along the proposed retaining wall adjacent 
to the Dallas Street Branch. Roads and Maritime would continue to refine the design throughout the detailed 
design phase to minimise the potential flood impacts. 
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Further recommendations to implement at the detailed design stage include the following: 

• Obtain survey of floor levels of potentially impacted properties to determine the depth of flooding above 
floor level under existing conditions and with the proposal to accurately quantify impacts. 

• The flood modelling has been undertaken utilising an existing flood model that was calibrated and 
validated against actual flood events. For the purpose of this flood assessment, the model has been 
updated using the latest available information. Consequently, the simulated flood behaviour in the 
vicinity of the proposal has been modified such that the previous calibration and validation may no 
longer be valid. It is recommended that the updated flood model be calibrated again to ensure the flood 
behaviour in the vicinity of the project is accurate. Calibration to several flood marks from the 1998 flood 
event, located on the Dallas Street Branch and University Branch both upstream and downstream of the 
Princes Motorway, would be required to ensure that the flood model is accurately replicating observed 
flood behaviour and is suitable for simulating design flood events. 

• It is recommended that flood impact criteria be adopted so that future design iterations can work 
towards a target flood impact. This may be similar to the criteria adopted for the Albion Park Rail 
Bypass Project (Hyder Cardno Joint Venture 2015), located approximately 20 km south-south west of 
the proposal. This would be defined in the Scope of Works and Technical Criteria (SWTC) at future 
design stages. An example of flood impact objectives can be found below in Table 7-1. 

Table 7-1  Example flood impact criteria. Source: Albion Park Rail Bypass Environmental Impact Statement (Hyder Cardno 
Joint Venture 2015) 

Parameter Objective 

Houses, Urban and 
Commercial Areas 

Recreational Areas Agricultural Areas 

Flood level (height) Less than 50 mm 
increase for the 20 and 
100 year ARI events. 

Less than 100 mm 
increase for the 20 and 
100 year ARI events. 

Generally less than 250 
mm increase with 
localised increases of up 
to 400 mm flooding 
acceptable over small 
areas (nominally less 
than 5 ha) in the 20 and 
100 year ARI events. 

Flood velocity Velocity-depth to remain 
in the zone of low hazard 
for children (i.e. less than 
0.4 m2/s based on ARR, 
Project 10 2011) where 
current flow velocity-
depth is low hazard. 

Velocity to remain below 
1.0 m/s unless currently 
greater. Where existing 
velocity is above 1.0 m/s, 
a maximum 20% 
increase. Appropriate 
scour and stability should 
be provided where these 
criteria cannot be 
achieved. 

Velocity to remain below 
1.0 m/s unless currently 
greater. Where existing 
velocity is above 1.0 m/s, 
a maximum 20% 
increase. Appropriate 
scour and stability should 
be provided where these 
criteria cannot be 
achieved. 

Flood duration No criteria required due to short duration times of floods at the project location. 

Flood direction No criteria required due to existing complex flow directions in the floodplains of 
this project. 
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Appendix A. Existing Flood Behaviour
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Figure A-1  |  20% AEP event flood depth map - existing conditions unblocked case 
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Figure A-2  |  10% AEP event flood depth map - existing conditions unblocked case 
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Figure A-3  |  5% AEP event flood depth map - existing conditions unblocked case 
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Figure A-4  |  2% AEP event flood depth map - existing conditions unblocked case 
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Figure A-5  |  1% AEP event flood depth map - existing conditions unblocked case 
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Figure A-6  |  PMF event flood depth map - existing conditions unblocked case 
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Figure A-7  |  20% AEP event flood depth map - existing conditions blocked case 
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Figure A-8  |  10% AEP event flood depth map - existing conditions blocked case 
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Figure A-9  |  5% AEP event flood depth map - existing conditions blocked case 
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Figure A-10  |  2% AEP event flood depth map - existing conditions blocked case 
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Figure A-11  |  1% AEP event flood depth map - existing conditions blocked case 
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Figure A-12  |  PMF event flood depth map - existing conditions blocked case 
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Figure A-13  |  20% AEP event flow velocity map - existing conditions unblocked case 
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Figure A-14  |  10% AEP event flow velocity map - existing conditions unblocked case 
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Figure A-15  |  5% AEP event flow velocity map - existing conditions unblocked case 
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Figure A-16  |  2% AEP event flow velocity map - existing conditions unblocked case 
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Figure A-17  |  1% AEP event flow velocity map - existing conditions unblocked case 
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Figure A-18  |  PMF event flow velocity map - existing conditions unblocked case 
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Figure A-19  |  5% AEP event flow velocity map - existing conditions blocked case 
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Figure A-20  |  10% AEP event flow velocity map - existing conditions blocked case 



 

 
IA128700 Review of Environmental Factors 

Figure A-21  |  5% AEP event flow velocity map - existing conditions blocked case 
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Figure A-22  |  2% AEP event flow velocity map - existing conditions blocked case 
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Figure A-23  |  1% AEP event flow velocity map - existing conditions blocked case 
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Figure A-24  |  PMF event flow velocity map - existing conditions blocked case 



Hydrology and Flooding Working Paper 

 
IA128700 Review of Environmental Factors 

Appendix B. Operational Flood Behaviour
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Figure B-1  |  20% AEP event flood depth map - proposed conditions unblocked case 
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Figure B-2  |  10% AEP event flood depth map - proposed conditions unblocked case 
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Figure B-3  |  5% AEP event flood depth map - proposed conditions unblocked case 
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Figure B-4  |  2% AEP event flood depth map - proposed conditions unblocked case 



 

 
IA128700 Review of Environmental Factors 

Figure B-5  |  1% AEP event flood depth map - proposed conditions unblocked case 
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Figure B-6  |  PMF event flood depth map - proposed conditions unblocked case 
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Figure B-7  |  20% AEP event flood depth map - proposed conditions blocked case 
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Figure B-8  |  10% AEP event flood depth map - proposed conditions blocked case 
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Figure B-9  |  5% AEP event flood depth map - proposed conditions blocked case 
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Figure B-10  |  2% AEP event flood depth map - proposed conditions blocked case 
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Figure B-11  |  1% AEP event flood depth map - proposed conditions blocked case 
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Figure B-12  |  PMF event flood depth map - proposed conditions blocked case 
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Figure B-13  |  20% AEP event flow velocity map - proposed conditions unblocked case 
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Figure B-14  |  10% AEP event flow velocity map - proposed conditions unblocked case 
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Figure B-15  |  5% AEP event flow velocity map - proposed conditions unblocked case 
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Figure B-16  |  2% AEP event flow velocity map - proposed conditions unblocked case 
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Figure B-17  |  1% AEP event flow velocity map - proposed conditions unblocked case 
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Figure B-18  |  PMF event flow velocity map - proposed conditions unblocked case 
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Figure B-19  |  20% AEP event flow velocity map - proposed conditions blocked case 
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Figure B-20  |  10% AEP event flow velocity map - proposed conditions blocked case 
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Figure B-21  |  5% AEP event flow velocity map - proposed conditions blocked case 
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Figure B-22  |  2% AEP event flow velocity map - proposed conditions blocked case 



 

 
IA128700 Review of Environmental Factors 

Figure B-23  |  1% AEP event flow velocity map - proposed conditions blocked case 
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Figure B-24  |  PMF event flow velocity map - proposed conditions blocked case
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Appendix C. Flood Impact Maps
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Figure C-1  |  20% AEP event flood level difference with the proposal - unblocked scenario 
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Figure C-2  |  10% AEP event flood level difference with the proposal - unblocked scenario 
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Figure C-3  |  5% AEP event flood level difference with the proposal - unblocked scenario 
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Figure C-4  |  2% AEP event flood level difference with the proposal - unblocked scenario 
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Figure C-5  |  1% AEP event flood level difference with the proposal - unblocked scenario 
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Figure C-6  |  PMF event flood level difference with the proposal - unblocked scenario 
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Figure C-7  |  20% AEP event flood level difference with the proposal - blocked scenario 
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Figure C-8  |  10% AEP event flood level difference with the proposal - blocked scenario 
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Figure C-9  |  5% AEP event flood level difference with the proposal - blocked scenario 
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Figure C-10  |  2% AEP event flood level difference with the proposal - blocked scenario 
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Figure C-11  |  1% AEP event flood level difference with the proposal - blocked scenario 
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Figure C-12  |  PMF event flood level difference with the proposal - blocked scenario 
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Figure C-13  |  20% AEP event velocity difference with the proposal - unblocked scenario 
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Figure C-14  |  10% AEP event velocity difference with the proposal - unblocked scenario 
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Figure C-15  |  5% AEP event velocity difference with the proposal - unblocked scenario 
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Figure C-16  |  2% AEP event velocity difference with the proposal - unblocked scenario 
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Figure C-17  |  1% AEP event velocity difference with the proposal - unblocked scenario 
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Figure C-18  |  PMF event velocity difference with the proposal - unblocked scenario 
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Figure C-19  |  20% AEP event velocity difference with the proposal - blocked scenario 
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Figure C-20  |  10% AEP event velocity difference with the proposal - blocked scenario 
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Figure C-21  |  5% AEP event velocity difference with the proposal - blocked scenario 
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Figure C-22  |  2% AEP event velocity difference with the proposal - blocked scenario 
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Figure C-23  |  1% AEP event velocity difference with the proposal - blocked scenario 
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Figure C-24  |  PMF event velocity difference with the proposal - blocked scenario
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Appendix D. Duration of inundation assessment 

 

 

 

 



Hydrology and Flooding Working Paper 

 
IA128700 Review of Environmental Factors 

 

 

 



Hydrology and Flooding Working Paper 

 
IA128700 Review of Environmental Factors 

 

 



Hydrology and Flooding Working Paper 

 
IA128700 Review of Environmental Factors 

 

 

 

 



Hydrology and Flooding Working Paper 

 
IA128700 Review of Environmental Factors 

 

 

 


	M1 Princes Motorway, Mount Ousley Interchange - Hydrology and Flooding Working Paper
	1. Introduction
	1.1 Proposal background
	1.2 The proposal
	1.3 Purpose of this report
	1.4 Methodology
	1.5 Structure of the report

	2. Review of available data
	2.1 Previous studies
	2.1.1 Fairy and Cabbage Tree Creeks Flood Study (BMT WBM, 2009)
	2.1.2 Fairy and Cabbage Tree Creeks Floodplain Risk Management Study and Plan (Bewsher, 2010)
	2.1.3 MR95 – Upper Mount Ousley Road: Culvert Surcharge Management Study (GHD, 2012)
	2.1.4 Memorial Drive Off Ramp Upgrade, North Wollongong, Review of Environmental Factors (Cardno 2016)

	2.2 Flood model data
	2.3 Additional GIS data
	2.4 Wollongong City Council Blockage Policy

	3. Existing Environment
	3.1 Catchment description
	3.2  Existing flood model
	3.3 Updated flood model
	3.4  Existing flood behaviour
	3.4.1 Existing flood behaviour for unblocked scenario
	3.4.2 Existing flood behaviour for blocked scenario


	4. Proposed Concept Design
	4.1 Description of the Concept Design
	4.1.1 Construction Phase
	4.1.2  Operational Phase
	4.1.2.1 Pavement drainage
	4.1.2.2 Water quality treatments
	4.1.2.3 Transverse drainage
	4.1.2.4 Catch drains

	4.1.3 Key design features for flood mitigation


	5. Potential Flood Impacts
	5.1 Construction Phase
	5.2  Operation Phase
	5.2.1  Operational phase flood behaviour
	5.2.2 Flood level impacts for the unblocked scenario
	5.2.2.1 Dallas Street Branch upstream of Princes Motorway
	5.2.2.2 Princes Motorway sag point and Dallas Street Branch downstream
	5.2.2.3 Dumfries Avenue
	5.2.2.4 University Branch and Botanic Gardens Branch
	5.2.2.5 Additional notes

	5.2.3 Flood level impacts for the blocked scenario
	5.2.3.1 Dallas Street Branch upstream of Princes Motorway
	5.2.3.2 Princes Motorway sag point and Dallas Street Branch downstream
	5.2.3.3 Dumfries Avenue
	5.2.3.4 University Branch and Botanic Gardens Branch
	5.2.3.5 Additional notes

	5.2.4 Flow velocity impacts for the unblocked scenario
	5.2.5 Flow velocity impacts for the blocked scenario
	5.2.6 Duration of inundation impacts


	6. Safeguards and Management Measures
	6.1 Construction Phase
	6.2 Operational Phase

	7. Conclusions and Recommendations
	8. References
	Appendix A. Existing Flood Behaviour
	Appendix B. Operational Flood Behaviour
	Appendix C. Flood Impact Maps
	Appendix D. Duration of inundation assessment




