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Glossary of terms and abbreviations  
Term Meaning 

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. For 
example, if a peak flood discharge of 500 cubic metres per 
second has an AEP of five per cent, it means that there is a 
five per cent chance (that is one in 20 chance) of a 500 cubic 
metres per second or larger flood event occurring in any one 
year (see also average recurrence interval). 

ANZECC Australian and New Zealand Environment Conservation 
Council 

ASS Acid Sulfate Soils 

Australian Height Datum 
(AHD) 

A common national surface level datum approximately 
corresponding to mean sea level. 

Average Recurrence 
Interval (ARI) 

The long term average number of years between the 
occurrence 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 will occur, on average, 
once in every 20 years. ARI is another way of expressing the 
likelihood of occurrence of a flood event. 

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

CEMP Construction Environmental Management Plan 

Discharge The rate of flow of water measured in terms of volume per unit 
time, for example, cubic metres per second. Discharge is 
different from the speed or velocity of flow, which is a 
measure of how fast the water is moving, for example metres 
per second. 

Emergency management A range of measures to manage risks to communities and the 
environment. In the flood context it may include measures to 
prevent, prepare for, respond to and recover from flooding. 

EPBC Act Environment Protection and Biodiversity Conservation Act 
1999 

EP&A Act Environmental Planning and Assessment Act 1979 

EPL Environment Protection Licence 

ESCP Erosion and Sediment Control Plan 

EMC Event Mean Concentrations 

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. 

Floodplain Area of land that is subject to inundation by floods up to and 
including the probable maximum flood event, that is, flood 
prone land. 
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Term Meaning 
Floodplain risk 
management plan 

A management plan developed in accordance with the 
principles and guidelines in the NSW Floodplain Development 
Manual (DIPNR, 2005). Usually includes both written and 
diagrammatic information describing how particular areas of 
flood prone land are to be used and managed to achieve 
defined objectives. 

Flood proofing 
 

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

Flood prone land Land susceptible to flooding by the PMF event. Flood prone 
land is synonymous with flood liable land. 

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 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 the 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 major 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 major redistribution of 
flood flow, or a major increase in flood levels. 

FM Act Fisheries Management Act 1994 

Habitable room In a residential situation: a living or working area, such as a 
lounge room, dining room, rumpus room, kitchen, bedroom or 
workroom. In an industrial or commercial situation: an area 
used for offices or to store valuable possessions susceptible 
to flood damage in the event of a flood. 

Hydraulics The term given to the study of water flow in waterways, in 
particular the evaluation of flow parameters such as water 
level and velocity. 

Hydrograph A graph which shows how the discharge or stage/flood level 
at any particular location varies with time during a flood. 
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Term Meaning 
Hydrology Term given to the study of the rainfall and runoff process; in 

particular, the evaluation of peak flows, flow volumes and the 
derivation of hydrographs for a range of floods. 

Local overland flooding Inundation by local runoff rather than overbank discharge 
from a stream, river, estuary, lake or dam. 

Local drainage Smaller scale problems in urban areas. 

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

Major drainage Councils have discretion in determining whether urban 
drainage problems are associated with major or local 
drainage. For the purposes of the NSW Floodplain 
Development Manual (Department of Infrastructure, Planning 
and Natural Resources 2005) major drainage involves: 
 The floodplains of original watercourses (which may now 

be piped, channelised or diverted), or sloping areas 
where overland flows develop along alternative paths 
once system capacity is exceeded; and/or 

 Water depths generally in excess of 0.3m (in the major 
system design storm as defined in the current version of 
Australian Rainfall and Runoff). These conditions may 
result in danger to personal safety and property damage 
to both premises and vehicles; and/or 

 Major overland flowpaths through developed areas 
outside of defined drainage reserves; and/or 

 The potential to affect a number of buildings along the 
major flow path. 

Minor, moderate and major 
flooding 

Both the State Emergency Service (SES) and the Bureau of 
Meteorology (BoM) use the following definitions in flood 
warnings to give a general indication of the types of problems 
expected with a flood: 
 Minor flooding: causes inconvenience such as closing of 

minor roads and the submergence of low level bridges. 
The lower limit of this class of flooding on the reference 
gauge is the initial flood level at which landholders and 
townspeople begin to be flooded. 

 Moderate flooding: low-lying areas are inundated 
requiring removal of stock and/or evacuation of some 
houses. Main traffic routes may be covered.  

 Major flooding: appreciable urban areas are flooded 
and/or extensive rural areas are flooded. Properties, 
villages and towns can be isolated. 

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

MUSIC Model for Urban Stormwater Improvement Conceptualisation 

Overbank Area outside the top of bank of the main channel of the creek 
or watercourse. 
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Term Meaning 
One dimensional hydraulic 
modelling 

One dimensional hydraulic models produce valid results when 
water flow can be simplified to one direction. A typical 
example of this is water flowing within the banks of a creek. 

PASS Potential Acid Sulfate Soils 

Probable maximum flood 
(PMF) 

The PMF is the largest flood that could conceivably occur at a 
particular location, usually estimated from probable maximum 
precipitation, and where applicable, snow melt, coupled 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. The extent, nature and 
potential consequences of flooding associated with a range of 
events rarer than the flood used for designing mitigation 
works and controlling development, up to and including the 
PMF event should be addressed in a floodplain risk 
management study. 

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. 

RAN Royal Australian Navy 

Risk Chance of something happening that will have an impact. It is 
measured in terms of consequences and likelihood. In the 
context of the NSW Floodplain Development Manual (2005) 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 streamflow, 
also known as rainfall excess. 

Survey plan A plan prepared by a registered surveyor. 

SES State Emergency Service 

SWMP Soil and Water Management Plan 

TP Total Phosphorus 

TN Total Nitrogen 

TSC Act Threatened Species Conservation Act 1995 

TSS Total Suspended Solids 

Two dimensional hydraulic 
modelling 

Two dimensional hydraulic models can predict the flow of 
water in two directions. A typical example of this is when the 
river banks are overtopped and flow spreads out in many 
directions across a floodplain. 

 
Note: Proposal description terminology is contained in the proposal description. 
 



 

Princes Highway upgrade – Berry to Bomaderry viii 
Roads and Maritime Services 
Technical paper: Surface water, ground water and flooding 

Executive summary 
Introduction 
Roads and Maritime Services of NSW (RMS) is undertaking an assessment under Part 5 of the 
Environmental Planning and Assessment Act 1979 (EP&A Act) for the proposed upgrade of about 
11.5 kilometres of the Princes Highway between Schofields Lane (south of Berry) and Cambewarra 
Road, Bomaderry (the proposal). The proposal would provide a four lane divided highway (two lanes 
in each direction) with median separation. 
 
The proposal includes three grade separated facilities, controlled right turn and u-turn facilities, nine 
new bridges, two large flood relief culvert structures, a heavy vehicle inspection bay and water quality 
facilities along the alignment.  
 
This technical paper assesses the impacts of the proposal on flooding, water quality and groundwater.  
 

Flooding 
The flooding assessment was undertaken in order to understand the potential flood impacts 
associated with the proposal during the 100 year ARI flood event. Potential flood impacts include 
potential impacts both to and as a result of the proposal. A combination of two dimensional, one 
dimensional and culvert hydraulic modelling has been used to undertake the assessment and quantify 
impacts. As part of this a number of design changes were incorporated into the proposal to limit 
impacts to the surrounding area and the proposal was re-assessed with the adopted changes 
included.  
 
The catchments surrounding the proposal are predominantly cleared for agricultural purposes and a 
number of creeks appear to have been adjusted over time as result of this clearing and farming. Many 
of the catchments overflow into each other during the 100 year ARI flood event and present a 
complex flood environment. Hydraulic modelling indicates the existing highway is overtopped at a 
number of locations along the alignment during the 100 year ARI flood event as a result of the flows 
from the local Cambewarra Range catchment.  
 
The proposal aims to prevent this overtopping providing a 100 year ARI flood immune highway whilst 
minimising the impacts to surrounding infrastructure and properties. A number of culverts would be 
replaced with bridges and the highway embankment would be set at a higher elevation, which could 
alter flood behaviour with concentrated flows both at and downstream of the proposal. This is 
reflected by a reduction in flooding at some locations, while increasing flood levels in the creek 
waterway and overbank area immediately downstream of the proposal as a consequence. A general 
principle of confining flood impacts to pasture land and away from residences, buildings and other 
infrastructure wherever possible has been adopted in the development of the proposal.  
 
A total of three locations were initially identified to have unacceptable impacts as a result of the 
proposal and changes have been adopted into the concept design in order to minimise this impact. 
This includes a series of wide, low box culverts at two separate locations to allow flood waters to pass 
under the road following the existing drainage path. A 300 metre long overflow channel has also been 
provided to permit flood flows to follow the existing drainage path along the highway at another 
location.  
 
Flood impacts at structures have been reported as part of this assessment. Consultation with property 
owners in relation to potential impacts would be undertaken during finalisation of the concept design 
and subject to determination, details of some of the local mitigation measures will be discussed and 
agreed during the detailed design phase of the proposal.  
 
Some other minor flood management measures have been identified as part of this report but have 
not been incorporated into the proposal. These measures would be incorporated during the detailed 
design phase of the proposal. 
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Water quality 
The existing highway, which would be upgraded by the proposal, does not have any water quality 
treatment measures in place as part of the existing drainage infrastructure. As such, stormwater 
runoff and any spills from the highway are not currently treated prior to discharge into the receiving 
environment. The proposal incorporates water quality measures along the alignment to minimise 
potential impacts on the surrounding environment. This assessment identified the water quality issues 
and mitigation measures for both the construction phase and the operational life of the highway. 
 
The primary water quality risk identified during the construction phase is the increased potential for 
sediment release and transportation to downstream receiving environments. This can have an impact 
on aquatic habitats and organisms, and can increase concentrations or loads of nutrients, heavy 
metals and other potential toxicants that attach to sediment particles. A number of erosion control and 
sediment management measures have been identified as part of the assessment with source control 
being the preferred option. Sediment basins have been proposed at a number of locations where 
source control measures do not provide sufficient water quality management for the proposal.  
 
Water quality during operation of the highway was analysed for a typical one hectare catchment and 
the results of this analysis informed the water quality management measures adopted for the 
proposal. Large percentage increases in pollutants associated with increased traffic volumes and 
pavement runoff area were estimated by the modelling without the management measures proposed. 
A combination of water quality basins and swales would be provided to meet specified water quality 
targets downstream of the proposal such that there should be a future net benefit to water quality. An 
indicative total of seven permanent water quality basins are proposed with water quality swales to be 
provided at other locations along the proposal. 
 

Groundwater 
An analysis of the groundwater and any potential impacts during construction and operation has been 
undertaken as part of the assessment. The potential for construction impacts have been considered 
with groundwater drawdown and groundwater recharge being identified as possible impacts likely to 
be encountered. Mitigation measures have been identified, however it is considered unlikely these 
would need to be implemented due to the low probability of impacting groundwater during 
construction.  
 
Groundwater drawdown impacts as a result of deep cuttings in the proposal have been identified as 
potential ongoing operational impacts. Drainage infrastructure may need to be installed in cuttings to 
maintain slope stability. The potential for considerable groundwater drawdown is considered unlikely 
and does not require further management measures.  
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1 Introduction 
1.1 The proposal 
RMS proposes to upgrade about 11.5 kilometres of the Princes Highway between Schofields Lane 
(south of Berry) and Cambewarra Road, Bomaderry. The proposal would provide a four-lane divided 
highway (two lanes in each direction) with median separation.  
 
The proposal is one of a series of upgrades to sections of the Princes Highway which aims to provide 
at least a four-lane divided highway between Waterfall and Jervis Bay Road, Falls Creek. This would 
improve road safety and traffic efficiency, including for freight, on the NSW South Coast. 
 
Key features of the proposal are shown in Figure 1.1. These would include: 
 
 Upgrade of the existing highway, including widening from two lanes to a four-lane divided highway 

(two lanes in each direction) with median separation (wire rope barriers generally, or concrete 
barriers where space is constrained, such as at bridge locations).  

 Provision for widening of the highway (if required in the future) to six lanes within the road corridor 
between Schofields Lane and around Pestells Lane. 

 Tie-in to the Berry bypass to the north of the proposal. 

 Grade-separated facilities1 at: 

 Jaspers Brush Road and Strongs Road. 

 Morschels Lane and Devitts Lane. 

 A grade-separated half-interchange at: 

 Pestells Lane and Meroo Road. 

 Protected right turn bays at: 

 Mullers Lane (northbound). 

 Croziers Road (southbound). 

 Between Strongs Road and Turners Lane at about chainage 23200 (northbound). 

 Between Strongs Road and Turners Lane at about chainage 24050, adjacent to Silos Winery 
(southbound). 

 Lamonds Lane (northbound). 

 Boxsells Lane (southbound). 

 South of Abernethys Lane at about chainage 28590 (northbound). 

 U-turn facilities at: 

 Mullers Lane (to travel southbound)2. 

 Croziers Road (to travel northbound). 

 Between Strongs Road and Turners Lane at about chainage 23200 (to travel southbound). 

 Between Strongs Road and Turners Lane at about chainage 24050, adjacent to Silos Winery 
(to travel northbound). 

 Lamonds Lane (to travel southbound). 
                                                   
1 Unlike a standard grade separated interchange which has full length on-ramps and off-ramps, a grade separated facility has 
deceleration lanes to a connecting road that links to an overpass or underpass. Grade separated facilities have been used 
along the Pacific Highway and are informally referred to as Type S interchanges. 
2 The u-turn facility within the proposal area at Mullers Lane (southbound) will be constructed under separate approval as part 
of the Foxground and Berry bypass project, however the right turn bay would be constructed as part of the Berry to Bomaderry 
upgrade. 
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 South of Abernethys Lane at about chainage 28590 (to travel southbound). 

 A large cutting at Strongs Road, Jaspers Brush of around 300 metres long and up to a maximum 
of ten metres deep in addition to various smaller cuttings along the proposal.  

 Eight bridges over waterways3:  

 Creek crossing No. 1 – Unnamed drainage line at chainage 19350, a three span concrete 
structure around 44 metres long and three metres high. 

 Creek crossing No. 2 – Unnamed drainage line at chainage 19800, a single span concrete 
structure around 33 metres long and four metres high. 

 Creek crossing No. 3 – Flying Fox Creek, a single span concrete structure around 18 metres 
long and seven metres high. 

 Creek crossing No. 4 – Jaspers Brush Creek, a three span concrete structure around 
44 metres long and six metres high. 

 Creek crossing No. 5 – Wileys Creek, a five span concrete structure around 76 metres long 
and five metres high. 

 Creek crossing No. 6 – Tandingulla Creek, a three span concrete structure around 44 metres 
long and three metres high. 

 Creek crossing No. 7 – Tullian Creek, a three span concrete structure around 44 metres long 
and five metres high. 

 Creek crossing No. 8 – Abernethys Creek, a three span concrete structure around 76 metres 
long and two metres high. 

 Major drainage and flood mitigation structures: 

 Flood mitigation bridge – located just south of O’Keefes Lane at chainage 21200, a three 
span concrete structure around 45 metres long and 3.5 metres high. 

 Pestells Lane culverts – eight cell box culvert, with each cell around 2.5 metres wide, 1.5 
metres high and 130 metres long. 

 Overflow channel – 300 metre long channel located upstream of the alignment to allow flood 
waters to follow the existing drainage path (between chainage 22320 and 22650). 

 A northbound heavy vehicle inspection bay at Jaspers Brush, staffed as needed and locked when 
not in use. 

 Modifications to the connections between local roads and the highway, including Strongs Road, 
Jaspers Brush Road, Morschels Lane, Devitts Lane, Pestells Lane, Meroo Road and Abernethys 
Lane. 

 Physical modifications to about 16 existing property accesses. 

 Relocation and formalisation of existing southbound bus stops at Mullers Lane, Jaspers Brush 
Road, Morschels Lane and Lamonds Lane and existing northbound bus stops at Boxsells Lane, 
Croziers Road and Strongs Road. Bus stops would be relocated to sites where there is provision 
for safe vehicular access, set down and pick up. 

 Removal of the current southbound bus stop adjacent to Croziers Road. 

 Ancillary operational facilities, including permanent detention basins and stormwater treatment 
facilities.  

 Tie-in with the existing highway at the Cambewarra Road / Moss Vale Road roundabout.  

 
Temporary ancillary facilities, including construction compounds, stockpile sites, haulage roads and 
sediment basins would be established and operated for construction. 
                                                   
3 Existing waterway crossings at Flying Fox, Jaspers Brush and Abernethys creeks are all currently spanned by 
bridges. These three bridges would be replaced as part of the proposal. The remainder of the existing waterway 
crossings are culverts. New bridges would be constructed at these locations. 
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1.2 Statutory context 
The proposed Berry to Bomaderry Upgrade is a proposal to which Part 5 of the Environmental 
Planning and Assessment Act 1979 (EP&A Act) applies. Part 5 of the EP&A ACT requires an 
environmental assessment to be prepared. This environmental assessment is documented in the 
review of environmental factors for the proposal. 
 
The purpose of the review of environmental factors is to describe the proposal, to document the likely 
impacts of the proposal on the environment, and to detail protective measures to be implemented. 
The assessment of environmental impacts of the proposal must be undertaken in the context of 
clause 228 of the ‘Environmental Planning and Assessment Regulation 2000’ (EP&A Regulation), the 
Threatened Species Conservation Act 1995 (TSC Act), the Fisheries Management Act 1994 (FM Act) 
and the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). 
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Figure 1-1: Concept design and key features of the proposal 
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2 Flooding 
2.1 Assessment methodology 
Assessment of the proposal was undertaken in order to understand potential flood impacts. The 
concept design has been developed with consideration of the potential to cause adverse flood 
impacts and the need for mitigation of such impacts. As part of the assessment of the concept design, 
a number of design changes were adopted into the proposal to inform the final assessment.  
 
There are approximately 28 locations where the proposal crosses an existing waterway within 22 
catchment areas. These locations are quantitatively assessed for: 
 

 100 year Average Recurrence Interval (ARI) flood event under existing conditions (with and 
without Shoalhaven River flooding where relevant – refer to Section 2.2). 

 100 year ARI flood event under proposed conditions (with and without Shoalhaven River flooding 
where relevant). 

 100 year ARI flood event under proposed conditions (with an appropriate allowance for climate 
change). 

 
The basis of the design performance is flood immunity during the 100 year ARI event, as such the 
impacts are assessed for this event. The regional implications of the PMF flood event are reported as 
part of this assessment. Smaller ARI events and the associated localised impacts of these would be 
addressed in the detailed design phase. 
 
A combination of two dimensional modelling, one dimensional modelling and culvert hydraulic 
modelling has been used to assess the potential flood impacts of the proposal. Two dimensional 
hydraulic modelling has been used for a number of waterways, due to the varying complex nature of 
the flooding, the number of potentially affected properties and the need to consider or investigate 
appropriate design changes or mitigation measures. 
 
One dimensional hydraulic modelling and culvert hydraulic modelling have been used to model any 
bridges and culverts that have not been assessed in a two dimensional model. One dimensional 
modelling has been adopted in areas of the proposal that have less complex flooding characteristics 
and minimal potentially impacted properties.  
 
A summary of the modelling approach is provided in Table 2-1, a discussion of the models used is 
provided in Section 2.1.1 and the catchments are shown on Figure 2-1. 
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Table 2-1: Hydrology and hydraulics modelling approach (refer Figure 2-1) 

Catchment Hydrology Hydraulics  Catchment Hydrology Hydraulics 

01 

WBNM TUFLOW  
North Model 

 12 PRM CulvertMaster 

02  13 PRM CulvertMaster 

03  14 WBNM HECRAS 
Unsteady State 

04  15 PRM CulvertMaster 

05  16 

WBNM TUFLOW  
South Model 

06  17 

07  18 

08  19 

09 

WBNM TUFLOW 
Central Model 

 20 

10  212 

11     
Notes: 
1. WBNM – Watershed Bounded Network Model; PRM – Probabilistic Rational Method; TUFLOW – Two dimensional 

Unsteady FLOW; HECRAS – Hydraulic Engineering Corporation, River Analysis System. 
2. Catchment 22 is small relative to catchment 21. It is assumed flows from catchment 22 will drain to catchment 21 and 

these catchments have been combined for clarity.  
 
 

2.1.1 Explanation of models 
WBNM (Watershed Bounded Network Model) – This is a runoff routing hydrologic model capable of 
producing design flow hydrographs. Output from this model produces estimates of both a peak flow 
and a flood volume. 
 
PRM (Probabilistic Rational Method) – This is a simple hydrologic calculation capable of producing a 
design peak flow estimate. No information regarding flood volumes is attainable from this method. 
 
CulvertMaster (Bentley Software) – This is a simple culvert hydraulic model capable of estimating 
headwater levels, velocities and flow regimes immediately upstream, through and immediately 
downstream of a culvert. It is useful in situations where flow paths are basic and changes to local flow 
characteristics are not considerable. It has limited use for assessment outside these constraints.  
 
HECRAS (Hydraulic Engineering Corps, River Analysis System) – This is a one-dimensional hydraulic 
model used to estimate flood levels for a given flood flow and pre-determined, confined flowpath. It 
can be run in a steady state, using a peak flow estimate only. It can also be run in an unsteady state, 
using a flow hydrograph. The unsteady state is capable of assessing impacts due to changes in flood 
volumes (such as where flows downstream of the proposal are increased when a culvert is replaced 
by a bridge). Due to the requirement to pre-define cross section locations and flow directions, 
HECRAS has limited flexibility to assess alternative or changing design conditions which may affect 
the model structure or layout.  
 
TUFLOW (Two-dimensional, Unsteady FLOW) – This is a two-dimensional, unsteady state hydraulic 
model used to estimate flood levels, flow direction, velocity, flood timing and flood volumes for a given 
flow hydrograph. It readily lends itself to changing hydraulic conditions and establishing varying flow 
paths and flow distributions. As a result, TUFLOW can provide a more robust assessment of flood 
mitigation options.  
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2.1.2 Assessment structure 
To facilitate a focused assessment of flooding issues with respect to the proposal, the alignment is 
divided into three sections. The sections are determined using catchment boundaries to ensure the 
three areas are hydraulically-independent of each other. Whilst flood waters do not generally flow 
between these areas, all catchments in the proposal area are subject to influence from the lower 
Shoalhaven River and Broughton Creek floodplain.  
 
The northern section covers the Berry and Jaspers Brush areas. It includes the proposal interface with 
the Foxground and Berry bypass project (chainage 19200) and extends south to include the Strongs 
Road and Jaspers Brush Road interchange (chainage 21700).The northern section incorporates 
catchments 1 to 8 (see Figure 2-1).  
 
The central section extends from Strongs Road south, to include the Morschels Lane grade separated 
facility (chainage 25300). The central section incorporates catchments 9 to 15. 
 
The southern section covers the remainder of the proposal (to chainage 30300), including the Meroo 
Meadow and Bomaderry areas. The southern section incorporates catchments 16 to 22. 
 

2.1.3 Flood impact objectives 
In order of importance, the objectives of the flood impact management strategy are to: 
 
 Provide a 100 year ARI flood immune highway 

 Minimise impacts on important infrastructure (such as the South Coast railway) 

 Minimise impacts on houses 

 Minimise impacts on structures (such as farm infrastructure) 

 Minimise impact on pasture land. 

 

2.1.4 Reference Information 
Table 2-2 outlines the information used to inform the flooding assessment. 
 
 
Table 2-2: Reference information 

Design input Data used 

Catchment delineation 
 Photogrammetric survey 

 2 metre contour data 

Flood model topography 
 Photogrammetric survey 

 Detailed road corridor survey 

Rainfall data  Bureau of Meteorology IFD Data System 

Existing Infrastructure  Detailed road corridor survey 

Design surface and design 
infrastructure 

 12d model highway and drainage design 
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Figure 2-1: Catchment plan with hydraulic modelling extents 
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2.2 Overview of existing flooding situation 
The area of the proposal is subject to flooding from two different flooding mechanisms which pose a 
risk to the proposal.  
 
Firstly, mainstream flooding of the lower Shoalhaven River can back up along Broughton Creek and 
the adjoining floodplain to inundate the area surrounding the proposal. The Shoalhaven River 
catchment extends as far west as Goulburn. Considerable rainfall anywhere within this catchment can 
result in raised water levels in the area surrounding the proposal. This flooding is subject to tidal 
influence from the ocean entrance at Greenwell Point/Shoalhaven Heads, and would be subject to 
potential sea level rise under a climate change scenario. Rain events with potential to create this type 
of flooding would typically have durations greater than 24 hours and a relatively large spatial 
distribution. Resultant backwater flooding under this mechanism would typically involve very low 
velocities at the proposal, and relatively long warning times. This form of flooding affects the areas of 
the proposal at lower elevations, particularly the section between Chainage 22320 and 23100 
(Catchments 9 to 11 – Central section).  
 
Secondly, the steeper local catchments of the Cambewarra Range drain through the proposal. These 
catchments range in size from one hectare to over 1200 hectares and typically have response times 
of less than 6 hours. Flows originating from these catchments would cross the proposal with 
considerable velocities before draining to the Broughton Creek floodplain. This form of flooding affects 
all waterway crossings in the vicinity of the proposal. 
 
Hydraulic modelling indicates the existing highway is overtopped by the 100 year ARI flood at a 
number of locations as shown in Table 2-3. 
 
 
Table 2-3: Summary of hydraulic details for existing waterway crossings  

Catchment 
Label 

Waterway  
Name 

Chainage 
(m) 

Area 
(ha) 

100 
year 
ARI 
flow 

(m3/s) 

Existing 
Structure (m) 
(diameter or 

width x 
height) 

Inundation 
over existing 
highway, 100 
year ARI (m) 

01a Unnamed 
drainage line 19350 214 76 3.6 x 3.6 0.30 

01b Unnamed 
drainage line 19200 4 3 0.60 0.01 

02a Unnamed 
drainage line 19660 19 10 0.90 0.14 

03a Unnamed 
drainage line 19780 219 76 2.4 x 1.51 0.53 

04a Unnamed 
drainage line 20410 21 11 1.20 0.33 

05a Flying Fox Creek 20550 348 113 6.5 x 3.0 0.46 

06a Unnamed 
drainage line 20850 13 7 0.75 None 

07a Unnamed 
drainage line 21250 35 17 0.75 0.25 

07b Unnamed 
drainage line 21260 2 2 0.60 0.08 

08a Jaspers Brush 
Creek 21450 1234 355 Bridge 0.09 

09a Unnamed 
drainage line 22320 18 11 0.75 0.18 
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Catchment 
Label 

Waterway  
Name 

Chainage 
(m) 

Area 
(ha) 

100 
year 
ARI 
flow 

(m3/s) 

Existing 
Structure (m) 
(diameter or 

width x 
height) 

Inundation 
over existing 
highway, 100 
year ARI (m) 

10a Unnamed 
drainage line 22670 62 33 1.3 x 1.51 0.10 

11a Unnamed 
drainage line 23100 24 13 2.3 x 1.2 0.12 

12a Unnamed 
drainage line 23450 13 7 1.7 x 0.9 0.21 

13a Unnamed 
drainage line 23840 10 6 0.45 0.27 

14a Wileys Creek 24320 430 145 3.6 x 3.0 0.59 

15a Unnamed 
drainage line 25050 77 35 2.1 x 1.2 0.40 

16a Tandingulla Creek 
Tributary 25710 35 19 0.60 0.17 

17a Tandingulla Creek 
Tributary 26610 204 80 2.8 x 2.1 None 

17b Unnamed 
drainage line 26130 15 9 1.20 None 

18a Tandingulla Creek 26750 10 5 0.45 None 

18b Unnamed 
drainage line 27000 1 1 0.60 None 

19a Tullian Creek 27790 452 147 3.1 x 3.3 None 

19b Unnamed 
drainage line 27550 10 5 1.05 None 

19c Unnamed 
drainage line 28070 9 5 2.1 x 0.6 0.24 

20a Abernethys Creek 28560 683 227 Bridge 0.05 

21a Unnamed 
drainage line 28870 40 22 0.90 0.21 

22a Unnamed 
drainage line 29860 4 3 0.45 0.18 

Notes: 
1. Some uncertainty exists at these locations due to heavy vegetation and sedimentation restricting access for survey  
2. Additional sub-catchments/structures that are part of a major catchment are delineated by the letter following the 

catchment number 
3. Refer Figure 2-1 for catchment plan 
 
 
The land surrounding the proposal is predominantly used for agricultural activities (in particular stock 
grazing). Other uses through the area include cropping, vineyards, horse studs and small numbers of 
industry. At the southern end of the proposal the surrounding land is more urban with residential and 
business uses. 
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2.3 Overview of proposed flooding situation and impact assessment 
In order to provide 100 year ARI flood immunity for the proposal, the highway generally must be built 
at a higher elevation than the existing. To ensure the highway is not overtopped and to improve flow 
conveyance during the 100 ARI flood event the proposal includes a number of upgrades to existing 
bridges and culverts. At locations where the waterway areas under the highway would be increased, 
particularly where culverts are to be replaced with bridges, flood flow rates under the highway are 
likely to increase particularly in situations where the existing highway is not overtopped. Whilst this is 
necessary to prevent overtopping of the proposed highway this can potentially create adverse flood 
impacts downstream. As part of this the risk of upstream water level impacts due to possible debris 
blockage of culverts or bridges would generally be reduced due to the increase in waterway areas of 
the upgraded culverts and bridges. 
 
As discussed in Section 2.2, the proposal is subject to flooding from two potentially independent 
sources. Firstly, long duration, widespread rainfall in the Shoalhaven River catchment produces flood 
flows in the lower Shoalhaven River that fill the Broughton Creek floodplain storages. This creates a 
high tailwater at the bottom of the Cambewarra Range catchments that can increase water levels 
upstream and subsequently reduce discharge rates. 
 
Secondly, short duration intense rainfall on the Cambewarra range which produces flood flows with 
relatively little time between peak rainfall and peak flow. 
 
To address these two flooding mechanisms, and to identify the relative importance of each at various 
locations along the proposal, two hydraulic modelling scenarios have been assessed.  
 
The “Low Tailwater” scenario addresses flood behaviour when there is heavy rainfall on the 
Cambewarra Range with little flooding on the Broughton Creek floodplain. This assumes the water 
levels in Broughton Creek are at 2.0 metres AHD which is representative of when flows are contained 
within the banks.  
 
The “High Tailwater” scenario addresses flood behaviour when there is heavy rainfall on the 
Cambewarra Range which coincides with a water level in Broughton Creek of 5.0 metres AHD. This 
water level is representative of a 100 year ARI flood in the lower Shoalhaven River.  
 
Generally, the highest absolute water levels occur under the “High Tailwater” scenario. This scenario 
is used to set design levels for the highway alignment. However the higher tailwater can serve to 
“drown out” some of the flood impacts created by the proposal. When setting design levels for the 
highway alignment, a 6 per cent increase in rainfall intensity was adopted in accordance with the 
NSW Climate Impact Profile (CSIRO 2006). Sensitivity testing for a 10 per cent, 20 per cent and 30 
per cent increase in rainfall would be carried out as part of the detailed design for the proposal.  
 
The greatest relative change in water levels between existing and proposed conditions generally 
occurs under the “Low Tailwater” scenario. This is because the proposal would typically modify flood 
characteristics related to the flows from the Cambewarra Range, by either increasing waterway area 
under the proposal, or preventing flows from overtopping the proposal. There would be no 
modification of flood characteristics for the Broughton Creek or lower Shoalhaven River flooding.  
 

2.4 Northern catchments flood assessment 
The northern section covers the Berry and Jaspers Brush areas. It includes the proposal interface with 
the Foxground and Berry bypass project (chainage 19200) and extends south to include the Strongs 
Road and Jaspers Brush Road interchange (chainage 21700). The north section incorporates 
catchments 1 to 8 (refer Figure 2-2). 
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2.4.1 Existing conditions 
The four major creeks in this area are between four and ten kilometres in length. Jaspers Brush Creek 
is the largest with a catchment area of over 1200 hectares. The four streams convey runoff from the 
Cambewarra Range to the Broughton Creek floodplain. Generally, the creeks are relatively steep, 
incised and hydraulically independent of each other in the upper reaches. In the region surrounding 
the proposal, the creek gradients flatten out, the creeks meander considerably and flood extents are 
transferred between catchments when the banks are overtopped. Downstream of the proposal the 
flood flows start to disperse as the floodplain broadens, before passing under the South Coast 
Railway and discharging onto the Broughton Creek floodplain (refer Figure 2-2).  
 
Many of the creeks on the Broughton Creek floodplain have been straightened into more formal 
drainage channels. 
 
The catchments are typically cleared for agricultural land use however the major creek lines in the 
upper reaches are heavily vegetated. Some naturally vegetated areas are present in the upper 
catchments.  
 
The backwater influence during the “High Tailwater” scenario of 5.0 metres AHD water levels would 
not flood the existing highway in the northern catchments, assuming no runoff from the Cambewarra 
Range catchments (refer Figure 2-3). 
 
The existing highway would be overtopped by the 100 year ARI flood event at a number of locations 
with depth of flows up to 0.5 metres over the pavement (refer Table 2-3). A number of houses and 
other structures, notably around Mullers Lane and between O’Keefes Lane and Jaspers Brush Road, 
are currently flood affected in the 100 year ARI event. 
 
The creeks at catchments 1 to 5 have relatively simple flow characteristics upstream of the existing 
highway. The culverts and bridges are not capable of passing the flow, causing water to pond 
upstream of the embankment. Eventually this water would overtop the road and for catchments 1 to 5 
this overflow location is generally above the waterway area. The length of overtopping of the highway 
varies from 80 metres to 200 metres at a depth of up to 0.5 metres. 
 
The creeks at catchments 6, 7 and 8 overflow into each other upstream of the existing highway to 
form a large flood extent during the 100 year ARI event (refer Figure 2-2). The most substantial 
contributing catchment is Jaspers Brush Creek (catchment 8). Flood flows that overtop the banks of 
Jaspers Brush Creek combine with the smaller flows from catchments 6 and 7. The existing culverts 
that drain catchments 6 and 7 are relatively small and are not capable of passing this overflow from 
Jaspers Brush Creek. Consequently the existing highway would be overtopped at this location along a 
length of approximately 350 metres and a depth of up to 0.3 metres. 
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Figure 2-2: Northern model – existing 100 year ARI flood depths with low tailwater 
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Figure 2-3: Northern model – existing 100 year ARI flood depths with high tailwater 
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2.4.2 Flood impact assessment 
In order to provide 100 year ARI flood immunity to the highway the flows that currently overtop the 
existing highway must be managed in an alternate manner. This typically involves setting the proposal 
embankment at a higher elevation than the existing highway and providing additional compensatory 
waterway area under the highway. Without appropriate compensation for the removed overtopping 
waterway area, there would be a considerable increase in flood levels upstream. As a consequence 
of increasing waterway area under the highway there can be an increase in flows and associated 
maximum flood levels downstream of bridges and culverts. 
 
As part of the proposal new bridges are proposed at creek crossing No. 1 (catchment 1), creek 
crossing No.2 (catchment 3), creek crossing No. 3 – Flying Fox Creek (catchment 5), flood relief 
bridge (catchment 7) and creek crossing No. 4 – Jaspers Brush Creek (catchment 8). Upgraded 
culverts are proposed at all other crossings (refer to Figure 2-4 for bridge and culvert locations). The 
relative change in 100 year ARI flood levels is mapped in Figure 2-6 and the relative change in 100 
year ARI velocity is mapped in Figure 2-7.  
 
Creek crossing No. 1 at catchment 1 would have a minor impact constrained to the waterway area 
and pasture overbank immediately downstream of the new opening. The depth of flooding would 
increase in the creek from approximately 0.5 metres to 0.6 metres and is aligned to the flood impact 
objectives outlined in Section 2.1.3. A minor increase in velocity would occur immediately 
downstream of the proposal which would be constrained to the creek waterway area. There would be 
negligible duration impact for flooding in this area. There would be some reduction in flood levels in 
the areas previously affected by flows that overtop the existing highway. Notably this would include 
structure number 1 which is the house at the corner of Mullers Lane and Princes Highway (Figure 2-
4). This structure would no longer be flood prone in the 100 year ARI event.  
 
The flows from catchment 2 and creek crossing No. 2 (catchment 3) would no longer overtop the 
highway and would be confined to a culvert and a bridge. There are two houses downstream of this 
crossing that are already subject to flooding in the 100 year ARI event. To avoid increasing flows or 
water levels in this area, the waterway openings proposed at catchment 2 and creek crossing No. 2 
(catchment 3) have been sized to allow a similar flow to that of the existing waterway openings, 
combined with the flow that overtops the existing highway. The proposal would be at a higher 
elevation relative to the existing highway to prevent water from overtopping the proposal. As a 
consequence there would be an increase in upstream flood level of up to 0.15m for the local pasture 
area in catchments 2 and 3. However this would be confined to the local pasture area and there 
would be a negligible increase in the extent and duration of flooding. 
 
The creek at creek crossing No. 2 (catchment 3) meanders adjacent to the existing highway. This 
meander clashes with the additional footprint of the proposed highway. Consequently local 
adjustment works within the proposed road reserve boundary would be required immediately 
downstream of the proposal. 
 
The culvert upgrade at catchment 4 would cause a minor increase in flood level of up to 0.09 metres 
and a minor increase in velocity at the farm dam immediately downstream of the culvert. This would 
result in additional shallow ponding with a depth of no greater than 0.01 metres to the east of the dam 
towards the South Coast Railway (refer Figure 2-6). Mitigation measures to reduce this impact are 
discussed further in Section 2.8. 
 
Similar to creek crossing No. 2 at catchment 3, creek crossing No. 3 – Flying Fox Creek at catchment 
5 would require local adjustment works due to the meandering nature of the creek at the proposal. 
Immediately downstream of the proposal there would be a minor increase in level confined within the 
road reserve boundary while upstream there would be a 0.6 metre reduction in flood level. 
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As explained in Section 2.4.1, the flows upstream of the crossings at catchment 6, 7 and 8 are 
complex and a large flood extent is formed in this area. The existing road is overtopped along a 
substantial length in catchment 7 which represents a large waterway area. In order to replicate the 
existing flow distribution and flood characteristics, a flood relief bridge would be located immediately 
south of O’Keefes Lane and a series of wide, low box culverts would be located under the proposed 
heavy vehicle inspection bay. This infrastructure would be in addition to upgrades to the culvert 
crossing at catchment 6 and the proposed bridge at creek crossing No.4 – Jaspers Brush Creek 
(catchment 8) 
 
Without the additional infrastructure proposed at catchment 7, there would be an increase in flows 
and associated flood levels down Jaspers Brush Creek, as well as a considerable increase in flood 
level upstream of the proposal at catchment 6 and 7. This would impact the South Coast Railway at 
both Jaspers Brush Creek and Flying Fox Creek. 
 
As shown in Figure 2-6, there would be an increase in flood levels upstream of the proposal at 
catchments 6 and 7. The existing depth of flooding in this area ranges from 0.3 metres to 1 metre. 
The maximum increase would be limited to 0.3 metres and would be confined to pasture land which 
adheres to the flood impact objectives of the proposal.  
 
Due to the concentration of flows at the flood relief bridge (catchment 7), flood levels downstream 
would be increased by up to 0.35 metres. Velocities in this area would also be increased. These 
impacts would be confined to the creek area and would not impact any structures, with the exception 
of the driveway access to 4 O’Keefes Lane (Woodbyne). This driveway has been constructed with a 
considerable embankment across the creek line and two pipe culverts under the embankment. The 
driveway and waterway opening would need to be optimised in detailed design with due consideration 
of flood immunity access requirements. Other alternative options for property access may also be 
considered during detailed design in consultation with the property owner.  
 
Figure 2-6 highlights a large reduction in flood extent downstream of the proposal at catchment 7. 
This reduction improves the flood immunity generally of O’Keefes Lane and reduces the susceptibility 
of flooding for structure number 5 on O’Keefes Lane. 
 
The increase in waterway area at creek crossing No. 4 – Jaspers Brush Creek (catchment 8) would 
cause an increase in flood levels by up to 0.15 metres from an existing flood depth greater than 1 
metre. The increase would be confined to the pasture land and creek area immediately downstream 
of the proposal. The concentration of flow in this area would cause minor increases in velocity (refer 
Figure 2-7). There would be no impact to the South Coast Railway downstream of creek crossing No. 
4 – Jaspers Brush Creek as a result of the proposal. 
 
The northern section of the proposal would be inundated in the vicinity of the heavy vehicle inspection 
bay during the PMF. The majority of impacts during the PMF would be concentrated to the upstream 
side of the proposal due to the increase in elevation of the highway compared to the existing. There 
would be no existing structures impacted on as a result of the increased flood levels upstream of the 
proposal during the PMF. The increased waterway area at creek crossing No. 4 – Jaspers Brush 
Creek (catchment 8) would increase the flood levels downstream of the proposal however negligible 
impact would occur to the South Coast railway. 
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Figure 2-4: Northern model – 100 year ARI flood depths with proposal and low tailwater 
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Figure 2-5: Northern model – 100 year ARI flood depths with proposal and high tailwater 
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Figure 2-6: Northern model – Relative change in100 year ARI flood levels with low tailwater conditions (with proposal) 
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Figure 2-7: Northern model – Relative change in100 year ARI velocity with low tailwater conditions (with proposal) 
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2.5 Central catchments flood assessment 
The central section extends from Strongs Road to the south to include the Morschels Lane grade 
separated facility (chainage 25300). The central section incorporates catchments 9 to 15. 
 

2.5.1 Existing conditions 
The central catchments are generally small with areas less than thirty hectares except for Wileys 
Creek (catchment 14) at 450 hectares and catchment 15 at 80 hectares. Some vegetation exists on 
the creek banks but generally the land is cleared for agriculture.  
 
The existing highway is overtopped in the 100 year ARI flood event at all culvert locations (refer Table 
2-3). 
 
Flood flows from catchment 9 surcharge the culvert at chainage 22300, overtop the existing road 
pavement and flow longitudinally down the highway and through the road cutting to catchment 10. 
This limits the existing flow at the South Coast Railway culverts immediately downstream of 
catchment 9, however it increases the existing flow at the railway from catchment 10 (refer Figure 2-
8). Flows from catchments 9 and 10 recombine at the railway embankment downstream where they 
discharge via three separate culverts through the railway embankment to the Broughton Creek 
floodplain.  
 
A stock underpass immediately south of Strongs Road also conveys some transverse flow during 
large flood events. 
 
Hydraulic modelling indicates approximately 200 metres of the railway is overtopped downstream of 
catchment 10 during the 100 year ARI event.  
 
Discharges from catchments 9, 10 and 11 are influenced by high tailwaters in Broughton Creek during 
regional flooding of the floodplain (refer Figure 2-9).  
 
The potential implications of climate change on flood levels in the lower Shoalhaven River were 
recently assessed in the Lower Shoalhaven Climate Change Assessment (WMAwater 2011). The 
assessment determined that the increase in water levels at the confluence of Broughton Creek and 
the lower Shoalhaven River, due to a 30% increase in rainfall intensity and a 0.9 metre increase in 
sea levels, would be 0.65 metres during the 100 year ARI flood event. A sophisticated joint-probability 
analysis would be required to determine the extent of this increase on the tailwater of catchments 9, 
10 and 11. However it is not likely that such an analysis would influence the design or flood immunity 
of the proposal.  
 
Catchments 12 and 13 have relatively small culverts which cannot pass the 100 year ARI flow under 
the existing highway. This water ponds upstream of the embankment and eventually overtops the 
highway in the area above the culvert location.  
 
Catchment 14 drains Wileys Creek. The low point in the highway is around Turners Lane at chainage 
24500 approximately 200 metres east of Wileys Creek. Hydraulic modelling indicates the highway is 
overtopped at this location during the 100 year ARI event by up to 0.6 metres.  
 
The crossing at catchment 15 is located just east of the existing intersection of the highway with 
Devitts Lane and Morschels Lane. The catchment drains through a small culvert under Devitts Lane 
immediately upstream of the highway before passing through the larger culvert under the existing 
highway. As shown in Table 2-3 the road is overtopped by up to 0.4 metres in this location.  
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Figure 2-8: Central model – Existing 100 year ARI flood depths with low tailwater 
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Figure 2-9: Central model – Existing 100 year ARI flood depths with high tailwater 
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2.5.2 Flood impact assessment 
Figure 2-10 and Figure 2-11 present the 100 year ARI flood depths under low and high tailwater 
conditions respectively for catchments 9, 10 and 11. Figure 2-12 presents the relative change in 100 
year ARI flood level and Figure 2-13 presents the relative change in 100 year ARI velocities.  
 
The removal of the existing overland flow path outlined in Section 2.5.1 would potentially increase 
downstream flood flows at the South Coast Railway in catchment 9 compared to the existing situation. 
To avoid this change in flow behaviour a 300 metre long overflow channel would be constructed 
longitudinally to the proposal down through the road cutting from catchment 9 to catchment 10. The 
overflow channel would only operate during large ARI events and would pass excess water from 
catchment 9 to catchment 10 once the culvert at catchment 9 is operating at capacity. This would limit 
the increase in flood level at the downstream railway embankment to 0.05 metres. The existing flood 
depth in this area ranges from 0.3 metres to 0.9 metres. This impact occurs at locations where the 
majority of floodwaters are generally ponding rather than flowing and as such would only have in a 
negligible change in flow velocity at the South Coast Railway due to the additional headwater. It is 
unlikely this would impact on rail operations as the railway would already be inundated to the south (at 
catchment 10).  
 
There would be a very minor change in the extent of flooding downstream of the proposal in 
catchment 9 due to the increase in flooding level. The velocity would increase slightly due to the 
concentration of flow through culvert 9. The duration of inundation would be largely unchanged as a 
result of the proposal as it is largely governed by Broughton Creek flooding. 
 
The culvert upgrades at catchment 10 and catchment 11 would result in a decrease in flood level of 
up to 0.2 metres upstream of the proposal. At the rail embankment in catchment 11 there would be a 
minor increase in flood level of less than 0.04 metres. Similar to catchment 9, this would not impact 
rail operations and the impact on duration and extent of flooding would be negligible. 
 
The upgrade of drainage structures at catchments 12 and 13 would result in reduced flood levels 
upstream of the proposal of up to 0.1 metres and 0.6 metres respectively. This would result in minor 
impacts to pasture land immediately downstream due to the concentration of flows. Negligible impact 
on flood level or duration would occur at the South Coast Railway. 
 
At catchment 14 the increase in waterway area as part of the upgrade to creek crossing No. 5 – 
Wileys Creek would limit the increase in flood levels upstream to no more than 0.1 metres. This would 
cause the average depth of flooding on the property immediately upstream of chainage 24200 to rise 
from 0.75 metres to 0.85 metres. The extent of flooding in this area would be largely unchanged due 
to the relatively steep grades outside of this floodplain area. The flooding occurring in this area is 
contained to pasture land/vineyards and does not impact housing or infrastructure. The flood level 
increase would not have an impact on the house immediately upstream of chainage 24350 in 
catchment 14.  
 
Catchment 15 crosses the proposal at the Morschels Lane grade separated facility. Some bunding 
would be required immediately upstream of the proposed culverts at Devitts Lane in order to provide 
100 year ARI flood immune u-turn capability at this intersection. This bunding is incorporated in the 
concept design for the proposal and would allow the vertical alignment of the proposed Devitts Lane 
to be low enough to pass under the proposal while still providing enough headwater to convey flow 
through the proposed culverts at Devitts Lane. The majority of this additional headwater would be 
confined to the road reserve boundary with a minor increase in 100 year ARI flood levels of up to 0.1 
metres over a small area of the property immediately upstream at chainage 25150. The duration of 
inundation would only occur for a short time during the local catchment flood event and this would not 
be impacted by the proposal or tailwater flooding from Broughton Creek. 
 
Much of the central section of the proposal is low lying and would be susceptible to inundation during 
the PMF. The depth of flood impacts would be contained to upstream of the proposal, would not 
impact existing structures and would have a negligible impact on the South Coast railway. The 
underpass of the Morschels Lane grade separated facility would not be flood immune during the PMF.  
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Figure 2-10: Central model – 100 year ARI flood depths with proposal and low tailwater 
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Figure 2-11: Central model – 100 year ARI flood depths with proposal and high tailwater 
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Figure 2-12: Central model – Relative change in100 year ARI flood levels with low tailwater conditions (with proposal) 
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Figure 2-13: Central model – Relative change in100 year ARI velocity with low tailwater conditions (with proposal) 
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2.6 Southern catchments flood assessment 
The southern section covers the remainder of the proposal (to chainage 30300), including the Meroo 
Meadow and Bomaderry areas. The south section incorporates catchments 16 to 22. 
 

2.6.1 Existing conditions 
Flooding in the southern catchments at the proposal alignment is generally not influenced by tailwater 
conditions in Broughton Creek or the lower Shoalhaven River.  
 
Tandingulla Creek (catchment 17), Tullian Creek (catchment 19), and Abernethys Creek (catchment 
20) are the major creek crossings on the proposed alignment. Catchments 16, 18 and 21 are minor 
tributaries to these creeks.  
 
Tandingulla Creek (catchment 17) crosses the highway north of Boxsells Lane. It then flows to the 
north where the mainstream flows potentially create increased tailwater levels for culverts draining the 
smaller tributary catchments. This contributes to conditions which cause flows from catchment 16 to 
overtop the existing highway. 
 
The banks of Tandingulla Creek (catchment 17) immediately to the east of the highway are relatively 
low. During high flows the banks are overtopped and a component of the flow follows an overland flow 
path south east towards Lamonds Lane. The area between Lamonds Lane and the existing highway, 
including a number of building structures, is subject to inundation in the 100 year ARI flood event.  
 
Agriculture on the Broughton Creek floodplain and construction of the existing Princes Highway and 
South Coast Railway has altered the natural geomorphology of the creeks draining the floodplain. It 
appears the creeks have been relocated and realigned over time to cater for farming needs, 
presumably to more evenly spread water through farmland on the Broughton Creek floodplain.  
 
Indicative of this is the dry creek bed at the Pestells Lane half-interchange (immediately north of the 
existing highway), together with the gently sloped channel immediately south of the interchange. The 
dry creek bed may have been the historical route for Tullian Creek (catchment 19) however it is now 
undulating pasture land used for agricultural purposes. Hydraulic modelling indicates that during high 
flows, water from Tullian Creek (catchment 19) flows into Abernethys Creek (catchment 20), 
overtopping the existing highway at this location. Prior to the construction of the existing highway 
embankment, this exchange would have occurred on a more frequent basis.  
 
The banks of Tullian Creek (catchment 19) overtop during larger flood flows at a number of locations 
both upstream and downstream of the existing highway. This water flows over the existing highway 
and Pestells Lane to join Abernethys Creek (catchment 20) (refer Figure 2-12). Approximately 600 
metres of existing highway is overtopped as a result of the flow combination.  
 
Flow from catchment 21 overtops the existing highway south of Abernethys Lane. Some of this flow is 
conveyed down along the existing highway cutting to Abernethys Lane (refer Figure 2-14). The 
remainder of the flow continues down a tributary of Abernethys Creek passing south of a residential 
area located in Emerald Drive.  
 
Catchment 22 is a small, urban catchment that drains under the existing highway to Council’s 
drainage system via an existing 300 millimetre diameter culvert. 
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Figure 2-14: Southern model – Existing 100 year ARI flood depths with low tailwater 
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2.6.2 Flood impact assessment 
New bridges are proposed at creek crossing No. 6 – Tandingulla Creek (catchment 17), creek 
crossing No. 7 – Tullian Creek (catchment 19) and creek crossing No. 8 – Abernethys Creek 
(catchment 20). Upgraded culverts are proposed at all other crossings in the southern section.  
 
Figure 2-15 presents the 100 year ARI flood depths for the southern catchments of the proposal. 
Figure 2-16 summarises the relative change in 100 year ARI flood level and Figure 2-17 summarises 
the relative change in 100 year ARI velocity. 
 
The culvert upgrade at catchment 16 would have a minor flood level increase downstream of the 
crossing ranging from 0.03 metres to 0.10 metres and a minor increase in velocity. These impacts 
would be contained to the creek waterway area immediately downstream of the proposal and are the 
result of the concentration of flows that originally overtopped the highway. 
 
The proposed creek crossing No. 6 – Tandingulla Creek (catchment 17) would prevent overtopping of 
the proposal in the 100 year ARI flood event. This would reduce the extent of flood affected land 
downstream to provide more high ground for stock evacuation in the area between Tandingulla Creek 
and the proposal (refer Figure 2-16). The increase in waterway area at creek crossing No. 6 would 
increase flood levels and velocity immediately downstream, however this increase would generally be 
contained within the existing creek waterway. There would be a minor increase in flood depth from 
0.16 metres to 0.20 metres at structure number 9. The potential mitigation measures are discussed 
further in Section 2.8. 
 
The proposed Pestells Lane interchange embankments would prevent the overland transfer of flow 
from Tullian Creek to Abernethys Creek. To avoid potential for considerable flood level impacts on 
properties located downstream on Tullian Creek, an overflow culvert running north to south under the 
interchange would convey high flows to the existing natural drainage depression south of the 
interchange. This would result in some concentration of flows compared to the existing spread of 
relatively shallow flows ranging from 0.1 metres to 0.5 metres deep. The concentrated flows would be 
contained to pasture land between the discharge location and Abernethys Creek with flows up to one 
metre deep and 30 metres wide, with velocities of up to 3.3 m/s (refer Figure 2-17). However it should 
be noted that a considerable area of approximately 3 hectares on the same lot would no longer be 
subject to flooding in the 100 year ARI event. This includes structure number 16 shown on Figure 2-
16. It is considered the net impact on flooding for this property is positive.  
 
The removal of the overland flow path from Tullian Creek to Abernethys Creek as a result of the 
proposal would result in minor impacts downstream of creek crossing No.7 – Tullian Creek 
(catchment 19). The majority of these impacts are contained to the creek waterway area and low lying 
pasture land. The creek waterway level would rise by up to 0.1 metres with flood level rises in the 
overbank and floodplain area of up to 0.06 metres. The change in velocity in this area would be up to 
0.5 m/s. Flood levels at structures 13 and 14 would increase by up to 0.04 metres. The potential 
mitigation measures for properties are discussed further in Section 2.8. The extent of flooding 
downstream of creek crossing No. 7 would not really be affected as the depths of inundation would be 
shallow (typically less than 0.01 metres). 
 
Flood extents at Meroo Road would be reduced and flood evacuation routes improved for properties 
located between the proposed roundabout on Meroo Road and the proposal.  
 
The upgrade at creek crossing No. 8 – Abernethys Creek (catchment 20) would reduce upstream 
flooding levels by up to 0.55 metres which would also reduce the extent of flooding to this area. 
Immediately downstream of the crossing flood levels would be increased but contained within the 
creek waterway and immediate overbank area. The majority of this impact occurs in the first 50 
metres downstream of the proposal on the property identified above to have a net positive impact. 
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The removal of the existing overland flow path from catchment 21 to creek crossing No.8 – 
Abernethys Creek (catchment 20) would increase flows to the tributary of Abernethys Creek, south of 
Emerald Drive. This would potentially increase flood levels behind the Emerald Drive residential area 
and consequently a slightly undersized culvert at catchment 21 is proposed to compensate and 
minimise this impact. This would allow water to pond in the pasture land upstream and increase flood 
levels in this area by up to 0.6 metres compared to the existing approximate average depth of 1 
metre. The flood extents would be increased by up to 0.55 hectares in the 100 year ARI event (refer 
Figure 2-16). The increase would be of short duration and low velocity. The change in flooding would 
be limited to low lying farm land and would not impact stock evacuation routes.  
 
Flows from catchment 22 would be captured in the transverse drainage system and conveyed to 
Abernethys Creek.  
 
The southern section of the proposal would be inundated in multiple locations during the PMF. The 
majority of the flood level impacts would be contained upstream of the proposal as a result of 
increased embankment level. Increased flood levels would occur downstream of creek crossing No.6 
– Tandingulla Creek (Catchment 17) and creek crossing No. 7 – Tullian Creek (catchment 19) due to 
the increased waterway area under the road. The impacts downstream of creek crossing No. 6 and 
No. 7 would increase flood levels for existing structures located in the overbank areas downstream of 
the creek crossings.  
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Figure 2-15: Southern model – 100 year ARI flood depths with proposal and low tailwater 
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Figure 2-16: Southern model – Relative change in100 year ARI flood levels with low tailwater conditions (with proposal) 
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Figure 2-17: Southern model – Relative change in100 year ARI velocity with low tailwater conditions (with proposal) 
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2.7 Residual impacts to structures 
Where some flood impact is largely unavoidable, the design objective for the proposal is to contain 
the impact to farmland pasture. However some residual impact on existing building structures 
remains. A summary of properties identified as potentially flood affected is provided in Table 2-4. 
 
 
Table 2-4: Relative change in 100 year ARI flood level at existing structures 

 Property  100 year ARI flood 
level 

Change in 
flood level Comment 

Label   Existing 
(mAHD1) 

Proposed 
(mAHD1) (m)  

1   10.71 - - Structure no longer flooded 

2   7.47 7.47 0.00 Nil impact 

3   8.19 8.20 0.01 Negligible impact 

4   4.53 4.52 -0.01 Negligible improvement 

5   14.03 - - Structure no longer flooded 

6   9.86 9.86 0.00 Nil impact 

7   10.40 10.40 0.00 Nil impact 

8   8.76 8.76 0.00 Nil impact 

South Coast Railway Varies2 Varies2 0.05 Minor impact 

9   24.14 24.18 0.04 Minor impact 

10   17.79 17.80 0.01 Negligible impact 

11   12.85 12.85 0.00 Nil impact 

12   11.95 11.95 0.00 Nil impact 

13   16.72 16.76 0.04 Minor impact 

14   16.64 16.68 0.04 Minor impact 

15   15.44 - - Structure no longer flooded 

16   14.52 - - Structure no longer flooded 

17   12.93 12.95 0.02 Negligible impact 

18   12.79 12.81 0.02 Negligible impact 

19   12.70 12.72 0.02 Negligible impact 

20   12.19 12.21 0.02 Negligible impact 

21   12.02 12.04 0.02 Negligible impact 

22   11.76 11.79 0.03 Minor impact 
Notes: 
 mAHD is metres, Australian Height Datum. 
 The rail embankment elevation varies from approximately 4 mAHD to 13 mAHD. 

 
 
Floor levels at the structures outlined in Table 2-4 should be surveyed during the detailed design 
phase of the proposal to allow quantification of the actual impacts and implications for each structure. 
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2.8 Flood management measures 
The concept design has been developed with due consideration of the potential to cause adverse 
flood impacts and the need for mitigation of such impacts. Specifically, the following design features 
are incorporated in the proposal to manage flood impacts.  
 
 A series of wide, low box culverts under the heavy vehicle inspection bay (chainage 21100) and 

inclusion of an additional bridge immediately south of O’Keefes Lane to accommodate the 
existing overbank flow paths of Jaspers Brush Creek. 

 A 300 metre long overflow channel to compensate for removal of the overland flow path along the 
existing highway between catchments 9 and 10 (chainage 22320 to 22670). This channel would 
reduce flood impacts at the downstream railway.  

 A culvert located diagonally under the Pestells Lane interchange to approximate the existing over 
bank flood flow path between Tullian and Abernethys creeks. 

 Appropriate sizing of other waterway crossings to achieve a balance between flood immunity of 
the alignment as well as minimising upstream and downstream impacts in accordance with the 
proposal flood impact objectives outlined in Section 2.1. 

 
Should the floor level survey described in Section 2.7 determine that the change in flood level would 
impact habitable areas, local mitigation works would be discussed and agreed with the property 
owner. This would include consideration of on ground structural measures such as catch drains, local 
bunding, house raising and flood proofing of buildings. 
 
The farm dam downstream of catchment 4 is located within the construction footprint and would 
require modification to accommodate the proposal. This would be carried out in consultation with the 
landowner and this may locally alter the proposed flood impact mapping in this area. Without 
alteration, the hydraulic modelling indicates overtopping would occur to the north of the dam 
embankment, resulting in shallow ponding in the pasture between the dam and the railway. When the 
dam is modified, a higher embankment and an appropriately sized spillway to the south would direct 
overflows to the existing creek line and mitigate this impact.  
 
Sensitivity testing would be carried out as part of the detailed design of the proposal for:  
 
 Blockage impacts of culverts and bridges. 

 A 10 per cent, 20 per cent and 30 per cent increase in rainfall due to climate change. 

 Tailwater levels for the northern and central catchments. 

 
The potential scouring of waterway areas as a result of the proposal has not been assessed in any 
detail for the purposes of this impact assessment. The need for any scour protection and creek 
stability works would be addressed during detailed design. Mitigation of potential scour and creek 
instability including measures such as rock revetment would be installed where required and would be 
designed to minimise the impact to aquatic ecology, surrounding land uses and visual effects of the 
proposal. 
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2.9 Flood management during construction  
The construction methodology that would be adopted for the proposal has yet to be determined. At 
this stage, uncertainty exists around stockpile size requirements, requirements for construction 
access roads, construction staging and construction techniques. The flood impacts during 
construction would need to be assessed as part of the development of construction methodology. 
 

2.9.1 Impact of flooding during construction 
There is the potential for large flood events to occur during construction of the proposal. Depending 
on the stage of construction this may have impacts on the construction site and cause damage to 
construction equipment. Where reasonably practicable, construction should be staged to allow flood 
waters to flow naturally and not be retarded or altered by the construction activity. This would ensure 
that flood levels do not increase upstream by a substantial level and would limit the potential for 
flooding of the construction site. 
 
The staging of construction should take into consideration the potential for flood impacts upstream 
and downstream of the construction site. Should flood waters need to be temporarily diverted away 
from natural drainage paths to facilitate construction works, an assessment of the potential impacts 
would need to be undertaken and mitigation measures identified.  
 
A flood risk management plan would be prepared as part of the Construction Environmental 
Management Plan. This would formalise the planned flood risk management response and 
incorporate the management measures as adopted.  
 
In addition, the use of automatic weather stations (AWS) would be considered to gather accurate and 
timely weather data and to facilitate weather warnings to construction contractors. AWS are generally 
solar powered and record rainfall, wind speed and direction, temperature, relative humidity and dew 
point. The data is transferred to a remote server every 15 minutes over the 3G/4G telephone network. 
The data is then made available to RMS and contractors via the internet on an easy to navigate 
website. Information can also be sent to mobile phones by SMS. The AWS can alert RMS staff and 
contactors of selected predetermined weather conditions, such as when a site has received a certain 
rainfall volume in a day. This system can be used to mitigate potential adverse impacts of flooding 
during construction. 
 

2.9.2 Flooding input to location of ancillary facilities 
Preliminary site selection criteria were determined to facilitate the identification of suitable sites for the 
location of temporary construction ancillary facilities. The criteria relevant to this assessment are: 
 
 Ancillary facilities should be located a minimum of 50 metres from the nearest waterway. 

 Sites for ancillary facilities must be above the 1 in 100 year flood level unless a contingency plan 
to manage flooding issues is prepared and implemented.  

 
The 100 year ARI flood extents and 50 metre buffer zones around waterways are mapped in Figure 
2-18.  
 
Figure 2.19 shows a total of 17 potential locations for construction ancillary facility sites that have 
been identified as part of the proposal. These site are above the 1 in 100 year flood level and 
therefore not be subject to 100 year ARI flooding. Within these sites, ancillary facilities should be 
located outside of the 50 metre buffer zones from waterways wherever feasible and reasonable. 
  
Ancillary facilities are discussed further in Chapter 4 of the review of environmental factors. 
 
Temporary construction ancillary facility site 17 may be used as a permanent road maintenance 
facility in the future. If required, the facility would be subject to a separate assessment process at that 
time.  
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Figure 2-18: Surface water constraints to ancillary facilities location 
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Figure 2-19: Possible locations for potential temporary construction ancillary facilities 
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3 Water quality 
3.1 Background 
There are approximately 29 locations where the proposal crosses an existing waterway. These 
waterways drain the catchments of the Cambewarra Range and discharge into Broughton Creek. 
During large flow events the Broughton Creek floodplain becomes inundated and the creeks 
discharge to the floodplain. An overview of the proposal is provided in Figure 1-1.  
 

3.2 Existing water quality 
3.2.1 Overview 
The existing highway that would be upgraded by the proposal currently does not have water quality 
treatment measures in place as part of the drainage infrastructure. As such, storm water runoff and 
any spills from the existing highway are not treated prior to discharge into the receiving environment. 
 
Existing water quality has been assessed in detail in Appendix F – Technical Paper: Aquatic Ecology 
and Water Quality Management (CEL 2013) of the review of environmental factors for the proposal. 
The assessment identifies that the lower Broughton Creek and the lower Shoalhaven River are 
estuarine and are classified as major fish habitats (Class 1)(The Ecology Lab, 2007), with parts of the 
lower Shoalhaven River listed as SEPP 14 wetlands. The assessment also identified that seven of the 
eight major creek crossings in the proposal are major fish habitats (Class 1). This suggests that some 
of the waterway crossings of the proposal and the downstream receiving waterways are sensitive 
receiving environments.  
 
The findings of this assessment are summarised in Section 3.2.3.  
 

3.2.2 Land-use 
Pasture and rural settlement are defining features of land-use within the study area. Agricultural 
activities have created the general pattern of vegetation clearance observed today. Much of the 
region’s woodland and riparian vegetation has been removed, and where it does occur it is often 
dominated by introduced species such as coral trees, willow, camphor laurel, privet and lantana. 
Broughton Creek supports sections of relatively intact riparian vegetation in its upper reaches. Many 
of the smaller creeks sampled during the current survey also appear to have relatively intact riparian 
cover only in their steep upland sections. On lower lying land, most small creeks have been cleared 
entirely at some point in the past and have been recolonised by pasture grasses or a mixed 
assemblage of weeds. In the low-lying floodplain, waterways have been highly modified to improve 
the drainage of arable lands. 
 
The proposal would pass along the north-western edge of the Bomaderry township. The Bomaderry 
town centre has a distinct urban zone to the south-east of the Princes Highway and a lower density 
residential zone to the west of the highway. 
 
Along most of the highway route, excluding the town of Bomaderry, development is predominantly 
isolated rural dwellings. 
 

3.2.3 Water quality issues 
There are numerous water quality issues facing watercourses within the Shoalhaven area due to past 
and present land-use practices. These include elevated nutrient levels, heavy metal contamination, 
suspended sediment resulting from erosion of soils, low dissolved oxygen, bacterial pollution and 
drainage of acid sulphate soils (ASS) (Environmental Protection Authority, 1997). 
 
Previous studies have found water quality within the study area to be typical of aquatic ecosystems 
that have been disturbed by agricultural practices (The Ecology Lab, 2007). The long-term agricultural 
land-use in the area has resulted in pollution of surface waters such that pollutant concentrations 
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exceed those considered to be suitable for the sustainability of ecosystem integrity. 
 
Concentrations of phosphorus in water from the Broughton Creek catchment frequently exceeded 
Australian and New Zealand Conservation Council (ANZECC) threshold values for the protection of 
aquatic ecosystems (The Ecology Lab, 2007). The likely source of these nutrients is fertilizer applied 
to improve grazing pastures and livestock manure. Organochlorine pesticide, oxides of nitrogen and 
trace element levels within Broughton Creek have previously been found to be within ANZECC 
aquatic ecosystem threshold limits, but chloride levels exceeded ANZECC guidelines (The Ecology 
Lab, 2007). 
 
Studies of the Broughton Creek catchments have found that pH and conductivity levels were 
generally within the ANZECC threshold limits, but turbidity levels were not (The Ecology Lab, 2007). In 
2007, during a period of low rainfall, the dissolved oxygen levels at sites within Broughton Creek were 
frequently below ANZECC lower limits (The Ecology Lab, 2007). This may be due to low flow 
conditions and/or high in-stream organic loads. 
 

3.3 Water quality impact assessment - construction 
The primary potential impact to surface water quality during construction would be the increased 
potential for sediment release and transportation through runoff during and following clearing and cut 
and fill operations, as bare soil would be exposed to erosion during the construction works. 
Transportation of sediment could also occur through vehicular movements such as tracking onto 
roads. Increased sedimentation of watercourses can smother aquatic habitats and organisms, and 
can increase concentrations or loads of nutrients, metals and other potential toxicants that attach to 
sediment particles.  
 
Other potential impacts to surface water during the construction phase include: 
 
 Sediment release from stockpile sites and earthmoving activities can result in sedimentation of 

watercourses and increased pollutant loads to receiving aquatic environments. 

 Increased surface runoff due to an increase in cleared and impervious surfaces. Increased runoff 
may increase scour and erosion and may alter the hydrology of the receiving environments, by 
making them wetter. Some environments are sensitive to increased wetness.  

 Exposure of ASS resulting in acidic runoff that could have environmental impacts on the water 
quality of receiving creeks. The acidic runoff can cause impacts on the water pH and can increase 
the potentially toxic metal levels of the waterway.  

 Uncontained oil/fuel leakage from construction equipment could runoff into the receiving water 
bodies which can be detrimental to birdlife and other aquatic habitats. 

 Contaminated runoff or spills (for example caused by accidental chemical spills, or damage to 
chemical storage areas) that could pollute receiving water bodies and have major impacts to 
aquatic habitats. 

 General waste generated from construction activities could enter water bodies and smother 
aquatic habitats and ecosystems and cause direct impacts to the aquatic fauna if ingested. 

 Dust generation during excavation that could settle in water bodies and increase turbidity and 
smother aquatic habitats and ecosystems. 

 Changes to existing farm dam catchments and therefore a disruption of water supply for livestock 
and irrigation, resulting from the diversion of existing runoff due to cut or fill (refer Section 5.1). 

 Damage to ancillary facilities, such as stockpile sites and chemical storages that could result in 
runoff of pollutants to receiving water bodies. 

 Flood damage to chemical storage or stockpile areas causing runoff of chemicals and/or sediment 
and subsequent impacts to aquatic habitats and organisms in the receiving water bodies. 
Chemicals may be toxic to flora and fauna, and sediments can smother habitat. 
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 Tannins and other organic leachates from vegetation stockpiles may be high in biological oxygen 
demand and nutrients. High biological oxygen demand may suffocate in-stream fauna. High 
concentrations of nutrients can support the growth of algae (eutrophication). Organic acids may 
lower the pH of the water. 

 Riparian vegetation removal resulting in increased erosion and sedimentation into waterbodies. 
Removal of riparian vegetation may also increase the temperature of water in streams, which 
lowers the concentration of dissolved oxygen, and may limit the growth or reproduction of some 
fauna species 

 
The risks to water quality during construction need to be managed diligently to endeavour to avoid or 
minimise any potential impacts to water quality.. 
 

3.4 Water quality management measures - construction 
A preliminary erosion and sediment assessment has been undertaken in accordance with RMS 
erosion and sediment management procedures. The area has been assessed to be of high risk and a 
registered soil conservation consultant would be required. Appropriate management measures are to 
be implemented during construction to effectively reduce the generation of pollutants and minimise 
impacts on receiving waters.  
 

3.4.1 Erosion and sediment controls 
A soil and water management plan (SWMP) documenting the controls for capturing and removing 
sediment from runoff prior to reuse or discharge to receiving waters would be developed for the 
construction phase. Additionally, site specific erosion and sediment control plans (ESCP) would be 
developed to document specific controls for each area of the site. These would typically be a 
progressive series of plans to reflect changes to erosion and sediment controls implemented as 
construction progresses. The erosion and sediment controls across the site would be planned and 
implemented in accordance with Managing Urban Stormwater-Soils and Construction, Volume 2D 
(Landcom 2004), the conditions of the Environment Protection Licence (EPL) required for the 
proposal, and with input from a registered soil conservation consultant. 
 
The proposal largely follows the existing highway alignment. The design aims to straighten curves, 
resulting in widened areas being on alternating sides of the highway. The construction works would 
be required to be staged to allow the existing highway to remain operational through the construction 
phase. These factors result in a number of small separated work zones being created during each 
stage as opposed to a more traditional linear infrastructure proposal with one large connected work 
zone. The work zones range in area from approximately 0.04 hectares to approximately 3.25 
hectares. 
 
The nature of the proposal with numerous relatively small work zones does not lend itself to the use of 
formalised sediment basins as the primary approach to erosion and sediment management as the 
annual sediment loss from the majority of catchments would be low. The overall erosion and sediment 
control strategy for the proposal would be to first prevent or reduce erosion then capture sediment as 
close to the source as possible using multiple small control devices rather than solely relying on large 
sediment basins downstream of construction works.  
 
At seven locations, operational water quality basins are proposed to be constructed early in the 
clearing stage and would be utilised during construction as construction phase sedimentation basins. 
At one additional site, a temporary construction sediment basin is proposed (refer Figure 3-1 for 
proposed location of basins). At other sites, in lieu of construction sediment basins, a series of small 
scale control devices such as check dams would be utilised to control erosion and sedimentation. The 
sites that do not have a proposed sediment basin for the construction phase do not meet the 
sediment load triggers that require a sediment basin and as such a combination of source control and 
small scale devices can be utilised. 
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To minimise the sediment generated from the site and lessen the chance of offsite impacts on water 
quality, strategies to be considered and implemented as part of the SWMP include: 
 
 Diverting off-site water around and/or through the construction site and the establishment of 

temporary cross drainage so that off-site stormwater is not mixed with site stormwater. 

 Minimising the extent of disturbed areas and rehabilitating disturbed areas as soon as reasonably 
practicable.  

 Reducing the length of slopes through the use of temporary diversion drains to reduce water 
velocity, and therefore erosion potential, over exposed surfaces. 

 Limiting the volume of water movement within the site by removing water from the site at regular 
intervals though multiple small scale sediment capture devices. 

 Construction of operational drainage measures at the earliest practicable opportunity during the 
proposal for use during the construction stage. 

 

3.4.2 Sediment capture strategies 
As stated above, sediment capture would be secondary to erosion source control and would utilise 
multiple small capture devices such as check dams along with construction sediment basins.  
 
The use of construction sediment basins is a common method for sediment capture. However 
locations exist along the alignment where sediment basins are not deemed to be reasonably 
practicable due to space constraints posed by availability of land or other environmental factors such 
as heritage or ecology. At these locations multiple small sediment capture devices such as hay bales, 
vegetation bunds, silt fencing and rock check dams would be used in lieu of sediment basins. Multiple 
small sediment capture devices would also be used throughout the site prior to sediment basins being 
constructed to reduce the reliance on one single structure at the end of the treatment train. 
 
In some areas of the alignment, water quality swales are proposed to convey stormwater as part of 
the overall water quality management process during the operational phase. During construction in 
these locations, an increased focus would be placed on at-source erosion control with the footprint of 
the proposed operational swales utilised as a location to provide multiple sedimentation areas. This 
would be achieved by providing rock or sandbag check dams (or similar) along the footprint of the 
operational swale drain. 
 
Where basins cannot be accommodated, alternate sediment capture methods would be developed 
and implemented in consultation with the registered soil conservation consultant. 
 

3.4.3 Construction sediment basins 
Preliminary basin sizing has been undertaken based on the concept design in order to provide an 
indication of how erosion and sediment control may be achieved. The indicative location of the 
proposed construction sediment basins is shown in Figure 3-1.  
 
Detailed sediment basin sizing would be undertaken by the construction contractor during the 
construction planning stage of the proposal. Basin volumes would be calculated for estimated 
catchment areas at both the clearing stage of the proposal and at the final earthworks levels, and 
would be based on the sensitivity of the receiving environments as per Managing Urban Stormwater - 
Soils and Construction, Volume 2D (Landcom, 2004). Cut batters have been included in the 
catchment area when sizing sediment basins as earthworks reach the final levels. Fill batters may be 
excluded as they can be progressively stabilised as they are constructed or can be managed as 
separate catchment areas. 
 
The construction sediment basins have been sized using the required design criteria for Type D or F 
(dispersible and fine-grained) soils specified in Managing Urban Stormwater - Soils and Construction, 
Volume 2D (Landcom, 2004). 
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Operational water quality basins would be constructed during the clearing stage where feasible and 
reasonable, and utilised during construction to control sediment. The preliminary sediment basin 
sizing indicates that the seven operational water quality basins would be of sufficient volume to meet 
the 85th percentile, five day rainfall event design criteria for their specific catchments. The proposed 
basins would need to be maintained throughout construction in accordance with Section 3.6.3. 
 
A preliminary analysis of the proposal indicated that a temporary sediment basin for the construction 
period only should be located on the eastern side of the existing highway in the vicinity of Abernethys 
Creek. The analysis identified the need for a temporary construction sediment basin in this location 
due to large catchment area which drains directly to Abernethys Creek. This basin has been 
indicatively sized to the 85th percentile, five day rainfall event based on the catchment required during 
the clearing stage of the proposal. A smaller basin size may be possible if additional source control 
measures are implemented in the upstream catchment. In order to allow water to drain to this basin 
during stage 1 construction (on the western side of the existing highway), temporary pipes would 
need to be installed to allow water to be conveyed under the road pavement. 
 
The location of this indicative temporary basin has been determined based on the concept design and 
may be subject to change during the detailed design phase of the proposal. During construction 
planning, the construction contractor may also determine a requirement for a greater or lesser number 
of temporary construction basins. The final location of any temporary construction basins would take 
into account other site factors such as ecological constraints and the availability of land and the 
basins would not extend beyond the approved construction footprint without further assessment. 
 

3.4.4 Ancillary facilities and spill management during construction 
Figure 2-19 shows the potential construction ancillary facilities that have been identified as part of the 
assessment. These locations include a 50 metre buffer zone from the nearest waterway. 
 
Areas would be allocated for the storage of fuels, chemicals and other hazardous materials. These 
facilities would be secured and bunded. Any spills or contaminated runoff would be captured and 
disposed of at a licensed facility. 
 
Activities such as refuelling, washdown and preparation of construction materials would be 
undertaken in bunded areas where reasonably practicable to mitigate risks in relation to spills or leaks 
of fuels/oils or other hazardous onsite construction material.  
 
The application of good practice in the storage and handling of dangerous and hazardous goods 
would manage impacts on occupational health and safety and minimise the risk of a spill occurring. 
 
In addition, potential discharges from construction sites such as accidental construction spills or leaks 
would be managed in accordance with Managing Urban Stormwater - Soils and Construction, Volume 
2D (Landcom, 2004). Captured contaminants resulting from spills or leaks would be treated and 
disposed of at a licensed facility.  
 
The presence of water quality basins and swales provide for some mitigation against impacts 
associated with potential spills by controlling and containing spill runoff. When installed along the 
alignment these water quality treatment measures provide capacity to treat first flush from the 
pavement surface and reduce the risk of spills discharging onto adjacent land or watercourses. The 
potential for spillage control or containment would be based on the hydrologic conditions prevailing at 
the time of the spill. 
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3.4.5 Construction sequencing 
When planning construction sequencing, consideration would be given to the following: 
 
 Construction works would be planned to minimise the extent of disturbed areas and to rehabilitate 

disturbed areas as soon as reasonably practicable after construction. 

 Permanent clean water diversion and top of cut drains would be constructed at the 
commencement of construction to limit the volume of water on the construction site. 

 Where feasible and reasonable, permanent transverse drainage would be installed early in the 
construction program to allow offsite water conveyance through the construction site. Where this 
is not feasible and reasonable, temporary drainage structures may be required. 

 Sediment basins (both operational and temporary/construction) would be constructed prior to or 
concurrently with clearing activities. 

 Where practical, the proposed operational water quality swales would be constructed prior to or 
concurrently with clearing activities to enable their use during the construction period. 

 Cut and fill batters would be stabilised progressively. 
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Figure 3-1: Indicative sediment basin locations 
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3.5 Water quality impact assessment – operation 
3.5.1 Assessment methodology 
In order to assess the impact on the surface water quality for the operational phase, existing and 
proposed runoff was modelled in the MUSIC (Model for Urban Stormwater Improvement 
Conceptualisation) water quality modelling package (MUSIC Version 4). 
 
The aim of this assessment was to ascertain and compare loads of pollutants generated from the 
existing environment (current highway alignment) and the proposal (upgraded alignment). Analysis 
was undertaken to test and refine mitigation measures in order to reduce surface water quality 
impacts of the proposal on receiving waterways.  
 
Rainfall from the Nowra RAN Air Station (number 068072) was adopted for the modelling as it was 
one of the few pluviographs (providing six minute interval data) within close proximity to the proposal 
with a consecutive data set and relatively high annual rainfall. Data from 1969 to 1976 was used 
providing an annual mean rainfall of 1230 millimetres for the modelled period. These dates were used 
because they cover a period with minimal data gaps from a geographically relevant pluviograph and a 
period that is neither particularly wet nor dry. The long-term mean annual rainfall for this station is 
1133 millimetres.  
 
Typical one hectare catchments were analysed for “pre-existing” (rural land only), “existing” (existing 
Princes Highway) and “proposed” (the proposal) pollutant loadings. Event Mean Concentrations 
(EMCs) for Total Suspended Solids (TSS), Total Phosphorus (TP) and Total Nitrogen (TN) were 
adopted based on typical pollutant load generation for rural and road catchments (Fletcher et al. 
2004).  
 
The “pre-existing” catchment was modelled as a single one hectare rural node. 
In order to determine pollutant loadings of road runoff on a per hectare basis for the “proposed” 
catchment, the following assumptions were made with regards to road geometry: 
 
 Three metre wide impervious outside shoulder. 

 Two 3.5 metre impervious traffic lanes (pavement). 

 One metre wide impervious inside shoulder. 

 Five metre wide impervious central median.  

 Twenty metre wide pervious batter on each side of the pavement. 

 
The typical one hectare catchment breakdown modelled for the proposed catchment is illustrated in 
Figure 3-2. 
 
The “existing” catchment was based on the same assumptions as the “proposed” catchment model, 
with the exception of a reduced pavement width to reflect the existing traffic lane area. This included a 
road and median node (41 per cent impervious) and a batter/fill node (zero per cent impervious). The 
“existing” catchment model did not include any water quality treatment measures.  
 
The “proposed” catchment model was set up with two source nodes; a road and median node (82 per 
cent impervious) and a cut/fill batter node (zero per cent impervious). 
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Figure 3-2: Typical 1 hectare of proposed highway upgrade (not to scale, distance in metres) 
 
 
In order to mitigate the impact to receiving waterways from runoff generated from the proposal, 
appropriate water quality treatment mechanisms would be adopted. This would include as a minimum 
swales and/or permanent water quality basins to target sediment and nutrient capture.  
 
Where feasible and reasonable the proposal should apply best practice water quality targets. The 
suggested water quality treatment targets for the proposal are: 
 
 An 80 per cent reduction in TSS load. 

 A 60 per cent reduction in TP load. 

 
No specific target has been set for TN (total Nitrogen). A target commensurate with other 
development in NSW would require 45 per cent TN removal. 
 
The application of the targets for the proposal would take into account the sensitivity of the 
downstream receiving waterways. The sensitivity of individual receiving environments would be 
identified in more detail during the detailed design phase of the proposal and appropriate water quality 
measures would be implemented. Generally, these targets would be applied where road runoff 
discharges directly to a waterway. 
 

3.5.2 Potential water quality impacts from pavement runoff 
Table 3-1 shows there is an increased pollutant generation from the existing highway compared to a 
pre-developed rural state. Modelling also shows the proposal is likely to generate loads in excess of 
the existing highway. The increase in impervious areas (primarily pavement widths) would result in an 
increase in pollutant loads of greater than 75 per cent. This increase in pollutant loads, if not 
managed, would contribute to the degradation of stream quality already seen in the waterways of the 
catchments through which the proposal passes. Impervious road surfaces are a “hot spot” for pollution 
in runoff because many pollutants are deposited on the road surface, and these pollutants are easily 
washed off as there is no opportunity for infiltration. Roads may contribute between 3 to 8 times the 
load of pollutants compared to rural land of the same size (depending on the pollutant, 3x for TN and 
8x for TSS). The proposal would have a large impact on the loads of pollutants (greater than 75 per 
cent) generated within the road corridor, but this may be a small overall impact to the receiving 
environment where the road corridor is typically only a small proportion of the catchment. 
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Table 3-1: MUSIC model residual pollutant loads (no treatment) 

 TSS1 (kg/year) TP1 (kg/year) TN1 (kg/year) 

Pre-existing 235 0.62 6.36 

Existing  1260 2.31 10.8 

Proposed2 2290 4.22 19.2 
Notes: 
1. TSS – Total suspended solids, TP –Total phosphorous, TN – Total nitrogen. 
2. This is the without any treatment employed. Treatment would be included in line with one of the options assessed in 

Section 3.6.2 

 
 
The impacts to surface water during the operational phase include: 
 
 Sediment in runoff can contribute to sedimentation of watercourses and increased pollutant loads 

to receiving aquatic environments. 

 Pollutants in runoff may be high in biological oxygen demand and nutrients. High biological 
oxygen demand may suffocate in-stream fauna. High concentrations of nutrients can support the 
growth of algae (eutrophication).  

 Increased surface runoff due to an increase in cleared and impervious surfaces. Increased runoff 
may increase scour and erosion and may alter the hydrology of the receiving environments, by 
making them wetter. Some environments are sensitive to increased wetness.  

 

3.5.3 Potential water quality impacts from accidental spills during operation 
The upgraded highway alignment would provide for safer transportation of product compared with the 
existing alignment. This should reduce the total number of accidents along the upgraded section, 
lowering the likelihood of a hazardous substances spill.  
 
If a spill were to occur it would have the potential to contaminate soils, groundwater or surface waters. 
Runoff from the road pavement would be collected in the pavement drainage network and 
subsequently flow into water quality basins and swales where the contaminants would be retained or 
their flow retarded to assist emergency response and allow subsequent remediation immediately after 
the event. Water quality basins may be configured for spill containment. Swales provide a buffer 
whereby spills cannot be completely contained, but the risk of spilt materials reaching the receiving 
environment is much reduced. 
 

3.6 Water quality management measures - operation 
3.6.1 Overview 
The assessment of water quality has sought to identify potential impacts and provide appropriate 
management controls within the design. The water quality treatment system selected for the proposal 
aims to improve the quality of runoff compared to the existing highway and therefore have a net 
benefit to receiving waterways. Water quality management measures would be installed where runoff 
drains directly to sensitive receiving environments, in particular creeks of ecological importance 
including moderate and major fish habitat waterways. 
 
The application of these water quality controls is site specific and to be refined during detailed design. 
Water quality basins would be installed as indicated in Figure 3-1. In other areas, swales would be 
provided, their area designed to accommodate the pollutant removals required, but the final shape, 
width and length determined during the detailed design phase. The approach to the application of 
water quality management measures was developed in collaboration with RMS during the early 
stages of the proposal. 
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3.6.2 Operational water quality basins and swales 
In order to inform and develop an efficient water quality strategy for the operational phase, pavement 
runoff was modelled using the MUSIC model developed for the water quality impact assessment 
(refer Section 3.5). A range of water quality treatment measures (Scenario 1 through to Scenario 4c 
representing different sized basins and swales) were included in the model. A description of each 
scenario is provided in Table 3-2. 
 
The modelling included the treatment of runoff from a batter of five metres width on both sides of the 
roads. These “treated batter’ nodes have EMC values for sediment loads based on typical agricultural 
catchments (as per Fletcher et al. 2004) as soils in the lower portion of the total batter area may be 
incompletely protected by vegetation. For nutrients the “treated batter” nodes have rural catchment 
values rather than agricultural values as the fertilisers normally associated with agricultural practices 
would not be used.  
 
The remaining batter areas (in excess of the five metres of “treated batter”) were modelled as 
“untreated batter” nodes with EMC pollution generation rates typical of rural catchments. This would 
represent the vegetated state of the operational phase, where there is little mobilisation of pollutants. 
The modelled runoff generated from these nodes is indicative of an earthen batter where mobilisation 
of soil particles is minimal due to good vegetation cover. 
 
 
Table 3-2: Operational pollutant reduction strategies – swales and basins 

Scenario Size (per hectare) Description of water quality treatment 

1 140 m3 basin  Operational water quality basins include the 
following assumptions: 
 2.5 metres deep (including 0.5 metres 

freeboard, 1.4 metres extended detention and 
permanent pool depth of 0.6 metres). 

 2H:1V internal batters. 

 3H:1V external batters.  

 Notional detention time of six hours. 

 Energy dissipaters or scour protection methods 
would also be used to prevent erosion at outlets. 

2 220 m3 basin 

2a 300 m3 basin 

  

3a 60 m x 1.0 m swale Swales design would include the following 
assumptions: 
 1 per cent longitudinal grade. 

 2H:1V batters. 

 Exfiltration 0.2mm/hour (assumes compacted 
heavy clays) 

 Depth of 0.3 metres. 

 0.25 metre vegetation height. 

3b 100 m x 1.0 m swale 

3c 140 m x 1.0 m swale 
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Scenario Size (per hectare) Description of water quality treatment 

4a  60 m x 2.0 m swale Swales design would include the following 
assumptions: 
 1 per cent longitudinal grade. 

 2H:1V batters. 

 Exfiltration 0.2mm/hour (assumes compacted 
heavy clays).  

 Depth of 0.3 metres. 

 0.25 metre vegetation height. 

4b 100 m x 2.0 m swale 

4c 140 m x 2.0 m swale 

 
 
In order to establish a baseline for comparison, the three one hectare catchments were analysed for 
generated pollutant loadings (kg/year) and the results are summarised in Table 3-3. 
 
 
Table 3-3: Residual pollutant loads – swales and basins 

No treatment TSS1 (kg/year) TP1 (kg/year) TN1 (kg/year) 

Pre-existing 235 0.62 6.36 

Existing  1260 2.31 10.8 

Proposed2  2290 4.22 19.2 

Proposed with treatment3    

Scenario 1 618 1.93 17.4 

Scenario 2 499 1.74 16.9 

Scenario 2a 433 1.63 16.4 

Swales one metre wide    

Scenario 3a 490 1.82 17.9 

Scenario 3b 347 1.58 17.2 

Scenario 3c 274 1.45 16.6 

Swales two metres wide    

Scenario 4a 370 1.62 17.3 

Scenario 4b 258 1.43 16.4 

Scenario 4c 206 1.33 15.8 
Notes:  
1. TSS – Total suspended solids, TP –Total phosphorous, TN – Total nitrogen. 
2. This is the without any treatment employed. Treatment would be included in line with one of the options assessed in 

Section 3.6.2 
3. No pre-treatment “buffering” (sheet flow of water over grassed batters) is accounted for in the above scenarios.  

 
 
It should be noted that the modelling did not allow for any pavement water ingress through the swale 
base and sides. It is likely that some runoff would be exfiltrated therefore reducing pollutant loads 
further than stated in the above results. Similarly pollutant reduction percentages would increase 
where exfiltration occurs.  
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As shown in Table 3-3, incorporating treatment measures such as swales and permanent operational 
water quality basins can reduce pollutant loads to receiving environments below existing conditions 
for TSS and TP. The proportion of pollutant reduction attributable to different treatment devices is 
shown in Table 3-4. 
 
 
Table 3-4: Percentage reduction in pollutant from proposed no treatment to proposed with treatment – 
swales and basins 

Water quality basins TSS1 
(% reduction2) 

TP1 
(% reduction2) 

TN1 
(% reduction2) 

Scenario 1 73 54 9 

Scenario 2 78 59 12 

Scenario 2a 81 61 15 

Swales one metre wide    

Scenario 3a 79 57 7 

Scenario 3b 85 63 10 

Scenario 3c 88 66 13 

Swales two metres wide    

Scenario 4a 84 62 10 

Scenario 4b 89 66 14 

Scenario 4c 91 68 18 
Notes: 
1. TSS – Total suspended solids, TP –Total phosphorous, TN – Total nitrogen. 
2. Percentage reduction for a pollutant is calculated by the MUSIC numerical model and is an indicative comparison of the 

stormwater quality upstream and downstream of a treatment measure. 
 
 
The modelling suggests a water quality basin with 300 cubic metres of extended detention storage 
per hectare (Scenario 2a) can provide up to an 81 per cent average removal of TSS generated under 
proposed design conditions. A similar level of TSS removal could be provided with a vegetated swale 
of one metre base width and 60 metres length per hectare (Scenario 3a). However wider and longer 
swales per hectare are required to achieve TP and TN removal similar to sedimentation basins. 
Scenario 4b (two metre base width and 100 metres length) is the swale that matches the basin in 
Scenario 2a most closely for TN reduction. 
 
It is recommended that the water quality strategy includes a combination of swales and water quality 
basins to treat road runoff and protect downstream receiving environments, in accordance with the 
following:  
 
 Swales: A range of swales of varying length are proposed both in the median and along outer 

road edges to convey and treat runoff. As a minimum these swale sizes would meet the total area 
requirements of Scenario 4b (ie 100 metres long by two metres wide, per hectare of upstream 
catchment).  

 Bridges: Runoff from bridges would be collected in a pavement drainage system. Due to the 
proximity of the bridges to the receiving waterways, it is not reasonably practicable to treat this 
runoff to the same standard as the rest of the proposal. In situations where swale treatment is 
proposed for bridge runoff, the design would discharge runoff to the swale as far upstream as 
possible, without requiring the bridge or embankments to be raised to meet this criterion. Check 
dams or spill basins would be incorporated in the swale design where feasible and reasonable to 
capture spills in accordance with Section 3.5.3. 
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 Basins: Proposed sizes for water quality basins along the upgrade are summarised in Table 3-5 
(based on Scenario 2a). A three metre wide access track would be incorporated in the basin berm 
for maintenance. Refer to Figure 3-1 for proposed basin locations. 

 
 
Table 3-5: Potential basin size requirements for operational water quality based on the concept design  

Basin label Chainage (m) Storage volume 
(m3) 

Contributing 
catchment area (m2) 

Basin 01 19300 113 3715 

Basin 02 19650 175 5634 

Basin 03 19850 994 32936 

Basin 04 22600 611 18977 

Basin 05 24400 705 23490 

Basin 06 24950 212 5711 

Basin 07 29000 1300 43623 
Notes: 
1. Refer to Figure 3-1 for basin locations 
2. Number of basins and volumes are subject to change during detailed design 
 
 
Additionally, the cut batters could be managed as separate catchments with multiple small sediment 
capture devices to reduce reliance on the end of line sediment basin. It should be noted that the 
actual operational water quality requirements, including number and location of basins, would be 
refined and finalised during detailed design. 
 
Example treatment systems that would meet the proposed water quality targets of 80% removal of 
TSS and 60 per cent removal of TP would include: 
 
 Scenario 2a - Water quality basins providing 300 cubic metres of working volume per hectare of 

road catchment (based on treatment performance in Table 3-4). 

 Scenario 3b - Swales 100 metres by one metre per hectare of road catchment (based on 
treatment performance in Table 3-4). 

 Scenario 4a - Swales 60 metres by two metre per hectare of road catchment (based on treatment 
performance in Table 3-4). 

 
These treatments would meet stormwater quality targets for TSS and TP, and also reduce loads for 
these parameters below existing conditions.  
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3.6.3 Maintenance 
The typical maintenance requirements of the proposed stormwater treatment measures are described 
in Table 3-6. 
 
 
Table 3-6: Maintenance requirements for typical stormwater treatment element 

Treatment 
element 

Typical maintenance requirements 

Swales 
 

 Check that vegetation is at suitable height to allow design flow capacity. 

 Clear obstructions or debris. 

 Check for erosion, weeds, plant condition, oil spills and the build-up of 
litter and sediment.  

 Mowing as required 

Sediment 
basins 
 

 Check that pits, pipes, weirs and other structures are clear of any 
obstructions or debris. 

 Check for erosion, weeds, plant condition, oil spills and the build-up of 
litter and sediment.  

 Desilt approximately once every five years (or when half of the 
sediment storage capacity is full). 

 
 
Inspection of stormwater treatment devices is recommended every three months or following storm 
events until the system has become established. After this time inspection is recommended after large 
storm events (minimum of one inspection per year). Additional maintenance is then only required if a 
problem is identified during the inspection. Maintenance requirements can be further reduced through 
appropriate considerations and provisions in the detailed design phase of the proposal, for example: 
 
 Use of native species for the water treatment features of the landscape (both basins and swales). 

This would reduce the frequency of maintenance when compared to an exotic species based and 
more formal landscape. As the vegetation community in a native species based landscape 
establishes, it becomes increasingly self-sustaining or self-regenerating. 

 Specifying very high and diverse planting densities in planting plans makes aquatic features 
resistant to weed establishment; for example, six to 12 plants per square metre, depending on the 
situation. Effective weed management would then be achieved through regular monitoring and the 
early removal of weed propagules during the establishment phase.  

 
Water quality basins generally require cleaning out about every five years depending on the sizing of 
inlet ponds. 
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4 Groundwater 
4.1 Groundwater regulation and management  
The access, extraction and use of groundwater in NSW is currently managed and implemented under 
two key pieces of legislation - the Water Management Act 2000 (WM Act) and the Water Act 1912 
(Water Act). The WM Act is gradually replacing the planning and management frameworks in the 
Water Act, although some provisions of the Water Act are still in force. The WM Act regulates water 
use for rivers and aquifers where Water Sharing Plans have commenced, while the Water Act 
continues to operate in the remaining areas of the State. The proposal area is located within the 
Sydney Basin Southern management zone of the Greater Metropolitan Region Water Sharing Plan 
which commenced on 1 July 2011 (NSW Office of Water, 2011a). There is the Water Sharing Plan for 
the Greater Metropolitan Region Unregulated River Water Sources and the Water Sharing Plan for 
the Greater Metropolitan Region Groundwater Sources. Groundwater and surface water within the 
Sydney Basin is managed by the NSW Office of Water. 
 
The objective of the WM Act is the sustainable and integrated management of the State’s water for 
the benefit of both present and future generations. The Act requires approvals for activities that 
impact the aquifer(s) present. The approval is for activities that intersect groundwater other than water 
supply bores and may be issued for up to ten years. However under the NSW Aquifer Interference 
Policy, the proposal is exempt from requiring an aquifer interference approval. Section 3.3 of the 
policy states that caverns, tunnels, trenches and pipelines (intersecting the water table) would be 
considered as having a minimal impact on water-dependent assets, as long as a water access licence 
is not required. Therefore, the proposal would be defined as a minimal impact aquifer interference 
activity given that a water access licence is not required. 
 
Part 2 of the Water Management Act establishes access licences for the take of water within a 
particular water management area. Under section 18(1) of the Water Management (General) 
Regulation 2011 (Water Management Regulation) RMS, as a roads authority, is exempt from the 
need to obtain an access licence in relation to water required for road construction and road 
maintenance. 
 
Part 3 of the Water Management Act establishes three types of approvals that a proponent may be 
required to be obtained. These are water use approvals, water management work approvals 
(including water supply work approvals, drainage work approvals and flood work approvals) and 
activity approvals (including controlled activity approvals and aquifer interference approvals). 
 
A water use approval under section 91A(1) of the Water Management Act would be required for the 
use of water covered by the water sharing plans. However, under clause 31(1) of the Water 
Management Regulation, RMS, as a roads authority, is exempt from requiring a water use approval 
for road construction and road maintenance. A water use hierarchy has been established for the 
construction of the proposal. Recycled effluent from a tertiary treatment plant and water sourced from 
on-site detention basins would be utilised in the first instance.  
 
The NSW State Groundwater Policy Framework Document (DLWC, 1997) was adopted in 1997 and 
aims to manage the State’s groundwater resources to sustain their environmental, social and 
economic uses. The policy has three component parts: 
 
 The NSW State Groundwater Quality Protection Policy (DLWC, 1998). 

 The (Draft) NSW State Groundwater Quantity Management Policy (largely replaced by Water 
Sharing Plans) (DLWC, no date). 

 The NSW State Groundwater Dependent Ecosystems Policy (DLWC, 2002). 
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While these policies set the principles and overarching goals for groundwater management, the Water 
Sharing Plans are legislated sets of rules for specific groundwater sources, placing volumetric limits 
on different categories of extractive use, and identifying minimum environmental water needs. 
Interference to environmental water requirements is governed by strict rules regarding the long-term 
average annual recharge. Thus construction activities would need to manage impacts within the 
prescribed limits.  
 
The protection of groundwater from contamination is primarily governed by the Protection of the 
Environment Operation Act 1997(POEO Act) which makes it an offence to pollute waters, including 
groundwater.  
 
The proposal is not in a municipal drinking water catchment supply area.  
 

4.1.1 Groundwater quality regulation 
The NSW Groundwater Quality Protection Policy (DLWC, 1998) states that the objectives of the policy 
would be achieved by applying the management principals listed below: 
 
 All groundwater systems should be managed so that the most sensitive identified beneficial use 

(or environmental value) is maintained. 

 Town water supplies should be afforded special protection against contamination. 

 Groundwater pollution should be prevented so that future remediation is not required. 

 For new developments, the scale and scope of work required to demonstrate adequate 
groundwater protection shall be commensurate with the risk the development poses to a 
groundwater system and the value of the resource. 

 A groundwater pumper shall bear the responsibility for environmental damage or degradation 
caused by using groundwaters that are incompatible with soil, vegetation or receiving waters. 

 Groundwater dependent ecosystems would be afforded protection. 

 Groundwater quality protection should be integrated with the management of groundwater 
quantity. 

 The cumulative impacts of developments on groundwater quality should be recognised by all 
those who manage, use, or impact on the resource. 

 Where possible and practical, environmentally degraded areas should be rehabilitated and their 
ecosystem support functions restored. 

 

4.1.2 Regulation of groundwater dependent ecosystems (GDEs) 
The NSW State Groundwater Dependent Ecosystems Policy (DLWC, 2002) is specifically designed to 
protect valuable ecosystems which rely on groundwater for survival so that, wherever possible, the 
ecological processes and biodiversity of these dependent ecosystems are maintained or restored for 
the benefit of present and future generations. The policy defines Groundwater depended ecosystems 
(GDEs), as “communities of plants, animals and other organisms whose extent and life processes are 
dependent on groundwater.” A GDE may either be entirely dependent on groundwater for survival or it 
may use groundwater opportunistically or for a supplementary source of water (Hatton and Evans, 
1998). GDEs often occur in low lying areas with shallow groundwater close to the surface, however 
they are also associated with perched swamps, springs, karsts and base-flow to creeks and estuaries. 
 
Five management principles establish a framework by which groundwater is managed in ways that 
ensure, whenever possible, that ecological processes in GDEs are maintained or restored. A 
summary of the principles are as follows: 
 
 GDEs have important values. Threats should be identified and action taken to protect them. 

 Groundwater extractions should be managed within the sustainable yield of aquifers. 
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 Priority should be given to ensure that sufficient groundwater is available at all time to identified 
GDEs. 

 Where scientific knowledge is lacking, the precautionary principle should be applied to protect 
GDEs. 

 Planning, approval and management of developments should aim to minimise adverse effects on 
groundwater by maintaining natural patterns, not polluting or causing changes to groundwater 
quality and rehabilitating degraded groundwater systems. 

 

4.1.3 Regulation of groundwater quantity protection 
The objectives of managing groundwater quantity in NSW are: 
 
 To achieve the efficient, equitable and sustainable use of the State’s groundwater. 

 To prevent, halt and reverse degradation of the State’s groundwater and/or its dependent 
ecosystems. 

 To provide opportunities for development which generates the most cultural, social and economic 
benefits to the community, region, State and nation, within the context of environmental 
sustainability. 

 To involve the community in the management of groundwater resources. 

 
The policy for managing access to groundwater sources and relevant links with the Water Sharing 
Plan process and licensing conditions are outlined in ‘NSW Policy for access to buried groundwater 
sources’, NSW Office of Water, 2011).  
 

4.1.4 Adopted groundwater quality assessment criteria  
The ‘Australian and New Zealand Guidelines for Fresh and Marine Water Quality’ (ANZECC, 2000), 
(referred to as the ANZECC water quality guidelines) form part of the National Water Quality 
Management Strategy and list a range of environmental values for water bodies. These guidelines are 
typically used to assess groundwater quality.  
 
The ANZECC guidelines for the protection of aquatic ecosystems are used for the purpose of this 
assessment, with trigger values for lowland rivers in south-east Australia at a 95 per cent level of 
protection for fresh water.  
 
Groundwater quality data sourced from the NSW Office of Water groundwater database for the 
aquifers underlying the proposal area indicates that the majority of groundwater intersected was of 
‘good or fair’ salinity confirming the adoption of the freshwater guidelines is appropriate.  
 

4.2 Description of existing groundwater conditions 
4.2.1 Existing topography 
The proposal area lies topographically on the coastal plain that includes the Broughton Creek 
floodplain and the foothills of the Illawarra Escarpment to the west. The Broughton Creek floodplain 
and tributary valley floor areas extend from Berry southwards to Bomaderry and the Shoalhaven 
River. To the west of the proposal area many, secondary creeks form a dendritic drainage pattern that 
flow into Broughton Creek discharging into the Shoalhaven River approximately five kilometres west 
of Shoalhaven Heads. Flying Fox Creek, Jaspers Brush Creek, Wileys Creek and Tandingulla Creek 
flow into Broughton Creek. Tullian Creek and Abernethys Creek drain directly into the Shoalhaven 
River.  
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The Shoalhaven River floodplain typically has an elevation of less than five metres AHD. There are no 
towns in the proposal area except Berry and Bomaderry at the extremities but the proposal does 
traverse the areas of Jaspers Brush and Meroo Meadow. The proposal alignment traverses a 
relatively low lying area with little topographical relief.  
 

4.2.2 Existing soils 
The soil of the proposal area as described by Hazleton, 1992 includes three soil units shown in 
Figure 4-1 namely: 
 
 Shoalhaven landscape.  

 Coolongatta landscape. 

 Nowra landscape.  

 
The Shoalhaven landscape unit is the dominant unit across the Broughton Creek floodplain 
characterised by fluvial soils composed of gravel, sand, silt and clay derived mainly from sandstone 
and shale overlying buried estuarine sediments. The erosion hazard is rated as slight to low. The 
landscape unit is also subject to seasonal waterlogging and has potential for the presence of ASS. 
Scour erosion of the alluvial soils can occur during the recession of a major flood event.  
The Coolongatta landscape unit is an erosional unit composed of sands and stiff to hard clays. The 
erosion hazard for this unit is extreme, and the topsoils are highly to moderately erodible. Other 
limitations of the unit include low wet bearing strength, and the potential for localised surface and 
mass movement. 
 
The Nowra landscape unit is a shallow depositional unit developed over sandstone that sometimes 
outcrops. The soils are composed of silty and/or sandy clay and of generally low permeability. The soil 
develops on moderate to gentle undulating slopes and may contain deeply incised drainage channels. 
The erosion hazard is variable with the top soil being relatively stable but the lower part of the unit 
being of high erodibility.  
 

4.2.3 Existing acid sulfate soils 
ASS are naturally occurring soils and sediments that contain naturally occurring iron sulphides. ASS 
can be classified as being actual ASS and potential ASS (PASS). PASS are waterlogged soils rich in 
iron sulphides that have not been oxidised. PASS are harmless to the environment as long as the 
sulphides are not exposed to the atmosphere or remain below the watertable. Exposure of PASS to 
the atmosphere by lowering of the watertable could lead to the development of ASS and the 
development of acidic water that could be detrimental to the environment.  
 
Reference to ASS risk mapping produced by the DLWC in 1997 indicates there is no known 
occurrence of ASS along the proposal area (refer to Figure 4-2). Although not mapped, PASS may 
however be present in the alluvial floodplain soils associated with prior drainage systems in the 
Broughton Creek drainage basin.  
 

4.2.4 Existing geology 
The proposal area is underlain by interbedded sandstone, siltstone and volcanoclastic rocks known 
as the Shoalhaven Group that are of mid to late Permian age. The upper part of the sequence 
consists of volcanoclastic rocks comprised of latites and tuffs. The underlying sedimentary sequences 
include the Jamberoo Sandstone and Kiama Sandstone interbedded with volcanics and are underlain 
by the Berry Siltstone. Berry Siltstone outcrops at the edges of the Broughton Creek floodplain and 
the Jamberoo Sandstone outcrops at higher elevation on Bellawongarah Mountain. The hard rock 
geology is overlain by Quaternary alluvium, colluvium and floodplain sediments flanking the major 
creeks and Broughton Creek floodplain. The simplified geology across the proposal area is presented 
in Figure 4-3. 
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Geologically the proposal area is located within the southern part of the Sydney Basin. The Sydney 
Basin is a major structural basin containing a Paleozoic-Permian-Triassic (290 Ma – 200 Ma (million 
years old)) sedimentary sequence overlying older basement rocks of the Lachlan Fold Belt. There are 
no major structural features in the vicinity of the alignment such as synclines, anticlines, thrusts and 
faults that are located elsewhere in the basin. Minor faulting however may be present within the 
overall rock mass. The regional dip of the rock strata grades gently to the north and northwest and the 
oldest rocks generally occur along the coast in the southeast (Coffey, 2010).  
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Figure 4-1: Soil landscape units according to Soil Landscapes of Kiama 
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Figure 4-2: Acid sulfate soils in the proposal area 
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Figure 4-3: Geology of the proposal area 
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4.2.5 Existing hydrogeology 
Site specific groundwater information is derived from a geotechnical investigation (Coffey, 2010), in 
which 20 monitoring wells were constructed. Groundwater was encountered in all these monitoring 
wells along the route and groundwater levels were measured. However no groundwater quality data is 
available. Site specific groundwater data was also obtained from the NSW Office of Water 
groundwater database. 
 
Groundwater is present along the route in alluvial and colluvial sediments associated with tributaries 
of Broughton Creek and also the underlying bedrock within the siltstone, sandstone and 
volcanoclastic rocks of the Shoalhaven Group. Groundwater is typically shallow between 0.5 and 4 
metres below ground level along the route reflecting the low lying topographical setting. 
 
There are two main aquifer systems present along the proposal including: 
 
 Unconsolidated and unconfined alluvial/colluvial aquifers. 

 Shoalhaven Group sediments. 

 
The alluvial aquifer occurs as sand, silt clay and gravel flanking the creek systems and as more 
widespread floodplain deposits. Groundwater flow within the alluvial aquifer is via intergranular flow 
where sand and gravel lenses are interconnected providing preferential pathways of higher 
permeability. Within the Broughton Creek floodplain sediments, localised perched groundwater is 
expected above interbedded clay horizons. Review of the NSW Office of Water groundwater 
database (refer to Table 4-2) indicates only one borehole within 500 metres of the alignment targets 
groundwater from the alluvial aquifer, indicating groundwater within the alluvium is of limited use for 
groundwater extraction. Groundwater movement within the alluvial aquifer and floodplain sediments is 
expected to flow towards low lying topographical features discharging into local creek systems or as 
springs.  
 
Groundwater within the Shoalhaven Group sediments within the proposal area is present within the 
volcanoclastic sediments, sandstone, siltstone and shale. Groundwater within the Shoalhaven Group 
sediments occurs in perched horizons within the weathered sandstone, siltstone and latite and within 
the deeper regional aquifer. Groundwater flow within the perched horizon is limited and dominated by 
intergranular flow in the weathered sedimentary rocks. In contrast groundwater flow within the deeper 
aquifers is along both primary features, such as less well cemented zones within the rocks and 
secondary structural features such as joints, shear zones, faults and bedding plane partings. 
Groundwater flow within the volcanics and latite of the Shoalhaven Group is dominated by fracture 
flow but may also be by interconnected vesicular zones. Groundwater quality and yield are expected 
to be variable. Groundwater yield is expected to be influenced by the degree of fracturing associated 
with the bedrock intersected. 
 

4.2.6 Groundwater dependent ecosystems 
GDEs are flora and fauna communities that depend on groundwater for survival. A GDE may either be 
entirely dependent on groundwater for survival or it may use groundwater opportunistically or for a 
supplementary source of water (Hatton and Evans, 1998). GDEs are most likely to occur in low lying 
areas with shallow groundwater close to the surface. 
 
Groundwater from the alluvial aquifer systems associated with the Broughton Creek floodplain 
discharges into Broughton Creek. Riparian vegetation associated with Broughton Creek is likely to be 
dependent upon groundwater in some capacity. Local shallow groundwater flow systems also exist 
within elevated parts of the catchment within the Berry Sandstone and latite.  
 
The proposal falls within the mapped extent of the Sydney Basin South Groundwater Source as 
identified within the ’Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources 
2011’. No groundwater dependent ecosystems are listed in Schedule 4 of the Water Sharing Plan for 
the Greater Metropolitan Region Groundwater Sources 2011, however higher in the catchment above 
the proposal, groundwater may discharge from springs at the base of colluvial sequences particularly 
after extended rainfall events. Springs that discharge groundwater for extended periods are often the 
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source for farm dams. There are no major wetlands or swamps within the proposal area although 
groundwater is likely to flow into Broughton Creek which is known to be pumped by landowners for 
stock and domestic purposes. 
 
Appendix F – Technical Paper: Aquatic Ecology and Water Quality Management (CEL 20123) to the 
review of environmental factors for the proposal provides more information on groundwater 
dependent ecosystems. 
 

4.2.7 Existing groundwater monitoring network 
Four groundwater monitoring wells were constructed along the proposal route corridor as part of the 
preliminary groundwater investigation works, in addition to numerous geotechnical boreholes and test 
pits (Coffey, 2007). Technical details of the four monitoring bores are presented in Table 4-1. The 
location of these monitoring wells is shown in Figure 4-4. 
 
 
Table 4-1 Groundwater monitoring network in the proposal area 

Borehole Bore depth (m) Screened 
interval (m) 

Lithology 
screened SWL1 

CBH2 16.2 13.2 – 16.2 Siltstone 4.45 

CBH5 7.5 1.5 – 7.5 Alluvium 0.66 

CBH6 12.5 1.5 – 12.5 Siltstone 0.37 

CBH8 6.6 1.4 – 6.6 Alluvium 2.54 
Note: Standing water level (metres below ground level)  
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Figure 4-4: Groundwater bores in the proposal area 
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4.2.8 Existing groundwater users 
Although there are no groundwater dependent systems listed in Schedule 4 of the Water Sharing Plan 
for the Greater Metropolitan Region Groundwater Sources 2011, localised groundwater discharge 
from springs may sustain local ecosystems or recharge farm dams after rainfall. If present, these 
small ecosystems are likely to be higher in the catchment above the proposal and are unlikely to be 
impacted. 
 
A review of water bores registered with NOW obtained in March 2013 indicates there are 15 
registered bores within a 500 metre buffer zone along the proposal route as shown in Table 4-2. The 
majority of these bores were drilled to provide a water supply for stock and domestic purposes with 
the remainder constructed as monitoring wells, test bores and in one case, irrigation. The bores are 
dispersed relatively evenly along the route. With one exception all bores intersect groundwater from 
the bedrock aquifer of the Shoalhaven Group Sediments. As expected the groundwater yield is 
variable which is consistent with groundwater yields from fractured bedrock aquifers. The exception, 
borehole GW11750, is located near Tullian Creek and extracts groundwater from the alluvium. 
Groundwater within the alluvium over the proposal area is not considered a significant water resource 
as only one bore has been identified that extracts groundwater from the alluvium.  
 
 
Table 4-2 Bores registered with the NSW Office of Water within 0.5 kilometres of the alignment 

Borehole Drilled (Yr.) Depth (m) Yield (L/sec) Geology Purpose 

GW11600 1956 36.5 0.1 Shale Stock/domestic 

GW11750  12.1  Alluvium Stock/domestic 

GW15286 1957 25.9 0.8 Shale Irrigation (recreation) 

GW23690 1966 16.7 1.9 Shale Test bore 

GW47344 1979 45.8  Basalt Stock/domestic 

GW54770  12.2   Stock/domestic 

GW72784 1995 36 0.7 Shale Stock/domestic 

GW72906 1995 30 0.06 Fractured Test Bore 

GW100045 1995 60 0.3 Shale Stock/domestic 

GW100213 1993 49  Sandstone Domestic 

GW100305 1993 48 0.3 Basalt Domestic 

GW105299 2001 199 0.2 Siltstone Test Bore 

GW107697 2005 30 5 Siltstone Domestic 

GW110605 2007 15.2  Sandstone Monitoring 

GW110606 2007 1.8  Sandstone Monitoring 

Note: The absence of data reflects an incomplete NSW Office of Water data set 
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4.2.9 Existing groundwater levels 
The depth of groundwater along the route is influenced by positioning in the landscape and proximity 
to discharge features. Typically the watertable is a subdued reflection of the topographic expression 
being deepest beneath hills and shallowest adjacent to creeks and wetlands. Shallow groundwater is 
expected within the colluvium associated with tributaries of Broughton Creek and the Broughton 
Creek floodplain. Groundwater monitoring conducted between November 2009 and January 2010 
confirmed that groundwater along the route was shallow being less than five metres below ground 
level for all lithologies monitored. (Coffey, 2010). The monitoring indicated that groundwater levels in 
the alluvium and colluvium varied by less than 1.5 metres whereas groundwater level fluctuations in 
the Shoalhaven Group Sediments were more varied. 
 
Time series groundwater level monitoring indicated the watertable naturally oscillates in response to 
climatic variation. As expected groundwater levels increased following significant rainfall and declined 
following extended dry periods. The amplitude of the groundwater response was variable and 
dependent upon landscape position and aquifer type.  
 

4.2.10 Existing groundwater quality 
Groundwater quality data across the proposal area is limited. No groundwater quality data is available 
from the preliminary geotechnical investigations (Coffey, 2010). The groundwater within the alluvium 
is expected to be of low salinity given low residence times and recharge via infiltration of rain and 
local runoff. In contrast groundwater quality within the bedrock aquifers is likely to be more variable 
due to longer residence times and variable lithologies. Groundwater within the Broughton Sandstone 
is expected to be of better quality than groundwater derived from the Berry Siltstone due to poor 
quality groundwater within shale lenses leaking into the underlying Berry Siltstone aquifer. Reference 
to the NSW Office of Water groundwater database indicates that groundwater quality within various 
bedrock lithologies is recorded as good to fair with respect to salinity suggesting the groundwater is of 
low salinity. 
 

4.3 Potential construction phase groundwater impacts 
4.3.1 Construction phase reduced groundwater recharge impacts 
Construction activities have the potential to impact groundwater levels and recharge characteristics as 
a result of changes to groundwater flow patterns.  
 
During the construction of access roads, tracks and the isolation of areas for stockpiling of 
construction materials, localised groundwater recharge could be altered. Similarly construction of the 
proposal could result in the compaction of shallow soils including unconsolidated alluvial sediments 
which may also result in reduced local groundwater recharge. Any soil compaction due to site works is 
unlikely to have a significant impact on the aquifer’s storage or water transmitting properties. The 
increase in hardstand areas due to the increased road surface and the resultant slight reduction in 
groundwater recharge is considered to be negligible given the limited extent of additional road surface 
compared to the remainder of the rural catchment. 
 
Impacts to groundwater recharge conditions due to compaction of the aquifer as a result of 
construction of access roads and stockpiling of materials, or the increase in hardstand areas, are 
considered to be negligible to the local hydrogeological regime given the aquifer’s extent. 
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4.3.2 Construction phase groundwater drawdown impacts 
Excavations and cuttings that intersect the water table could potentially impact groundwater by 
draining water from the local hydrogeological system reducing groundwater levels. Localised 
temporary dewatering may be required during the construction phase to artificially lower the 
watertable to maintain dry working conditions within excavations and at bridge footings. Within the 
alluvial gravels identified south of Berry, the groundwater is shallow and foundations for cased bored 
piles associated with bridges or other major structures may have to be dewatered.  
 
Localised dewatering would temporarily alter groundwater flow conditions but the original groundwater 
flow conditions would be re-established after dewatering is completed. The dewatering program has 
the potential to lower groundwater levels temporarily in boreholes and in a worst case scenario draw 
the groundwater level below pump inlet settings.  
 
Should dewatering of the alluvial aquifer be required during the construction of the bridge footings,  
the zone of influence or induced cone of depression, is expected to be limited due to the highly 
transmissive nature of an alluvial aquifer. In the unlikely event that dewatering of the bedrock aquifer 
is required, during the construction of road cuttings or excavations, the extent of groundwater 
drawdown would depend on the local hydraulic conductivity of the aquifer and the extent of secondary 
structural water bearing features within the aquifer. Discharge of extracted groundwater would be the 
same as for surface water discharge and dependent upon groundwater quality and whether 
temporary storage would be required. 
 

4.3.3 Construction phase groundwater quality impacts 
There would be potential to adversely impact groundwater quality by fuel and chemical spills including 
petrol, diesel, hydraulic fluids and lubricants, particularly if a leak or accident occurs on highly 
permeable sandy strata. Spills as a result of accidents can occur during construction activities, 
refuelling operations or from storage areas. Stockpiling of construction materials may also introduce 
pollutants to the proposal area.  
 
The impact of unmitigated construction activities on groundwater quality could include contaminants 
entering the groundwater system and degrading groundwater quality.  
 

4.3.4 Intersection of potential acid sulphate soils during construction 
There is a low risk that PASS may be present along the proposal within the alluvial sediments. Should 
the watertable be lowered where PASS are present or during excavation works, PASS may become 
exposed and oxidation of sulphide minerals could result. The impacts would be the generation of 
sulphuric acid and increased metal concentrations in solution, which can lead to the degradation of 
the groundwater. Rainfall runoff could cause acidic water to migrate within the shallow groundwater 
system and discharge into surface water systems and groundwater receptors. Oxidation of PASS 
would not be instantaneous and would occur over a period of weeks or months.  
 

4.3.5 Construction phase impacts to GDEs 
The potential risk that GDEs may be impacted due to construction activities is low. Local GDEs that 
may be associated with shallow groundwater flow systems are within elevated parts of the catchment 
discharging from the base of the colluvium, and would continue to be sustained via discharge from 
springs or seeps via base flow or following high rainfall events.  
 
The risk of impacts to downstream GDEs in Broughton Creek is low. Groundwater flow volumes in 
Broughton Creek would remain virtually unchanged and surface water discharged to the creek from 
sedimentation basins would be treated in accordance with best practice. No GDEs in the proposal 
area are registered within the Sydney Basin Southern Management Zone of the Greater Metropolitan 
Water Sharing Plan.  
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4.4 Potential construction phase groundwater mitigation measures 
The following mitigation measures have been proposed for potential impacts to the existing 
groundwater regime due to the construction phase of the proposal. Environmental mitigation 
measures including management, engineering solutions and monitoring have been developed to 
minimise impacts to the local hydrogeological regime during the construction. 
 

4.4.1 Construction phase reduced groundwater recharge mitigation measures 
During construction, runoff collected on hardstand areas would be treated in accordance with Section 
3 and discharged locally to minimise losses to the groundwater. No other mitigation measures are 
proposed. 
 

4.4.2 Construction phase groundwater drawdown mitigation measures 
During construction activities the depth of excavations that intercept the watertable would be 
minimised as far as reasonably practicable. A review of the proposed construction works indicates 
that no significant dewatering is likely to be associated with building infrastructure near registered 
groundwater bores along the proposal route. However should construction site dewatering be 
required it would be managed through a work method statement prepared in accordance with RMS’ 
technical guidelines for the ‘Environmental Management of Construction Site Dewatering’ (RTA, 
2011). 
 
Should dewatering of the alluvial aquifer be required during the construction of the bridge footings, 
groundwater drawdown would be limited to the base of the footing. 
 
The option of conducting groundwater level monitoring to monitor the impacts of groundwater 
drawdown during the construction phase has been considered and discounted as no receptors were 
identified such as GDEs or registered groundwater bores that are likely to be adversely affected.  
 

4.4.3 Construction phase groundwater quality mitigation measures 
To minimise impacts to groundwater quality construction activities would be managed by procedures 
within the construction environmental management plan to be prepared by the contractor.  
 
Mitigation measures would include the allocation of storage areas for hazardous materials. These 
facilities would be secured and bunded and any spills or contaminated runoff would be captured and 
disposed of at a licensed facility. Activities such as refuelling, wash down and preparation of 
construction materials where reasonably practicable would be undertaken in bunded areas to mitigate 
risks in relation to spills or leaks of fuels/oils or other hazardous onsite construction material. The 
application of good practice in the storage and handling of dangerous and hazardous goods would 
provide appropriate practical responses to manage impacts on work health and safety and minimise 
the risk of a spill occurring.  
 
During construction, any areas identified as containing contaminated groundwater or soil would 
require prevention measures to minimise the risk of impacts to groundwater quality as a result of 
construction. These measures are described in Section 6.11.4 of the Princes Highway upgrade - 
Berry to Bomaderry Review of Environmental Factors (AECOM 2013).   
 

4.4.4 Intersection of acid sulphate soils during construction mitigation measures 
Should PASS be identified along the route the first option is to avoid disturbing or minimising 
disturbance to the impacted soil and groundwater. Impacted groundwater would be treated to 
increase the pH prior to discharge in accordance with the protocols for surface water discharge. 
 
ASS investigations are to be conducted before excavating in river bed sediments. If the presence of 
ASS is confirmed an ASS Management Plan (ASSMP) would be developed and implemented. The 
plan would outline the management measures, safeguards, handling, treatment and disposal of ASS. 
The ASSMP would be prepared in accordance with the Acid Sulphate Soil Guidelines (ASSMAC, 
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1998) and Guidelines for Managing Acid Sulphate Soils (RTA, 2005).  
 

4.4.5 Construction phase mitigation measures for GDEs 
The risk of potential impacts to groundwater quality or groundwater discharge that may impact GDEs 
is low and no mitigation measures are considered necessary. 
 

4.5 Potential operations phase groundwater impacts 
4.5.1 Operations phase reduced groundwater recharge impacts 
Increasing the hard surface road area would increase runoff and decrease groundwater recharge. 
However the recharge decrease would be negligible given the limited extent of road surface 
compared to the remainder of the available rural catchment. 
 

4.5.2 Operations phase groundwater drawdown impacts 
Excavation of road cuttings beneath the watertable or intersecting perched groundwater causes 
groundwater to drain into culverts, creeks or rivers and may locally increase groundwater discharge 
lowering the watertable. The lowering of the watertable could impact the groundwater yield of nearby 
water bores or reduce the amount of groundwater available for shallow rooted plants. The risk of road 
cuts lowering the watertable more than 1.5 metres (the natural seasonal variation) is low, since the 
majority of road cuts are less than two metres deep.  
 
A deeper road cut located at Strongs Road, Jaspers Brush (Chainage 21800 -22100) approximately 
300 metres long and up to ten metres deep would cut through the Berry Siltstone and shale. The 
watertable may be intersected in this road cut however the risk of groundwater levels being lowered 
long-term in the vicinity of the excavation is considered low due to the low permeability of the Berry 
Siltstone. Two test holes drilled within one kilometre of the road cut into shale bedrock (GW23690 and 
GW72906) confirm groundwater was intersected below five metres suggesting the road cut would 
intersect groundwater (refer Table 4-2), however the road cut is unlikely to lower groundwater levels 
due to the low hydraulic conductivity of shale. A stock and domestic bore (GW100045) located 
approximately 300 metres east of the road cut extracts groundwater from the alluvial gravel and would 
not be impacted by any groundwater extraction from the underlying shale. The licenced bores are 
considered to be at a sufficient distance from the cutting to not be adversely affected.  
 

4.5.3 Operations phase groundwater quality impacts 
The existing highway runoff may contain pollutants associated with vehicular movement and normal 
use due to leaks, spills and accidents. The contaminants can include hydrocarbons (petrol, diesel and 
oils), metals, nutrients from exhausts, suspended solids and other compounds. The concentrations of 
contaminants are likely to increase due to a higher traffic load and increased pavement width as a 
result of the proposal. Impacts to groundwater due to increased contaminant concentrations are 
considered unlikely because of the water quality measures adopted in the proposal (refer Chapter 3). 
 

4.6 Potential operations phase groundwater mitigation measures  
Should the Strongs Road cutting intercept groundwater, a drainage system would be required to 
direct groundwater to the road drainage network. The drainage system may include horizontal slotted 
pipes installed into the excavation to relieve groundwater pressure. Once the groundwater is in the 
surface drainage system, the water may be treated and discharged in line with the surface water 
discharge protocols. Not all groundwater would require treatment particularly water that is not 
impacted by road runoff such as groundwater discharge from embankments. The impacts of the 
additional drainage on the surrounding local groundwater regime are negligible and no mitigation 
measures are considered necessary. 
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5 Other issues 
5.1 Farm dam impacts 
The construction and operation of the proposal would potentially change the surface and groundwater 
flow patterns in the area upstream and downstream of the proposal. This would potentially change the 
yield of farm dams. During construction and operation of the road, surface water runoff that would 
have previously flowed to the farm dams, may be diverted around road cuttings or embankments via 
catch drains or other drainage structures to discharge into a natural waterway or alternatively into 
another dam. This could change the catchment area contributing to a particular farm dam and thus 
impact on water uses.  
 
The surface water runoff generally flows in an easterly direction and thus farm dams on the eastern 
side of the proposal have the potential to be affected. An assessment of farm dam yields was 
undertaken by delineating existing and post development catchments and calculating the change in 
catchment area. Of the dams assessed a total four farm dams were identified as potentially affected 
on the eastern side of the proposal (refer Figure 5-1). A summary of the change in dam catchment 
area is presented in Table 5-1.  
 
 
Table 5-1: Farm dam catchment area details 

Dam No Existing catchment 
area (ha) 

Post development 
area (ha) 

Change in area 

(ha) (%) 

1 3.16 3.34 0.18 +5.7% 

2 2.68 2.35 -0.33 -12.3% 

3 4.13 3.48 -0.65 -15.7% 

4 4.60 4.25 -0.35 -7.6% 
 
 

5.2 Farm dam impact mitigation measures 
During detailed design, consultation would be undertaken with property owners of potentially affected 
farm dams to agree on and implement appropriate mitigation measures. Any impacts on farm dams 
as a result of design development during detailed design would require reassessment of the change 
to farm dams and additional consultation with affected land owners. 
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Figure 5-1: Location of potentially impacted farm dams 
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5.3 Water supply during construction 
Impacts from dust entering waterbodies would be managed using dust suppression techniques such 
as water spraying. The amount of water required would depend on a number of factors including 
rainfall, wind direction and intensity, soil type and area of ground disturbance at any given time.  
 
It is estimated that approximately 12 litres of water per square metre would be required for dust 
suppression daily. This is dependent on weather and surface exposure and would be varied over the 
course of the proposal. 
 
Water for construction purposes including dust control would be sourced, where reasonable and 
feasible, from the following locations in order of preference: 
 
 Surface water (sediment basin captured runoff).  

 Recycled effluent from the Nowra Sewage Treatment Plant and the Berry Sewage Treatment 
Plant (in accordance with RMS policy and guidance for the use of reclaimed water). 

 Potable water. 
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