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Executive Summary 

NORTH WEST TRANSPORT LINK: 
WESTERN SECTION 
Old Windsor Road to Pennant Hills Road 

ENVIRONMENTAL IMPACT STATEMENT 

This environmental impact statement assesses the impacts o f  the western section o f  a 
proposed east-west transport link in Sydney's north-west. The section which is the subject of 

this report would run between Old Windsor Road and Pennant Hills Road. 

The proposal was developed after consideration of  a number of  alternatives. Two alternatives 

were assessed in detail. The process of  developing and considering these alternatives is set 
out in this environmental impact statement. 

The proposal is a four-lane expressway in the existing transport reserve with a two-lane 
busway in the median and a combined bicycle and breakdown lane on each road shoulder. 
The link would be financed either by the public sector through taxes or by road users through 

a toll. I f  the link were tolled, tolls would be collected on the west-facing entry/exit ramps at 
Pennant Hills Road. 

The environmental impact statement will be on exhibition until 14th August 1992 during 
which time members o f  the public, and organisations, will have the opportunity to comment 

on the proposal. The Roads and Traffic Authority is required to take account o f  the 
community's views before a final decision can be made. 

The eastern section o f  the transport link, between Pennant Hills Road and Epping Road (near 
the Lane Cove River) is assessed in a separate environmental impact statement, which is also 

on exhibition. 
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Glossary of terms 

GLOSSARY OF TERMS 

Accident black spot A junction which has had more than 25 reported personal- 
injury accidents over a three year period. 

Alignment A detailed geometric layout, in plan and profile, following a 
general route. 

Arterial A roadway with the primary purpose o f  carrying medium to 
long-distance traffic, usually with at-grade intersections and 
access to adjoining property. 

BLEVE Boiling Liquid Expanding Vapour Explosion. An explosion in 
which boiling flammable liquid at high pressure ignites and 
expands rapidly into a large fireball causing intensive heat 
radiation for a short time. 

Batter The excavated or constructed face o f  a dam wall, embankment 
or  cutting, produced as a result o f  earthmoving operations 
involving cutting and filling. In describing batter grade, 1:3 or 
1 in 3 means a fall (or rise) of  1 vertical metre in a horizontal 
distance o f  3 metres. 

Calibration The adjustment o f  a traffic model to ensure that it adequately 
reflects the existing pattern of  travel. 

Capacity The maximum number o f  vehicles which can travel along a 
road in a given time. 

Chainage The length o f  a road from the designated start to a particular 
point, used to identify locations. 

Corridor The area investigated for this environmental impact statement. 

Culvert One or more adjacent enclosed conduits for conveying runoff 
under a roadway or other structure. 

Cut batter An exposed surface left by excavation during earthmoving 
operations. 

Demand management Measures to influence behaviour associated with travel demand 
so as to optimise the use of  transport facilities. 

Design year 2006, the year for which planning data and travel patterns are 
forecast, so that alternative transportation strategies for the 
future can be consistently compared for a common demand. 



Glossary of terms I 
Discount rate 

Effects 

The parameter used to transform costs and benefits arising in 
different years to their present values to acknowledge the time 
value of  money. 

The potential results, both positive and negative, o f  a particular 
option. 

Expressway A high-speed, high-capacity roadway with access limited to 
interchanges and with no at-grade intersections. 

Fill batter An exposed surface created during earthmoving operations by 
deposition o f  fill. 

Grade separation Separation o f  intersecting roadways by provision o f  a bridge 
or underpass. 

Home-based trips Any trip which begins or ends at the trip-maker's home. 

Hydrocarbons Compounds containing hydrogen and carbon which are 
principally derived from petroleum products. 

Impacts See Effects. 

Journey time The total time (including stopped time) taken for a journey 
between two specified points. 

Limited access roadway A roadway for which entry and exit is restricted to selected 
locations. 

Modal split 

Morning peak period 

New Jersey barrier 

Present value 

Road user benefits 

Road user costs 

The proportions o f  the total number o f  trips using different 
modes of  travel eg. 60% public transport, 30% private car, 5% 
cycle, 5% walk. 

The period in the morning during which a maximum traffic 
flow occurs. In this report it is usually the 2 hour period 
between 7.00 am and 9.00 am. A reciprocal flow o f  similar 
magnitude generally occurs in the evening peak period. 

A concrete structure, usually 0.8 m high, designed to deflect 
vehicles back onto the road without their overturning. 

The equivalent present-day value o f  a time stream o f  costs or 
benefits. 

The aggregate saving, in time or monetary terms, to vehicle 
operators and occupants which results from a network 
alteration. 

The cost o f  vehicle use to operators, comprising operating 
costs (fuel, oil, tyres, maintenance and depreciation) and 
attributed road accident costs. 
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Glossary of terms 

Reservation 

Run off 

Sediment 

Sedimentation 

Sediment trap 

Study area 

Traffic calming 

Traffic management 

Traffic model 

Transport corridor 

Area o f  land reserved under a planning scheme for 
development as a transportation facility. 

That portion o f  precipitation not immediately absorbed into the 
soil and which thus becomes surface flow. Run off  is the 
major agent o f  water erosion particularly on tilled soils. The 
amount o f  runoff depends on rainfall intensity and duration, 
land slope, surface roughness, vegetative cover and surface 
soil conditions including moisture content. 

Material o f  varying size, both mineral and organic, that is 
being, or  has been, moved from its site o f  origin by the action 
of  wind, water o r  gravity, and comes to rest on the earth's 
surface either above or below sea level. 

Deposition o f  sediment. The typical use o f  the term would 
infer deposition by water. In a soil conservation context, 
sedimentation is an end point in the erosion process, with 
transported soil material being deposited in locations such as in 
a channel, along a fence line, on an area o f  low slope, or in a 
gully, creek, river, sediment trap or dam. 

A temporary structure or  a vegetative barrier designed to trap 
sediment in runoff before it enters stormwater pipes, channels 
or streams. It is usually designed to control runoff from only 
small catchments. 

In this document, the area o f  Sydney north o f  the Parramatta 
River, extending east to North Sydney/St Leonards, north to 
Hornsby, and west to Minchinbury. 

The means by which local streets are kept relatively free of 
through traffic by the implementation o f  traffic management 
devices and/or by private vehicle demand management. 

The use of  traffic regulations and traffic devices to control road 
users in order to regulate use of  the existing road system. 

A mathematical procedure which expresses the relationship 
between the distribution o f  land use and other planning 
variables and the amount o f  travel produced, so that travel 
patterns can be estimated. 

In this document, the area bounded by Castle Hill Road, Old 
Windsor Road, James Ruse Drive and Pennant Hills Road. 
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Guidelines for making a public submission I 
GUIDELINES FOR MAKING A PUBLIC SUBMISSION 

HOW DOES YOUR SUBMISSION FIT INTO THE EIS PROCESS? 

Submissions from members o f  the public, government agencies and interest groups are invited 
and sought in response to this environmental impact statement. 

The submissions will be reviewed by an independent consultant and the Roads and Traffic 
Authority, and an assessment report will be prepared. 

The Chief Executive Officer of the Roads and Traffic Authority will make a determination after 
consideration o f  the environmental impact statement, public submissions and the assessment 
report. 

WHY WRITE A SUBMISSION? 

A submission is a way to provide input into the environmental impact assessment process for 
the proposed transport link. 

Submissions can provide information, comment on the proposal and findings, or suggest 
improvements. 

The report on the submissions thus contributes to the government's decision making regarding 
the proposed transport link. 

WHAT SHOULD YOU INCLUDE IN A SUBMISSION? 

It is particularly useful if  you can indicate: 

• Your interest in the proposal. 
• Your opinion of  the proposal (or particular aspects o f  it). 
• What measures you consider would be appropriate to improve the proposal. 
• Any errors or omissions in the information presented in the environmental impact 

statement. 
• Any further factual information you have (and its source). 

Your comments may also cover related facts or topics that you believe should be considered. 

All submissions will be treated as public documents unless otherwise stated. Please indicate if 
you wish your submission to remain confidential. 

WHAT SHOULD YOU KEEP IN MIND? 

You will make it easier for your submission to be analysed if you: 

• Attempt to list points, so that the issues raised are clear. 
• Refer each point to the appropriate sections in the environmental impact study. 
• Include your name, address and the date. 
• Ensure that your submission is as legible as possible. 

Submissions should be addressed to: 
Project Manager 
North West Transport Link (west) EIS 
NSW Roads and Traffic Authority 
83 Flushcombe Road 
BLACKTOWN NSW 2148 
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Summary 

1 Introduction 

Background 
This environmental impact statement is one o f  two studies assessing 
the impacts of  alternative transport links in the corridor between Old 
Windsor Road at West Baullcham Hills and Epping Road at North 
Ryde. It focuses on the western section o f  the link, between Old 
Windsor Road and Pennant Hills Road. The assessment has resulted 
in a proposal for a tolled four-lane expressway with an exclusive two- 
lane busway and combined cycle/breakdown lane. 

The assessment o f  the eastern section of  the link, between Pennant 
Hills Road and Epping Road, has been simultaneously prepared by 
Maunsell Pty Ltd and is contained in a separate report. 

The study area and transport corridor 
The study area lies north o f  the Parramatta River, extending east to 
North Sydney/St Leonards, north to Hornsby and west to 
Minchinbury. Within this area is the transport corridor which is 
bounded by Castle Hill Road, Old Windsor Road, James Ruse Drive 
and Pennant Hills Road. 

Most o f  the transport corridor is located in Baullcham Hills Shire. Like 
much o f  north-western Sydney, Baulkham Hills is experiencing rapid 
population growth as it changes from a predominantly rural to a more 
urbanised community. Surveys conducted by Council's Community 
Services Department have identified inadequate transport as the Shire 
population's major concern. 

Community consultation 
An extensive program o f  public consultation was undertaken in 
preparation of this environmental impact statement. The purpose of  the 
public consultation program was to assist in the development of 
alternatives, to inform the community o f  the proposal adopted after 
considering the alternatives and o f  the environmental assessment 
process, to encourage interested community groups and individuals to 
participate, and to enable a two-way flow o f  information between the 
study team and the community. 

The consultation program included the formation o f  a community 
consultative committee, meetings with community groups, distribution 
of  a brochure to 76,000 households, and an open line to the study 
team. About 2,500 documented responses were received. The 
majority indicated support for an expressway in the proposed 
alignment. There was also strong support for the provision of  a new 
public transport facility. 
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2 The need for improvements 

Deficiencies in the existing transport system 
The performance o f  an urban road network is largely controlled by the 
performance o f  its intersections. Currently, most o f  the intersections in 
the transport corridor are congested during peak periods and there is 
very limited capacity for additional traffic. This is contributing to long 
journey times for road users. 

Congestion is also affecting bus services on the approaches to the 
major destinations, such as Parramatta and the rail stations on the Main 
Northern line to Hornsby via Epping. This is contributing to slow and 
unreliable journey times and poor coordination between bus and rail 
services. 

In addition, trucks are hampered by the need to use existing arterial 
roads with private accesses, shopping centres, numerous intersections 
and narrow lanes. This is unsatisfactory in terms o f  freight delivery 
efficiency, and general road safety and convenience. 

Population and employment in Sydney 
Sydney is Australia's largest metropolitan area and plays a major role 
in both the New South Wales and Australian economy. Its population 
is forecast to continue growing, attracting the largest proportion of 
overseas migrants o f  any Australian city. The residential population of 
metropolitan Sydney is projected to grow from 3.7 million in 1991 to 
4.5 million in 2006 and 4.8 million in 2016. 

To accommodate the predicted growth, the Department o f  Planning has 
identified four new growth areas on the fringe o f  the Sydney region. 
Of  these, the North West Sector, located just west o f  the transport 
corridor, has been earmarked as the next main residential growth area 
to be developed. 

Most o f  the transport corridor has been developed since the 1950s. 
Considerable new development is occurring or planned in Baulldiam 
Hills, Castle Hill and towards the Rouse Hill Development Area. The 
study area's residential population is growing strongly and is forecast 
to grow from 902,000 in 1990 to 1,225,000 in 2006 and 1,365,000 in 
2016. 

Total employment in the metropolitan area is forecast to increase from 
over 1.7 million in 1990 to over 2 million in 2006 and 2.2 million in 
2016. Based on recent trends, it is predicted that an increasingly 
higher proportion o f  jobs will be located in major employment centres 
such as Sydney central business district, North Sydney/St Leonards, 
Chatswood, Parramatta and, from 2006, Rouse Hill. About 35% of 
jobs are expected to be in these centres in 2006 and 40% in 2016. 
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Transport in Sydney 

The motor vehicle dominates travel patterns in the metropolitan area 
with 82% o f  all trips undertaken in private vehicles. Trains are the 
most well-used mode o f  public transport, just ahead o f  government 
buses, taxis and private buses. About 75% o f  all work trips in the 
morning peak period to the central business district are made by public 
transport. 

Major transport links in the transport corridor 
Major transport links in the corridor include Old Windsor Road, 
Windsor Road and Pennant Hills Road. Other roads o f  significance 
for this study are Lane Cove and Victoria roads, the Cumberland, 
Pacific and Great Western highways, and the Western Freeway. 

There are no rail lines in the transport corridor. The major commuter 
rail lines in the study area are the Main Northern and Main Western 
lines. Private bus services complement the rail system. The main 
bus/rail interchanges are Pennant Hills, Epping, Eastwood, Blacktown 
and Parramatta stations. 

Trucks constitute about 10% o f  vehicles on roads in the transport 
corridor. 

Future travel patterns in the study area 
Depending on the population and employment forecasts used, public 
transport demand is projected to increase by between 5-52% by the 
year 2006. 

The majority of  the growth in car trips to the year 2006 will be focused 
in sectors west of  Lane Cove Road. The largest absolute increases in 
numbers of  trips are predicted for Blacktown, Baulkham Hills, Penrith 
and Hornsby as peak period destinations. Even i f  the maximum 
growth in public transport demand increased by the maximum 
predicted amount and was catered for, there would continue to be 
growth in car travel. The influence o f  maximum transport usage 
(however achieved) would be to reduce the forecast transport corridor 
car flows by a maximum o f  2,000 car trips in the peak two hours. 
This represents a reduction of  8-12% in total traffic volumes. 

Environmental impacts of Sydney's growth 
Sydney's economic and population growth are important for the 
economic well-being of  New South Wales and Australia. However, 
the urban development of  the Sydney region is affecting the water 
quality of  the Nepean-Hawkesbury river system and the air quality of 
the Sydney region. These environmental effects need to be addressed 
to enable the continued growth and change of the Sydney region. 
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Conclusions 
Sydney's population is growing and will continue to grow, with the 
North West Sector the next main residential growth area. This will 
generate a substantial increase in demand for travel, particularly car 
travel, on roads in the study area. These roads are already congested in 
peak periods. 

There is a need to improve transport infrastructure in the transport 
corridor to cater for future public and private transport needs o f  the 
local population. Unless this occurs, congestion will worsen, causing 
greater road delays, reducing mobility and road safety, and 
downgrading the quality o f  the residential and retail/commercial 
environments. 

3 Alternative transport strategies 

Four alternative strategies were identified to address the deficiencies of 
the transportation system. These were: 

• Demand management, which involves reducing the number of 
vehicles on roads during peak periods by, for example, limiting 
parking spaces at major centres or car pooling. 

• Traffic calming, which involves three levels. These are: actions 
to lessen traffic impacts at the local level by for example, creating 
speed bumps and culs-de-sac (this is also known as local area 
traffic management); restraining speed on traffic routes through 
shopping centres and slow-speed mixed traffic areas in town 
centres; and reducing traffic by, for example, pedestrianising 
town centres and providing priority for other transport modes. 

• Improving public transport between Seven Hills and North 
Sydney by installing a conventional railway, 'light' railway, or 
busway. Options considered included alignments within the 
existing Castlereagh Expressway reserve, a rail link between 
Merrylands, Parramatta, Carlingford and Epping, and an 0-Bahn 
bus system. 

• Providing additional road capacity in the transport corridor. This 
could be achieved by widening existing roads or building new 
links. 
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It was found that: 

• Demand management would require changes in social attitudes, 
public will and government policy which could take considerable 
time to occur and, therefore, could not provide a solution to the 
area's traffic congestion over the next, say, 20 years. 

• While local area traffic management would be possible, traffic 
calming on heavily travelled roads would be difficult to achieve, 
particularly in peak periods. It would also require changes in 
social attitudes and government policy which could take 
considerable time to occur. 

There are significant constraints on developing a new light or 
conventional railway service. These relate to inadequate demand 
as a result o f  population and employment distribution, 
topographical limitations, and high economic cost. It was 
concluded that the most appropriate public transport strategy 
would be a busway which could one day be converted to light 
rail. However, public transport would not provide a total 
solution because it would not serve the needs o f  the large number 
o f  commuters who do not, or cannot, use public transport. 

Providing additional road capacity without improving public 
transport would alleviate current congestion but would not 
provide a balanced transport system with opportunity for both 
private and public transport. 

It was therefore concluded that none of  the alternative strategies would 
address the deficiencies in the public and private transport system on 
their own. The preferred alternative is therefore to provide an 
integrated strategy involving additional road space plus a new busway 
which could one day be converted to light rail. This strategy is 
favoured because it would provide additional road space for commuters 
and commercial vehicles, improve public transport and enable traffic 
calming on selected roads. 
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4 Alternative alignments 

Generation and evaluation of alternatives 
The next stage in the evaluation process was to identify possible 
alignments for the integrated road and busway. Over 50 possible 
alignments were considered. These ran along existing major routes 
and/or made use o f  the transport reserve in the transport corridor. 

These alignments were evaluated in terms o f  the project's objectives. 
These related to transport capacity; community severance; and social, 
environmental and economic aspects. Three alignments performed best 
in terms o f  these objectives. These were: 

• Alternative 1: a four-lane expressway in the transport reserve, 
with a busway in the median, linking with a proposed 
expressway to the east, directly across Pennant Hills Road. This 
alternative was evaluated for the case where there would be no 
tolls at all, a toll east o f  Pennant Hills Road and also with an 
additional toll at the west facing ramps at Pennant Hills Road 

• Alternative 2: a four-lane expressway in the transport reserve, 
linking to Carlingford Road via Pennant Hills Road. Pennant 
Hills Road would be widened to accommodate this additional 
traffic and Carlingford Road would be upgraded to arterial 
standard. A busway would run along the expressway median 
between Old Windsor Road and Barclay Road. It would then 
follow Barclay, North Rocks and Pennant Hills roads before 
linking up with the upgraded arterial along Carlingford Road east 
of  Pennant Hills Road. 

• Alternative 3: an arterial standard road in the transport reserve 
between Old Windsor Road and Barclay Road, and along existing 
roads east o f  Barclay Road. Barclay, North Rocks and Pennant 
Hills roads would be upgraded to form the eastern part o f  the 
urban arterial which would link up with an upgraded Carlingford 
Road east o f  Pennant Hills Road. Pennant Hills Road would be 
widened between Mahers Road and Carlingford Road. The 
arterial would provide four lanes for private travel west of 
Windsor Road and six lanes east o f  Windsor Road. Exclusive 
bus lanes would be provided on the kerb lanes. 
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Evaluation of shortlisted alternatives 
The above alignments were evaluated in more detail in terms o f  the 
project's objectives. This evaluation found that Alternatives 1 and 2 
were preferable to Alternative 3. Salient findings included: 

• Alternative 1 would perform best in terms of  transport efficiency, 
safety, land use, community severance and reduction o f  traffic on 
local streets, economic efficiency and fuel savings. 

• Alternative 3 would have the least impact on the natural 
environment but be worst in terms o f  transport efficiency, safety, 
impacts on community facilities and severance. In addition it 
received little support from the community during the public 
participation program. 

• Alternative 1 (regardless o f  a toll east o f  Pennant Hills Road) 
performed better than the upgrading o f  existing roads (Alternative 
3) in the economic evaluation. Without a toll east o f  Pennant 
Hills Road, Alternative 1 has a net present value o f  $566 million 
and a benefit cost ratio of  1.81 at a 7% discount rate. Alternative 
3 has a net present value o f  $212 million and a benefit cost ratio 
o f  1.36. I f  a toll were charged east o f  Pennant Hills Road in 
Alternative 1, the net present value would be $292 million and 
the benefit cost ratio would be 1.40. 

• The addition o f  tolls west of  Pennant Hills Road does not cause 
sufficient traffic diversion to affect the economic assessment. 

Alternative 3 was eliminated at this stage and Alternatives 1 and 2 were 
assessed further. 

Alternatives 1 and 2 are effectively the same west o f  Pennant Hills 
Road. The main difference between the alternatives occurs at Pennant 
Hills Road where, in Alternative 1, the expressway would extend 
across Pennant Hills Road, while in Alternative 2 Pennant Hills Road 
would be widened between the expressway and Carlingford Road. 
The two alternatives are described in more detail in Section 5. 

This environmental impact statement only contains an assessment of 
likely impacts west o f  Pennant Hills Road. As Alternatives 1 and 2 to 
the west o f  Pennant Hills Road are effectively the same, for the 
purposes o f  assessing impacts in this area they have been treated 
identically. The likely impacts at Pennant Hills Road and east of 
Pennant Hills Road are contained in an environmental impact statement 
which has been prepared by Maunsell Pty Ltd (1992). To be most 
conservative, the likely impacts o f  a tolled transport link have been 
assessed and described in detail in this environmental impact statement. 
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5 The proposal 

As mentioned in Section 4, it is proposed to build the transport link on one o f  two 
alternative routes. 

Alternative 1: transport link crossing Pennant Hills Road 
The alignment is shown in Figure A. The expressway would be 
about 30 metres wide as shown in Figure B. It would have two 
carriageways, each with two lanes for general traffic and a combined 
bicycle and breakdown lane. There would be a busway in the median 
with one lane in each direction. Several bus stops are proposed 
including at Winston Hills Shopping Centre and near the interchanges. 
The traffic lanes and road shoulders would be surfaced with open- 
graded asphaltic concrete to minimise noise. 

Interchanges are proposed near Old Windsor Road, and at Windsor 
Road and Pennant Hills Road. Important crossroads would be carried 
over the expressway on bridges. Other roads would be permanently 
closed or altered. Pedestrian access would be discouraged for safety 
reasons. However, pedestrians would be able to cross the expressway 
at a number of  bridges and underpasses. 

Toll plazas would be located on the west-facing ramps at Pennant Hills 
Road to collect tolls from traffic entering or leaving the transport link. 

Alternative 2: transport link connecting with Carlingford Road 
Figure A shows the alignment o f  Alternative 2 and Figure B a 
typical cross-section, which is the same as Alternative 1. Alternatives 
1 and 2 are effectively the same west o f  Pennant Hills Road. Pennant 
Hills Road would be widened and, at the intersection of  Carlingford 
Road, a 375-metre tunnel would be built to enable traffic movement 
between Carlingford Road and Pennant Hills Road. 

A busway would run along the expressway median between Old 
Windsor Road and Barclay Road. Buses would then leave the busway 
and merge with traffic on Barclay and North Rocks roads, thereafter 
joining Carlingford Road via Pennant Hills Road. 

Pennant Hills Road would comprise two carriageways separated by a 
median. Each carriageway would comprise three traffic lanes and one 
combined bus/transit/cycle lane south of  North Rocks Road. 
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Noise Cycleway 2 traffic Busway 2 traffic Cycleway Noise 
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This diagram shows a basic cross-section that the expressway would follow 
subject to design variations in particular locations (on-off ramps etc) and, where 
space allows, margins for planting inside noise barriers. 

Figure B 
Typical expressway 

cross-section 

Construction 

Both Alternative 1 and 2 would be opened in two stages: Pennant Hills 
Road to Windsor Road to Windsor Road, and Windsor Road to Old Windsor 
Road. Construction would take place in three overlapping phases with a 
minimum construction period o f  three years. In Alternative 2, Pennant Hills 
Road would be reconstructed in stages to minimise disruption to traffic. 
The Carlingford Road tunnel would be build after a suitable diversion to the 
south and west o f  the intersection is constructed to maintain traffic flows. 

Construction materials would be obtained either from the site as part of 
excavations or from existing sources in the metropolitan area. Construction 
vehicles would generally use trunk roads to access the site. 

Construction hours would be limited to 7.00 am to 5.00 pm, Monday to 
Saturday. 

A number of  streets would need to be temporarily closed or narrowed 
during the construction period. These would include Windsor, Barclay and 
Pennant Hills roads. 



Summary I 
Costs 

Construction o f  Alternative 1 would cost $255 million (in 1991 prices). 
Alternative 2 would cost $213 million to build. Landscaping and noise 
control measures would represent about 15% o f  these costs. 

Property acquisition costs would be about $111 million for Alternative 
1 and $109 million for Alternative 2. 

The operation and maintenance o f  Alternative 1 would cost about $1 
million and o f  Alternative 2 about $0.5 million annually (in 1991 
prices). 

Two alternative financing methods are being considered: 

• Traditional public sector financing through taxes. 
Private financing through a tollway. 

Energy consumption 
During construction, the main energy source to be used would be 
distillate o f  which about 9.5 million litres would be consumed. 
However, during operation, the more direct route and reduced travel 
times enabled by the transport link would produce a saving o f  16.8 
million litres o f  fuel for Alternative 1 and 3.6 million litres for 
Alternative 2 in the year 2006. 

6 Transport efficiency 

Transport efficiency can be measured in a number o f  ways, including 
total travel time on the road network, total energy consumed, public 
transport efficiency, and intersection performance. Alternatives 1 and 
2 for the proposed transport link have been treated identically. For the 
peak period in the year 2006, it was found that the transport link would 
have the following impacts on the road network: 

• Reduce total travel time for all vehicles by about 7000 vehicle 
hours (a reduction of  about 5%), assuming no toll east o f  Pennant 
Hills Road. 

Save 14,000 litres o f  fuel daily in each peak period (a reduction 
of  about 2.6%). 
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• Significantly improve the efficiency o f  bus services operating on 

the busway by increasing achievable operating speeds, reducing 
conflicts and improving the reliability of  travel time. 

• Improve the performance o f  most intersections by reducing 
congestion. 

• Substantially improve access to the major commercial centres at 
Epping and Macquarie Park and to Macquarie University. 

7 Safety 

Although the transport corridor has no intersection black spots in the 
Roads and Traffic Authority's 'top 100', it has 13 road sections with 
accident rates higher than the State average o f  1.41 accidents per 
million vehicle kilometres. The sections with the highest rates are 
Churchill Drive and Pennant Hills Road between Carlingford Road and 
Castle Hill Road. 

The Roads and Traffic Authority has found that urban freeways have 
an accident rate about 25% that o f  urban divided roads greater than four 
lanes. Therefore, the high standard o f  the proposed transport link 
would enable accident savings through the diversion o f  traffic from 
local and arterial roads. This applies to both alternatives for the 
proposed transport link. 

8 Hazardous goods transport 

Both alternatives for the proposed transport link would have a major 
impact on the pattern o f  heavy vehicle transport in the study area as a 
large proportion of  heavy vehicles, including those carrying dangerous 
goods, would divert to it from existing roads. This would lower the 
risk on existing roads and transfer some o f  the risk to the transport 
link. 
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However, the overall risk o f  a hazardous incident would be lower with 
the proposed link. This is because the expected accident rate per 
vehicle kilometre on the link is much lower than on existing roads as 
the link would be constructed with significant inherent safety features, 
such as separation from the main sensitive public and built areas; and 
minimum number o f  curves and grades, exit and entry points, and 
obstructions to traffic flow. 

It is recommended that the transport would incorporate collection 
systems to hold spillages resulting from any accidents and emergency 
access and egress. Procedures for reporting spills and dealing with 
contaminated substances which may be uncovered during construction 
would need to be established. 

9 Effects on land use 

Metropolitan land use 
The effect o f  major transport infrastructure developments on land use 
patterns depends on the degree of  existing development. 

The eastern part o f  Sydney (such as Sydney central business district, 
North Sydney, St Leonards and Chatswood) has a highly developed 
transport system. As a result, the proposed link would have a small 
effect on land uses in eastern Sydney. 

Conversely, western Sydney has a poorly developed transport system 
and both alternatives for the proposed link would have a significant 
impact on land uses. For example, it would support an early start to 
the development o f  the North West Sector, and improve the growth 
potential o f  Parramatta, Blacktown, the North Ryde industrial area, and 
(when combined with the proposed transport link east of  Pennant Hills 
Road) the Epping commercial centre. 

Land use and zoning in the transport corridor 
To the west o f  Pennant Hills Road, the proposed link is located in 
Baulkham Hills Shire. The transport corridor, which both alternatives 
for the proposed transport link would follow, is designated as Special 
Uses 5(b), which permits construction o f  roadways without the 
consent o f  Council. 

There is development along the entire length o f  the transport corridor 
except in areas designated as open space. Development mainly 
consists of  residential areas. There are also parks, schools, shopping 
facilities and an industrial park. 
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Open space areas include the bushland o f  Excelsior Reserve, Darling 
Mills State Forest and the area surrounding the First Baulkham Hills 
Scout Hall, which are part o f  a 340-hectare regional open space reserve 
system. Excelsior Reserve (287 hectares) is particularly significant as 
it is one o f  the 10 largest bushland areas remaining within the 
urbanised catchments of  greater Sydney and contains a diverse range of 
vegetation and recreational opportunities. Darling Mills State Forest 
(49 hectares) adjoins Excelsior Reserve and is zoned special uses 
(forestry). 

On the northern side o f  Mahers Road, between Darling Mills State 
Forest and Oakes Road, the transport corridor consists o f  about three 
hectares o f  bushland which is a continuation o f  the vegetation in 
Darling Mills State Forest. The area includes a significant stand of 
Eucalyptus saligna (Sydney blue gums). 

Schools in the study area include Baulkham Hills Public, Our Lady of 
Lourdes, Muirfield High, Winston Hills Public and Murray Farm 
Public. 

As o f  July 1991, the Roads and Traffic Authority and other State 
government departments owned about 95% o f  properties in the 
transport reserve. 

Impact assessment 
As the Baulkham Hills local environmental plan designates the 
transport corridor for roadway uses, development o f  both alternatives 
for the proposed transport link within the reserve would be consistent 
with the environmental planning aims o f  this zone. Under State 
Environmental Planning Policy No. 4, additional properties required 
outside the transport reserve would not need to be rezoned. 

Direct land use impacts for both alternatives would include: 

• Acquisition of  147 residential properties, and partial acquisition 
o f  72. 

• Loss o f  39.3 hectares o f  open space, including 8.5 hectares in 
Excelsior Reserve, 8.3 hectares in Darling Mills State Forest, 
three hectares on Mahers Road (including a remnant stand of 
Sydney blue gums), and 18.3 hectares o f  undeveloped land 
within the transport reserve. 

• Loss o f  one hectare o f  Baulkham Hills Public School's recreation 
space and five metres o f  landscaped frontage from Our Lady of 
Lourdes School. 

• Acquisition o f  five businesses and partial acquisition o f  two on 
Windsor Road. 
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Mitigative measures 
To mitigate the above impacts, it is considered that the Roads and 
Traffic Authority's Land Acquisition Policy would provide suitable 
measures. This would include purchasing fully or partly required 
properties at their market value. All owners o f  residential property 
adjacent to the proposed link would have the opportunity to sell to the 
Roads and Traffic Authority. 

In addition, it is recommended that the Roads and Traffic Authority 
assist in achieving the objectives o f  the completed plan o f  management 
for Excelsior Reserve and implement measures to minimise impacts at 
affected schools. 

Community severance 
Community severance is the long-term division o f  an existing 
neighbourhood structure, and/or the separation o f  residents from 
facilities and services they use within the community, as a result of 
changes in road patterns and traffic levels. 

The major impacts o f  the proposed link on neighbourhood structure 
would be along Junction Road, Russell Street, Linton Street, Petrina 
Crescent and Mahers Road. Neighbourhoods in these streets would be 
divided. 

It is recommended that: 

• Community access to neighbouring areas and facilities be 
maintained by the provision of vehicular and pedestrian 
overpasses. 

• Road closures incorporate landscaped areas for community use, 
where practicable. 

• Traffic control measures be implemented during construction to 
retain as much traffic as possible on arterial roads. 
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1 0 Impacts on visual quality 

The existing landscape 
The study area is divided into two broad land units: the hilly and gently 
undulating lands on Wianamatta shales which contain stands of  Sydney 
blue gums, and the deep gorge and plateau lands on Hawkesbury 
sandstone near Darling Mills Creek and its tributaries. 

Earlier clearing for rural and, subsequently, residential development 
has left the land largely devoid o f  natural vegetation except in the 
rugged sandstone valleys and along parts o f  the valley floor of 
Toongabbie Creek. The Darling Mills Creek valley provides extensive 
and uninterrupted views o f  an apparently untouched natural area. 

Visual impacts of the proposed link 
Significant long-term visual impacts o f  both alternatives for the 
proposed transport link would include the loss of: 

• The natural environment within the valley system just west of 
Mahers Road. 

• Vegetation at the intersections at Old Windsor, Windsor and 
Pennant Hills roads. 

• Housing and other property outside the reservation. 

• Most of  the Sydney blue gum stand bordering Mahers Road. 

• Views by noise walls and retaining walls where screen planting 
is not possible. 

Measures to minimise visual impacts 
In developing the design o f  the transport link to this stage, the aim has 
been to minimise visual impact wherever possible. In developing the 
detailed design continuing attention should be given to measures to 
minimise impact, including: 

• Revegetating bushland areas with indigenous species. 

• Mass planting of  screening trees and shrubs. 

• Building earth mounds to obscure or reduce views o f  the link and 
to lessen noise impacts. 
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• Using planting in generous proportions to encourage visual 
linkages. 

• Protecting the link's treed margins by containing the road edges, 
particularly in bushland areas. 

• Planting large trees in extensive avenues along the link in built-up 
areas. 

• Establishing the construction corridor on site within precise 
surveyed edgelines before clearing o r  other preparatory 
construction work and, whenever possible, working within this 
corridor. 

It would take two to five years after the completion o f  screen planting 
before visual impacts would be effectively reduced. 

Future development 
The proposed link would be a dividing element, with noise walls and 
screening adding to the sense o f  division. In many situations, the link 
would not be compatible with existing quiet residential margins and, in 
many cases, the incompatibility would not be reconcilable. It is 
considered that, in the long term, the planned introduction o f  new land 
use and building types adjacent to the link would often be the best 
solution. New land uses could include medium density housing, 
commercial offices, retail outlets and other community-oriented 
facilities. These land use changes should be planned and coordinated 
and not left to chance. 

1 1  Economic impacts 

Regional economic development benefits 
Both alternatives for the proposed link would result in travel time and 
vehicle operating cost savings for users o f  the road network. These 
productivity gains would improve the economic efficiency of 
metropolitan Sydney and the transport corridor. The investment in 
transportation would also provide new economic development 
opportunities such as the extension o f  the North Ryde industrial area, 
the growth o f  Epping commercial centre and general commercial, 
industrial and medium density residential development along the 
proposed transport link. 
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Impacts on local business 
There would be impacts on  local business particularly along Windsor 
Road between Junction Road and Seven Hills Road. Impacts would 
include the relocation o f  eight properties, and disturbance during 
construction. 

1 2 Noise 

Noise assessment criteria 
Noise levels have been assessed in terms o f  four broad categories of 
acceptability (or noise annoyance ranges), namely: clearly acceptable, 
normally acceptable, normally unacceptable and clearly unacceptable. 

Current noise levels have been taken into account in setting these noise 
assessment criteria. Accordingly, noise annoyance ranges have been 
modified, particularly at the lower end, to allow for existing noise 
levels. Future noise levels up to the existing levels are regarded as 
clearly acceptable and noise levels up to 2 dBA over existing levels are 
regarded as normally acceptable. 

Noise controls 
Noise impact calculations have assumed the following noise controls: 

• An open-graded asphaltic concrete road surface. 
• Roadside barriers, such as acoustic walls, earth mounds, or a 

combination of  the two. 

Optimal barrier heights, locations and construction materials would be 
determined during detailed design. To  determine barrier locations and 
heights, noise levels have been calculated for a number o f  points 
adjacent to the transport link with and without barriers in place. 
Consideration has also been given to the visual effect and acceptability 
o f  acoustic barriers. Higher noise barriers can block noise but can 
detract from visual quality, while lower barriers can be more attractive 
but are less successful in blocking noise. The barrier heights used in 
this investigation have been limited over some lengths for visual 
reasons. Along most o f  the transport link's edge, four metre high 
barriers are proposed. 
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It is recommend that the Roads and Traffic Authority involve the 
community in decisions regarding the trade-off between noise impacts 
and visual quality. The community in the vicinity o f  the transport link 
should be consulted to determine those control measures which best 
suit the environment. Noise measures which the Roads and Traffic 
Authority should be prepared to consider include: 

• Noise barriers higher than four metres (the type o f  barrier is also 
open to consultation). 

• Acoustical treatment o f  residences highly exposed to noise. 
• Purchasing residences highly exposed to noise. 

Impact assessment 
The greatest impact o f  road traffic noise from both alternatives for the 
proposed transport link would occur at night-time because o f  the large 
number of  trucks expected to travel on the link during this period. 

About 1300 residences would be affected by traffic noise from the link. 
The noise would be categorised as normally acceptable for 1050 
residences, normally unacceptable for 250 residences. No residences 
would be exposed to noise categorised as clearly unacceptable. 

Noise impacts would decline if  barriers higher than four metres were 
installed. For example, a five metre high barrier would reduce noise 
by another 2 dBA, and a six metre high barrier by a further 3 dBA 
during both the daytime and night-time. 

Three schools would be affected by road traffic noise. A significant 
area o f  Winston Hills Public School on Junction Road, and Our Lady 
o f  Lourdes School on Windsor Road, would be affected by normally 
acceptable noise levels. A very limited area o f  Baullcham Hills Public 
School on Windsor Road would be affected by normally unacceptable 
noise levels while the remainder o f  the school would be affected by 
normally acceptable noise levels. 

The noise impact would vary with the number o f  heavy trucks that 
would use the link. 

All of  the noise impact at Winston Hills Public School and Our Lady of 
Lourdes School, and most o f  the impact at Baulkham Hills Public 
School could be eliminated by keeping classroom windows closed 
during school hours. This would require the use o f  mechanical 
ventilation or air-conditioning. These treatments should be considered 
during the design phase. 
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Changes in noise level on other roads 

Noise level reductions during daytime and night-time on Seven Hills 
Road, Barclay Road, North Rocks Road and Pennant Hills Road south 
o f  the junction with the proposed link would be noticeable and 
significant. However, noise level reductions on Old Windsor Road 
and Windsor Road would not be noticeable. 

Noise level increases may occur as a result o f  changed local travel 
patterns but they are expected to be minor when compared with the 
reduction on existing arterial roads. 

Impact of construction noise 
Environmental noise limits for construction noise are contained in the 
Environment Protection Authority's Environmental Noise Control 
Manual. It is expected that: 

Noise levels during bridge construction would exceed the 
recommended noise limits at almost all the locations assessed. 

Noise levels during earthworks associated with road building 
would significantly exceed the noise limits. However the noise 
would be temporary. 

Maximum noise levels from paving would mostly comply with 
the limits except in Doyle Place, West Baulkham Hills and on 
part o f  Mahers Road, West Pennant Hills. However, noise 
levels would rise and fall as construction progresses along the 
route. 

It is also expected that construction noise could be controlled to ensure 
that equipment, practices and noise protection methods achieve a target 
noise level of  not more than 35 dBA above ambient, and that blasting 
could be limited to sites where the works would comply with the 
comfort criteria set. 

Mitigative measures during construction 
T o  minimise temporary noise impacts during construction it is 
recommended that: 

• Some o f  the traffic noise barriers be built before construction 
begins. 

• All contractors be required to achieve a target noise level 
maximum of  35 dBA above background levels. 

• Noise control measures be discussed with the Environment 
Protection Authority to ensure that the proposed equipment meets 
modern standards and that controls are reasonable. 
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1 3 Impacts on air quality 

Air quality criteria 
The criteria used by the New South Wales Environment Protection 
Authority to assess air quality conditions have been adopted from the 
objectives o f  the National Health and Medical Research Council 
Guidelines, supplemented by World Health Organisation long term 
goals and United States Environmental Protection Agency ambient air 
quality standards. 

Air quality impacts have been assessed in terms o f  concentrations of 
carbon monoxide, nitrogen dioxide, total suspended particulates and 
hydrocarbons. 

Description of existing air quality 
The highest air pollutant concentrations are on the transport corridor's 
heavily travelled roads. Although carbon monoxide and oxides of 
nitrogen concentrations measured on these roads were relatively high 
compared to the other sites, they did not exceed the selected air quality 
criteria. The results indicated that existing air quality measured by 
carbon monoxide and oxides o f  nitrogen would be considered to be 
typical o f  the Sydney suburban atmosphere adjacent to a major traffic 
artery. 

Impact of motor vehicle emissions from the transport link 
It was found that both alternatives for the fully operational transport 
link would have a minimal overall impact on regional air quality. Air 
pollution concerns relating to carbon monoxide and nitrogen dioxide 
concentrations from the link would be limited to a few tens o f  metres 
from the link. More specifically, it is predicted that: 

Roadside concentrations o f  carbon monoxide would be well 
below the one-hour air quality criterion o f  31 milligrams per 
cubic metre. 

Roadside levels o f  nitrogen dioxide would significantly increase 
and be close to the one-hour criteria o f  330 micrograms per cubic 
metre. This is indicative o f  the long-term air quality problems in 
the Sydney Basin. 
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• Hydrocarbons between Windsor Road and Pennant Hills Road 
would be close to o r  exceed the former United States 
Environmental Protection Agency criteria. This is consistent 
with monitoring data for the Sydney region which indicates that 
ambient hydrocarbon concentrations are high. 

• Maximum one-hour average concentrations o f  particulate matter 
would be well below the 24-hour criteria o f  260 micrograms per 
cubic metre and no adverse air quality impacts are expected. 

• There would not be a significant build-up o f  carbon monoxide or 
oxides o f  nitrogen in the Darling Mills Creek valley area during 
poor dispersion conditions (such as low winds). 

Construction impacts 
During construction o f  the proposed link, temporary impacts on air 
quality would result from: 

• Dust generated from eartlunoving activities. 
• Emissions (mainly diesel exhaust) from earthmoving machinery. 
• Emissions from construction traffic. 

Exhaust emissions are unlikely to cause any significant impact. 
However, potential impacts from dust are o f  concern. The total dust 
generated in a 10 hour day would be about 445 kg over the whole 
construction area. Impacts would mostly occur during the first phase 
o f  heavy excavation and typically be limited to a distance o f  200-300 
metres from the centre o f  the construction area. 

Mitigative measures 
It is recommended that an ongoing monitoring program be undertaken 
to ensure pollutant levels correlate with those predicted by this study. 
The program would involve one or two fixed monitoring stations 
located within the transport corridor. Locations would be determined 
in consultation with the Environment Protection Authority, local 
government and community groups. 

To  minimise dust emissions during construction, it is recommended 
that construction specifications include provision for the works to be 
kept clean and tidy and dust suppression measures would be 
implemented as required. Dust suppression would need to include 
watering o f  all haul roads and unsealed trafficked areas - water sprays 
during dozing, final grading and, where appropriate, excavation. A 
wheel wash would need to operate for trucks leaving the construction 
zone and all loaded tip trucks would need to be tarped. 

It is recommended that all disturbed areas be revegetated immediately 
after completion of  the earthworks. 

An ongoing monitoring program is also recommended. 
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1 4 Impacts on plants and animals 

Description of existing vegetation 
Both alternatives for the proposed link would be located in the cleared 
lands o f  the transport corridor between Old Windsor Road and 
Windsor Road, and the bushland areas between Windsor Road and 
Pennant Hills Road. Such bushland areas would include portions of 
Excelsior Reserve and Darling Mills State Forest. 

Vegetation communities identified along the proposed link include blue 
gum forest, ironbark woodland, valley forests, shale woodland, red 
mahogany woodland, cleared land, and red bloodwood woodland. 

Rare, threatened or significant plant species 
None o f  the species identified is currently listed as rare or threatened on 
a national basis. However, several species have restricted distribution 
in the Sydney region. These include the elk horn fern (Platycerium 
bi furcatum),  crab apple (Schizomeria ovata), scrub beefwood 
(Stenocarpus salignus), grey myrtle (Backhousia myrtifolia), 
Trochocarpa laurina and Austromyrtus tenuifolia of  the valley forest 
vegetation community and the white mahogany (Eucalyptus 
acmenoides) o f  the red mahogany woodland community. 

Significance of identified animal species and wildlife habitats 
The proposed link would be located in an area that supports a relatively 
high diversity and density of  native animal species with wildlife 
habitats that are considered in good condition. The population status of 
the native animal species located or expected in the area are classified as 
either abundant or common throughout their range. Exceptions are the 
bat species o f  grey-headed flying-fox and bird species o f  Australian 
king parrot, Australian hobby, little eagle, golden-headed cisticola and 
satin flycatcher, which can be considered as having some conservation 
importance in the Sydney region due to limited habitat. Over their 
national range, however, they are classified as moderately common to 
abundant. 
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Area of bushland affected 

A total o f  45.6 ha o f  bushland would be directly and indirectly affected 
including 20.3 ha within Excelsior Reserve and Darling Mills State 
Forest. Such impacts would also include the total loss o f  the identified 
blue gum forest and ironbark woodland communities which have a 
high conservation value due to their restricted distribution in the 
Sydney region. 

The proposed link would also affect bushland close to Darling Mills 
Creek which provides habitat for a variety o f  native species. However, 
such impacts would not be significant because: 

• The loss of  animals and habitat associated with the clearing of 
vegetation and vehicular traffic would not significantly affect the 
overall status o f  any o f  the species identified in the area, 
including those identified as uncommon. 

• Animal movement patterns would not be significantly affected 
due to the location o f  the proposed link near the edge o f  bushland 
communities and the use o f  a bridge over Darling Mills Creek 
which would enable movement of animals. 

• Impacts to watercourses would be controlled by the erosion 
control measures. 

Mitigative measures 
It is recommended that the proposed environmental safeguards and 
auditing systems seek to maintain ecological systems and protect 
biodiversity, which is an important principle o f  economically 
sustainable development. 

To minimise the impact of  the proposed link on vegetation and animals, 
the following mitigative measures would need to be incorporated into 
the proposal: 

• During construction, access would be gained and staging would 
occur within the road reserve. 

• The area o f  valley forest understorey near the proposed bridge at 
Russell Street would be protected during construction. 

• Revegetation and landscaping along the route would consist of 
locally indigenous species aimed at creating suitable animal 
habitat. 

Underpasses and culverts would be provided at several points 
along the route to allow for the free movement o f  wildlife 
through the area. 
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. The Roads and Traffic Authority would implement a bushland 
plan o f  management to ensure the viability o f  the remaining 
bushland near the expressway facility, restrict weed invasion and 
remove litter. 

• Considering the sensitive nature o f  the area, the population status 
o f  animal species identified in the Darling Mills Creek catchment 
and those using culverts would be monitored. 

All of  the above measures would need to be undertaken in consultation 
with the National Parks and Wildlife Service. 

1 5 Archaeology and heritage 

Existing archaeological sites 
There are five known existing archaeological sites. All have some 
floor deposits which appear to be undisturbed and seem likely to 
contain archaeological material. Two sites are rock shelters with 
Aboriginal art and stone artefacts, and two are rock shelters with stone 
artefacts only. Another site is a rock shelter containing stone artefacts 
and possibly Aboriginal art. 

Possible archaeological sites 
Ten potential archaeological sites were recorded in nearby areas along 
the Darling Mills Creek and its tributaries. These are rock shelters that 
have the potential for Aboriginal use in the past. Seven rock shelters 
were identified with potential archaeological deposits that could contain 
artefacts or food remains. 

Three rock shelters were classified as having potential for habitation. 
These have little or no deposit on the floors. 

The sandstone area around Darling Mills Creek and its tributaries (from 
Russell Street through the Darling Mills State Forest to Mahers Road 
west) has a high site location potential, because o f  topography, general 
environment and the number o f  existing sites in this area. 

The area between Old Windsor Road and Russell Street is assessed as 
having low to medium site location potential. There are some rock 
outcrops near Toongabbie Creek and there could be archaeological 
material in parts of the creek bank. 
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The section along Mahers Road west o f  Pennant Hills Road has a low 
site location potential due to topographic factors. No archaeological 
sites were found in this section. 

Description of existing heritage Items 
Baulkham Hills Shire Council's Register o f  Historic Sites and 
Structures lists one item o f  local heritage significance within the 
transport reserve. This is a house at 21 Junction Road which was built 
in 1890. In addition, an 1876 masonry building, which is part of 
Baulkham Hills Public School, is located just outside the reserve. 

Assessment of impacts on archaeological sites and heritage items 
Both alternatives for the proposed transport would cut across one 
known archaeological site and run fairly close to three other sites, one 
potential archaeological site and two sites with potential for habitation. 

Both alternatives for the proposed link would require the relocation or 
demolition o f  the house at 21 Junction Road prior to construction. 
Such actions would be subject to Baulkham Hills Shire Council 
approval. The school building would not be directly affected. 

Mitigative measures 
If  disturbance or destruction o f  the archaeological sites close to the 
proposed link is likely, or i f  others are identified when construction 
begins, it is recommended that the following measures would be taken: 

• I f  any archaeological material is detected during construction, 
work would cease immediately and the National Parks and 
Wildlife Service would be informed so that an assessment of  the 
effects o f  construction can be made. 

Local Aboriginal Land Council considerations would be taken 
into account. 

Aboriginal art sites would be recorded in detail and deposits likely 
to contain Aboriginal cultural material would be excavated. 

• Further investigation of  the sites and potential archaeological sites 
would be undertaken. 

• Subsurface testing would be undertaken in the area to the east of 
Toongabbie Creek between the creek and a small but active 
tributary with a medium site location potential. 

• The Darling Mills Creek area and vegetated areas along Mahers 
Road would be monitored during clearing and if  required, there 
would be more detailed inspection after clearing. 
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• If  a site cannot be avoided by adjusting the route, or i f  no viable 
form o f  site management can be identified, the Roads and Traffic 
Authority would then ask the National Parks and Wildlife Service 
for a consent to destroy. 

• Buffer zones around sites would be determined in consultation 
with the National Parks and Wildlife Service, relevant land 
councils and the Roads and Traffic Authority. Staff involved in 
the work would be informed o f  the existence o f  Aboriginal sites 
and instructed to keep outside the buffer zones. 

Heritage sites 
If  required by the Baulkham Hills Shire Council, it is recommended 
that the Roads and Traffic Authority relocate the historical home at 21 
Junction Road to a nearby location. Suitable locations would be 
disposable properties on Craig Avenue or Livingstone Avenue, or 
along Windsor Road between Junction Road and Woodlands Road. 

1 6 Soil erosion 

The study area's soils are shallow to deep with sandy clay loam topsoil 
overlying medium clay subsoil. The soils have high to extreme soil 
erosion hazard, with localised mass movement (land slip) hazard in 
steep terrain or where water flows occur. 

Impact assessment 
The soil would be subjected to considerable disturbance during 
construction o f  both alternatives for the proposed link. The 
disturbance to the soil and construction o f  cut and fill batters would 
create a serious erosion hazard. Following any soil erosion, there 
would be sedimentation of culverts, watercourses and streams (causing 
flooding). Sedimentation would affect water quality, damage 
vegetation communities, disturb aquatic species and reduce the 
recreational value of  natural areas. 
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Mitigative measures 
A program to control erosion and sedimentation would need to be 
implemented during construction. Strict guidelines would need to be 
followed in clearing the site, stripping topsoil and handling cleared 
vegetation in bushland areas. Measures to control erosion and 
sedimentation, such as drains, sediment traps and basins, and 
hydraulic structures (such as energy dissipaters) would need to be 
installed during construction. An essential part o f  the program would 
need to be to revegetate all disturbed areas and earth-constructed 
control works with an immediate and permanent ground cover. 

Conclusion 

Following construction, a maintenance program would need to be 
implemented and continued until sediment movement ceases. This 
program would need to include adequate supervision o f  the installation 
o f  erosion and sedimentation control works, and monitoring of  the 
control works. 

I f  all required erosion and sediment control measures were undertaken, 
there are not likely to be any significant environmental impacts during 
and after normal rainfall, except the minor impact o f  short-term 
turbidity and nutrient enrichment in streams. However,  in 
exceptionally high intensity storms, a likely major impact would be 
sedimentation in bushland areas, watercourses and streams during 
construction. A likely minor impact would be short-term turbidity and 
nutrient enrichment in streams. The impacts o f  soil erosion and 
sedimentation would be most severe in the Darling Mills Creek area 
between Barclay and Oakes roads. 
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1 7 Hydrology and water quality 

Existing conditions 
The two creeks in the study area are Darling Mills Creek and 
Toongabbie Creek. They flow into the Parramatta River upstream of 
Parramatta. Flows within Darling Mills and Toongabbie creeks can 
vary from negligible to very high in a short period o f  time due to the 
high percentage o f  urbanisation (and, hence, paved surfaces) within the 
catchments. In addition: 

• Total nitrogen and phosphorus levels are generally higher than 
the Environment Protection Authority guidelines for Darling 
Mills Creek and significantly higher for Toongabbie Creek. 

• Loads o f  suspended solids are acceptable but are greater than 
ideal wet  weather discharge concentrations specified by 
Environment Protection Authority guidelines. 

• Bacteria levels are acceptable but Toongabbie Creek levels are 
close to the upper limit for desirable dry weather quality. 

• High concentrations o f  nitrogen, phosphorus, suspended solids 
and bacteria are a direct result o f  rainfall runoff. 

• The water quality of  Toongabbie Creek is consistently lower than 
that o f  Darling Mills Creek due to higher urbanisation and 
industrialisation. 

Impacts during construction 
The transport link's major impact on water quality would be during 
construction as a consequence o f  erosion and sedimentation. In 
addition, a tributary of  Darling Mills Creek upstream o f  Yale Close 
would effectively be destroyed except for a small area adjacent to 
Morton Avenue. The creek running parallel to Mahers Road would be 
enclosed in reinforced concrete box culverts for about 800 metres. 
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Mitigative measures during construction 

Appropriate erosion and sediment control measures would need to be 
installed to minimise the impact o f  sedimentation within the natural 
waterways. Stormwater from the transport link would need to be 
treated prior to discharge into the existing drainage network in 
accordance with guidelines set by the Environment Protection 
Authority and Department of  Conservation and Land Management (Soil 
Conservation Service). 

A significant measure that is recommended would be to direct all 
stormwater runoff during construction through sedimentation basins 
constructed prior to major earthworks being undertaken. These basins 
would contain the majority o f  the sediment load. 

Impacts after construction 
Both alternatives for the fully built and operating transport link would 
have the following impacts: 

• It would increase the impervious area of  the Darling Mills Creek 
and Toongabbie Creek catchments upstream o f  the link. This 
would increase the flow for the 100-year average recurrence 
interval event in Darling Mills Creek and in Toongabbie Creek. 

• Sediment loads would increase, although these would be 
significantly less than during construction due to the revegetation 
o f  side batters and disturbed areas. 

• Oil, grease and other surfactants would increase in storm runoff. 

• Loads o f  heavy metals, particularly lead and zinc which are 
known to be deposited along roadways, would increase. 

Mitigative measures 
It is recommended that the above impacts be minimised by: 

Proper erosion and sediment control structures to minimise the 
sediment load. 

Installing sediment basins and gross pollutant traps to contain 
almost all lead and zinc. 

Installing gross pollutant traps which have trash racks to treat 
much o f  the transport link's runoff prior to discharge into the 
creek. 

• Installing wet detention basins with low-flow outlets to contain 
toxic spills and in some cases, also to act as retarding basins. 
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18 Utilities and services 

Utilities and services include electricity, telephone, gas, water and 
sewerage which are generally installed below ground and, therefore, 
would be affected by construction o f  the proposed transport link. The 
number o f  utilities and services likely to be affected is typical o f  a road 
project o f  this size and nature. All impacts could be accommodated. 

19 Cumulative impact assessment 

An assessment o f  the cumulative impacts addressed: 

• All factors identified in the assessment of  environmental impacts. 

• The western and eastern sections of  the proposed link. 

• The proposed link with other transportation projects. 

20 Variations to the proposed link 

In the assessment o f  social and environmental impacts, it was found 
that both Alternatives 1 and 2 for the proposed link would have 
significant impacts on an area o f  high quality bushland in Darling Mills 
State Forest between Yale Close and the western end of  Mahers Road. 
The proposed link would also result in the loss o f  a large stand of 
mature Eucalyptus saligna (Sydney blue gums) on the northern side of 
Mahers Road. These blue gums are considered significant from a 
visual and bushland point of  view. 
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To reduce impacts on the high quality bushland in Darling Mills State 
Forest and the Sydney blue gums, three variations to the alignment 
were considered in the portion o f  the link between Yale Close and 
Oakes Road; one (Variation A) to the north o f  the proposed link and 
two to the south. Variation D is the southernmost alignment and 
Variation C is a compromise between the proposal (Variation B) and D. 

Variation C would have less impact on bushland than Variations A and 
B, but a slightly greater impact than Variation D. It would affect fewer 
homes than Variation D, but more residential properties than Variation 
A or  B. Variation C appears to be a good compromise solution 
between houses and bushland and it is therefore recommended that it 
be incorporated into the proposal. 

2 1 Monitoring and auditing 

This environmental impact statement has been prepared so that it can be 
audited and monitored. The basic requirement for an auditable 
environmental impact statement is the collection o f  baseline data on 
present conditions which can be directly linked to an ongoing 
monitoring program. 

It is recommend that, in any decision o f  the Roads and Traffic 
Authority to proceed with the transport link or  any other project for the 
corridor, there should be mechanisms whereby: 

• Assumptions on which the recommendations made can be 
checked against actual experience with the project. 

• Adherence to the conditions for project implementation can be 
checked. 

• Actual experience in implementing the project can be checked 
against predictions. 

These mechanisms would involve: 

• Identifying predicted impacts and key indicators (completed in 
this environmental impact statement). 

Collecting baseline data on present conditions before the project is 
implemented (completed in this environmental impact statement). 
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• Obtaining data on actual conditions as they change during the 
implementation of  the project and once it is operational. 

• Identifying the actual impacts. 

• Comparing the actual impacts with the predicted impacts to 
identify any difference. 

• Determining the cause or causes of  the difference. 

22 Findings 

The following are the salient findings of  this assessment: 

• There is a strong need to improve the private and public transport 
system in the transport corridor to serve existing and future travel 
demands. Improvements are needed to reduce congestion during 
peak hours, improve travel times, and to service public transport 
and heavy truck demand. 

• The preferred strategy is new road space plus a public transport 
facility. The public transport facility would be an exclusive 
busway. If  needed, this busway could be upgraded to a light rail 
system in the future. This strategy would provide additional road 
space for commuters and long distance truck traffic, and an 
attractive public transport alternative for car commuters. 

• Following a detailed assessment of  a wide range o f  alternative 
alignments, the preferred alignment was found to be the transport 
reserve. 

• The major impacts o f  the proposed link would be on the local 
environment adjacent to the link, including a significant increase 
in noise levels at 250 residences, a significant loss o f  residential 
properties (219), significant adverse impact on views from 
residences and direct and indirect effects on a significant area of 
quality urban bushland (45.6 hectares or 6% of  the regional open 
space system is affected, with 39.3 ha o f  this area lost). 

• To  reduce impacts on bushland it is recommended that the 
proposed link be varied through the bushland area according to 
Variation C. 
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• The proposed link would have environmental benefits including 

improved safety, reduced risk o f  hazardous incidents, 
considerable energy savings because o f  reduced travel times, 
reduced traffic on some local roads nd opportunities for traffic 
calming along some routes. 

• Tolls may be collected on the west facing on and off  ramps at 
Pennant Hills Road for the alternative where an expressway 
continues west o f  Pennant Hill Road and where tolls are also 
collected on the eastern section. 

Having regard to the likely impacts for both this, the eastern, 
and the western portions o f  the transport link, Alternative 1 is 
preferred. This is an expressway and busway in the transport 
reserve, crossing Pennant Hills Road. 

• Despite the significant adverse environmental impacts, the 
proposed link should be built for the following reasons: 

There would be substantial travel time savings for 
motorists and public transport users in the study region as 
a result o f  increased capacity on the regional road network. 
There would be substantial vehicle operating cost savings 
for motorists and bus owners in the study region as a 
result of  reduced travel times. 
There would be improved safety for road users. 
There would be benefits to the regional economy as a 
result o f  reduced travel times, reduced vehicle opperating 
costs and reduced accidents. 
It would facilitate the planned start to the development of 
the North West Sector. 

— The economic benefits o f  the proposed link would 
outweigh the costs. 

The following are the major consequences o f  not proceeding with the 
proposed link: 

• Congestion would increase in the transportation corridor, and the 
peak periods would lengthen. 

• Car and public transport commuters would experience longer 
journey times. 

• Commercial traffic would experience delays which would have 
adverse impacts on productivity and economic performance. 

• The mobility o f  all people in north-western Sydney would be 
reduced, including private and public commuters, commercial 
traffic, shoppers, school children and recreation seekers. 

• Road safety would decline. 

• Development of  the North West Sector would be retarded. 
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Chapter 1 — Introduction I 
1 INTRODUCTION 

This report documents an assessment of  environmental impacts for a proposed transport link in 
Sydney's north-west, between Old Windsor Road and Pennant Hills Road. The assessment 
resulted in a proposal for a tolled four-lane expressway in the existing transport reserve, an 
exclusive busway in the expressway median, and a road shoulder for vehicle break-downs and 
cyclists. 

1.1 Background 

This environmental impact statement is one of  two studies assessing the impacts of  alternative 
transport links in the corridor between Old Windsor Road at West Baulkham Hills and Epping 
Road at North Ryde. This environmental impact statement focuses on the western section of 
the link, between Old Windsor Road and Pennant Hills Road. (An environmental impact 
statement for the eastern section, between Pennant Hills Road and Epping Road, has been 
simultaneously prepared by Maunsell Pty Ltd with extensive liaison between the two groups 
preparing the studies.) 

Two separate studies have been prepared because: 

• The eastern section was subject to an environmental impact statement prepared by the 
Roads and Traffic Authority in May 1989. The environmental impact statement was 
subsequently the subject o f  a Commission o f  Inquiry which reported in July 1990 
(Woodward, 1990). The Commission of  Inquiry made a clear distinction between the 
two sections. The Roads and Traffic Authority has chosen to maintain this distinction. 

• The western section could form part of  a metropolitan and inter-regional freight transport 
link. 

. It was thought at the outset that the funding sources for the two sections could be 
substantially different, involving both the public and private sectors. 

1.2 The study area and transport corridor 

The broad study area lies north o f  the Parramatta River, extending east to North Sydney/St 
Leonards, north to Hornsby, and west to Minchinbury. The transport corridor under 
investigation is bounded by Castle Hill Road to the north, Old Windsor Road to the west, 
James Ruse Drive to the south and Pennant Hills Road to the east. Both the study area and 
transport corridor are shown in Figure 1. 
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Chapter 1 — Introduction I 
1.3 History of the proposal 

The idea o f  improving transport links in the north-western transport corridor was first proposed 
in 1951 when the County o f  Cumberland Planning Scheme Ordinance was promulgated. This 
plan showed the conceptual location of  that part o f  the Castlereagh Expressway between Alma 
Road (Macquarie Park) and the Epping Road crossing o f  Lane Cove River (East Ryde). 

Various other plans have provided for the Castlereagh Expressway. In 1967, the Sydney 
Region: Outline Plan - A Strategy f o r  Development, identified a planning grid o f  which the 
Castlereagh Expressway was a part. Subsequently, in 1974, the Sydney Area Transportation 
Study identified the transport needs for the Sydney region over the next three decades. The 
study found that the Castlereagh Expressway was needed to: 

• Improve the accessibility o f  the growing urban areas in the west and near north-west to 
the remainder of  the region, by connecting directly into the rest of  the major road system. 

• Provide direct access from these same areas to the commercial centres in North Sydney 
and Willoughby. 

• Enable traffic passing through Baulkham Hills Shire and Ryde Municipality to avoid 
using the local arterial road system in those areas fully loaded with local traffic. 

• Eventually form part of a major route from the Sydney region to the west o f  the State. 

In 1976, the Urban Transport Advisory Committee o f  New South Wales reviewed the Sydney 
Area Transportation Study recommendations. The Committee recommended that the corridor 
reservation be retained. 

Baulkham Hills Shire Council recognised this planning and, on 10th December 1971, gazetted 
the Baulkham Hills Planning Scheme Ordinance. In this ordinance, the Castlereagh 
Expressway was shown as a road reserve between Windsor Road and Pennant Hills Road. No 
special provision was made for public transport through the corridor at that stage. 

The section o f  the reservation between West Baulkham Hills and North Ryde was also included 
in the Roads and Traffic Authority's Roads 2000 - a forward planning program for works to 
the year 2000 (Department of  Main Roads, 1988). At the time, the main purpose o f  the 
Expressway was to provide a direct east-west link between middle and western Sydney. A 
secondary purpose was to provide a major inter-district route in western Sydney. 
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Chapter 1 — Introduction I 
This section was also intended to form part of  the Sydney Orbital Route, which is shown in 
Figure 2. The Orbital Route is intended to link Sydney's major incoming highways to the: 

. Port. 

. Airport. 

. Central Business District. 

. Major industrial areas. 

It would also improve the continuity and connectivity o f  the major road network. 

Other proposed roads in the Orbital Route include the Prospect Arterial, South Western 
Freeway and Gore Hill Freeway. 

As mentioned in Section 1.1, a proposal for the West Pennant Hills to North Ryde section of 
the Castlereagh Expressway was presented in an earlier environmental impact statement (Roads 
and Traffic Authority, 1989c) which was subsequently investigated by a Commission of 
Inquiry (Woodward, 1990). 

The Commission o f  Inquiry distinguished between the western and eastern sections o f  the 
proposed Castlereagh Expressway. It found that the Castlereagh Expressway west o f  Pennant 
Hills Road would have a different role to that east o f  Pennant Hills Road. It found that the 
principal role o f  the eastern section would be to relieve traffic congestion, whereas that o f  the 
western section would be to facilitate the regional movement of  traffic, and intra-and interstate 
movements around the established areas of  metropolitan Sydney. 

The Commission of  Inquiry concluded that the eastern section o f  the Castlereagh Expressway 
should not be constructed. The other key findings and recommendations of  the Inquiry were 
that: 

. The existing road system should be urgently upgraded, to include: 

— Construction o f  a by-pass near Epping Bridge linking Carlingford Road to Epping 
Road, and the widening o f  all of  Epping Road to six lanes. Subject to a feasibility 
study, the Commission favoured a tunnel linking Carlingford and Epping roads via 
Pembroke Street. 

— A staged upgrading of  Epping Road and Carlingford Road including the widening 
o f  Carlingford Road, an interchange at Pennant Hills Road and improved 
intersections on Epping Road. 

Urgent improvements be made to public transport in peak periods, with a public transport 
study of  the western and north-western region to be carried out as a matter o f  priority. 
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Chapter 1 — Introduction 1 
. A review be undertaken of  future urban growth and associated transport and traffic 

demands in the western and north-western region to include: 

— An up-to-date origin and destination survey. 
— A detailed public transport study related to the immediate and ongoing need to 

significantly improve public transport by rail and bus. 

— A survey o f  current and reliable data on commercial, industrial and service traffic 
(including origin, destination and route data). 

— A realistic appraisal o f  North West Sector growth. 

— An examination o f  practical measures for restraining eastward private car 
movements from the west and north-west in peak periods (including controls on 
commuter car parking facilities at the major commercial centres at Chatswood, 
North Sydney and the Sydney central business district). 

— Measures to redirect more commuters towards Parramatta and Blacktown in 
accordance with the State Government's Metropolitan Strategy (Department of 
Planning, 1988) and Commercial Centres Policy. 

The Commission's recommendations were based on five central findings. These were that: 

Environmental impacts o f  the Castlereagh Expressway on residents along the expressway 
corridor would be severe, including: 

— A sudden and substantial increase in noise levels, which would be particularly 
severe at night. 

— Significant visual impacts. 

— Loss o f  residential amenity and a permanent degradation o f  the present high 
residential qualities and generally tranquil character of  the area. 

— Clearing o f  urban bushland. 

— A decline in air quality in residential precincts to levels comparable with other busy 
main arterial roads. 

Traffic congestion during peak periods is already severe and requires improvement. 

The existing road system works relatively well outside peak periods and could be 
improved through an upgrading program. 

The principal cause o f  peak hour traffic congestion is the high volume o f  commuters 
using private cars for journeys to and from work and the low levels o f  service o f  public 
transport from the west and north-west to eastern destinations and Parramatta. Whether 
or not the expressway were built, or recommended alternatives were implemented, traffic 
congestion in peak periods would continue, and it is not feasible to eliminate traffic 
congestion in peak periods through the east-west corridor in the north-western region. 
Therefore, the use o f  private vehicles for peak hour journeys to and from work from the 
west and north-west towards the Sydney central business district, North Sydney and 
Chatswood should gradually be discouraged and more commuters directed to improved 
rail and bus services to Parramatta and Blacktown. 
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• The predicted growth o f  the North West Sector has been significantly over-estimated, and 
the analysis used to support predicted traffic levels for the Castlereagh Expressway in 
terms of  future growth are seriously flawed. 

In short, the Commission of  Inquiry concluded that it was not satisfied that the Castlereagh 
Expressway east o f  Pennant Hills Road was justified in terms of  environmental, economic and 
social considerations under the Environmental Planning and Assessment Act, 1979. 

The findings o f  the Commission o f  Inquiry generated considerable debate, varying from 
acceptance to rejection. 

In response to the findings o f  the Commission of  Inquiry, the public reaction to the findings 
and changing public attitudes on transport, this environmental impact statement has adopted an 
integrated approach to meeting the area's transport needs which reflects a changing emphasis 
from a consideration of  road alternatives only to consideration o f  broad-based transport 
alternatives. This conceptual shift is significant because it enables consideration o f  a wider 
range of  alternatives, including public transport. 

1.4 Requirements of the environmental impact statement 

The main purpose of  this environmental impact statement is to assess the environmental impacts 
o f  transport alternatives between Old Windsor Road and Pennant Hills Road and to seek 
comments on these alternatives. 

An environmental impact statement is required to "be sufficiently specific to direct a reasonably 
intelligent and informed mind to the possible or potential environmental consequences of  the 
carrying out or not carrying out of  the activity. It should be written in understandable language 
and it should contain material which would alert lay persons and specialists to problems 
inherent in the carrying out of  the activity." (Prineas v Forestry Commission of  New South 
Wales 49 LGRA 402) 

This environmental impact statement has been prepared in accordance with Part V o f  the 
Environmental Planning and Assessment Act, 1979, its Regulation and Amendments. It 
addresses the requirements of  the Director o f  the Department o f  Planning and a response by the 
Roads and Traffic Authority clarifying certain matters (see Appendix A), issues raised during 
the public consultation program and the objectives of  the Roads and Traffic Authority, and 
represents the culmination o f  all environmental investigations to date. It also takes into account 
observations o f  the Commission o f  Inquiry, particularly in relation to the alternatives 
considered. The matters required by the Act to be included in the environmental impact 
statement and where they are addressed in this report are shown in the top half of Table 1. 
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These were the requirements prior to December 1991. The Endangered Fauna (Interim 
Protection) Act 1991 and the Timber Industry (Interim Protection) Act 1992 made amendments 
to the National Parks and Wildlife Act 1974 and the Environmental Planning and Assessment 
Act 1979. 

The central amendment is the insertion o f  Section 112(1B) into the Environmental Planning and 
Assessment Act. Section 112(B) prohibits the carrying out of, or governmental approval to, 
activities likely to significantly affect the habitat of  animals, where those animals are endangered 
fauna, unless a Fauna Impact Statement has been prepared in accordance with Section 92D of 
the National Parks and Wildlife Act and Section 112(1D) o f  the Environmental Planning and 
Assessment Act. 

"Endangered fauna" is defined by reference to Schedule 12 of  the National Parks and Wildlife 
Act 1974, which was gazettecl on 28 February 1992. 

The matters required to be considered in determining whether there is likely to be a significant 
effect on the environment of  endangered fauna are set out in the bottom half of  Table 1. 

Both sections 112(D) of  the Environmental Planning and Assessment Act and Section 92D(4) 
o f  the National Parks and Wildlife Act provide that a Fauna Impact Statement can be contained 
in, or constituted by, an environmental impact statement. 

Material prepared towards a fauna impact statement is contained in the specialist working paper 
on flora and fauna which is discussed in Chapter 21. However, there are no endangered 
fauna in the corridor and a fauna impact statement is not, strictly, required. 

1.5 Approach to preparing this environmental impact 
statement 

This environmental impact statement has been prepared by Manidis Roberts Consultants, under 
the management of  Snowy Mountains Engineering Corporation Limited on behalf o f  the Roads 
and Traffic Authority for the area west of  Pennant Hills Road. 

The environmental impact statement for the area east o f  Pennant Hills Road has been prepared 
by Maunsell Pty Ltd on behalf of  the Roads and Traffic Authority. Manidis Roberts/Snowy 
Mountains Engineering Corporation Limited and Maunsell, and their respective sub- 
consultants, have consulted extensively with each other in preparing the respective 
environmental impact statements. In particular, Maunsell attended the regular Manidis Roberts 
project team meetings and we theirs; the transport alternatives were generated and assessed in 
discussion with Maunsell; and nearly all the subconsultants used for both studies were the 
same. Also, one specialist report was produced for both studies on metropolitan issues, one 
for the economic assessment, and the traffic studies were drawn from a common data base. A 
list o f  the specialist reports (working papers) is provided after the list of Tables and members of 
the study team are listed in Appendix B 
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Table 1: Matters to be addressed in an environmental impact statement 

Sub- Requirements from Clause 57(2), EPA Regulation 
clause 
of 57(2) 

Where discussed 
in EIS (part) 

a A full description of the proposed activity 
A statement of the objectives of the proposed activity 
A full description of the existing environment likely to be affected by the 
proposed activity if carried out 
Identification and analysis of the likely environmental interactions between 
the proposed activity and the environment 
Analysis of the likely environmental impacts or consequences of carrying 
out the proposed activity (including implications for use and conservation 
of energy) 
Justification of the proposed activity in terms of environmental, economic 
and social considerations 
Measures to be taken in conjunction with the proposed activity to protect 
the environment and an assessment of the likely effectiveness of those 
measures 

gl Details of energy requirements of the proposed development and measures 
to be taken to conserve energy 
Any feasible alternatives to the carrying out of the proposed activity and 
the reasons for choosing the latter 
Consequences of not carrying out the proposed activity 

A,D,E,F 

D,E,F,G 

D,E,F,G 

A,B,G 

D,E,F,G 

A,G 

Sub- Requirements from Section 4A, EPA Act regarding 
section endangered fauna 
of 4A 

Part 

a The extent of modification or removal of habitat, in relation to the same 
habitat type in the locality. 
The sensitivity of the species of fauna to removal or modification of its 
habitat. 
The time required to generate critical habitat, namely, the whole or any 
part of the habitat which is essential for the survival of that species of 
fauna. 
The effect on the ability of the fauna population to recover, including 
interactions between the subject land and adjacent habitat that may 
influence the population beyond the area proposed for development or 
activities. 
Any proposal to ameliorate the impact. 
Whether the land is currently being assessed for wilderness by the 
Director of National Parks and Wildlife under the Wilderness Act 1987. 
Any adverse effect on the survival of that species of endangered fauna or 
of populations of that fauna. 

Sources: Clause 57(2) of the Environmental Planning and Assessment Regulation, 1980 
Section 4A of the Environmental Planning and Assessment Act, 1979 (as amended) 
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The approach to preparing this environmental impact statement involved: 

• Reviewing all relevant documents held by the Roads and Traffic Authority, including 
those relating to the Commission o f  Inquiry report (Woodward, 1990 and Roads and 
Traffic Authority, 1990). 

• Reviewing relevant literature, including relevant EISs. Some examples o f  documents 
reviewed are reports by US Department o f  Transportation (1987, 1989, 1990); also 
Roads and Traffic Authority and Connell Wagner (1990). 

• Conducting a public consultation program. 
• Evaluating a wide range o f  alternatives to improve the transport system. 

• Evaluating various ways o f  providing public transport. 

• Generating and considering over 50 alternative alignments. These alternatives were 
evaluated and progressively eliminated on the basis of  a range of  transport, safety, social, 
environmental and economic criteria, and feedback from the consultative process. This 
selection process was based on specialist investigations into impacts on: 

— Traffic and public transport services 

— Land use and the community 

— Economic and financial aspects 
— Noise 

— Air quality 

— Plants and animals 

— Archaeological and heritage items 

— Erosion and sedimentation 

— Water quality 

— Visual quality 

— Transport and construction risk 

— Major services (gas, water, sewerage, telephone). 

• Selecting a shortlist of alternatives, assessing in detail the impacts o f  each alternative, 
proposing mitigative measures, and outlining a monitoring and auditing process. 

• Documenting the likely impacts and possible mitigative measures. 

1.6 Community consultation and the planning process 

A community consultation program was undertaken throughout the preparation o f  the 
environmental impact statement to ensure that information was provided to all interested parties. 
Community consultation was an important element o f  the planning process as it enabled a two- 
way flow o f  information between the study team and the community. Figure 3 shows the 
planning process which is being followed to address the proposal and also shows the 
importance which public consultation plays in this process. 
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The major steps involved in the consultation program are described below. Each o f  these steps 
is outlined in more detail in the specialist report (Manidis Roberts Consultants, 1991a). 

1.6 .1  Consul tat ion with government  depar tments  and other 
authorities 

Letters were sent to relevant State Government departments and authorities in November 1990. 
A description o f  the study area was provided and the broad alternatives that were being 
considered were described, along with the major environmental issues to be addressed. The 
process o f  community consultation was also outlined. Input was sought from the government 
authorities. 

The Department o f  State Development and Coordinator General coordinated the comments from 
state government agencies on the draft o f  the environmental impact statement. Meetings were 
held on 31 July 1991 and 20 December 1991 and attended by the Ministry of the Environment, 
State Pollution Control Commission, National Parks and Wildlife Service, Department o f  State 
Development, Department o f  Lands, Ministry of  Transport, Department o f  Planning and 
Department o f  Housing. 

1 . 6 . 2  Meetings with local councils 

Councils likely to be affected by the proposal were consulted in October and November 1990. 
These councils are Baulkham Hills, Blacktown, Hawkesbury, Hornsby, Parramatta and Ryde. 
Where possible, senior representatives from the engineering, planning and community services 
departments were present at the meetings. 

The aim of  these meetings was to identify the important local issues, and to identify contact 
persons in the relevant community groups within each of  the council areas. 

A committee comprising the councils' engineers met regularly with the consultants and the 
Roads and Traffic Authority to review the progress o f  the environmental impact statement and 
to obtain input from councils on an ongoing basis. 

1 . 6 . 3  Media liaison 

A media release was issued and advertisements placed in the following local papers in 
November 1990: 

• Parramatta Advertiser (northern edition). 
• Hills Shire Times. 
• Blacktown Advocate. 
• Hills News. 
• Hills District Mercury. 
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The aim of the media release and advertisements was to inform the community of the planning 
process and to seek nominations for a Community Consultative Committee (see Section 
1.6.6). 

1 . 6 . 4  Newsletter 

A newsletter was produced in December 1990 and sent to all those groups and individuals 
expressing an interest in the study. A copy of the newsletter is presented in the specialist report 
(Manidis Roberts, 1991a). 

1 . 6 . 5  Meetings with community groups 

Study team members began meeting interested community groups in December 1990. The aim 
o f  these meetings was to identify key issues on a preliminary basis and to invite involvement in 
the Community Consultative Committee (see Section 1.6.6). From the initial meetings, 
further community groups were identified and contacted. 

Meetings were also held with community groups expressing an interest in the project following 
the establishment of  the Community Consultative Committee. Representatives o f  these groups 
were invited to join the Committee. Meetings were held with the following groups: 

• Hills Environmental Forum. 
• Crestwood Residents Environmental Surveillance Trust (CREST). 
• Coalition of Transport Action Groups (CTAG). 
• Bradley Resident Action Group. 
• Carlingford Area Neighbourhood Watch. 
• Conserve Our Residential Environment (CORE). 

1 . 6 . 6  Community Consultative Committee 

Following expressions o f  interest from various community groups and individuals, the 
Community Consultative Committee was formed in January 1991. The aim of  the Committee 
was to maximise information exchange between the study team and the community. It was 
intended that it should represent the broadest possible cross-section o f  views within the 
community. If several groups represented a similar viewpoint, they were encouraged to 
amalgamate and nominate a representative. Similarly, when individuals expressed an interest in 
joining the Committee, they were encouraged to make contact with one of  the groups who 
would be likely to represent their view. 

For practical purposes, the Committee was limited to 24 people. It had representatives from a 
broad range of  community groups including: 

• Local residents' groups. 

• Environmental groups with interests in issues such as bushland preservation, public 
transport, air and water quality in western Sydney, and long-term planning. 

• Transport groups. 
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• Local sporting groups. 

• Developers. 

• Community support groups and local institutions. 

• Local business. 

The Committee's first monthly meeting was held in February 1991. It comprised the following 
groups: 

• Baulkham Hills Community Aid • Excelsior Park Bushland Society 

• Baulkham Hills Shire Netball • Hills Environment Forum 
Association 

• Bradley Resident Action Group • Immediate and Local Residents 

• Bus and Coach Association o f  NSW • Kings Langley Progress Association 

• Carlingford Neighbourhood Watch • Muirfield Golf Club 

• Coalition o f  Hawkesbury and Nepean • National Roads and Motorists Association 
Groups for the Environment (NRMA) 
(CHANGE) 

• Coalition o f  Transport Action Groups • NSW Road Transport Association 
(CTAG) 

• Coalition for Urban Transport Sanity • Rouse Hill Community Planning Team 
(CUTS) 

• Conserve Our Residential • Rouse Hill Infrastructure Consortium 
Environment (CORE) 

• Crestwood Residents Environmental • Royal Institute for Deaf and Blind Children 
Surveillance Trust (CREST) 

• Cherrybrook/West Pennant Hills • West Pennant Hills Neighbourhood Watch 
Progress Association 

• Cyclists Action Movement • Westfield Shopping Town 

In addition, Action for Public Transport was represented at several meetings. 

Issues discussed included the existing transport situation and land use, public transport and 
metropolitan planning, air pollution, noise, assessment of  alternatives, public consultation 
during the exhibition period and funding alternatives. 

It was agreed that the Committee members would each be sent a copy o f  the completed 
environmental impact statement and re-convene several weeks thereafter. This would provide 
the opportunity for Committee members to review the environmental impact statement and 
discuss it with their respective groups. 
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1 . 6 . 7  Information brochure 

A brochure was prepared to describe the alternative transport links and invite public comment. 
Copies o f  the brochure were distributed in July and August 1991 to households potentially 
affected by the alternatives as well as to those households in surrounding areas. Brochures 
were delivered by Australia Post, which has proven to be the most reliable method for 
distribution. They were delivered to 76,000 households, businesses and private post boxes in 
the following postcode areas: 

• 2118 Carlingford 
• 2119 Beecroft 
• 2120 Pennant Hills/Cherrybrook 
• 2121 Epping 
• 2125 West Pennant Hills 
• 2147 Seven Hills/Kings Langley 
• 2151 North Rocks 
• 2152 Northmead 
• 2153 Baulkham Hills/Winston Hills/Kellyville 
• 2154 Castle Hill. 

The brochure contained a tear-off comment section which included seven specific statements 
and a space for other comments. About 2500 replies were received. A summary o f  these 
responses is presented in Section 7.7. A copy of  the brochure is presented in the specialist 
report (Manidis Roberts, 1991a). 

1 . 6 . 8  Open line 

A member o f  the study team was available to answer questions and discuss issues over the 
telephone throughout the study. The contact number and person were publicised in the initial 
media release and advertisements in November 1990. Inquiries were also invited in the 
newsletter distributed in December 1990. During this period, hundreds of  phone inquiries were 
taken. Hundreds more were taken following the distribution of  the information brochure in 
July and August 1991. 

1 . 6 . 9  Future community consultations 

During the exhibition of  the environmental impact statement, community groups and individuals 
will be invited to make submissions. These will be taken into consideration in the Assessment 
Report, prepared pursuant to Clause 64 of  the Environmental Planning and Assessment Act. 
After exhibition, the Roads and Traffic Authority may wish to continue meeting with the 
Community Consultative Committee. 
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2 ENVIRONMENTAL CONTEXT 

The transport corridor is briefly described in this chapter. A detailed description o f  the area is 
contained in later chapters which discuss environmental impacts. 

2.1 Regional context 

Most o f  the transport corridor is located in Baulkham Hills Shire in north-western Sydney. 
However, a portion o f  the corridor is located in Parramatta City and the eastern end is bounded 
by Pennant Hills Road, which forms the boundary between Baulkham Hills and Hornsby 
shires. 

The transport corridor is located about four kilometres south o f  Baulkham Hills commercial 
centre, five kilometres north o f  Parramatta City centre, six kilometres north-west o f  Blacktown 
City centre and eight kilometres south of  Hornsby commercial centre. 

Suburbs located in the transport corridor include Baulkham Hills, Winston Hills, North Rocks, 
West Pennant Hills and Carlingford. 

2.2 Major transport links 

The transport links and land uses in the transport corridor are shown in Figure 4. 

Old Windsor Road, Windsor Road and Pennant Hills Road are the major north-south roads 
crossing the corridor. Pennant Hills Road is also the main freight corridor between the Pacific 
Highway, the Hume Highway and southern industrial areas. As a result, Pennant Hills Road 
carries a heavy volume of  truck traffic throughout the day and night. 

East-west movements are provided for by Castle Hill Road north o f  the corridor and Victoria 
Road to the south. Local roads such as North Rocks Road, Barclay Road and Cook Street, and 
the arterial road, Seven Hills Road, provide the only existing east-west route through the 
corridor. 

There are no rail links through the corridor. The public transport service comprises buses, 
primarily focused on Parramatta. 
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Chapter 2 —  Environmental context I 
2.3 Major land uses 

As shown in Figure  4, shopping and community facilities in the transport corridor have 
tended to locate on the major roads. For example, in the area between Windsor Road and 
Pennant Hills Road, there is a concentration o f  shopping and community facilities along 
Barclay Road and North Rocks Road including Muirfield Golf Course, Muirfield High School, 
North Rocks Primary School, the Royal Deaf and Blind Institute, North Rocks shopping centre 
and North Rocks Park. Other major land uses include the Baulkham Hills shopping centre at 
the intersection o f  Windsor Road and Seven Hills Road, two schools and a community centre 
on Seven Hills Road, the Winston Hills shopping village and Winston Hills primary school on 
Junction Road. 

Residential neighbourhoods lie north and south o f  the major roads described in Section 2.2. 
Baulkham Hills Public School is located at the intersection of  Russell Street and Windsor Road. 
The residential areas are largely low density but also contain some medium density residential 
development and local community facilities. 

The urban bushland areas of  Excelsior Reserve and Darling Mills State Forest complement the 
residential neighbourhoods and are part of  a regional open space system. 

2.4 Community profile 

Most of  the transport corridor is located in Baulkham Hills Shire. Like much o f  north-western 
Sydney, Baulkham Hills is experiencing rapid population growth as it changes from a 
predominantly rural environment to a more urbanised community. In 1988, the Australian 
Bureau o f  Statistics recorded a growth rate o f  4.1% per annum for Baulkham Hills, which was 
considerably higher than the State average of  1.7% (Baulkham Hills Shire Council, 1990). 

In 1989, the official Australian Bureau of  Statistics population estimate for Baulkham Hills was 
118,000. The Shire's population is expected to now be about 126,500, an increase of  7% over 
two years. Baulkham Hills Shire Council estimates that the Shire's population has been 
increasing by 4,000 people per year and is expected to continue at this rate with the 
development o f  new release areas in Kellyville, Chapel Lane, Glenhaven, West Pennant Hills 
and the proposed Rouse Hill Development Area. At the time o f  the 1986 census, the average 
household size was 3.6 persons per dwelling unit, which contrasts with the Sydney 
metropolitan average o f  2.9 persons per dwelling unit (Baulkham Hills Shire Council, 1990). 
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The Shire's population is characterised by: 

• A high proportion o f  families consisting o f  couples with dependent children. Children 
and youths in the 5-19 age category represent 32% o f  the total population while adults in 
the 30-49 age group account for 33.7%. These proportions are higher than those for the 
Sydney Statistical Division. 

A relatively low proportion o f  people in the 20-32 and over-50 age groups. 

A labour force that is generally more qualified than the rest o f  Sydney. 

• A higher proportion o f  managers/administrators/professionals and a lower proportion of 
blue-collar workers, than the rest of  Sydney. 

An average income higher than the Sydney average. 

These characteristics are reflected in the population living in the vicinity of  the transport corridor 
(Baulkham Hills Shire Council, 1990). 

Surveys conducted by Baulkham Hills Shire Council's Community Services Department have 
identified transport as the Shire population's major concern. In particular, the private bus 
service and railway access are considered inadequate (Baulkham Hills Shire Council, 1990). 
This view was also expressed in the Community Consultative Committee. 
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3 THE NEED FOR 

IMPROVEMENTS 

This chapter contains a description of: 

• The growth and change of  Sydney. 
• Land use and transportation planning in the Sydney region. 
• Population and employment trends in Sydney and in the study area. 
• Transportation deficiencies in Sydney and the study area. 

3.1 The growth and change of Sydney 

In this section, the existing and future growth of  Sydney is discussed. Environmental 
constraints to urban growth are also discussed, as well as the State Government's position on 
the growth pressures and environmental constraints. 

3 .1 .1  The potential for growth in Sydney 

The Sydney region is the largest metropolitan area in Australia in terms o f  population and 
employment. Sydney is the flywheel of  the New South Wales economy and plays a major role 
in the development o f  the national economy. It also has an emerging role in the Asia-Pacific 
and international economies. 

The economy o f  the Sydney region is characterised by diversity and depth which are the 
preconditions for the sustainable economic development of  large cities. This diversity and 
depth provide resilience in the face of  structural changes taking place in the international and 
national economies. 

Sydney's population is forecast to continue growing. This forecast growth is based on the 
expectation that Sydney will continue to attract the largest proportion of  overseas migrants of 
any Australian city. Although there is likely to be some migration from Sydney to country 
areas and other States, the net effect is predicted to be an increase in population. 

Western Sydney in general, and the North West Sector in particular, will accommodate most of 
Sydney's growth. 
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3 . 1 . 2  Environmental constraints to urban growth 

Sydney's urban development is placing increasing strains on the environment. The 
deteriorating water quality o f  the Nepean-Hawkesbury river system and the air quality over 
Sydney in general, and western Sydney in particular, are major causes for concern. 

In response to these environmental problems, some community groups have argued that 
Sydney's growth should be limited to safeguard the environment. Others have argued that 
Sydney's position in the State and national economy makes its growth essential to Australia's 
economic well-being and position in the international economy. The State government is 
further investigating these issues, particularly in relation to the South Creek Valley and 
Macarthur South developments in south-western Sydney. In north-western Sydney, the State 
government has approved the first stage of  the Rouse Hill Development Area but will be closely 
monitoring any impacts on water and air quality. 

Sydney's water quality and air quality problems are discussed below. A discussion of 
greenhouse emissions is also presented. 

Water quality problems 
The Nepean-Hawkesbury River is the dominant watercourse in western Sydney. The River's 
catchment has an area o f  about 2.2 million hectares and it is of  major physical and social 
significance within the Sydney region. The quality o f  the River's water is critical for both 
domestic and irrigation purposes, for fishing and fish breeding, and for recreation and tourism. 
Recent studies have shown, however, that water quality in large stretches o f  the River is often 
unsatisfactory for recreation, agriculture, maintaining the natural ecosystems and water supply 
(Manidis Roberts Consultants, 1991b). 

Water quality is worsening due to the region's population growth which is generating 
increasing volumes o f  effluent and stormwater runoff. The population in the Nepean- 
Hawkesbury catchment is expected to grow to 800,000 by the year 2000. In the longer term, 
should inappropriate or  inappropriately controlled development occur within the catchment, this 
would not only affect various activities within the study area but, also, downstream activities 
such as oyster farming in the Brooklyn area and water-based recreation in Broken Bay. 

In south-western Sydney, the Water Board is conducting investigations into various alternatives 
for drainage and sewerage. The Board is developing a plan to deal with water quality issues in 
the Nepean-Hawkesbury catchment. When these studies are completed, sufficient information 
will be available to determine the future o f  these developments. Technologies and land use 
decisions which control water pollution will also be incorporated. In north-western Sydney, 
detailed investigations have been undertaken by the Water Board and the Rouse Hill 
Infrastructure Consortium. As a result, the new Rouse Hill sewage treatment plant will use the 
best available technology to treat sewage from the Rouse Hill Development Area. The treated 
effluent will be of  a very high quality and investigations for the environmental impact statement 
for the plant found that it should not adversely affect the Nepean-Hawkesbury system (Manidis 
R o b e r t s  C o n s u l t a n t s ,  1 9 9 1 b ) . 
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Similarly, runoff from future urban development areas will be treated to minimise impacts on 
the Nepean-Hawkesbury system. The Water Board will, however, continue to monitor the 
effects of  urban development on the water quality of  north-western Sydney. 

It should be noted that transport developments in the transport corridor would not contribute to 
the water quality problems o f  the Nepean-Hawkesbury river system. This is because the 
transport corridor is in a catchment which drains to the Parramatta River and not the Nepean- 
Hawkesbury river system. 

Air quality problems 
In December 1990, a pilot study was released which identified and evaluated likely air quality 
impacts arising from the proposed development of  the Macarthur South and South Creek Valley 
growth areas in south-western Sydney (Hyde and Johnson, 1990). The study focused on the 
prospects for pollution by photochemical smog, which is the most intractable form o f  air 
pollution for large cities with sunny climates. (Photochemical smog is produced in the 
sunlight-induced chemical reactions o f  hydrocarbons and nitrogen oxides.) Ozone is the 
principal component o f  photochemical smog. It is a respiratory irritant if  present above 
recommended concentrations. 

The study also examined urban haze, which degrades the visual quality of  the region. 

The salient findings of  the study which are relevant to this environmental impact statement are 
that: 

Motor vehicle emissions are the dominant source o f  both photochemical smog and urban 
haze. 

The landform o f  western Sydney constitutes a large basin called the Hawkesbury Basin. 
The Hawkesbury Basin contains the Macarthur South, South Creek and North West 
Sector development regions. The area has a climate which is hotter and calmer and thus 
more conducive to photochemical smog production than the already developed more 
easterly regions of  the Sydney airshed. 

In the absence o f  further pollution controls, urban growth during the next 20 years will 
increase ozone concentrations in western Sydney by up to 50%. 

On current projections, it is likely that levels of  both white and brown haze in western 
Sydney will increase, degrading the region's visual quality. 

The region's typical wind pattern, together with its topographical basin form, result in a 
tendency for pollutants (either emitted within the basin or blown into it) to be retained 
rather than dispersed. 
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• Future urban and industrial development in the Hawkesbury Basin and in the other 

districts o f  Sydney should take account o f  the fact that an airshed has a finite capacity to 
assimilate pollutant emissions and maintain acceptable air quality. This places a 
restriction on the total amount o f  development that can be sustained or, alternatively, 
necessitates implementation o f  pollutant emission controls appropriate to the extent of 
development. 

Greenhouse emissions 
The following discussion is summarised from the specialist report on air quality by Stephenson 
& Associates (1991). 

The greenhouse effect (or global warming) refers to the theory that human activity is causing 
an increase in atmospheric gases which, in turn, is producing atmospheric warming. If  the 
greenhouse effect occurs to a marked degree, there will be climatic and lifestyle implications for 
all people. 

The primary gases contributing to the greenhouse effect are water vapour, carbon dioxide, 
methane, nitrous oxide, chlorofluorocarbons (also known as CFCs) and tropospheric (lower 
atmospheric) ozone. These gases, some o f  which occur naturally in the atmosphere, are 
generated by sources such as volcanoes and marshlands and render our earth habitable. An 
important characteristic of these gases is that once they have reached the atmosphere they persist 
for a long time before being broken down or absorbed by other sources. 

Motor  vehicle emissions consist o f  carbon dioxide, methane, nitrous oxide and 
chlorofluorocarbons (from air conditioners) and the precursors to ozone-hydrocarbons and 
nitrogen oxides. It is estimated that motor vehicles account for 26% of  Australia's emission of 
carbon dioxide. 

In accordance with the recommendations o f  the 1988 Toronto Conference, The Changing 
Atmosphere: Implications o f  Global Security, the Australian Government, through the 
Australian and New Zealand Environment Council, has set as an objective a 20% reduction in 
carbon dioxide emissions (from 1988 levels) by the year 2005. Vehicular emissions should be 
explicitly targeted to help achieve this objective. 

Greenpeace found that i f  state-of-the-art emission controls were introduced to all motor 
vehicles, emissions could be reduced to less than half o f  the 1980 levels for some gases by 
2005, even accounting for an increase in vehicular numbers in the period (Stephenson and 
Associates 1991). 

This finding is supported by recent research by the Australian Bureau o f  Transport and 
Communications Economics (1990). The Bureau estimates that the effect o f  improving the 
average emission efficiency of  the Australian car fleet by only 2% (an effect which could be 
relatively easily achieved by improved fuel efficiency, higher car occupancies and shorter trip 
lengths) would be equivalent to the reduction in total carbon dioxide emissions caused by 
doubling peak period public transport patronage. 
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Further discussion is contained in reports on energy production and energy use prepared by 
working groups on ecologically sustainable development (Commonwealth of  Australia 199 lb, 
1991c). 

Government's response to air quality Issues 
The State Government has recognised that there is a need to acquire more information on air 
movement and quality in western and south-western Sydney. In response, the State Pollution 
Control Commission is currently examining what additional studies are needed. Measures 
which are being considered to control air pollution include: 

• Establishing meteorological stations on all sewage treatment plant sites throughout the 
area to monitor wind conditions. 

• Introducing more stringent emission controls for motor vehicles. 

• Introducing more stringent emission controls for industries in the Sydney region. 

• Supporting a more efficient transport system with a greater role for public transport 
(Roads and Traffic Authority, 1991b). 

3 . 1 . 3  Ecologically sustainable development 

In recent years, many people throughout the world have come to question and debate 
conventional opinions on societal priorities, environmental management and economic 
objectives. Increasingly, people are becoming aware o f  the need for ecologically sustainable 
development (ESD). 

During the preparation of  the environmental impact statement, a number o f  Federal and State 
Government initiatives were being undertaken to examine the concept o f  ecologically 
sustainable development. Prominent amongst these were the Federal Working Groups which 
had broad representation from environmental groups, industry, and State and Federal 
departments. Of  the nine final reports which were released in November 1991, the report on 
transport is particularly relevant. 

Federal ESD Working Groups 
The ESD Transport Working Group addressed three broad areas o f  concern: vehicle and fuel 
technology, especially emissions o f  greenhouse gases; urban form and design; and interurban 
(long distance) freight and passenger movement. 

The role that transport would play in an ecologically sustainable society was considered against 
the six principles enunciated by the Working Group for the transport sector (Commonwealth of 
Australia, 1991a). These are quoted below. 
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"Improvement o f  material a n d  non-material well-being 
Transport contributes to material well-being through meeting needs f o r  movement of 
goods and personal travel, and also impacts on non-material well-being both positively 
and negatively through social mobility, air pollution, noise and so on. Since the demand 
f o r  transport is derived demand, improving well-being may not require corresponding 
increases in transport activity. 

Advancement  o f  intergenerational equity 
The kind o f  transport sector that the current Australian generation develops has 
implications f o r  future generations and the environment they will live in. This principle 
has implications f o r  the technology, mix o f  modes used and levels o f  activity o f  the 
transport sector. Consideration o f  intergenerational equity will affect the rate at  which the 
present generation uses non-renewable energy sources. In making investment decisions, 
this principle implies that projects yielding benefits over longer terms may, other things 
being equal, be favoured. 

Advancement  o f  intra generational equity 
In  addition to being a primary goal o f  ESD, intragenerational equity can be seen as a 
constraint in the pursuit o f  other ESD which may increase transport costs generally. 
Impacts on low income households will need to be considered, and where appropriate, 
offsetting measures introduced. 

Maintenance  o f  the  ecological  system a n d  the conservat ion o f  bio 
diversity 
Transport has an impact on the ecology both directly and through its role in the 
development o f  other sectors which also impact on the environment. The transport sector 
is a major user o f  fossil  fuels, which are non-renewable resources, and which, upon 
combustion, contribute to climate change 

Account ing  f o r  g lobal  ramifications, including international  spillovers, 
international trade a n d  international cooperation 
Some o f  the world's major environmental problems are global rather than local in nature 
(for example, the accumulation o f  greenhouse gases). Like any small country 
contemplating measures to reduce emissions, Australia is likely to have o f  necessity to 
coordinate its actions with those o f  other countries. The global dimension o f  ESD carries 
with its implications f o r  Australia's relationships with other countries. 

Caution in dealing with risk, uncertainty a n d  irreversibility 
Many environmental problems are characterised by considerable uncertainty regarding 
their local and regional impacts, and hence their likely costs. O f  particular concern are 
health or ecological impacts which are irreversible in the foreseeable future. These 
factors call f o r  a precautionary approach to be adopted while further information is 
gathered." 
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The opportunities for encouraging a shift towards ecologically sustainable development by 
vehicle-related technology, urban systems and interurban were evaluated by the Transport 
Working Group. Its report concludes with a comprehensive list o f  40 recommendations. 
Many o f  these raise issues o f  land use and transport planning that have been evaluated as part of 
the North West Transport Link Environmental Impact Statement process. A selection o f  the 
recommendations is presented below. 

Ecologically sustainable development considerations 
• All governments should take account o f  ecologically sustainable development in their 

decision-making regarding investment in transport infrastructure. 

• Studies should be undertaken on how best to incorporate the full economic, social and 
environmental cost into energy prices in Australian transport. 

Taxes and tradeable emissions 
• The merits should be examined o f  a carbon tax and a tradeable emissions scheme in 

reducing greenhouse gas emissions, including attention to international competitiveness 
and equity issues. 

• Governments should eliminate sales tax exemption in the purchase o f  new vehicles, and 
concessions within the existing fringe benefits tax system that encourage the provision of 
company cars. 

Air quality and emissions 
• Comprehensive air quality studies should be carried out in all major Australian population 

centres to provide a basis for determining the most effective means o f  achieving air 
quality objectives. 

• Vehicle emission and fuel consumption testing facilities should be maintained, developed 
or established. 

• More comprehensive, new and tighter emission limits to be introduced for diesel and 
petrol engine vehicles. 

• Development and improvement o f  programs to detect and rectify vehicles emitting visible 
smoke. 

Urban densities and urban farms 
• Australian cities should be developed more in the present urban area than on the fringe 

and with a range of  housing types and densities. 

• Particular attention should be paid to redevelopment o f  land around key public transport 
nodes, to include dense housing and some commercial activity so that travel is minimised 
and public transport facilities are made more inherently attractive and safe. 
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Urban public transport 
• Governments and public transport authorities should identify and implement measures to 

encourage greater use o f  urban public transport services, and work towards improving 
the operational efficiency o f  urban public transport services. 

Freight transport 
• Existing urban transport and land use planning arrangements should be reviewed to 

achieve better integration. 

• Environmental impact assessment should be applied to transport policies, programs and 
projects as an essential part of  transport planning and decision making. 

Ecologically sustainable development principles for NSW 
A 1992 inter-governmental agreement on the environment between the State and Federal 
governments has adopted the principles o f  ecologically sustainable development. NSW 
incorporated the broad principles in the objectives o f  the Protection o f  the Environment 
Administration Act 1991. 

The objectives o f  the Environment Protection Authority, established by that Act, are set out in 
Section 6 o f  the Act as follows: 

"(a) to protect, restore and enhance the quality o f  the environment in New South 
Wales, having regard to the need to maintain ecologically sustainable 
development; and 

(b) to reduce the risks to human health and prevent the degradation o f  the 
environment." 

This environmental impact statement responds to these developments by giving particular 
consideration to broad land use issues including the following: 

• Urban consolidation 
• Modal split (the split between private and public transport modes) 
• Public transport mode 
• Future implications o f  action or inaction 
• Consideration of  long-term benefits. 

The following likely impacts and proposed mitigative measures were also investigated: 

• For noise 
• Visual quality 
• Air quality 
• Archaeology 
• Water quality 
• Flora and fauna 

The assessment addressed broad and specific environmental/ecological issues, those relevant to 
current and future generations; lifestyle and material well-being; risk and uncertainty. 
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3 . 1 . 4  Conclusion 

The following are the key findings of this discussion: 

Sydney's economic and population growth are important for the economic well-being of 
New South Wales and Australia. 

• The urban development of  the Sydney region is affecting the water quality of  the Nepean- 
Hawkesbury river system and the air quality of  the Sydney region. These environmental 
effects need to be addressed to enable the continued growth and change o f  the Sydney 
region. 

• Present policies are to undertake further investigations and, i f  possible, to treat and 
control the problem, so that water quality and air quality are maintained within acceptable 
limits. 

This environmental impact statement assumes that Sydney will continue to grow and that 
transportation infrastructure will need to be provided to accommodate this growth. 

The principles o f  ecologically sustainable development are taken into account in the assessment 
o f  environmental impacts. 

3.2 Land use and transport planning in the Sydney 
region 

Planning that is specifically directed towards achieving a particular form and organisation of 
metropolitan development is a relatively new process world wide. It has only formally existed 
in New South Wales since 1945 as the economy expanded and demand increased for urban 
land in the largest metropolitan centres. 

3 .2 .1  County of Cumberland Plan 

The County o f  Cumberland Planning Scheme was produced in 1951 to manage urban growth 
in this era o f  rapid change, and remained in force until the late 1960s. Conceived under the 
influence o f  post-war British planning theory, the Scheme proposed a metropolis o f  fixed size, 
confined on the west by a green belt. Land beyond this was to remain predominantly rural. 
The Scheme showed a radial road network for Sydney and included the part o f  the Castlereagh 
Expressway between the Lane Cove River (in East Ryde) and Alma Road (in Macquarie Park). 

However, over time the Scheme proved unresponsive to societal pressures and changes caused 
by continued population growth, the demand for new residential areas, and factors affecting 
land use (such as increasing rates o f  car ownership, declining household sizes and higher 
workforce participation). 
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3 . 2 . 2  The Sydney Region Outline Plan 

The Sydney Region Outline Plan (State Planning Authority 1967) was conceived from the 
outset as a more flexible long-term structure plan that would not fail through excessive 
rigidities. 

The plan considered a strategy for managing the city's growth from about 2.7 million to 5 
million people over a period o f  20-30 years. The Plan was very broadly conceived to provide a 
framework for more detailed planning and land management programs. It formed the basis for 
the ongoing Urban Development Program which was established to control the release o f  new 
land for urban development around Sydney, and to coordinate servicing programs, particularly 
those for water, sewerage, roads and housing. 

The Plan recognised the critical transport problems associated with metropolitan growth 
generally, and with the unbridled concentration o f  office development in the Sydney central 
business district. To quote from the study which laid the groundwork for the Plan: 

"The problem o f  peak traffic movements provides one o f  the greatest and most 
intractable planning problems to be solved in city development. On the one 
hand, public transport f inds  difficulty in operating without losses. People 
increasingly use private transport f o r  leisure activities, and it is uneconomic to 
provide and maintain a large fleet o f  vehicles and ferries which are fully utilised 
only f o r  very short periods during the day. On the other hand, the cost of 
providing new urban highways up to and around the city centre is extremely high 
because o f  the great land and property costs involved." 

Maintaining public transport usage, particularly for city-bound workers, was accepted as a 
major planning objective and a constraining influence on urban form. 

A highway grid was an integral part of  the Plan. The grid road network was seen as having the 
best potential for satisfying the future transport needs o f  the Sydney region. The Castlereagh 
Expressway was proposed as a part o f  that grid. 

3 . 2 . 3  Sydney Area Transportation Study 

The 1974 Sydney Area Transportation Study was undertaken by the Ministers for Highways 
and Transport to determine the transport needs o f  the Sydney region to the year 2000 and to 
propose a series o f  alternatives to meet those needs. Some o f  the findings are still relevant 
when discussing transport planning in the Sydney region. For example it was found that 
(Roads and Traffic Authority, 1990c): 

There is insufficient capacity in the existing road system to cater for any significant 
growth in motor vehicle traffic. 

Dispersion o f  employment throughout the region had created a situation where it is not 
possible for everyone to obtain public transport from their homes to a sufficient number 
o f  job opportunities. 
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Even i f  extensive public transport systems were developed, they would not serve 
everyone, and a significant number o f  people would need to use private motor transport 
in the course o f  their employment. 

Movement o f  through-traffic into residential streets is a disruptive and unnecessary 
interference that should be eliminated. 

O f  relevance to Sydney's north-western region, it was concluded that: 

• The current highway system and public transportation network could not be expected to 
carry the strong growth in travel that will occur to the year 2007 and that effective 
transportation planning is mandatory. 

• The Sydney region suffers from inadequate highway access in key areas, with a major 
problem being a marked lack o f  major road access in an east-west direction. Continued 
strong growth of  the middle and outer western suburbs makes the provision of  high 
capacity road facilities in this area mandatory. 

• A highway system should be built for the Sydney region within the identified corridors. 
This recommendation included the Castlereagh Expressway. The aim o f  the highway 
system was to convert the previous radial freeway system planned for Sydney into a grid 
pattern, with freeways or expressways planned in both the east-west and north-south 
direction. The major orientation o f  the highway system would no longer be towards the 
central business district but towards the total region. 

3 . 2 . 4  Sydney Urban Expansion Studies (SUES) 

These studies, prepared in 1985 by the Ministry of  Transport for the Urban Development 
Committee, considered transport and land use issues arising from Sydney's urban development 
to the year 2015. Originally the aim of  the study was to identify transport corridors to cater for 
travel demands arising from future urban expansion. The scope broadened to also assess the 
adequacy of  population and employment forecasts and the selection of  a preferred regional 
environmental plan for the North West Region. The studies contributed to the development of 
the Department of  Planning's Metropolitan Strategy. 

The study found that no new freeways or corridors for fixed track transit systems would be 
needed over and above those already planned, but significant corridor widening and 
improvements would be needed to allow for the development o f  a network o f  arterial roads. It 
was noted, however, that the travel forecasts on which the study had been based needed to be 
augmented using appropriately revised employment forecasts. 
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3 . 2 . 5  Roads 2000 

In 1987-88, the then Department o f  Main Roads published Roads 2000 (Department o f  Main 
Roads, 1987), which included a concept plan for Sydney's road needs to the year 2000, as part 
o f  an overall urban transportation strategy compatible with the Department o f  Planning's 
Metropolitan Strategy (discussed below). 

Roads 2000 proposed an expanded road network to cater for the needs o f  a growing population 
(estimated at 4.1 million people by about the year 2000). Its recommendations were based on 
three identified zones o f  Sydney: 

• First, an established area in the east of  the Sydney region where population has stabilised, 
for the most part the road network is already in place, and the high cost o f  new works 
means that only essential projects can be completed. 

• Second, an area to the west of  the Sydney region where the population is growing and 
there is a need to improve infrastructure. 

Third, future growth areas to the north-west and south-west such as the North West 
Sector. 

Roads 2000 projected that the bulk o f  traffic growth would be in Sydney's growing areas and 
that there would be an increasing need to provide for east-west traffic between the growing and 
the established areas. Accordingly, Roads 2000 aimed to achieve "an expanded road network 
in growth centres such as the North West Sector and major new east-west freeways linking the 
new areas to the industry, employment and recreation facilities of  established Sydney". 

A key component of  Roads 2000 was an "Orbital Route" linking all major incoming highways 
(see also Department o f  Main Roads, 1988). The Castlereagh Expressway from Seven Hills to 
North Ryde is an element o f  the Orbital Route. The expressway was seen as especially 
important in linking growth areas to established suburbs. Within the North West Sector, the 
Rouse Hill area, which will be the first part o f  the Sector to be developed, is particularly 
relevant. Rouse Hill is expected to have a residential population o f  250,000 and development 
on this scale requires the progressive expansion o f  the major road system. 
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3 . 2 . 6  Metropolitan Strategy 

The physical development o f  the Sydney region is managed by the State Government. The 
Government coordinates departmental policies and programs in general accordance with the 
Metropolitan Strategy prepared by the Department of  Planning (1988 and 1989). 

The Strategy represents State Government policy and constitutes a framework for land use and 
transportation planning. It includes both a proposed strategy plan for land use and a set of 
broad policies to shape and direct overall development. The Strategy's planning horizon 
extends to the time when the Sydney region population reaches 4.5 million. 

The Metropolitan Strategy has been driven by two related objectives: 

• To make economical use o f  land able to be developed for urban purposes. 

• To create (within the limits of  practical planning influence) a metropolitan structure that 
maximises accessibility to work and services by car and public transport and minimises 
aggregate vehicle movements and the demands for transport infrastructure. 

The Strategy recognises that the city must be provided with adequate road and public transport 
infrastructure if  it is to grow without degrading personal and economic life and that transport 
infrastructure and land use must develop interactively to this end. 

The main elements o f  the Metropolitan Strategy consist of: 

• A preferred pattern o f  residential expansion and density for a population of  4.5 million. 

• A preferred centres employment pattern for a population o f  4.5 million. 

• Indicative regional road and public transport networks required to service the expansion 
of  population and employment to these levels. 

The Strategy nominates a 'concentrated' development form with higher residential densities and 
an increased proportion o f  total employment in a series o f  regional and sub-regional centres. It 
envisages gross residential densities on the urbanising fringe o f  the city varying between 8 and 
10 lots per hectare, and the degree of  concentration o f  metropolitan employment in regional and 
sub-regional centres varying between 19.4% and 30% (compared to 24% in 1981). This 
'concentrated' form requires development to be strongly controlled. 

The Roads and Traffic Authority supports the successful implementation o f  the Metropolitan 
Strategy. The Strategy acknowledged the Roads 2000 report as a step towards the arterial road 
grid. 
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3.3 Population and employment forecasts 

A specialist report was prepared specifically for this environmental impact statement to evaluate 
the population and employment forecasts o f  the Department o f  Planning's Metropolitan Strategy 
(MSJ Keys Young, 1991). This section draws substantially on this report. 

Two sets of  population and employment projections were used in this assessment: 

• Projections prepared in March 1991 by the Department of  Planning for 2006. 

• Projections prepared specifically for this study by MSJ Keys Young for 2006 and 2016 
(MSJ Keys Young, 1992). 

The projections were used in the following ways: 

• The Department o f  Planning medium projections were used to assess traffic demand and 
as input into the economic evaluation. 

• The MSJ Keys Young projections for 2006 were used to test the sensitivity o f  travel 
demand to variations in population and employment in metropolitan Sydney and the study 
area. The economic evaluation was repeated using this data. 

The projections for 2016 were used to assess traffic demand and as input into the 
economic evaluation. 

3 .3 .1  Population forecasts and residential densities 

On the basis o f  the projections, the residential population o f  metropolitan Sydney is predicted to 
grow from 3.7 million in 1991 to 4.5 million in 2006 and 4.8 million in 2016. As Sydney's 
population was 3.3 million in 1981, it is therefore predicted to grow faster to 2006 and at a 
slower rate after 2006. This is shown in Table 2. 

Table 2: Residential growth patterns in metropolitan Sydney 

Year Population 
in millions 

Annual average growth 
rate per year 

1981 
1990 
2006 
2016 

3.3 
3.6 
4.5 
4.8 

0.9% 
1.4% 
0.6% 

Source: M S J  Keys Young (1992) 
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Future growth areas 
To accommodate the predicted growth, the Department o f  Planning's Metropolitan Strategy 
(1989) has identified four new growth areas on the fringe o f  the Sydney region (see Figure 
5). These are the North West Sector (north o f  Blacktown), Bringelly and South Creek (west of 
Liverpool), Macarthur South (south o f  Campbelltown), and Warnervale-Wadalba and West 
Gosford (on the central coast). 

Of  these, the North West Sector has been targeted as the next main residential growth area. The 
Rouse Hill Development Area has been identified as the first part o f  this Sector to be developed. 
Sydney's existing, committed and future growth areas are shown in Figure 6. 

Future densities 
For the purposes o f  forecasting, the key indicator is the residential densities achieved in the new 
residential developments, that is, the average number of residential lots on each hectare of  land. 

The Department of Planning's policy outlined in the Metropolitan Strategy (1988) is for average 
gross densities to increase to 10 lots per hectare. In those newly-developing areas included in 
the Department's Urban Development Program, new housing is being provided at an average 
gross density of  8-10 lots per hectare. The Urban Development Program includes just over half 
of  the new housing that is constructed in the metropolitan area and it is generally those projects 
where large numbers o f  houses are created per project. The housing which falls outside the 
Program is mainly that constructed in presently developed areas, as part o f  the ongoing urban 
consolidation process. 

However, in some developing areas (notably parts o f  Baulkham Hills, Campbelltown and 
Fairfield) the density is as low as 4-5 lots per hectare. In contrast, other western Sydney areas, 
such as Parklea in Blacktown, are achieving densities of  about 13 lots per hectare with detached 
housing on smaller lots. 
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Experience over the past 30 years suggests that the residential densities forecast by the 
Department o f  Planning are unlikely to be achieved without a change in attitudes, since 
consumption o f  residential land has consistently exceeded planned levels over that period, 
according to the investigations (MSJ Keys Young, 1992) carried out for this project. Past 
trends suggest that there is no sustained move to medium density housing (which could 
produce roughly 20-25 lots per hectare) in developing areas. 

Against this background, the State Government is moving to secure higher residential densities. 
The State Environmental Planning Policy No. 32 - Urban Consolidation (redevelopment of 
urban land) was published in 1991 (Department o f  Planning, 1991). It is designed to 
encourage the development o f  multi-unit housing on land which is no longer required for the 
purpose for which it is currently zoned or used. The draft Sydney Regional Environmental 
Plan which will govern development o f  the South Creek Valley currently requires the 
achievement o f  an average density o f  15 dwellings per gross hectare, whereas the Sydney 
Regional Environmental Plan No. 19 requires an average o f  only 10 dwellings per gross 
hectare for the Rouse Hill Development Area (Department o f  Environment and Planning, 
1979). 

Increasing housing densities, coupled with tight control over the sequence o f  land releases to 
ensure compact development and efficient servicing, would reduce the amount o f  land required 
to house a given population, and should also tend to contain house price increases. However, 
these changes would probably have the indirect effect of  encouraging higher overall population 
growth in Sydney relative to New South Wales as a whole. This is because price inflation in 
the Sydney housing market has in the past acted as a disincentive to households considering 
relocation to Sydney, while providing an incentive for retirees and others who have been able to 
realise capital gains by moving out o f  Sydney. Greater convenience deriving from more 
compact development would potentially encourage increased housing densities. 

This study assumes that average gross densities o f  10 lots per hectare will be achieved over the 
planning period to 2006. 
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3 . 3 . 2  Employment in metropolitan Sydney 

Department of Planning policy 
Department of  Planning policy is to encourage the concentration o f  employment in accessible 
centres, but to curtail growth in the existing inner centres of  the Sydney central business district 
and Lower North Shore. The policy favours greater growth in centres closer to the fast 
growing fringe areas of  the city in the south, west and north. 

Total employment 
Compared with information on the size and distribution of  population within metropolitan 
Sydney, data on employment is poor and the sources lack consistency. 

Employment grew at a faster rate than population (2.2% versus 0.9%) between 1981 and 1990. 
This is reflected in the increased proportion o f  people who are employed, and the increase in 
part-time employment (from 15% of  total jobs in 1981 to 19% in 1990). 

This study assumes that total employment in the metropolitan area will increase from over 1.7 
million in 1990 to over 2 million in 2006 and 2.2 million in 2016, as shown in Table 3. 

Table 3: Employment growth in metropolitan Sydney 

Year Employment 
in millions 

Average annual 
growth rate 

1981 1.4 
1990 1.7 2.2% 
2006 2.1 1.3% 
2016 2.2 0.5% 

Source: MSJ  Keys Young (1992) 

Employment distribution 
A series o f  population/employment scenarios were developed to examine the possible effects of 
existing trends. They are based upon a combination o f  data from the Australian Bureau of 
Statistics Business Register and Labour Force Survey. This method was necessary because 
other available employment information from the 1986 Census was found to be unreliable (MSJ 
Keys Young, 1992). 

The figures used in this study indicate a much stronger centre-based employment growth in the 
central business district and centres on the Lower North Shore than was envisaged in the 
Department o f  Planning's Metropolitan Strategy (1989), coupled with faster overall 
employment growth in the inner and eastern sub-regions o f  the city and slower growth in the 
fringe sub-regions. 

41 



Chapter 3 — The need for improvements 

The study also assumes that an increasingly higher proportion o f  jobs will be located in major 
employment centres. In 1991, just over 30% o f  total metropolitan employment was located in 
employment centres (up from just under 30% in 1981) and this is expected to grow to about 
35% in 2006 and over 40% in 2016 (MSJ Keys Young 1992). 

It is expected that there will continue to be growth in the major employment centres (including 
Parramatta, Blacktown and, from 2006, Rouse Hill), from 498,000 employees in 1991 to 
783,000 in 2016. However, an increasing (if small) proportion o f  total employment is 
expected to be found in areas referred to as 'business parks', which include the North Ryde 
area. 

3.4 Growth patterns in the study area 
3 .4 .1  Residential population in the study area 

Existing population 
Residential development in the study area consists of  the established suburbs north o f  the 
Parramatta River extending north to Blacktown, Baulkham Hills and east to Carlingford, 
Epping and Macquarie Park. Most of  the corridor was developed in the 1950s and 1960s. The 
main exception to this is the Macquarie Park area, which has seen extensive development in the 
past 20 years. 

The area east o f  Parramatta is experiencing population decline, with the population in most of 
the corridor falling slightly between 1981 and 1986 (the most recently available Census data). 
The area is characterised by a relatively old population with median ages typically over 40 
years. It contains households with moderate to high incomes, with above average proportions 
o f  high income earners. 

The western section o f  the corridor encompasses the suburbs of  North Rocks, Castle Hill, 
Baulkham Hills, Winston Hills, Northmead, Toongabbie and Seven Hills.  W i n s t o n  Hills, 
North Rocks and areas north have been developed since about 1970 and considerable new 
development is currently occurring or  planned in Baulkham Hills, Castle Hill, and the valleys 
either side o f  the Castle Hill-Pennant Hills ridge, north-west towards and including the Rouse 
Hill Development Area. 

The western section of  the corridor contrasts with the areas between Parramatta and Chatswood 
in a number o f  respects. The population o f  this western section is growing strongly, and is 
much younger (the median age is generally under 30 years), and there is a high proportion of 
high income earners in the North Rocks, Castle Hill, Baulkham Hills and Winston Hills areas. 

Population density in the corridor is generally low (20 to 40 persons per hectare). Areas of 
medium density housing exist in West Ryde-Meadowbank, Ryde, Eastwood and Macquarie 
Park with 60 to 100 persons per hectare. 
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Forecast population 
Table 4 shows the projected residential population in the study area. It can be seen that annual 
residential population growth is predicted to peak in 2006 at 1.9% and then grow at a slower 
rate for the next decade. The effect o f  an accelerated development o f  Rouse Hill has not been 
taken into account in these figures. Should it take place, it would serve to increase the growth 
rates predicted in Table 4. 

Table 4: Residential growth patterns in the study area 

Year Population 
in thousands 

Average annual 
growth rate 

1981 767 na 
1990 902 1.8% 
2006 1,225 1.9% 
2016 1,365 1.1% 

Source: MSJ Keys Young pers comm. (1992) 

3 . 4 . 2  Employment distribution in the study area 

Parramatta, Blacktown and Chatswood are the three largest employment centres in the 
metropolitan area after Sydney central business district and North Sydney/St Leonards. 
Existing employment in Parramatta, Blacktown and Chatswood is estimated to be around 
37,000, 10,000 and 19,000 respectively. 

Traffic-generating centres in the study area, are shown schematically in Figure 7. They 
include major tertiary institutions, hospitals, and employment and shopping centres such as: 

Macquarie Park Industrial Estate 
Rydalmere Industrial Estate 
Macquarie University 
Macquarie Centre 
Top Ryde Shopping Square 
Eastwood Commercial Centre 
West Ryde Commercial Centre 
Carlingford Shopping Square 
North Rocks Westfield Shoppingtown 
Castle Hill Commercial Centre 
Baulkham Hills Commercial Centre 
Winston Centre (Winston Hills). 

Estimated employment levels for the study area are shown in Table 5. It is expected that 
employment will grow faster than the residential population. This reflects the Department of 
Planning's policy to encourage employment growth in Blacktown and other centres. 
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Table 5: Employment growth patterns in the study area 

Year Employment 
in thousands 

Average annual 
growth rate 

1981 251 
1990 310 2.4% 
2006 447 2.3% 
2016 501 1.2% 

Source based on MSJ Keys Young pers comm. (1992) 

3.5 Transport in metropolitan Sydney 

3 .5 .1  Share between public and private transport 

The motor vehicle dominates travel patterns in the metropolitan area. Most trips in most areas 
are made by car. The latest available figures (Department of  Transport 1988) show that 82% of 
all trips are undertaken in private vehicles. 

Public transport trips in Sydney are almost equally divided between trains (28%), government 
buses (25%), taxis (24%) and private buses (20%), with ferries making up the remainder 
(2%). 

According to Department o f  Transport figures, buses and taxis cater more for short distance 
trips, while rail trips tend to be long, averaging about 15 kilometres each. Trips in private 
vehicles (driver and passenger) average around 7.5 kilometres each which is close to the 
average trip length for all modes. 

About 75% o f  all work trips in the morning peak period to the central business district are made 
by public transport. 

3 . 5 . 2  Major public transport routes 

The major commuter rail lines in the metropolitan area are focussed on the Sydney central 
business district. These lines are shown in Figure 8. The Main Western line and the Main 
Northern line are used extensively by commuters living in the vicinity o f  the transport corridor. 
The Main Northern line has the potential to cope with increasing transport demands, whereas 
the Main Western line is operating close to its existing capacity. 

CityRail is not planning any new rail Links in the transport corridor. Instead, it is undertaking a 
major refurbishment of  the existing rail network, including maintaining and upgrading tracks 
and purchasing additional Tangara rolling stock to replace existing trains. Over the next five to 
seven years, this will consume the capital works budget of  CityRail and no new rail lines or 
extensions are being contemplated in that time. 
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Extensive bus services complement the rail system and also provide commuter services 
themselves. In the area under investigation, the bus services are all privately owned and there 
is no linkage between the ticketing for the private services and the government services or the 
rail services. Figure 9 shows existing major bus routes. 

3 . 5 . 3  Major roads 

Major roads in the metropolitan area which are o f  significance to this study are also shown in 
Figure 8. They are Old Windsor Road, Windsor Road, Pennant Hills Road (part o f  Route 
77, also called the Cumberland Highway), Pacific Highway, Lane Cove Road, Victoria Road, 
the Western Freeway and the Great Western Highway. 

Trucks constitute about 10% of  vehicles on these routes on a daily basis, except for Pennant 
Hills Road (12%) which carries a high proportion o f  north-south truck traffic between the 
Pacific Highway and the Hume Highway. 

3 . 5 . 4  Bus/rail interchanges and park/ride locations 

Figure 10 shows the location of  major bus/rail interchanges in north-western Sydney. At 
some of  these interchanges, bus and rail timetables are coordinated. The main interchanges are 
Pennant Hills, Epping and Eastwood on the Main Northern line, and Blacktown and Parramatta 
on the Main Western line. 

Figure 10 also shows the park/ride locations in north-western Sydney. As shown, some 
stations have special car parks for use by train passengers while others do not. Figure 10 
clearly shows that the supply of  these car parking spaces is outweighed by demand, resulting in 
on-street parking. 

3 . 5 . 5  Freight 

Road freight has dominated general freight movement for decades. The nature of  freight traffic 
in the study area would be affected by the initiatives outlined below. 

The major change in rail freight operations in the Sydney area is the forthcoming closure of  the 
Cooks River goods yard in the next two years. The terminus for interstate goods will move to 
Enfield in Sydney's inner west. Interviews with freight industry representatives indicate that 
this move will substantially improve the door-to-door travel time for goods arriving in Sydney 
and that the share of  freight arriving at Sydney by rail may increase. 

In addition, recent rail freight initiatives by the Federal Government (particularly the formation 
of  a National Rail Corporation and its location in Sydney) aim to improve the ability of  the 
national rail network to deliver goods with reliable arrival times and lower costs. Higher 
registration charges for trucks are expected to further encourage the use of  rail for freight 
movement, particularly inter-city movement. 
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The impact of these developments for the transport corridor which is the subject of  this study 
are not clear. On the one hand, changing freight from road to rail for long-haul trips may 
reduce the demand for road space. On the other hand, the rail freight distribution centre at 
Enfield is likely to generate more truck traffic in western Sydney. For this study, it is 
assumed that truck traffic is likely to grow in line with the growth in general traffic. 
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Chapter 3 — The need for improvements I 
3.6 Future travel demand patterns in the study area 

The future travel demand in the study area was calculated on the basis o f  the population and 
employment patterns described above. 

3 .6 .1  Study area used for the transport investigation 

The assessment o f  the road network has been undertaken for this study at two levels. 

The first level was network modelling using a road network developed from the Roads and 
Traffic Authority's total Sydney road network model. This was to enable changes in the 
Sydney system to be taken into account in the modelling process. In order to reduce the 
computation time during the modelling process, the Sydney network was cut approximately in 
half along the Parramatta River. The Parramatta River was chosen as it forms a natural barrier 
with a limited number of  crossing points. This area is referred to as the 'study area'. The 
model was carefully calibrated to match current traffic conditions to overcome concerns with the 
accuracy o f  previous modelling in the area. 

The second level o f  study involved examination and analysis o f  intersection performance and 
accidents in the vicinity of  the transport routes under investigation. This area is referred to as 
the 'transport corridor' and is bounded by Castle Hill Road to the north, Pennant Hills Road 
and James Ruse Drive to the south and Old Windsor Road to the west. Major intersections on 
the arterial roads within this area adjacent to the corridor have been analysed for existing and 
future conditions. 

3 . 6 . 2  Demand for public transport 

Assumptions used in the model 
The investigation into public transport (Denis Johnston and Associates, 1991a) found that the 
most recently available data on travel patterns o f  residents in the region comes from a study in 
1990 o f  access to Epping Station (Transportation Environment Consultants, 1991). The results 
are shown in Figures 11.1, 11.2 and Table 6. 

Table 6: Existing study area travel patterns derived from Epping Station survey 

Destination 

Within the survey area 
Sydney central business district 
Parramatta 
Other South 
Lower North Shore 
Macquarie 
Other East 
Other West 

Source: Denis Johnston and Associates (1991a) 
Note: Primary destination of trips 6.00am to 9.30am 

% to 
destination 

30% 
12% 
9% 
14% 
7% 
2% 
10% 
16% 

% by public 
transport 

20% 
50% 
28% 
13% 
29% 
0% 
6% 

10% 

50 
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Table 6 indicates that there is a very wide spread of  destinations (Other South, Other East, 
Other West) and that Parramatta and the central business district are of  approximately equal 
importance as single destinations. The figures demonstrate that travel demand is not focused in 
any particular corridor or direction. Approximately one-third of  peak-period trips stay within 
the survey area, one-third travel east (central business district 12%, Lower North Shore 7% and 
others 12%) and the remaining trips are split equally between destinations south and west. 

Table 6 also shows that 50% o f  trips to the central business district and nearly 30% of  trips to 
Parramatta and the Lower North Shore are by public transport. These areas have the highest 
public transport patronage within the study area. Public transport usage to locations east of  the 
area (not including the central business district or the Lower North Shore) represent less than 
10% of  all trips reflecting the relatively poor public transport service and the availability of 
parking at these destinations. 

The only other available source of  information on origin/destination patterns and modal split 
comes from the model estimates provided by the State Transport Study Group, which are based 
on a 1981 household interview survey. Table 7 shows the estimated percentage o f  travel by 
public transport for all peak period travel between the local government areas shown. These 
areas are the ones with the greatest influence on travel patterns in the area between Old Windsor 
Road and Pennant Hills Road. 

Table 7: Public transport trips between local government areas (morning two-hour peak) 

Origin LGA CBD 
Destination LGA 

Nth Sydney Willoughby Ryde Lane Cove 

Penrith 2264 (84) 498 (80) 315 (51) 20 (22) 57 (43) 
Hawkesbury 1243 (88) 300 (81) 190 (77) 20 (22) 33 (45) 
Blacktown 3339 (82) 721 (77) 396 (49) 85 (18) 65 (35) 
Parramatta 2008 (70) 422 (64) 249 (26) 95 (9) 30 (18) 
Baulkham Hills 2116(59/50) 513 (48/29) 240 (16/29) 60 (6/0) 29 (11/6) 
Hornsby 3247 (63) 888 (49) 490 (16) 118 (96) 54(11) 
Ryde 2808 (64) 88 (50) 83 (25) 281 (8) 16 (110) 

Total 17025 4150 1963 709 284 

Source: Denis Johnston and Associates (1991a) 
Note: The numbers in brackets are the proportion of all trips by public transport to the destination LGA in 

the morning peak period. Figures shown thus (59/50) indicate the modelled estimate followed by the 
result of the Epping Station Survey (Transportation Environment Consultants, 1991). 
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Existing public transport demand and service patterns 
The investigation into existing public transport conditions (Denis Johnston and Associates, 
1991a) concluded that about 21,000 public transport trips are made each day in the morning 
two-hour peak. 

The major peak period public transport destinations are Parramatta (for work trips), Macquarie 
University (for student trips) and the major employment centres o f  North Sydney and the 
central business district. The growth o f  employment in Chatswood and St Leonards, the public 
transport service available and the supply and pricing o f  parking in these centres make them 
increasingly important public transport destinations. 

The morning peak demand pattern has its primary trip origin points to the west o f  the Main 
Northern rail line and the primary destinations to the east and south. Public transport is only 
partially servicing this demand pattern since: 

• The Main Northern rail line runs at right angles to the primary demand pattern but acts as 
an interchange for bus/rail and park and ride journeys to the central business district. 

• State Transit Authority bus services extend only from the Main Northern line to the east 
while most private bus services from the west terminate at the Main Northern line (see 
Figure 9). 

Forecast public transport volumes 
Forecasts o f  the public transport travel demand have been made on the same basis as forecasts 
for car travel. These estimates have been developed to: 

• Assess the case for a high capacity (fixed track) public transport system. 
• Allow appropriate feeder and trunk services to be defined. 

Estimates o f  future demand for public transport in 2006 were made using two sets o f  figures: 

• Department of  Planning population and employment distribution data for 2006. 

• MSJ Keys Young population and employment distribution for 2006. These figures were 
used to test the sensitivity of demand to variations from the Department o f  Planning data. 

To assess the maximum possible use of public transport, two sets o f  modal splits were used: 

• A 'modelled' modal split, which was used by the State Transport Study Group and used 
in this study as the planning target for 2006. 

• A 'maximum estimated' modal split produced by Denis Johnston and Associates and used 
in this study to test the sensitivity o f  demand to variations to the modal split. 

Applying the 'modelled' modal split to the Department o f  Planning's population and 
employment distribution produces a total estimated 22,000 trips by 2006. This represents a 
5% increase on present levels and is the lowest forecast demand for public transport for 2006. 
Applying the 'maximum estimated' modal split to the MSJ Keys Young population and 
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employment distribution produces 30,000 to 32,000 trips by 2006. This represents an increase 
of  42-52% on present levels and is the highest public transport forecast used in this study. 

The growth in eastbound public transport travel demand projected for the corridor based upon 
the Department o f  Planning population and employment scenario is very low (about 2000 trips 
in the morning peak two hours). The alternative land use scenario generates an eastbound 
demand o f  10,000-11,000 trips. This represents the trips which would be generated from all 
sectors o f  the corridor west o f  the Main Northern railway line. These estimates do not include 
the growth in demand to the centres at Blacktown, Parramatta and centres to the south. 

This study predicts that the majority o f  this demand growth would be destined for the Sydney 
central business district (5,000 trips) and North Sydney (1,000 trips), which are already served 
by rail. The available capacity already existing on the rail line is about 7,000 trips, which is 
sufficient to cope with the maximum expected demand by 2006. 

The remaining passengers wishing to use public transport in 2006 would have to be served by 
extensions to the public transport system serving other destinations within the transport corridor 
and the Lower North Shore. 

3 . 6 . 3  Demand for car travel 

Existing traffic volumes 
Annual average daily traffic volumes are shown in Figure 12. 

The roads with the highest volumes in the transport corridor are Pennant Hills Road, Old 
Northern and Old Windsor Road. 

Existing origins 
Figure 13 shows existing major trip origins and destinations in the morning peak hour. It 
shows that the greatest number o f  trips in the area are presently between External South (15) 
and Parramatta (6), and between External South (15) and Concord (4). Other very large 
volumes are from External North-East (11) to Sydney (16) and from Baulkham Hills (7) to 
Parramatta (6). 
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Forecasts of growth in car trips 
Based upon the population and employment distribution prepared by the Department of 
Planning, a forecast for the year 2006 o f  the growth in car travel demand was prepared (Denis 
Johnston and Associates, 1991e). Figure 14 shows the anticipated growth in vehicle trips 
generated in and attracted by each of  15 transport sectors in the northern half o f  the Sydney 
region. This shows that the majority o f  the growth in trips will be focused in sectors west of 
Lane Cove Road. To  further illustrate the general nature o f  the change in travel demand, 
Figure 15 shows the large anticipated sector-to-sector growth in vehicle trips. 

The greatest increases in demand in the morning peak period are anticipated between the sectors 
shown in Table 8. The largest absolute increases in trip numbers are predicted for Blacktown, 
Baulkham Hills, Penrith and Hornsby as destinations. The greatest relative (percentage) 
increases are in trips with Baulkham Hills, External North West, Blacktown and Hornsby as 
destinations. The focus is on the peak period traffic because it is then that capacity problems 
are experienced. 

Table 8 Major peak period travel demand changes 1991 - 2006 

Sector-to-sector travel 
N u m b e r  Name 

N o  o f  vehicle 
trips 

% increase 

9 - 7 Blacktown - Baulkham Hills 4,000 400 
7 - 8 Baulkham Hills - Hornsby 1,500 100 
7 - 9 Baulkham Hills - Blacktown 1,500 50 

9 - 10 Blacktown - Penrith 1,300 33 
13-9 External NW - Blacktown 1,100 110 
9 - 13 Blacktown - External NW 1,000 150 

9 - 6 Blacktown - Parramatta 1,000 25 
13 - 7 External N W  - Baulkham Hills 400 170 

Source: Denis Johnston & Associates (1991e) 

To test the sensitivity o f  these results, a similar set of  forecasts was produced for the alternative 
population and employment distribution prepared by MSJ Keys Young for 2006 (MSJ Keys 
Young, 1992). That distribution assumes a generally higher level of employment growth in the 
central business district and Lower North Shore and consequent reductions in employment in 
the North West Sector, when compared with the Department of  Planning's figures for 2006. 

To  enable the differences to be illustrated the results o f  these two land use assumptions in terms 
o f  total car trips are shown across five screenlines in Figure 16. 
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Figure 16 shows that there is modest growth (about 17%) forecast across the Epping area 
(Screenline CC) using the Department o f  Planning assumptions or a 33% increase using the 
MSJ Keys Young land use assumptions. At screenlines AA and BB the growth in traffic is 
estimated as 25% and 5% respectively using the Department o f  Planning assumptions but 65% 
on both screenlines using the MSJ Keys Young assumptions. This significant growth results 
directly from the more central employment focus underlying the alternative land use strategy. 
Similarly, the more modest growth in demand under the Department o f  Planning forecast 
reflects the effect o f  'locating' more employment in the western growth centres. 

The influence o f  higher public transport usage (however achieved) would be to reduce the 
transport corridor car flows shown in Figure 12 by a maximum o f  2,000 car trips in the peak 
two hours (Denis Johnston and Associates, 1991 pers. comm.). This represents a reduction of 
8%-12% in total traffic volumes. 

3 . 6 . 4  Truck travel patterns 

Existing truck travel patterns 
The demand for truck travel in the study area has been investigated and documented in the 
specialist reports by Denis Johnston and Associates (1991d and e). 

Commercial vehicle flows on the arterial routes in the study area were between 4% and 7% of 
the total measured traffic flows for typical daytime operation. Heavier concentrations were 
measured on Pennant Hills Road north of  Boundary Road. At this location up to 12% o f  the 
traffic was classified as commercial vehicles. 

Surveys were also undertaken on Pennant Hills Road to ascertain night-time flows of 
commercial vehicles. Between 18% and 30% o f  total traffic movements measured between 
10.00 pm and 6.00 am were by commercial vehicles. 

Current commercial vehicle flows and routes through the study area are shown in Figure 17, 
which clearly shows the heavy demand by truck traffic for a north-south route through the 
study area. 

1 Secondary commercial vehicle routes are: 

• Seven Hills Road. 
• Windsor Road. 
• Old Windsor Road. 
• James Ruse Drive. 
• Carlingford Road. 
• Marsden Road. 
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Forecast truck travel patterns 
The State Transport Study Group has not maintained a working model for predicting truck 
flows as a separate vehicle category. The projected growth o f  truck flows in the study area is 
therefore based upon the estimated growth in total traffic. The approach used was to identify 
and quantify the heavy vehicle movements, and estimate future truck volumes based upon the 
general level o f  traffic growth, the proportion o f  heavy vehicles observed in today's traffic 
stream, and the major route changes for heavy vehicles which would result from the completion 
o f  each alternative. 

3.7 Deficiencies in the existing transport system 

3 .7 .1  Road network problems 

The performance o f  an urban road network is largely controlled by the performance o f  its 
intersections. A key criterion in assessing an intersection's performance is its degree of 
saturation. Degree o f  saturation is a measure o f  the intersection's congestion level. The 
relationship between degree of  saturation and intersection performance is shown in Table 9. 

Table 9: Interpretation o f  intersection operation 

Degree o f  saturation Explanation o f  performance 

Less than 0.65 

0.65 - 0.85 

0.85 - 0.95 

Over 0.95 

Below capacity. Good operating conditions, low 
delays. 

Desirable range. Satisfactory operating conditions. 

High range. Increasing congestion and delays. 

Undesirable range. Very high congestion and delays. 

Source: Denis Johnston and Associates (1991d) 

In Table 10, the performance o f  intersections in the transport corridor is shown for 1991. 
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Table 10: Assessment o f  intersection performance for 1991 

Description o f  intersection Existing 
conditions 

Seven Hills / Merindah 0.69 
Old Windsor/Abbott 0.63 
Old Windsor / Powers / Caroline Chisholm 1.15 
Windsor / Seven Hills / Old Northern 0.83 
Windsor / Cook 0.85 
Windsor / Junction / Linton 0.80 
Barclay / North Rocks 0.80 
Castle Hill / Pennant Hills 1.00 
Pennant Hills / Aiken 0.80 
Pennant Hills / Copeland / Eaton 1.26 
Pennant Hills / Carlingford 0.84 
Pennant Hills / Marsden 0.85 

Source: Denis Johnston and Associates (1991d) 

As shown in Table 10, most o f  the intersections in the transport corridor are operating at or 
above the desirable limit o f  congestion and there is very limited capacity for additional traffic 
volume during peak periods. 

Some intersections have very high levels of  congestion, particularly on Pennant Hills Road. 
(Some of  the intersections are located north o f  Mahers Road. These are subject to proposed 
reconstruction under a separate project to upgrade Pennant Hills Road and are therefore not 
assessed in this report.) 

In addition, there are intersections, such as Old Windsor Road/Caroline Chisholm Drive, where 
the geometric layout and phasing of  traffic lights result in high levels of  congestion. Although 
some o f  these intersections could be improved by relatively minor traffic management 
measures, these measures may not be adequate to cope with longer term traffic growth 
generated in the corridor. 

As most o f  the intersections in and near the transport corridor are operating at or above the 
desirable limit of congestion during peak hours, road users are experiencing long journey times 
during peak periods. 
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3 . 7 . 2  Travel speeds 

Travel speeds on a number o f  arterial roads in the northern suburbs have been measured by the 
National Roads and Motorists' Association every three years since 1983 (van den Dool, 1989). 
Speeds on most o f  the arterial roads within or  adjacent to the transport corridor were also 
surveyed by the Roads and Traffic Authority in November 1990. 

The National Roads and Motorists' Association surveys show that travel speeds have generally 
decreased since 1983 with the morning and evening peak periods lasting longer than 
previously. 

The National Roads and Motorists' Association surveys found that Epping Road had the 
slowest average speed in the evening peak (19 kin/hour). There were also variations in travel 
time o f  up to 38% of  the average travel time. In both morning and evening peak periods, 75% 
o f  the Epping Road route length between Carlingford Road and Lane Cove Road experienced 
average speeds less than 35 km/hour. 

The 1990 Roads and Traffic Authority surveys support the findings o f  the National Roads and 
Motorists' Association (Roads and Traffic Authority, 1990d). Average travel speeds o f  11 km 
an hour were recorded in the morning peak on a section o f  Epping Road between Lane Cove 
Road and Delhi Road. A summary o f  the outputs from the Roads and Traffic Authority 
surveys on roads adjacent to the transport corridor is presented in Table 11. 

Table 11: Travel speeds on major roads in transport corridor 

Road From To Average speed (km/hour) 

am peak pm peak 
reverse 

direction 
Beecroft Road Pennant Hills Road Copeland Road 31 36 

Copeland Road Carlingford Road 34 42 
Carlingford Road Blaxland Road 18 20 

Epping Road Blaxland Road Lane Cove Road 27 16 
Lane Cove Road Delhi Road 11 36 

Seven Hills Road Windsor Road Old Windsor Road 44 44 
Old Windsor Road Abbott Road 28 42 

Carlingford Road Pennant Hills Road Beecroft Road 25 33 

North Rocks Road Barclay Road Pennant Hills Road 12 24 

Source: Roads and Traffic Authority, 1990d 
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The Roads and Traffic Authority has a corporate objective maintaining 75% o f  travel on 
metropolitan roads at speeds better than 35 kin/hour. Table 11 shows that on Epping Road, 
Carlingford Road, sections of  Seven Hills Road and North Rocks Road, average travel speeds 
are below 35 km/hour. 

However, i f  the road is an important arterial with major bus routes or where future population 
growth is planned, improvements are usually needed to transport infrastructure to enable this 
corporate objective to be achieved. 

3 . 7 . 3  Safety 

The study area has a number o f  accident black spots which are included in the Roads and 
Traffic Authority's list o f  the State's top 100 black spots. These are shown in Figure 18. 
There are no locations in the transport corridor on the list. However, there is one site near the 
corridor which is listed in the top 100. This site, which is rated twelfth, is the intersection of 
Cumberland Highway and Old Windsor Road in Parramatta City. This site recorded 17 
accidents during 1990 with a calculated severity index o f  18.2. (The severity index gives a 
'weight' of  3.0 to fatal accidents, 1.8 to serious injury accidents, 1.3 to other injury accidents 
and 1.0 to non-injury accidents. Thus a severity index o f  18.2 with a total o f  17 recorded 
accidents indicates that between two and four 'injury' accidents have been recorded at this site 
during 1990.) Roads and Traffic Authority is taking action to progressively improve safety by 
upgrading every black spot in the 'top 500'. 

3 . 7 . 4  Public transport 

The following is a summary o f  the major issues from the viewpoint of  the operators and users 
of  the public transport system (Denis Johnston and Associates, 1991a). 

The bus operators' viewpoint 
The operation of  the on-street bus services is affected by the high levels o f  congestion on the 
approaches to the major destinations (Parramatta and the rail stations on the Main Northern line 
to Hornsby via Epping). The resulting slow and unreliable journey times on the major arterials 
provide poor co-ordination between bus and rail services and increase the cost o f  bus 
operations. The costs are increased because more buses and driver hours are required to 
operate the services at the slower speed. 
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• Station capacity problems at Parramatta related to the physical layout of  the station. 
This station would require major improvements if it were to handle large increases in 
the number of passengers using it. 

• The Carlingford line's high relative cost of  operation compared with the rest of  the 
mainline operations and with other modes due to its very small catchment. 

• Lack of  high quality (and capacity) facilities for both bus and car access at the major 
interchanges. 

• Poor bus/rail connections (and therefore long journey times) from the corridor to the 
Lower North Shore employment centres. 
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The users' viewpoint 
The public transport users' viewpoint reflects many o f  the operating problems discussed above, 
but a range o f  other issues have also emerged. The main problems are: 

Long journey times, unreliable arrival times and poor coordination o f  services (for bus 
and rail connections) which are all symptomatic o f  the level o f  road congestion in peak 
periods and the absence of  bus priority treatments. 

Limited service provided in newly developing areas. 

Limited coordinated public information about timetables, fares, etc. 

Inefficient interchanges between bus and rail services. 

Very limited direct services to major destinations such as Macquarie University and the 
Lower North Shore. 

Absence of  coordinated ticketing between private bus and rail journeys. 

3 . 7 . 5  Freight transport 

The existing road network needs to serve the large truck demand with a dominant north-south 
movement. The trucks presently have to use existing arterial roads with private accesses, 
shopping centres, many intersections and narrow lanes, mixed with other private transport. 
This is unsatisfactory, both from the efficiency o f  freight delivery and also the comfort, safety 
and convenience o f  other vehicles (especially private vehicles) using the same roads. 

Currently, two routes are mainly used. Trucks travelling to and from the south use Pennant 
Hills Road and trucks travelling to and from the west use Castle Hill Road through the Castle 
Hill Shopping Centre. To improve efficiency, safety and reliability, it would be preferable to 
use an alternative higher standard route with fewer access points. 

3.8 Conclusions 
3 .8 .1  The need for improvements 

The salient findings of  this assessment of  population, employment and transportation patterns 
are that 

• Sydney is growing and will continue to grow. Cherrybrook and Glenhaven are currently 
expanding and the North West Sector will be the next main residential growth area of 
Sydney. There is a need to improve transportation infrastructure to accommodate this 
growth. 
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Most o f  the intersections in and near the transport corridor are already operating at or 
above the desirable limit o f  congestion during peak hours. As a result, car occupants, 
bus passengers, and truck operators are experiencing long journey times during peak 
periods. 

• Existing travel speeds are slow in comparison to metropolitan-wide performance and 
improvements to the transport infrastructure are needed. 

• There will be a substantial increase in demand for travel in the study area, with Baullcham 
Hills, Blacktown and Hornsby as particular destinations. Most o f  the increase in demand 
will be for car travel. As the existing road system is congested during the peak periods, 
there is a need for improvements to cater for both current travel and this growth. 

• There is heavy demand by truck traffic for improved routes, including an alternative to 
Pennant Hills Road. 

• Bus services are affected by high levels o f  congestion on the road system. In addition, 
public transport users are experiencing long journey times, unreliable arrival times and 
poor coordination o f  services between the private and government bus services and the 
rail system. 

• There is a need to improve the public transport service to cater for the needs o f  existing 
public transport users and to encourage commuters to use the public transport system 
rather than cars. 

• There is a need to improve the transport infrastructure in the transport corridor to cater for 
the needs o f  shoppers, school children, recreation travel and other users o f  the transport 
system. 

3 . 8 . 2  Consequences of not undertaking improvements 

The following are the major consequences o f  not improving road infrastructure: 

• Congestion would increase in the transport corridor, and the peak periods would 
lengthen. 

• Car and public transport commuters would experience longer journey times. 

• Commercial traffic would experience delays which would have adverse impacts on 
productivity and economic performance. 

• The mobility o f  all people in north-western Sydney would be reduced, including private 
and public commuters, commercial traffic, shoppers, school children and recreation 
seekers. 

• Road safety would decline. 

The quality of  the residential and retail/commercial environments would be degraded. 
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4 STUDY METHOD 

The study method involved two fundamental aspects: 

• Formulating a set of  project objectives. 
• Formulating a method to evaluate alternative strategies to improve the area's transport 

system. 

4.1 Project objectives 

Objectives for any improvements to the transport system were derived from: 

• The Roads and Traffic Authority's corporate objectives, as stated in its Corporate Plan 
(Roads and Traffic Authority, 1991c). These relate to: 

— Transport efficiency. 

— Safety. 

— Environment (both natural and social). 

— Economics. 

• Typical environmental impact statement objectives. These focus on three different areas: 

— Social. 

— Environmental. 

— Economic. 

4 .1 .1  Summary of project objectives 

Draft objectives for any improvements to the transport system were compiled and discussed by 
the project team and with affected local authorities. The Community Consultative Committee 
was asked to comment on the draft. The objectives for the project emanating from this 
consultative process are outlined below. 

Transport efficiency objective 
This objective, expressed in the Roads and Traffic Authority's Corporate Plan is: 

"To improve the transport efficiency o f  the total transport system by providing and managing 
the road system as part o f  an integrated system o f  land use and multi-modal transport." 

This involves considering aspects such as the capacity o f  the urban transport network, the 
degree to which public transport is used and travel time savings. 
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Safety objective 
This objective, expressed in the Roads and Traffic Authority's Corporate Plan, is: 

"To reduce the incidence and severity o f  accidents in the study area." 

Social objective 
The social objective for this project, derived from typical objectives found in environmental 
impact statements, is: 

"To maximise the net benefits o f  the proposal f o r  the surrounding community while minimising 
the adverse impacts on nearby residents." 

Issues to be addressed are effects on property, the division o f  residential neighbourhoods, 
restrictions on local access, through-traffic in residential areas and impacts on visual quality. 

Environmental objective 
The environmental objective, derived from both the Roads and Traffic Authority's Corporate 
Plan and from typical objectives found in environmental impact statements is: 

"To ensure that the roads and traffic system is developed and managed in harmony with the 
natural and social environment while meeting community needs f o r  the movement o f  people and 
goods." 

Aspects to be covered include noise, air quality, water quality, plants and animals, erosion, and 
items of  Aboriginal and European heritage significance. 

Economic objective 
The economic objective, derived from typical objectives found in environmental impact 
statements, is: 

"To maximise the net benefits to the community, given the constraints o f  availability of 
finance." 

The economic evaluation considers the cost o f  the proposal from its inception (ie. including 
costs already incurred) so as to ensure comparability between options. Land acquisition and 
construction costs are considered as well as effects on urban bushland and noise. User benefits 
considered include travel time, vehicle operating cost and accident savings, both for private and 
public transport. 
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4 . 1 . 2  Performance criteria 

Performance criteria were generated for each o f  the above objectives. These were used as a 
basis for evaluating a list o f  alternative strategies to improve the transport system. The 
performance criteria are presented below. 

Transport efficiency criteria 
The transport efficiency objective emphasises the interrelation between components o f  the 
transport network. Criteria to evaluate the achievement o f  this objective are: 

• The capacity of  the transport system. 
Public transport. 
Travel time savings (for both public and private transport). 
Freight efficiency. 

Safety criteria 
The criteria to evaluate the achievement of  the safety objective are: 

Accidents. 
Risk from transport of  materials. 

Social criteria 
The social objective focuses on impacts on the community and the social environment. 
Therefore, relevant criteria for assessing the impacts of alternative strategies are: 

Property effects. 
Community severance (division of  neighbourhoods, reduction of  access and increase in 
traffic on local streets). 
Visual impact. 

• Through-traffic in residential areas. 

Environmental criteria 
The environmental objective pertains to impacts on the natural environment. Criteria for 
assessing the impacts of alternative strategies are: 

• Noise. 
• Air quality. 
• Impacts on flora and fauna. 
• Impacts on items of  Aboriginal and European heritage significance. 
• Erosion during and after construction. 
• Water quality. 

Economic criteria 
The criteria to be used in the assessment of  impacts from an economic viewpoint are: 

• Net present value. 
• Benefit cost ratio. 

75 



Chapter 4 —  Study method 

4.2 Evaluation method 

Before the process of  evaluating potential solutions to transport deficiencies could begin, it was 
necessary to develop an evaluation method. 

Three principles underlay the evaluation method. 

The first principle was that the evaluation should progressively eliminate alternatives. More 
detailed evaluation would be undertaken as the alternatives were narrowed down. First, 
alternative strategies were generated. These included different potential 'solutions' to the 
transport problem. The second stage involved assessing alternative alignments for new or 
upgraded transport infrastructure. Over 50 alternative alignment combinations were 
considered. The subsequent evaluation process was undertaken in stages. Poorly performing 
alternatives were progressively eliminated, leaving the better performing alternatives for further 
consideration. 

The second principle was that the evaluation process should be easily understood. All steps 
and assumptions have been described so that interested parties can comment. 

The third principle was that the evaluation process should be strategic. In this strategic 
approach, alternatives were grouped and impacts were only assessed for selected alternatives 
representative of  that group. In this way, it was possible to systematically evaluate a very large 
number o f  alternatives. 

The evaluation of alternatives has at all times taken into account the fact that transport proposals 
are being investigated in the environmental impact statement being prepared by Maunsell Pty 
Ltd for the adjacent area east of  Pennant Hills Road. 

Figure 19 shows the decision-making process that was used in evaluating the alternatives. 
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5 ALTERNATIVE TRANSPORT 

STRATEGIES 

Four alternative transport strategies were identified by the Manidis Roberts Consultants/Snowy 
Mountains Engineering Corporation Ltd project team in consultation with Maunsell Pty Ltd to 
address the deficiencies o f  the transportation system described in Part A. Common 
population, economic and traffic data were used to generate alternatives for both EISs. The 
alternative strategies were: 

Demand management. 
Traffic calming. 
Improving public transport. 
New road capacity. 

Each of these is described and evaluated below. 

5.1 Demand management 

5 .1 .1  Description 

Demand management would involve reducing the number of  vehicles on roads during the peak 
periods. This can be achieved in various ways, for example by: 

Implementing land use policies which lead to the containment o f  work trips. It is 
assumed for this study that Department of  Planning policy has been adopted and is being 
implemented. 

Encouraging people to make fewer trips. 

Encouraging car pooling to reduce the number o f  vehicles on the road, or  flexible 
working hours to spread the peak period. 

Discouraging travel by private transport by making it relatively more expensive or less 
convenient than public transport. 

Controlling the supply of  parking space at major centres. 

The Roads and Traffic Authority is presently developing policies for demand management. In 
the Road Transport Future Directions Study (Roads and Traffic Authority, 1991a), eight 
possible scenarios for transport supply, pricing and demographic distributions in the 
metropolitan area are explored, all of  which would influence travel demand to some extent. 
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These scenarios are to be discussed with the community before the development of  policies by 
the Roads and Traffic Authority. 

5 . 1 . 2  Evaluation 

Demand management measures require changes in social attitudes, public will, government 
policy and, in many cases, a degree of  co-operation between levels o f  government and between 
government agencies which has not been achieved in the past. Changes o f  the following kind 
may need to occur: 

• Greater community readiness to use public transport and greater attractiveness o f  public 
transport relative to the private motor vehicle. 

• Measures to discourage the use of  private vehicles through, for example, pricing changes 
(parking, licenses) or legislation. 

• Community readiness to live at substantially higher residential densities. 

All o f  these changes are likely to take considerable time to occur. Therefore, at this stage, 
demand management alone cannot provide a solution to the area's traffic congestion in the short 
to medium term (20 years). However, it is appropriate to use it in combination with other 
approaches (discussed below) to improve transport service in the area. 

5.2 Traffic calming 

5 .2 .1  Description 

Brindle (1991) distinguishes between three levels of  traffic calming. 

Level 1 
These are actions to restrain traffic speed and lessen traffic impacts at the local level, where 
traffic volumes, levels o f  service and network capacity are not an issue. 

Level 1 traffic calming is another term for local area traffic management which has been 
implemented in several Australian cities, including parts of  Sydney. 

Local area traffic management aims to direct traffic from local residential streets to major roads. 
It utilises methods such as: 

• Turning local streets into cul-de-sacs. 

• Speed bumps. 
• Narrowing entries and placing slow points in streets. 
• Tight roundabouts. 
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Level 2 
These are actions to restrain traffic speed and lessen traffic impacts at the corridor (intermediate) 
level, where traffic volumes, levels of service and network capacity are an issue. 

Level 2 traffic calming includes speed restraints and street rearrangements on traffic routes 
through shopping centres and slow-speed mixed traffic areas in town centres (Brindle 1991). 

Level 3 
These are actions at the macro-level to lessen traffic levels and impacts city-wide. 

Level 3 traffic calming extends the term traffic calming to include a much wider range o f  traffic 
reduction and suppression policies including: 

• Pedestrianisation o f  town centres. 
• Reduction of car usage. 
• Promotion of  priority for public transport modes, walking and cycling. 
• Other techniques of travel demand management. 
• Restructuring of  cities and other land use policies to reduce travel demand. 

5 . 2 . 2  Evaluation 

Level 1 traffic calming or local area traffic management schemes can be applied to the local road 
network. This would be the responsibility of  the local council. Level 2 traffic calming could 
be applied to heavily travelled roads in the study area such as Cook Street, Renown Road, 
Barclay Road and North Rocks Road. However, it would be difficult to achieve traffic calming 
objectives while the major roads are still required for the movement o f  vehicles, particularly 
during peak periods. Traffic calming is therefore not seen as a solution to the traffic problems 
on its own. However, if  a public transport system and/or additional roads were provided that 
enabled a reduction of  traffic on the existing roads, traffic calming could be implemented on 
them. Traffic calming also requires considerable social and political change and is therefore 
part o f  a long-term strategy. 

Level 3 traffic calming has been covered to some extent under demand management in 
Section 5.1. Level 3 traffic reduction and suppression policies would require changes to 
community will and attitudes, and the structure and form of Sydney. As a result, any change is 
expected to take a long time. In particular, uncertainty surrounds the likelihood of  attitudinal 
changes towards: 

• The motor car. These attitudes have deep roots within the community. 
• High density development, and changes to the structure and form of  our cities. 

As a result, short and medium-term transportation planning in the study area and corridor 
cannot depend on Level 3 traffic calming measures. Level 3 traffic calming can only be 
included as a long-term goal which may be partially achievable. 

For these reasons, traffic calming would not solve the private and public transport deficiencies 
described in Part A in the short and medium term. 
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5.3 Improving public transport 

5 .3 .1  Description 

The centrepiece o f  this strategy would be to provide major new public transport infrastructure 
between Seven Hills and North Sydney, thereby linking the North West Sector with Central 
Sydney. It could be either 'heavy' railway, 'light' railway, or  a busway in an exclusive public 
transport corridor. The facility would be designed to encourage greater publie transport use 
(Denis Johnston & Associates, 1991c). 

Heavy rail 
Three alternatives were considered for heavy rail: 

• A proposal along the Castlereagh Expressway reservation developed by Denis Johnston 
and Associates (1991c). This proposal is shown in Figure 20. 

• A proposal developed by railway unions. 

• A proposal developed by Action for Public Transport. 

These are described below. 

Heavy rail along the Expressway reservation 
This route would run from Windsor Road generally along the reservation, to just east o f  Lane 
Cove Road. It would then diverge from the reservation via a tunnel, ultimately connecting with 
the North Shore Line at Chatswood. 

The western end o f  this railway could form an interchange with a light rail service along 
Windsor Road (see below). Extension west toward Blacktown could be considered at a later 
stage. 

Major stations would be located at Windsor Road, Pennant Hills Road, the Main Northern Line 
and Macquarie University. 

This heavy rail link would cost about $325 million (Denis Johnston and Associates, 1991c). 

Railway union proposals 
Denis Johnston and Associates (1991b) reported that in March 1990 rail unions commissioned 
Jacana Consulting to develop an improvement program for the Sydney rail system. The Jacana 
report (1990) developed two new rail proposals. They are: 

• Merrrylands-Parramatta-Carlingford-Epping, costing $398 million. 
• Punchbowl-Hurstville, costing $242 million. 
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The first proposal is discussed briefly here as it is relevant to this study. It is designed 
primarily to improve public transport access in a north-south direction with the focus being 
Parramatta where interchange with east-west services would be possible. 

It would comprise a 12.4 km dual-track suburban railway linking the southern line at 
Merrylands to the northern line at Epping, with a major interchange at Parramatta station. It 
would open a new transport corridor axis connecting Sydney's south-west and north, and pass 
through Parramatta, the demographic centre o f  the Sydney Metropolitan Region. The track 
would be partly in tunnel and partly on the existing Carlingford line. 

The main benefit o f  this proposal is that it would save time for rail passengers travelling 
between northern and southern or  western Sydney who currently have to travel in a circuitous 
manner, changing trains at Strathfield and/or Granville. Other benefits would include reduced 
delays for trains to the city, better integration with existing rail services and fewer stops for 
trains between Parramatta and the city. 

A travelling frequency o f  20 minutes during the peak periods and 30 minutes during off-peak 
periods is proposed. The study projected patronage levels to 2011 and estimated 3.3-5 million 
trips per year from Hornsby to Campbelltown, and 6.8-9.3 million trips per year from 
Campbelltown to Hornsby. 

Action for Public Transport 
The proposal by Action for Public Transport would comprise a link from Mungerie Park to 
Chatswood via Kellyville, Castle Hill, Mobbs Hill, Epping and North Ryde, and an upgraded 
Carlingford line diverted to serve Parramatta and extended to a junction at Mobbs Hill. A 
feature o f  this proposal is to combine most public transport movements from the Rouse Hill 
Development Area into a single corridor, adding flows from the Castle Hill area to maximise 
travel density. The rail system would have a fully dedicated right-of-way due to the distances 
needed to be travelled. 

Light rail transit 
The light rail route in the Castlereagh Expressway reservation is similar to that described for 
heavy rail and is shown in Figure 21. However, light rail transit is easier to introduce 
because its geometric requirements are significantly less demanding than those required by 
heavy rail: steeper gradients and tighter curves can be used. 

Light rail would cost between $175 to $205 million depending on the cost o f  variations to 
Pennant Hills Road (Denis Johnston and Associates, 1991c). 

Bus transit 
Figure 22 shows estimated morning peak hour bus passenger journeys to work in 2001 from 
the North West Sector and the catchment area for the transport link. It shows the predicted 
dominance o f  Blacktown and Parramatta as destinations for the North West Sector, with 
Blacktown being the major interchange point for travel by train to destinations such as the 
Sydney CBD. 
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It is anticipated that some existing bus passengers to Parramatta would divert to Epping if  bus 
services were provided on the transport link. However, as Parramatta continues to grow it will 
remain the most important destination in the region for bus trips for employment, shopping and 
for interchange to the rail system. 

Buses travelling beyond Epping to the east are expected to be divided between Epping Road 
and the transport link. The extent to which the new transport link would be used for direct 
access to the east would depend on the level of  demand for through travel and the level o f  bus 
service provided. The flows shown on the transport link are indicative only, being based on 
advice provided by the relevant bus operators (Transportation Environment Consultants, pers. 
comm., 1992). 

Against this background, an inter-departmental committee on North West Sector Public 
Transport is considering public transport schemes linking the North West Sector with 
Parramatta. A public transport reservation has been defined within the existing Windsor Road 
reservation to provide access to Parramatta (Department of  Environment and Planning 1979). 
The reservation could be used for light rail use. Another corridor is being developed for access 
to Blacktown via Sunnyholt Road. 

There are two basic ways to provide a bus route in the Castlereagh Expressway reservation. 
These are: 

• Conventional buses running on a dedicated road pavement. 

• An O-Bahn bus system, in which buses can travel on either the roadway or on a fixed 
track. 

An O-Bahn would be inappropriate in this situation because: 

• There is a diverse range o f  buses from various private sector and government fleets, all of 
which would require modification. 

• Of  the higher costs of  construction. 

• The required pavement is unsuitable for other high occupancy vehicles. 

Also considered was an exclusive busway within the Castlereagh Expressway reservation 
between Windsor Road and Macquarie University which would then link with Chatswood or 
North Sydney by a combination of  local roads and Expressway reservation (Maunsell, 1992), 
and, east o f  Delhi Road, existing roads (Mowbray Road or Epping Road) (Denis Johnston and 
Associates, 1991c). 

The cost o f  a bus transit system would range from $100 to $150 million depending on the 
variation chosen (Denis Johnston and Associates 1991c). 
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5 . 3 . 2  Evaluation 

Despite the desire to promote greater public transport, it must be acknowledged that there are a 
number o f  significant constraints to developing public transport services. The study o f  public 
transport alternatives (Denis Johnston and Associates, 1991b) included the following physical, 
geographic and other financial constraints: 

• The principal public transport destinations are high density employment centres, 
institutions and shopping centres. The Lower North Shore and the central business 
district are currently, and will continue to be, the principal public transport destinations. 
However, only a small proportion o f  people from the developing North West Sector are 
forecast to take up employment opportunities at these centres. The emerging pattern of 
travel from the North West Sector will be distributed to centres such as Blacktown, 
Parramatta, Seven Hills, Epping, Silverwater and North Ryde. 

• The options for building a link from North Ryde to North Sydney are severely 
constrained because o f  natural/topographical characteristics. 

• The development o f  high cost facilities to cater for the projected modest demands cannot 
be economically justified when there are substantial competing demands upon limited 
funds for transport infrastructure in the city as a whole. 

• The transportation strategy as envisaged by Sinclair Knight Buchanan, (1990) involves 
developing Blacktown as the focal bus/rail interchange point and Seven Hills as the main 
car/rail interchange point for residents from the north west sector. 

• Studies have identified a range o f  existing difficulties with the provision o f  feeder bus 
services to the rail station at Parramatta and these are the subject o f  current consideration 
by a Section 22 Committee. There is an opportunity to provide a bus corridor in the 
Castlereagh Expressway reservation. Buses can join such a facility readily at the major 
interchange locations: Windsor Road, Old Windsor Road and Pennant Hills Road. 

Denis Johnston and Associates (1991c) concluded that there is no case for new fixed track 
systems to cater for public transport demand in the corridor at this time. In particular, it was 
found that: 

• There are a number o f  public transport corridors which are now in an advanced stage of 
planning. The reservation on Windsor Road via Parramatta will provide an option to 
develop a high capacity public transport system to this important destination. 

The growth in public transport demand to central destinations already served by rail can 
be adequately handled by the existing rail network. 

The growth in public transport demand to other destinations in the study corridor is 2,500 
passengers per hour which is well within the capacity o f  bus services without the need to 
consider fixed track systems. 
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The study found that the most appropriate public transport strategy for the corridor would be 
one which: 

• Is based on buses to meet the relatively low forecast demand levels and the diverse pattern 
o f  origins and destinations. 

• Focuses on providing bus services to connect with the existing rail network. 

• Provides the best level of  service affordable in the short term to reduce patterns o f  car 
dependency. 

• Develops bus priority treatments in any new road facilities to enable the best level of 
service. 

• Ensures that the options for upgrading the bus facilities to a fixed track system in the 
longer term are maintained. 

It was found that bus services on the existing arterial road network would adequately serve 
demand until the year 2006 and, possibly, until 2016. However, these bus services would 
remain unattractive to commuters because of  delays. 

An exclusive busway would be the most appropriate public transport alternative in the long 
term. To promote public transport and ensure the long term success o f  a busway, it should be 
provided in advance. If needed, the busway could be easily upgraded to a light rail system in 
the future. 

However, public transport alone would not address the needs o f  those commuters who do not 
wish to use public transport. They include those whose destinations are not served adequately 
or at all by public transport and those who find travel by private vehicle necessary or  more 
efficient, for whatever reason. 
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5.4 Additional road capacity 

5 .4 .1  Description 

This strategy would involve providing additional road capacity in the study corridor. This 
could be provided by widening existing roads, or  building new links. Over 50 alternative 
alignments for additional road capacity are evaluated in Chapter 6. They include existing 
roads such as North Rocks Road, Seven Hills Road, Barclay Road and Renown Road as well 
as the Castlereagh Expressway reservation. 

5 . 4 . 2  Evaluation 

This strategy would alleviate current congestion on the road system in the peak periods and 
would also satisfy the predicted growth in car travel. As described in Section 3.6.3, the 
growth in car travel would represent the greatest share o f  growth in total travel whether or not 
additional public transport facilities were provided. Additional road space would improve 
intersection performance resulting in travel time, vehicle operating cost and accident savings for 
users o f  the road network. 

However, this strategy would not on its own provide a complete and integrated solution to 
current transport deficiencies. Sydney, like all modern cities, needs to be serviced by a 
balanced transport system with opportunity for both private and public transport. This need is 
reflected in the Metropolitan Strategy (Department o f  Planning, 1989) which aims to provide a 
sound road network with enhanced public transport. 

Expansion o f  the road network alone would enable freer movement for buses, but this would 
not provide an attractive alternative for car commuters. 

New road capacity would be a solution to the current and predicted travel demand. However, a 
mcire balanced strategy which combines additional road capacity with the staged introduction of 
public transport services would be preferred. Such a strategy would satisfy car travel demand 
and at the same time provide an attractive alternative for car users. 

5.5 Positional analysis of the alternative transport 
strategies 

Part o f  the assessment o f  alternative strategies involved assessing the likely response that 
different interest groups might have towards them. This has been carried out using a technique 
called positional analysis. Positional analysis highlights differing values and ideologies within 
the community and identifies preferred strategies based on these values and ideologies. The 
approach is detailed in a specialist report (Manidis Roberts, 1991a). 
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5 .5 .1  Findings of the positional analysis 

Table 12 provides a summary o f  the preferences o f  the interest groups within the study area 
who were involved in the community consultation program. The findings are that, o f  the eight 
interest groups identified: 

• More road space was preferred by five groups. 

• Improving public transport was preferred by one group, and one group preferred both 
public transport and more road space. 

• Upgrading local roads was least preferred by four groups. 

• More road space and demand management/base case' ('do nothing') strategies were each 
least preferred by two groups. 

• No group identified improving public transport as a least preferred option. 

It was concluded that providing more road space, together with improving public transport, 
would be the strategy preferred by most people in the study area. 

Table 12: Preference balance sheet 

Interest groups Most preferred Least preferred 

Residents adjacent to transport reserve 

Residents away from transport reserve 
(particularly those adjacent to North Rocks Road) 

Environmental groups 

Transportation organisations 

Recreational groups 

Urban development organisations 

Community planning and support groups 

Local business groups 

Upgrading 

More road space 

Public transport 

More road space 

More road space 

More road space 
Base case 

More road space/ 
Public transport 

More road space 

More road space 

Upgrading 

More road space 

Demand management/ 
Base case 

Upgrading 

Demand management/ 

Upgrading 

Upgrading 

Source: Manidis Roberts Consultants (1991a) 
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5.6 Preferred transport strategies 

On their own, none o f  the alternative transport strategies would address the deficiencies in the 
public and private transport system identified in Part A. The preferred position is therefore to 
provide an integrated strategy involving additional road space plus a new public transport 
facility. This strategy is favoured because it would enable traffic calming (Level 1 and possibly 
Level 2 traffic calming) on selected roads, improve public transport, and provide additional 
road space for commuters and long distance truck traffic. 
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6 ALTERNATIVE ALIGNMENTS 

6.1 Generation of alternatives 

As described in Chapter 5, the best strategy to address the study area's transport deficiencies 
would be additional road space plus a public transport facility. The preferred public transport 
system was found to be a busway that could be extended, or converted to light rail, if  needed. 
The additional road space could be provided by a new link or by upgrading existing roads. 

The next stage in the evaluation of  alternatives was to identify possible alignments for the 
additional road space and public transport facility. This was undertaken by the Snowy 
Mountains Engineering Corporation Limited (1991) who liaised closely with Maunsell Pty Ltd 
in the process. It was found that the road and public transport facility could run on different 
alignments if  appropriate. Two different standards of  road were considered for each possible 
alignment: an expressway and an arterial standard road. 

Over 50 possible combinations of  alignment were generated and considered. Alternative 
alignments which were considered are shown in Figures 23.1 - 23.3. Most follow existing 
major routes (such as Seven Hills and North Rocks roads) or make use of  the transport reserve 
in the study corridor. However, some follow local roads (such as Caroline Chisholm Drive 
and Murray Farm Road) and some cut through established neighbourhoods. Each alternative 
was assessed on the basis of  the evaluation criteria described in Chapter 4. 

The least feasible alternatives were progressively rejected by the Manidis Roberts / Snowy 
Mountains Engineering Corporation Limited project team in consultation with Maunsell Pty 
Ltd, as described in Section 6.2. 

93 



TT I 
0 1 2 4 km 

44w41.4. Aim"' I I .  „ a l o e  'war 111 

oar 

wW410 

/110 
•46,,lk A IOW 

140.1111110 

.4* 

11 

i s w 4 -  Aso" 

Alignments eliminated after Stage 1 

Alignments eliminated after Stage 2 

Figure 23.1 
Alignments remaining 

after Stages 1 and 2 



1-7 
0 1 2 4 km 

.4g0A 
IOW 
14. 

Alignments eliminated after Stage 1 

Alignments eliminated after Stage 2 

.411 

„Akar 

.44 0111111111g INV 
+.•1400 

.40 
NO ISO 

. . . l i e  Ali 

Figure 23.2 
Alignments remaining 

after Stages 1 and 2 



0 1 2 4 k m 

AlimPP 
1Pai 

_ *41-4-1 

impv.4111VAill 

Alignments eliminated after Stage 1 

Alignments eliminated after Stage 2 

atet, 
"""qmPIP 

Ada vat ,1101.40.4„._ 

.-001111111 111 

Figure 23.3 
Alternatives remaining 

after Stages 1 and 2 
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6.2 Evaluation of alternative alignments 

6 .2 .1  Shortlisting of alternative alignments 

The evaluation process used to derive a shortlist o f  alignments involved three stages. The 
criteria used at each stage are discussed below. 

Stage 1: Transport capacity 
In Stage 1, all those alternatives which would not be able to cater for forecast transport need 
were eliminated. 

Links not directly crossing Pennant Hills Road were found to perform relatively poorly on the 
basis o f  this criterion. However, links to Carlingford Road were considered further as a 
consequence of  the findings o f  the Woodward Commission of  Inquiry. 

The combinations which were eliminated in Stage 1 are shown in Figures 23.1 - 23.3. 

Stage 2: Transport capacity and community severance 
In Stage 2, community severance was also considered. Community severance includes: 

Division o f  existing neighbourhoods. 
Disruption to community facilities. 
Loss of  local access to community facilities. 
Loss o f  access to houses. 

Any transportation development would cause some community severance. The extent of 
community severance would depend on the nature of  the transport link and the environmental 
context. For example: 

I f  an existing major arterial such as Pennant Hills Road were widened, there would be a 
marginal increase in community severance. This is because the existing road already 
divides the community and land use has changed accordingly. There is also usually a 
community expectation that there will be further upgrading on such arterials and provision 
is often made for this in the Council's local environmental plan. 

• If a busy but largely local road such as North Rocks Road were upgraded, there would be 
greater community severance. This is because the existing road enables community 
interaction albeit to a lesser extent than a local road. There is also usually little community 
expectation that such a road will be upgraded. Improvements to these roads are usually 
restricted to the signalisation or widening of  local intersections. 
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• I f  a local street were targeted to be upgraded to a major arterial, community severance 
would be greatest. This would be aggravated because there would be virtually no 
community expectation o f  change on these roads. Consideration o f  these alternatives 
causes considerable stress and community conflict. These alternatives need to be 
considered but are usually eliminated on social grounds if the traffic benefits are similar or 
less than other alternatives. 

I f  a transportation reserve were developed, the severance effects would depend on its 
location in relation to the residential communities. I f  the transportation reserve were 
located on the boundary of  a residential community, severance would be less than if  the 
transportation reserve passed through the middle of  the community. 

In this stage, the study examined four alignments directly crossing Pennant Hills Road. These 
were Copeland Road, Murray Farm Road, North Rocks Road, and a direct link from Barclay 
Road/North Rocks Road to Carlingford Road (see Figures 23.1 - 23.3) jointly with the 
study for the eastern portion o f  the transport link. These were eliminated because: 

The Copeland Road alignment would have a severe impact on housing at and near the 
Pennant Hills Road intersection. It would impact most severely on Ashley Avenue, the 
western end o f  Karloon Road and Westmore Drive, cutting diagonally across the existing 
street pattern. 

• An arterial road on Murray Farm Road would have a severe impact not only on the road 
edges where a continuous strip o f  housing would be lost, but also over a much broader 
margin distant from construction. In addition, between the alignment o f  Murray Farm 
Road and Devlins Creek, a large segment of  residential development would be effectively 
cut off from its present surroundings. 

• There was strong community opposition to the alignment along North Rocks Road and 
directly across Pennant Hills Road from residents on both sides o f  Pennant Hills Road. 
The strongest opposition was from residences east o f  Pennant Hills Road (Maunsell, 
1992), where the change from the existing situation would be the greatest and where there 
had been no expectation that the road could be upgraded to a major arterial road. 

• The Barclay Road-Carlingford Road alignment would cause extensive loss o f  and 
disruption to property as it would cut at an angle through the existing street network. 
Also, the angled path would leave many unworkable residual spaces. 

On the basis o f  specialist studies and community feedback from residents east o f  Pennant Hills 
Road, the alignments along Murray Farm Road and North Rocks Road (east) were eliminated. 
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The upgrading of  existing major roads such as North Rocks Road and Seven Hills Road or the 
development o f  a new link along the transportation reserve were preferred to the upgrading of 
the local roads through residential communities. This was because developing local roads 
would bring no additional traffic and transportation benefits, but cause substantial community 
severance effects. 

Alignments eliminated during Stage 2 and those remaining after Stage 2 are shown in Figures 
23.1 - 23.3. 

Stage 3: Social, environmental, cost, transport and safety aspects 
In Stage 3, the remaining alternatives were evaluated in terms o f  a series of  measures. Where 
possible, quantitative measures were used and the best possible estimate available at the time 
was calculated. Where absolute numbers were not available, a ranking was obtained. For the 
major social impacts, qualitative descriptions were provided, based on the assessment provided 
by the specialist consultants. 

A range of  measures was used, to reflect the following types o f  impacts: 

• Costs of  construction and acquisition of  houses. 
• Loss o f  houses. 
• Travel benefits for public and private transport users in 2006. 
• Safety. 
• Noise impacts. 
• Other major social impacts, which for this project were considered to be division of 

residential neighbourhoods and loss of  local access, bushland and visual impacts. 

The evaluation found that widening Seven Hills Road is the least preferred alternative because: 

• At Windsor Road, the alignment would follow a circuitous path to link up with Seven 
Hills Road. 

• Traffic would travel on Windsor Road which is already heavily trafficked. 

To achieve the required capacity through the intersection between Windsor Road and 
Seven Hills Road, the intersection and approach roads would have to be widened, 
causing severe impacts on the local shopping centre. 

It would either require the acquisition of  all houses on one side of  the road or leave most 
houses with a small setback to a major arterial road. 

Noise attenuation along property boundaries would be very difficult. 
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• There would be severance o f  the residential community on either side o f  the road. For 

example, access to schools from one side o f  the road to the other would be more difficult. 

• It would be difficult to provide an exclusive busway along Seven Hills Road. If  a 
busway were provided, property effects and severance would be even greater. 

The following alignments performed best in terms o f  the criteria and were therefore retained for 
further consideration: 

• An expressway in the transport reserve, linking with a proposed expressway to the east, 
directly across Pennant Hills Road. 

• An expressway in the transport reserve, linking to Carlingford Road via Pennant Hills 
Road. Pennant Hills Road would be widened to accommodate this additional traffic and 
Carlingford Road would be upgraded to arterial standard. 

• An arterial standard road in the transport reserve between Old Windsor Road and Barclay 
Road, and along existing roads east of  Barclay Road. Barclay, North Rocks and Pennant 
Hills roads would be upgraded to form the eastern part of this urban arterial which would 
link up with Carlingford Road, upgraded east o f  Pennant Hills Road. 

It was found that all these alignments could have exclusive bus lanes built into the design. 

Figure 24 shows those alignments remaining after Stage 3 o f  the evaluation process. These 
are considered further in Chapter 7. 
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Chapter 7— Evaluation of shortlisted alternatives I 
7 EVALUATION OF 

SHORTLISTED 
ALTERNATIVES 

In this section, the three alternatives which remained after the initial evaluation process (see 
Chapter 6) are further discusssed. 

7.1 Description of shortlisted alternatives 

An aerial photograph o f  the shortlisted alternatives is shown in Figure 25 and typical cross- 
sections are shown in Figure 26. The alternatives are described below. 

Alternative 1 
Alternative 1 would be a four-lane expressway in the transport reserve, with an exclusive 
busway in the median and a shoulder for cyclists and vehicle break-downs. The expressway 
would link with a proposed expressway to the east, directly across Pennant Hills Road. This 
alternative was evaluated for three cases: where there would be no tolls at all, a toll east of 
Pennant Hills Road, and a toll east o f  Pennant Hills Road as well as a toll at the west-facing 
ramps at Pennant Hills Road. The detailed assessment o f  the likely impact of  a toll is contained 
in the Addendum. 

Alternative 2 
Alternative 2 would be a four-lane expressway in the transport reserve. Pennant Hills Road 
would be widened to accommodate additional traffic between this expressway and an upgraded 
arterial along Carlingford Road and Epping Road east o f  Pennant Hills Road. An exclusive 
busway would run along the expressway median between Old Windsor Road and Barclay 
Road. It would then follow Barclay, North Rocks and Pennant Hills roads before linking up 
with the upgraded arterial along Carlingford Road east o f  Pennant Hills Road. Provision 
would be made for cyclists on the expressway. As discussed in the A d d e n d u m ,  this 
alternative would not be tolled. 

Alternative 3 
Alternative 3 would be an arterial standard road located in the transport reserve between Old 
Windsor Road and Barclay Road, and along existing roads east o f  Barclay Road. Barclay, 
North Rocks and Pennant Hills roads would be upgraded to form the eastern part o f  this urban 
arterial which would link up with an upgraded Carlingford Road east o f  Pennant Hills Road. 
The arterial would provide four lanes for private travel west of  Windsor Road and six lanes east 
o f  Windsor Road. Exclusive bus lanes would be provided on the kerb lanes o f  the road. 
Pennant Hills Road would be widened between Mahers Road and Carlingford Road. 
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Each o f  these alternatives is evaluated below in terms of  transport efficiency, safety, social 
impacts, environmental impacts, economic impacts and community response. Effects are 
quantified where possible. Where quantification is difficult, the likely effects are described. 
The results o f  the assessment are summarised in a planning balance sheet in Section 7.9. 

7.2 Transport efficiency 

It was found that Alternative 1 would perform best in terms o f  transport efficiency. This 
alternative would result in the greatest increase in transport capacity and the greatest travel time 
savings o f  all alternatives because: 

• Intersections would consist o f  overpasses and connecting ramps (interchanges) and there 
would be limited access to the local road system. 

• Four additional traffic lanes would be provided for the whole length of the study corridor. 

• An exclusive busway would be provided for the whole length o f  the study corridor 
through to Beecroft Road to service Epping Station with improved service for public 
transport users. 

• The opening o f  a new direct roadway in the corridor, with the high capacity and good 
operating conditions o f  an expressway would enable motorists and transport operators to 
select routes to maximise travel benefits. 

Alternative 2 would perform worse than Alternative 1 because: 

• It would link up with the arterial road system at Pennant Hills Road which has several 
signalised intersections and many access points to the local road system. This is a less 
efficient road network from a transport viewpoint. 

Whilst there would be four additional traffic lanes plus bus lanes between Old Windsor 
Road and Pennant Hills Road, there would only be two additional lanes plus bus lanes on 
Pennant Hills Road. 

The busway on Pennant Hills Road would run adjacent to houses and driveways and be 
adjacent to other traffic lanes. 
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Alternative 3 would perform worst in terms o f  transport efficiency and travel time savings 
because: 

• Several ground-level signalised intersections would cause traffic delays. 

• Two lanes o f  additional road space would be provided compared with four for the 
expressway alternatives. 

• Buses would be delayed by ground-level signalised intersections and traffic entering and 
leaving the road from multiple access points. 

7.3 Safety 

Expressways are substantially safer than arterial roads because they have better traffic flow and 
less traffic conflict points. It is estimated that Alternative 1 would have five times fewer 
accidents than Alternative 3 (Denis Johnston & Associates, 1991e). Alternative 2 would 
perform better than Alternative 3 but not as well as Alternative 1. 

Riskcorp (1991) was engaged to ascertain the risk from the transport o f  dangerous goods. It 
was found that: 

• Alternative 3 would pose a greater risk to the public in terms of  the severity and likelihood 
of  a major incident. Alternative 1 would pose the lowest risk to the public. 

• The severity o f  a major incident affecting the natural environment would be highest for 
Alternatives 1 and 2. However, the likelihood of  these events occurring is predicted to be 
significantly lower in Alternatives 1 and 2 than for Alternative 3 as the frequency of 
accidents causing a spill or fire would be lower and measures to capture any spills of 
toxic material would be built into Alternatives 1 and 2. 

• Alternative 1 would pose the lowest risk to man-made structures. The man-made 
structures most sensitive to a major incident are identical for Alternatives 2 and 3. 
However, as a result of the lower traffic flow, the likelihood o f  a major incident affecting 
the most sensitive man-made structure is lower for Alternative 3 than Alternative 2. 
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7.4 Social impacts 

O f  the three alternatives, Alternative 1 would directly affect the lowest number o f  properties. 
Fewer residences, community facilities and commercial properties would be lost. It would also 
cause the least community division. 

Alternative 2 would directly affect the greatest number of  residential properties. This is because 
it would involve the widening o f  Pennant Hills Road as well as construction in the expressway 
reserve. 

Although Alternative 3 would directly affect fewer residential properties than Alternative 2, it 
could cause greater community hardship as it represents a new proposal. North Rocks and 
Barclay roads are busy, but largely local, roads. The prospect o f  road widening and loss of 
property has never been raised before. The Roads and Traffic Authority currently owns 67% 
of  residences within the transport reserve, but none on North Rocks Road. These residences 
would therefore need to be acquired by the Roads and Traffic Authority. In addition, 
Alternative 3 would have the greatest impact on community facilities because: 

The Muirfield Golf Course would lose its club house and existing parking along the 
frontage of  Barclay Road. 

• North Rocks Public School would lose a small landscaped area. 

The Royal NSW Institute for the Deaf  and Blind would lose two buildings 
accommodating classrooms, a substantial portion of  parking along North Rocks Road 
and a landscaped area. 

North Rocks Park would lose its community centre, parking area and landscaped areas. 
Its tennis courts may also be affected. 

As indicated in Figure 25, all alternatives would have similar effects on community severance 
west o f  Barclay Road as they would be on the same alignment. East o f  Barclay Road, 
Alternatives 1 and 2 would follow the transport reserve through Darling Mills State Forest 
whereas Alternative 3 would involve upgrading Barclay and North Rocks roads. The State 
Forest and transport reserve along Mahers Road are a natural boundary between communities. 
In contrast, community facilities and shopping centres have tended to locate along Barclay Road 
and North Rocks Road, so that this road is a service spine to residential communities to the 
north and south. In many ways, this service spine unites the community. In terms of 
community severance, therefore, the widening of  Barclay Road and North Rocks Road to six 
lanes plus a busway would significantly sever the communities north and south o f  the road. 
Alternatives 1 and 2 would therefore cause less community severance than Alternative 3. 
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In addition, all alternatives would have a substantial adverse effect on the visual quality o f  the 
environment. However, Alternative 3 would have the greatest effect because o f  the visual 
effect o f  demolishing houses and community facilities. 

Another factor favouring Alternatives 1 and 2 is that they would have the greatest transport 
capacity and unlike Alternative 3, would attract traffic from the local road system. There would 
therefore be less traffic on the local road system with Alternatives 1 and 2 than with Alternative 
3, providing greater potential to introduce traffic calming on Barclay Road and North Rocks 
Road. 

7.5 Environmental impacts 

Alternatives 1 and 2 would have greater impacts on the environment than Alternative 3 because: 

They would pass through areas with low existing background noise levels. These areas 
would be more sensitive to noise than residential areas adjacent to Barclay Road and 
North Rocks Road because the latter roads currently have high traffic volumes. 
However, the potential to erect effective noise barriers along the transport reserve would 
enable greater noise mitigation than along North Rocks Road. 

They would have a major effect on bushland in Darling Mills State Forest and on a 
significant stand of  Sydney blue gums alongside Mahers Road. 

• They would have some impacts on items of Aboriginal significance. 

• They would have greater potential impacts on erosion, sedimentation and water quality. 
This is because the construction o f  the expressway alternatives would involve more 
excavation and earthworks through bushland areas. However, there would be an 
opportunity to mitigate these impacts (for example with sediment traps, retention basins 
and filters). 

Impacts on regional air quality would be similar for all alternatives. However, air modelling 
runs indicate that the expressway options would result in less adverse impacts on local air 
quality. This is because the improved traffic flow would reduce emissions o f  carbon monoxide 
and hydrocarbons. 
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7.6 Economic evaluation 

7 . 6 . 1  Introduction 

A detailed economic evaluation o f  the shortlisted alternatives is presented in the specialist report 
(Applied Economics and Manidis Roberts Consultants, 1992). A summary is presented below. 

The technique used to undertake the economic evaluation was cost-benefit analysis. This is in 
accordance with the N S W  Government Guidelines f o r  Economic Evaluation o f  Assets 
(Treasury, 1990). 

7 . 6 . 2  Cost-benefit analysis methodology 

The cost-benefit analysis involved: 

• Defining the objectives o f  improvements to the transport system (as outlined in 
Chapter 4). 

• Estimating the benefits and costs of  the base case. (The base case if  defined as that 
involving minimal expenditure for transport improvements in the study corridor, often 
referred to as the 'do nothing' option.) 

• Estimating the benefits and costs o f  each o f  the alternatives in relation to the base case to 
determine the net benefits and costs. 

• Discounting the benefits and costs to the present value. 

• Calculating the net present value and benefit-cost ratio. (Net present value is the sum of 
the discounted project benefits less discounted project costs. Under this decision rule, a 
project is potentially viable if  the net present value is greater than zero. The benefit-cost 
ratio is the ratio o f  the present value o f  benefits to the present value o f  costs. A project is 
potentially viable if its benefit-cost ratio is greater than one.) 

The central discount rate applied in this analysis was 7%. To test the sensitivity o f  the 
calculations to changes in discount rates, the net present value and benefit-cost ratio were also 
calculated at discount rates o f  4% and 10%. The discount rate reduces the value of  future 
benefits to present-day values. Consequently, if  a short-term project such as a roundabout is 
proposed, it is imperative that benefits are high in the early years so that a good performance is 
required at 7% and 10%. However, a longer term, more strategic project needs to demonstrate 
a sound performance at the lower discount rate of  4% as well as 7%. 
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7 . 6 . 3  Quantification of benefits and costs 

Table 13 shows benefits and costs which were quantified distinguished from those which 
were not. 

Table 13: Benefits and costs 

Benefits and costs quantified Benefits and costs not quantified 

Capacity o f  transport system Through traffic in residential areas 
Public transport Risk from transport o f  materials and 
Travel time construction 
Travel distance Community severance 
Freight efficiency Visual impact 
Road accidents Air quality 
Relocation and disturbance costs Impacts on Aboriginal and European 
Landscaping heritage 
Noise 
Impacts on flora and fauna 
Erosion and sedimentation 
Energy 
Utilities and services 
Construction costs 
Acquisition costs 

Source: Applied Economics and Manidis Roberts Consultants (1992) 

The method for quantifying benefits and costs is described below in terms o f  the objectives 
stated in Chapter 4. 

Transport  efficiency 
Criteria used to evaluate the achievement of  the transport efficiency objective are: 

The capacity of  the transport system. 
Public transport efficiency. 
Travel time savings. 
Freight efficiency. 
Impact of  a toll. 
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To enable the evaluation o f  the first four criteria, travel time and vehicular operating cost 
savings for both private and public vehicles were quantified. A model was used to determine 
the maximum revenue from tolls (Denis Johnston and Associates, 19910. This model 
estimated the effect on traffic o f  different toll levels and levels o f  congestion in the road 
network. 

Safety 
Criteria used to evaluate the achievement of  the safety objective are: 

• Accident costs. 
• Risks from transporting hazardous materials. 

Accident costs are quantified in the cost-benefit analysis but the risks from transporting 
materials and construction are not quantified. 

Social Impacts 
Criteria used to evaluate the achievement of the social objective are: 

• Effects on properties. 
• Community severance (division of neighbourhoods and constraints to local access). 
• Visual impact. 
• Traffic on local streets. 

Direct effects on property are quantified in acquisition costs. A provision is also made for the 
costs o f  relocation and disturbance on top o f  market value for properties affected by the 
alternatives. Similarly, i f  a property is located adjacent to an alignment and is not directly 
affected, the owner would be given the option to sell. Effects on community severance and 
visual impact are not quantified. Landscaping costs are included in construction costs. 
(Landscaping costs are incurred in the mitigation o f  visual impacts and in the closure of  streets.) 
The effects o f  traffic on local streets is also not quantified. 

In the time since the property costs were estimated there has been a refinement in the design of 
the transport link with a consequent reduction in the property required and therefore property 
costs. The effect is that the actual benefit-cost ratios would be marginally higher than those 
estimated. 

Although noise and air quality have social implications, they are considered in this report under 
environmental impacts (see below). 
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Environmental Impacts 
Criteria used to evaluate the achievement of  the environment objective are impacts on: 

• Noise. 
• Air quality. 
• Urban bushland. 
• Items o f  Aboriginal and European heritage significance. 
• Erosion during and after construction. 
• Sedimentation and water quality. 
• Impacts on utilities and services. 

The following environmental effects have been quantified: 

• Noise. The effect of  noise is quantified by taking into account the differences in house 
prices as a proxy for the willingness to pay for peace and quiet. Although noise is 
usually the major effect o f  a road on house prices, this measurement is also likely to 
include other environmental effects such as impacts on air quality and access difficulties. 

• Urban bushland. The effects on urban bushland are measured in terms of  the prices of 
houses and residential land in the vicinity of  the bushland. This is on the basis that the 
land could alternatively be developed for other purposes which can be valued. 

• Erosion and sedimentation. These costs are measured by equating them to the costs 
o f  measures to prevent erosion and sedimentation. These costs would be included in the 
construction costs. 

Environmental factors not being taken into account in the cost-benefit analysis include: 

• The effect on items of Aboriginal and European heritage significance. 

• Air quality effects. The assessment o f  air quality (Stephenson and Associates, 1991) 
found that there would be little impact on regional air quality as a result o f  the various 
alternatives and little difference between alternatives in terms of  local air quality impacts. 
Air quality effects on property values would therefore be insignificant and were not 
quantified in the economic evaluation (except, as mentioned above, to the extent that the 
noise effects would include air quality effects). 
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7 . 6 . 4  Results of cost-benefit analysis 

A summary o f  the results is presented in Tables 14 and 15. 

Table 14: Net present values ($ millions) 

Alternatives 
Net present value 
at discount rate 7% 

No West East 
la Expressway Expressway 566 
lb Expressway Expressway-toll 292 
2 Expressway Carlingford-Epping 165 
3 Arterial Carlingford-Epping 212 
4 Expressway Base case -6 
5 Arterial Base case 4 

Source: Applied Economics and Maniciis Roberts Consultants (1992) 
Note: The alternative of a tollway in the west and east is discussed in the Addendum. For the case of tolls on 

the ramps to Pennant Hills Road, the net present value and benefit cost ratios would approximate those 
for Alternative lb as there would be an insignificant effect on traffic. 

Table 15: Benefit cost ratios 

Alternatives 
Benefit cost ratio at 
discount rate 7% 

No West East 
la Expressway Expressway 1.81 
lb Expressway Expressway-toll 1.40 
2 Expressway Carlingford-Epping 1.23 
3 Arterial Carlingford-Epping 1.36 
4 Expressway Base case 0.99 
5 Arterial Base case 1.02 

Source: Applied Economics and Manidis Roberts Consultants (1992) 
Note: The alternative of a tollway in the west and east is discussed in the Addendum. For the case of tolls on 

the ramps to Pennant Hills Road, the net present value and benefit cost ratios would approximate those 
for Alternative lb as there would be an insignificant effect on traffic. 
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The salient findings of this assessment are that: 

• At a real discount rate of  7%, alternatives 1-3 have positive net present values and benefit 
cost ratios greater than one. These alternatives are therefore economically viable at this 
discount rate. 

• The expressway alternative, even with a toll, performs better than the alternative of 
upgrading existing roads. Alternative la, which is the expressway along the whole 
length of  the reservation, has a net present value o f  $566 million and a benefit cost ratio 
o f  1.81 at a 7% discount rate. Alternative 3 which is the upgrading o f  existing roads for 
the whole length o f  the study corridor has a net present value o f  $212 million and a 
benefit cost ratio o f  1.36. 

• If a toll were charged on the eastern section (Alternative lb), the net present value and 
benefit cost ratio at a 7% discount rate remain higher than for the upgrading o f  existing 
roads (Alternative 3) (net present value o f  $292 million compared with $212 million and 
benefit cost ratio of  1.40 compared with 1.36). 

• The upgrading of  existing roads for the whole length of  the study corridor (Alternative 3) 
is better than Alternative 2, which is the expressway in the western section linking up 
with an upgraded Carlingford - Epping Road via Pennant Hills Road. 

• Upgrading the corridor to provide an expressway along the western section only has a net 
present value of  -$6 million and a benefit-cost ratio o f  0.99 at 7% discount rate. The 
result is inferior to that o f  a expressway along the whole length o f  the corridor 
(Alternatives l a  and b) and worse than that of  an expressway in the west and an arterial in 
the east (Alternative 3). 

• The upgrading of the study corridor to provide an upgraded arterial in the western section 
without major improvements east of  Pennant Hills Road would result in a net present 
value o f  $4 million and a benefit cost ratio of  1.02. The result is marginal and inferior to 
the following alternatives: 

— An arterial for the whole length of  the corridor. 

— An arterial in the west and an expressway in the east. 

The sensitivity o f  the calculations was tested for different discount rates (4% and 10%), 
population and employment forecasts, value o f  travel time savings, annualisation factor (the 
factor used to convert peak values to annual values), removal o f  busway costs and benefits, 
noise, and an increase in construction costs o f  10%. 

115 



Chapter 7 -  Evaluation of shofflisted alternatives I 
The results o f  the sensitivity analysis are shown in Table 16. 

Table 16: Results of sensitivity analysis 

Altern- 
atives 

Central 
case 

1 2 3 4 5 6 7 8 

Net 7% 4% 10% MSJ Value Annual- No Noise Const- 
present discount discount discount Keys of isation busway effects ruction 
value rate rate rate Young travel factor costs on costs 
(millions) fore- 

casts 
time + 
50% 

1400 and 
benefits 

house- 
holds 

plus 
10% 

A t  7% d i s c o u n t  rate 
la 566 1,382 148 1,053 1054 753 646 564 519 

lb 292 991 -54 884 659 440 324 289 253 
2 165 739 -120 544 485 295 166 170 125 
3 212 734 -49 670 511 334 217 215 181 
4 -6 279 -143 n/a 146 52 9 - -28 
5 4 172 -76 n/a 84 39 16 - -7 

Benefit 
cost ratios 
la 1.81 2.88 1.22 2.51 2.51 2.08 2.06 1.81 1.69 

lb 1.40 2.28 0.92 2.22 1.91 1.61 1.51 1.40 1.33 
2 1.23 1.98 0.82 1.77 1.68 1.42 1.25 1.24 1.17 
3 1.36 2.17 0.91 2.13 1.86 1.56 1.40 1.37 1.29 
4 0.99 1.63 0.64 n/a 1.35 1.12 1.02 - 0.94 
5 1.02 1.72 0.65 n/a 1.37 1.17 1.09 - 0.97 

Source: Applied Economics and Manidis Roberts Consultants (1992) 
Note: Annualisation factor is the factor used to convert peak values to annual values 

T h e  sensitivity analysis does vary the results. However, the ranking o f  alternatives remains 
essentially the same. Alternative l a  is economically viable for all sensitivity tests and also 
always performs the best. 
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7.7 Community response 

A brochure was prepared to describe the alternative transport links and invite public comment. 
Copies were delivered to 76,000 households, businesses and private post boxes in the study 
corridor. The brochure contained a tear-off comment section which included seven specific 
statements and a space for other comments. About 2,750 replies were received. The 
statements and responses are summarised below. A full assessment is contained in the report 
on community consultations by Manidis Roberts (1991a). 

A heavy rail system is not needed in the short or medium term 
86% of  respondents agreed that there is no need in the short or medium term for a heavy rail 
system. Respondents living near railway stations were less in favour o f  a heavy rail line than 
those not served by rail. 14% disagreed, suggesting extensions to the Carlingford line and 
links between Parramatta and Epping or Pennant Hills. 

An exclusive busway should be provided 
88% o f  respondents were in favour of a busway. However, there were many provisos, such 
as the need for frequent services and express buses to the city. It was frequently suggested that 
a busway could allow for upgrading to light rail in the future. 

An upgraded arterial along North Rocks/Barclay Road would not satisfy transport 
needs without unacceptable Impacts on the community 
89% of  respondents agreed with this statement. However, some suggested it be built as a stop- 
gap measure or as a busway. Residents o f  North Rocks, Carlingford and Epping were most 
opposed to this option. Traffic noise, pollution, community impacts and road safety were the 
main reasons for objection. 

A four-lane expressway with a busway extending from Old Windsor Road across 
Pennant Hills Road to the east would be preferred 
91% of  respondents agreed with this statement, using arguments of  efficiency, cost and social 
justice. A frequent suggestion was for six lanes instead o f  four. Many people also stated that 
the road reserve has been set aside and known about for many years. 

A four-lane expressway with a busway extending from Old Windsor Road to Pennant 
Hills Road and then connecting to CarlIngford Road via a widened Pennant Hills 
Road and Carlingford Road would be preferred 
Only 15% of  respondents agreed with this statement. It was frequently stated that widening 
Pennant Hills and Carlingford roads would still result in a bottleneck at Epping Station. 

Should the transport link be built through bushland or through houses ? 
87% o f  respondents favour building through the bush, although a significant proportion of 
people added that impacts should be minimised. 
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Other comments 
While no question was asked about light rail, 20% o f  respondents expressed support for it. 
Other recurrent comments were the urgency of  solving local traffic problems, and the need to 
improve public transport. 

7.8 Low-grade arterial alternative 

It was suggested by a member o f  the Community Consultative Committee that the upgraded 
arterial which was developed for this assessment was too extravagant and that a low-grade 
arterial would provide a better comparison. This would have two lanes o f  traffic along the 
transport reserve west o f  Barclay Road. Barclay Road and North Rocks Road would remain 
four lanes o f  traffic (including buses). The main focus would be on widening the intersections 
along Barclay Road and North Rocks Road so that the capacity of  the intersections matched the 
capacity in the mid-block between the intersections. Although this alternative would cost 
substantially less and have lower effects on land use than Alternative 3, it was not preferred 
because: 

It would exacerbate existing problems along the existing road, in particular, the upgrading 
o f  an 'access dominant' road to a 'movement dominant' road which would create a 
fundamental and undesirable conflict o f  functions. 

• It would perform worse than Alternative 3 in terms of  transport efficiency and safety. As 
Alternative 3 performed worst o f  the three alternatives in terms o f  these criteria, a low- 
grade alternative would have even less merit. 

• It could not incorporate an exclusive busway. Public transport commuters would be 
disadvantaged compared with Alternatives 1-3. There would also be no potential to 
upgrade the busway to a light rail system in the future. 

• Environmental effects would be similar to those of  Alternative 3. 

• Because a median cannot be accommodated in the low grade option, accident rates 
(including pedestrian) would be higher than Alternative 3. It would also be more difficult 
for pedestrians to cross the road. 
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7.9 Conclusions 

The evaluation of  alternatives is summarised in a planning balance sheet in Table 17. 

The following are the findings of  this assessment of  alternatives: 

• 

• 

• 

• 

• 

• 

• 

. 

Alternative 1 (a transport link meeting the expressway east o f  Pennant Hills Road) 
would perform best in terms o f  transport efficiency, safety, land use, community 
severance, reduction o f  traffic on local streets, economic efficiency and fuel savings. 

Alternative 2 (a transport link meeting Carlingford Road) would perform second best in 
terms o f  transport efficiency, safety, community severance, and reduction o f  traffic on 
local streets. 

Alternative 3 (an arterial road meeting Carlingford Road) would perform best in terms of 
environmental impacts. It would have the lowest effects on noise, urban bushland and 
Aboriginal remains, and the lowest potential impacts on erosion, sedimentation and 
water quality. 

Alternatives 1 and 2 would have significant impacts on urban bushland through Darling 
Mills State Forest. Variations to these alternatives are considered in Part H which 
would take more houses and less bushland. 

All alternatives are likely to have significant noise impacts on adjacent residential areas, 
particularly as a result o f  truck traffic during the night. Alternatives 1 and 2 would pass 
through residential areas which currently have low background noise levels. Noise 
effects are therefore likely to be greater for Alternatives 1 and 2 than for Alternative 3. 

Alternative 2 would have the greatest impacts on residential properties followed by 
Alternative 3. 

Alternative 3 would have the worst transport efficiency, safety, impacts on community 
facilities and severance. 

Alternative 3 received little support from the community response to the information 
brochure. 
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Table 17: Comparative planning balance sheet 

EVALUATION CRITERION ALTERNATIVE 1 — 
Expressway directly across 
Pennant Hills Road 

ALTERNATIVE 2 — 
Expressway to Pennant Hills 
Road 

ALTERNATIVE 3 — 
Upgrading existing arterials 

Ttansport effictencY 
Capacity of transport system Highest capacity because of grade 

separated interchanges and limited access 
to local road system; network enhanced 
by new link. 

Lower capacity than Alternative 1 
because of link up with arterial road 
system at Pennant Hills Road with 
ground level signalised intersections and 
many access points to local road system. 

Lower capacity than Alternative 1 or 2 
because of ground level, signalised 
intersections and many access points to 
local road system. 

Public transport Provides an exclusive public transport 
service with improved service for 
commuters. 

Less travel time savings for public 
transport users than Alternative 1 
because of integration with arterial road 
system at Pennant Hills Road. 

Less travel time savings for public 
transport users than Alternatives 1 or 2 
because arterial road system has less 
capacity than expressway. 

Travel time Greatest travel time savings for public 
and private commuters. 

Second best travel time savings for 
public and private commuters. 

Greater travel time savings than base case 
but fewer travel time savings than 
Alternatives 1 or 2. 

Travel distance 

oad! !safety 
Road accidents 

•••••• 

Lowest travel distance savings. 

At least five times fewer road accidents 
because of better traffic flow and less 
traffic conflict points. 

Second best travel distance savings. 

Better than Alternative 3, but worse than 
Alternative 1. 

Highest (best) travel distance savings. 

Safety lower than for expressway 
alternatives but better than base case. 

Risk from transport of materials Best performance Second best performance I Past favoured. 

Social 
Effects on land use Loss of 244 residential properties, 5 

vacant residential lots. Impact on 
playing fields at Baulkham Hills Public 
School , 5 open space areas and 7 
businesses. 

Loss of 316 residential properties and 5 
vacant residential lots. Impact on 
playing fields at Baulkham Hills Public 
School, Mormon temple, 5 open space 
areas and 17 businesses. 

Loss of 263 residential properties. 
Impacts on the Muirfields Golf Course and 
Club House, landscaped areas of North 
Rocks Public School, Deaf and Blind 
Institute, playing fields at Baulkham Hills 
Public School, 6 open space areas and 18 
businesses. 



Table  17: Comparative planning balance sheet 

E V A L U A T I O N  CRITERION ALTERNATIVE 1 — 
Expressway directly across 
Pennant Hills Road 

ALTERNATIVE 2 — 
Expressway to Pennant Hills 
Road. 

ALTERNATIVE 3 — 
Upgrading exist ing arterials 

Community severance There would be localised community 

severance, particularly in the area of 
Windsor Road. However, in general, the 

expressway would result in less 
community severance than the upgrading 
of  arterial roads. 

Same as Alternative 1, plus severance 
effects along Pennant Hills Road. 

Width o f  road and traffic loads would 
significantly increase severance of 

community. 

Visual impact Greatest visual impact because o f  ramps, 
interchanges and elevated carriageways. 

Same visual effects as Alternative 1, plus 
visual effects along Pennant Hills Road. 

Less visual impact because of  fewer ramps 
and elevated carriageways. 

Traffic on local streets Greater reduction in through traffic on 
local streets than the upgraded arterial. 
Opportunities for traffic calming on 
some streets. 

More traffic on local streets than 
Alternative 1, but less than Alternative 
3. 

Less through traffic on local streets than 
the base case, but more than Alternatives 
1 or  2. 

Environmental 
......_...., - 

Noise Noise intrusion into relatively quiet 
residential environment but with 
mitigative measures no residences 
exposed to 'clearly unacceptable' noise 
levels. 

Same effects as Alternative 1. Worst impacts, least possibility for 
mitigation. 

Air quality Minimal impact on regional air quality. Same effects as Alternative 1. Minimal impact on regional air quality. 
Greater impacts on local air quality than 

expressway alternatives. 

Impacts on flora and fauna Considerable impact on quality 
bushland. 

Same effects as Alternative 1. Minimal impact on flora and fauna. 

Aboriginal and European heritage Some areas o f  importance for Aboriginal 
heritage affected. 

Same effects as Alternative 1. No effect on Aboriginal and European 
heritage. 

Erosion Greatest effect because of  earthworks and 
excavations in bushland areas. 

Same effect as Alternative 1. Minimal impacts because road would 
largely follow existing grades. 



Table 17: Comparative planning balance sheet 

EVALUATION CRITERION ALTERNATIVE 1 — 
Expressway directly across 
Pennant Hills Road 

ALTERNATIVE 2 — 
Expressway to Pennant Hills 
Road. 

ALTERNATIVE 3 — 
Upgrading existing arterials 

Sedimentation and water quality Potential impacts on Parramatta 
catchment. 

Same effect as Alternative 1. Potential impacts on Parramatta 
catchment but to a lesser extent than 
Alternatives 1 or 2. 

Energy 16.8 million litres fuel saved per annum. 3.6 million litres fuel saved per annum. 4.3 million litres fuel saved per annum. 
Impacts on utilities and services Less effect than arterial because arterial 

passes through built up areas. 
Same effect as Alternative 1, plus effect 
on utilities on Pennant Hills Road. 

Most utilities are in the footpaths so there 
would be a greater effect on utilities in the 
upgrading of arterial roads. 

-000000 
Acquistion and construction costs. Second best. Best (lowest costs). Worst (highest costs) 
Benefit cost ratio. Best (highest ratio). Second best. Worst (lowest ratio) 
Net present value. Best (highest value). Second best. Worst. 
Internal rate of return. Best (highest). Second best. Worst. 

Note: The comparison was based on the data available at a relatively early stage in the project. Later refinements have resulted in changes to the figures, but the 
data used at the time was comparable for all alternatives. 



Chapter 7 —  Evaluation of shortlisted alternatives I 
For the above reasons, Alternative 3 is eliminated from further evaluation, and Alternatives 1 
and 2 are retained for detailed assessment. 

Alternatives 1 and 2 would follow the same route from Old Windsor Road to Pennant Hills 
Road. At Pennant Hills Road, the two alternatives would differ. In Alternative 1, the 
expressway would extend across Pennant Hills Road whereas in Alternative 2, Pennant Hills 
Road would be widened between the expressway (Mahers Road) and Carlingford Road to 
connect with an upgraded Carlingford-Epping Road to the east. 

Another difference between Alternatives 1 and 2 is that the busway would be within the 
expressway in Alternative 1, whereas in Alternative 2, buses would leave the expressway at 
Barclay Road and travel on the arterial road system. However, the median o f  the expressway 
east o f  Barclay Road in Alternative 2 would be left wide enough to allow the future provision of 
bus lanes or light rail along the full length of the reserve to Pennant Hills Road. 

Alternatives 1 and 2 are described in detail in this environmental impact statement. 
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PART C 
Description of shortlisted 

alternatives 

8 Alternative 1: Transport link crossing 
Pennant Hills Road 

9 Alternative 2: Transport link connecting with 
Caning ford Road 
10 Construction 

11 Costs and funding 
12 Energy consumption 



Part C — Description of shortlisted alternatives 

This environmental impact statement only contains an assessment o f  likely impacts west of 
Pennant Hills Road. To the west of  Pennant Hills Road, Alternatives 1 and 2 are effectively the 
same and, for the purposes of  assessing impacts in this area they have been treated identically. 
The likely impacts at Pennant Hills Road and east o f  Pennant Hills Road are contained in an 
environmental impact statement which has been prepared by Maunsell Pty Ltd. (1992). 

To be most conservative, the likely impacts of  a tolled transport link have been assessed and 
described in detail in this environmental impact statement. Readers wishing to identify the 
specific impacts o f  the proposed toll plazas should refer to the Addendum. 

Part C describes the two alternatives which are retained for detailed assessment. As the 
design, construction and costing o f  the two alternatives differs, they have been discussed 
separately. 

Part D assesses the likely transport and safety impacts o f  the two alternatives, which have 
been treated identically. 

Part E assesses the likely social and economic impacts o f  the two alternatives, which have 
been treated identically. 

Part F assesses the likely environmental impacts o f  the two alternatives, which have been 
treated identically. 

Part G describes the cumulative impact o f  the two alternatives, which have been treated 
identically. 

Part H discusses variations in the alignment between Yale Close and Mahers Road. 

The last two parts of  this environmental impact statement discuss monitoring and auditing and 
the findings, respectively. 
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Chapter 8 —  Alternative 1: Transport link crossing Pennant Hills Road I 
8 ALTERNATIVE 1: 

TRANSPORT LINK 
CROSSING PENNANT HILLS 
ROAD 

The working paper prepared by Snowy Mountains Engineering Corporation Limited (1992) 
describes Alternative 1 link in detail. A summary is presented below. 

8.1 Plan and profile 

The plan and profile o f  Alternative 1 are shown in Figures 27.1-27.10 and described 
below. The road and earthworks are shown in black and the noise barriers in yellow. 

8 .1 .1  The route 

The route would follow the transportation reserve between Old Windsor Road and Vincent 
Street, Baulkham Hills. The reserve was established prior to development occurring in the area 
and is bounded by the rear fences of  industrial and residential properties. 

Construction of  the route between Vincent Street and Windsor Road would require demolition 
o f  a number o f  properties. About half o f  these have been acquired over the years by the Roads 
and Traffic Authority and its predecessor, the Department of  Main Roads. 

East o f  Windsor Road, a number of  properties would also need to be demolished. Some are 
still privately owned. Some grounds of  Baulkham Hills Public School would also be required. 

The proposed route would cross Darling Mills Creek and then follow the existing transportation 
reserve to Barclay Road. This section of  the route contains rugged bushland and includes some 
sites o f  archaeological interest. Darling Mills Creek would be crossed by either a bridge or a 
combined road embankment/dam. The dam would function as a retarding basin to reduce 
existing flooding problems currently being addressed by the upper Parramatta River Catchment 
Trust. At this stage the Roads and Traffic Authority proposes a bridge. However, should the 
Upper Parramatta River Catchment Trust establish that a retarding basin should be provided and 
the necessary impact assessments are satisfactorily undertaken, then the Roads and Traffic 
Authority would incorporate it in the proposal. 
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Chapter 8— Alternative 1: Transport link crossing Pennant Hills Road I 
Between Barclay Road and Yale Close, the route would follow a reserve established prior to the 
adjacent residential development. The back fences of  these residences define the transportation 
reserve. 

Between Yale Close and the western end of  Mahers Road, the route would traverse the Darling 
Mills State Forest. Further to the east, adjacent to Mahers Road (and west o f  Oakes Road) the 
route would pass through a stand o f  blue gums. 

Between Oakes Road and Pennant Hills Road, the original road reserve is partly in Roads and 
Traffic Authority ownership and many of  the houses have been demolished. It is proposed to 
widen the road reserve on the southern side to allow the construction o f  the interchange with 
Pennant Hills Road and to allow the best alignment east of  Pennant Hills Road. 

8 . 1 . 2  Profile 

As shown in Figures 27.1-27.10, the profile o f  the expressway would alternate between 
cut and fill as it crosses ridges and valleys. Artist's impressions are shown in Figures 28.1 - 
28.9. 

The gradient o f  the expressway would vary, but have a maximum grade of  6% near the 
proposed crossing with Pennant Hills Road. 

8 . 1 . 3  Cross-section 

The expressway cross-section was shown earlier in Figure 26. The expressway would be 
about 30 metres wide. It would have two carriageways, each with two lanes for general traffic 
and a combined bicycle and breakdown lane. There would be a busway in the median of  the 
expressway with one lane in each direction, (see Section 8.2). The busway would be 
segregated from the other traffic lanes by concrete kerbs. Access to the busway would be via 
dedicated bus-only ramps. 

A slow vehicle lane would be added to the eastbound carriageway on the steep climb between 
Windsor Road and Hepburn Street where low truck speeds would significantly affect traffic 
flows. Truck speeds on this climb could be lower than 30 km/hr. The lane would be three- 
and-a-half metres wide, with a 2.5 metre shoulder. This would enable safe bicycle access. 
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Figure 28.1 
Artist's impression 

of Alternative 1 
Intersection - Old Windsor Road 

(Toongabbie Creek beyond) 
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Figure 28.2 
Artist's impression 

of Alternative 1 
Langdon Road bridge 

& pedestrian overpass (Gooden Reserve) 
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Figure 28.3a 
Artist's impression 

of Alternative 1 
Cropley Drive bridge in foreground 

(Watkins Road & Windsor Road bridges beyond) 



I 

Figure 28.3b 
Artist's impression 

of Alternative 1 
Future bus stop detail 
(Cropley Drive bridge) 
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Figure 28.4 
Artist's impression 

of Alternative 1 
Windsor Road intersection - looking north 



Figure 28.5 
Artist's impression 

of Alternative 1 
Crossing over Darling Mills Creek 

(Barclay Road bridge in background) 
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Figure 28.6 
Artist's impression 

of Alternative 1 
Barclay Road crossing Expressway 
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Figure 28.7 
Artist's impression 

of Alternative 1 
Royal Deaf & Blind Institute 

(Oakes Road & Pennant Hills Road in background) 
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Figure 28.8 
Artist's impression 

of Alternative 1 
Oakes Road bridge & toll booths 

(east) Pennant Hills Road beyond 
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Chapter 8 —  Alternative !: Transport link crossing Pennant Hills Road 1 
8 . 1 . 4  Interchanges and crossings 

Interchanges are proposed near Old Windsor Road and at Windsor Road and Pennant Hills 
Road. A future interchange with Merelynne Avenue is allowed for, should this road ever be 
extended across Darling Mills Creek. 

A diamond interchange incorporating central bus ramps is proposed for the interchange at 
Windsor Road (see Figure 28.4). 

The interchange with Pennant Hills Road would be more complicated (see Figure 28.9). It 
would have a loop ramp enabling free-running right turns from the north to the west. Earlier 
designs provided conventional signalised right turns from Pennant Hills Road onto the 
expressway. This would not be convenient for the large number of  heavy vehicles expected to 
turn right onto the expressway. If this were a signalised intersection, the stop/start movement 
of  truck traffic would also result in additional local noise effects. 

The loop ramp would have a lower gradient than a conventional ramp, thereby reducing the 
hazard of  trucks overspeeding on a steep gradient. The lower gradient would facilitate the 
provision of toll booths on the entry to the expressway. 

In addition, the following important crossroads would be carried over the expressway on 
bridges: 

• Langdon Road. 
. Cropley Drive. 
• Watkins Road. 
• Barclay Road. 
• Oakes Road. 

8 . 1 . 5  Roads to be closed or altered 

The construction of the expressway within the reserve would necessitate the permanent closure 
of  the following adjacent roads: 

• Vincent Street. 
• Horwood Avenue. 
• Junction Road (at Windsor Road). 
• Canyon Road. 
• Linton Street. 
• Petrina Street. 
. Russell Street. 
• Mahers Road (at Pennant Hills Road). Mahers Road would be retained west o f  Oakes 

Road, with a new connection to Carmen Drive replacing the connection to Oakes Road. 
The effect on Mahers Road would be different for each alignment variation, discussed 
further in Part H. 
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Chapter 8 —  Alternative 1: Transport link crossing Pennant Hills Road I 
Alternative access would be available via the existing street system. An access road would be 
provided to link the severed end of  Petrina Crescent to Linton Street. The intersection of 
Oakland Avenue and Windsor Road would be signalised to assist access into the area east of 
Windsor Road affected by road closures. 

8 . 1 . 6  Pedestrian crossings 

Pedestrian access onto the expressway would be discouraged for safety reasons. However, to 
minimise community severance, pedestrian access across the expressway corridor would be 
available at the following locations: 

• Old Windsor Road — traffic signals. 
• Toongabbie Creek — road bridge. 
• Langdon Road — road bridge. 
• Intersection of  Romulus Street and Junction Road — pedestrian bridge. 
• Cropley Drive — road bridge. 
• Watkins Street — road bridge. 
• Windsor Road — road bridge. 
• Darling Mills Creek — road bridge. 
• Barclay Road — road bridge. 
• Yale Close — pedestrian underpass. 
• Haines Avenue — pedestrian underpass. 
• Oakes Road — road bridge. 
• Pennant Hills Road — road bridge. 

Pedestrian tracks through bushland affected by the expressway would be re-established where 
possible and provision would be made at Yale Close, Haines Avenue and Darling Mills Creek 
for these tracks to cross the expressway and creek. It is anticipated that pedestrian underpasses 
would take the form of  a reinforced concrete arch approximately 3.5 metres high and 9.0 metres 
wide. The pedestrian overpass would be a prestressed concrete plank with an in situ concrete 
deck approximately 1.8 metres wide. Most underpasses would also function as culverts for 
storm flows. 

8 . 1 . 7  Road surface 

The expressway's traffic lanes and road shoulders would be surfaced with open-graded 
asphaltic concrete. This surface has the following advantages over other surfaces when used 
for high speed roads: 

• Open-graded asphalt allows water to percolate down, thereby reducing spray and the 
chance o f  vehicles aquaplaning. It also provides significantly more friction in wet 
weather than other surfaces. 

• Asphalt produces considerably less tyre noise than concrete surfaces because of  its 
smoother surface texture. Open graded asphalt produces slightly less noise than dense- 
graded asphalt because o f  its open nature. 

The open-graded asphalt for the road shoulders would provide an adequate level of  riding 
comfort for cyclists. 

152 



Chapter 8 —  Alternative 1: Transport link crossing Pennant Hills Road 

8 . 1 . 8  Geometric design criteria 

The alignment has been designed to best match the rise and fall of  the land and to take account 
of  special features including bushland and archaeological sites. The geometric design conforms 
with urban freeway standards published by AUSTROADS (formerly NAASRA). The 
following design criteria have been achieved: 

• Design speed of  100 km/hr. This speed provides the best safety performance. A reduced 
design speed would equally serve transport objectives. However, it would not result in 
environmental benefits worth foregoing the better safety performance. 

• Relatively flat grades with a maximum slope of 6%. 
• Minimum curve radii of  500 metres. 
• Traffic lane widths of  3.5 metres. 
• Vertical clearance of 5.3 metres. 

8.2 Toll plazas 

Two separate toll plazas would be located on the west-facing ramps at the Pennant Hills Road 
interchange in order to collect tolls from traffic entering or exiting the transport link. The 
westbound plaza would be located about 300 metres west o f  Pennant Hills Road and the 
eastbound one under Oakes Road bridge, allowing traffic to enter and leave the expressway, 
respectively. 

Each toll plaza would include three toll booths; two automated booths and one manual or 
change-giving booth, connected by an overhead canopy. Each toll facility would extend over 
three traffic lanes and be about seven metres high. Indicator signs and lighting would be 
attached to the overhead canopy. Amenities (such as toilets, tea and money collection facilities) 
would be incorporated into each toll booth facility. 

The toll plazas would also include approach lanes and parking for toll employees. 

8.3 Busway 

A busway would be provided for the full length o f  the transportation link. As initial vehicular 
traffic and public transport patronage are estimated to be lower between Old Windsor Road and 
Windsor Road, the busway may not be initially required west of  Windsor Road. Buses would 
be able to use the expressway over this section and join the busway at Windsor Road. The 
median of  the expressway would be sufficiently wide to incorporate the future busway when it 
is needed. 
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Chapter 8— Alternative 1: Transport link crossing Pennant Hills Road 

There would be several bus stops in the median, including at Winston Hills Shopping Centre, 
Cropley Drive, Barclay Road and Oakes Road. Stops are also proposed on Old Windsor Road, 
Windsor Road, Merelynne Avenue (if constructed), and Pennant Hills Road near the 
interchanges with the expressway. The bus stops at Winston Hills Shopping Centre and 
Croply Drive would be constructed initially with access off the expressway. 

Provision would also be made for dedicated bus-only ramps to enable access to the busway at 
the interchange near Old Windsor Road and at the interchanges at Windsor Road and Pennant 
Hills Road. 

Buses would be given priority (with separate phases in the traffic signal sequence) at the 
interchanges. 

8.4 Bicycle lane 

On the expressway, bicycles would be permitted to use the two-metre wide shoulder outside the 
vehicular lanes. The shoulder would have a similar surface treatment to the adjacent vehicular 
lanes (see Section 8.1.7). 

In accordance with the suggestions contained in the Sydney Bikeplan (Ove Arup, 1990) a 1.5 
metre wide cycle lane would be provided on the left-hand side of  the interchange ramps. 

Where ramps meet the expressway, conflicts between cyclists and motor vehicles would be 
avoided by providing appropriately line-marked crossings of  the ramps for cyclists. Adjacent 
to the proposed climbing lane the shoulder would be 2.5 metres. 

8.5 Traffic calming 

The expressway would reduce traffic volumes on Cook Street, Renown Road, Barclay Road 
and North Rocks Road. This would enable measures to restrict traffic capacity and speeds on 
these roads. Measures could include: 

• Reallocating road space from vehicular lanes to cycle lanes. 
• Providing local bus lanes at signalised intersections. 
• Providing parking. 
• Introducing small roundabouts at appropriate intersections. 
• Providing medians, especially where pedestrian activity is high. 

The decision to implement these measures would be the responsibility o f  Baulkham Hills Shire 
Council, which has jurisdiction over these roads. Further studies and consultation would be 
required before these measures could be implemented. 
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8.6 Noise control measures 

Noise control measures visible from the road would include roadside bathers up to four metres 
high. These would include acoustic walls and/or earth mounds (see Section 19.3). 

8.7 Visual linkages and landscaping 

The expressway's 30 metre width would visually divide the broad landscape and the existing 
neighbourhood. The road design would aim, as much as possible, to preserve existing visual 
linkages or establish new linkages across the expressway. Existing vegetation would be 
protected and new plantings established to conform with either the existing character o f  the 
margins or with an overall design theme developed for the new roadway. 

This visual intrusion would be softened by planting locally-found species at the edges o f  the 
carriageway. This aspect is addressed in detail in Chapter 16. 

8.8 Road services 

8 .8 .1  Lighting 

Lighting is required where road users need to correctly judge potentially hazardous situations 
and react in time to avoid accidents. The number o f  lighting poles would be minimised to 
balance the need for safe lighting and the need to minimise potential collisions with poles. 
Frangible or  slip-base poles would be used wherever possible in locations exposed to traffic. 
These poles break at the base and collapse when struck by a vehicle, thereby reducing injury 
risks for the vehicle's occupants. 

Interchanges would be lit because o f  the hazards associated with crossing and merging traffic. 
Bus stops would also be lit. However, the expressway would not be lit between interchanges 
because measures such as fencing would discourage pedestrians and animals from venturing 
onto it. 

The luminaire type, pedestal spacing and height at the interchanges and ramps would be chosen 
to comply with Australian Standard 1158 Part 1: SAA Public Lighting Code for Category A 
Lighting. 

Lighting would be screened to reduce any impact on adjacent residences. 

8 . 8 . 2  Signs and pavement marking 

Signs and pavement markings would comply with Australian Standard 1742 : SAA Signs and 
the latest Roads and Traffic Authority policy. Directional signs and regulatory signs would 
control route choice and vehicular speeds, while advance warning signs would indicate correct 
lanes for turning movements. The cycleway would be clearly marked by linemarking between 
the shoulder and the vehicular lanes. 
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8 . 8 . 3  Emergency telephones 

In accordance with current Roads and Traffic Authority practice, emergency telephones would 
be provided in pairs at one kilometre intervals along the expressway. 

8.9 Barriers 

A combination o f  New Jersey (or similar) concrete barriers and steel W-beam guard fences 
would be used at the outside edge of  the expressway's vehicular lanes. In general, steel guard 
fences would be used on embankments with steep side slopes and New Jersey barriers in 
excavations in order to reduce verge widths, thereby minimising the amount o f  land required to 
construct the expressway. 

New Jersey barriers may also be used to separate the busway from the vehicular lanes near the 
proposed median bus stops, thereby protecting pedestrians from general traffic. Away from 
these areas, the busway and general traffic lanes would be separated by a conventional concrete 
island, similar to median strips used to separate opposing traffic flows on arterial roads. (In 
this case, the general traffic and the nearest buses would be travelling in the same direction.) 
No barrier is proposed between the lanes on the busway. 

8.1 0 Limits on expressway use 

All the roads constructed under the project would be public roads and the only restrictions 
placed on users would be regarding weight, height and width o f  vehicles. Cyclists and 
pedestrians would be permitted to use the roads. However, pedestrians would be prevented 
from using the expressway. Fencing would be built to discourage access. 

8.11 Stormwater drainage 

At major crossings, bridges would be sized to allow the 1:100 year Annual Exceedance 
Probability flows to pass with minimal flooding upstream. This would mean that flood levels 
adjacent to residential areas upstream of  the expressway would not be affected. Additionally, 
alteration o f  existing stormwater overland flow paths would be avoided where possible. Major 
overland flows would pass beneath the expressway at the following locations: 

• Toongabbie Creek. 
• Toongabbie Creek tributary. 
• Romulus Street. 
• Asquith Avenue. 
• Darling Mills Creek. 
• Rajola Place. 
• Yale Close. 
• Haines Avenue. 
• Mahers Road (east o f  Oakes Road). 
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The expressway would cross Toongabbie Creek and Darling Mills Creek on a bridge. At all 
other locations, the flows would be piped in culverts below the expressway. An alternative to a 
bridge at Darling Mills Creek would be a combined road embankment/dam (see Section 
8.1.1). 

8.12 Fauna crossings 

The road bridges and pedestrian underpasses would enable fauna to move under the 
expressway. An important movement of  fauna is expected to be along Darling Mills Creek. 
Elsewhere, the expressway would generally be located on the edge of  the forest areas. 
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9 ALTERNATIVE 2: 

TRANSPORT LINK 
CONNECTING WITH 
CARLINGFORD ROAD 

A detailed description o f  Alternative 2 is contained in the specialist working paper prepared by 
the Snowy Mountains Engineering Corporation Limited (1992). 

9.1 Plan and profile 

This alternative would follow the same route as Alternative 1 from Old Windsor Road to 
Pennant Hills Road. The plan and profile of  this section are shown in Figures 27.1-27.10. 
The road and earthworks are shown in black and the noise barriers in yellow. The plan and 
profile of  the rest o f  the route are shown in Figures 29.1-29.3 and an artist's impression in 
Figures 30.1-30.3. The typical cross-section is the same as for Alternative 1 (see Figure 
26). Alternative 2 is different from Alternative 1 in the following main ways: 

. Traffic travelling to or  from the expressway would not cross Pennant Hills Road. 
Pennant Hills Road would be widened between the expressway (Mahers Road) and 
Carlingford Road. Vehicles would exit the expressway via an interchange at the corner of 
Mahers Road and travel along Pennant Hills Road to Carlingford Road. 

. Buses would leave the expressway at Barclay Road and merge with the traffic on North 
Rocks Road, rather than follow the expressway for its full length. However, the median 
o f  the expressway east of  Barclay Road would be left wide enough to allow the future 
provision o f  bus lanes or light rail along the full length o f  the reserve. The carriageway 
width at Barclay Road would be the same as for Alternative 1 (see Figure 29.1). There 
would be a combined bus/transit/cycle lane on Pennant Hills Road south of  North Rocks 
Road and along Carlingford Road. 

The suggested traffic calming treatment for North Rocks Road would be modified to 
accommodate the buses. 

In other respects, Alternative 2 would be the same as Alternative 1. 

The proposed changes to Pennant Hills Road are described in Section 9.2. 
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9.2 Pennant Hills Road 

9.2 .1  Road widening 

Widening o f  Pennant Hills Road north o f  Mahers Road is proposed as a separate project 
described in Pennant Hills Road - Environmental Assessment o f  Proposed Widening and 
Reconstruction between Boundary Road and Mahers Road (Connell Wagner, 1990). This 
project is required to complement all alternatives. 

The widening o f  Pennant Hills Road between Mahers Road and Carlingford Road would 
require a row o f  properties to be acquired along the western side of  Pennant Hills Road. 

9 . 2 . 2  Intersections 

The Pennant Hills Road/expressway interchange would incorporate a loop ramp to enable 
vehicles from the north to turn right (to the west) (see Figure 30.1). It would be different 
from Alternative 1 as there would be no need to provide access to and from the east, (see 
Figure 30.3). 

The intersection of  Pennant Hills Road and Carlingford Road would have a 375-metre long 
tunnel to enable traffic movement from Carlingford Road onto Pennant Hills Road. 

The intersection of  Pennant Hills Road and North Rocks Road would comprise a diamond 
interchange with ramps to enable turning movements, (see Figure 30.2). 

9 . 2 . 3  Cross-section 

Pennant Hills Road would consist o f  two carriageways separated by a median with sheltered 
right lanes where necessary. Each carriageway would consist of  three traffic lanes and one 
combined bus/cycle lane (south of  North Rocks Road). 

Because bus lanes are proposed to follow North Rocks Road, bus lanes would not be provided 
on Pennant Hills Road between Mahers Road and North Rocks Road. 

9 . 2 . 4  Noise control 

As discussed in Section 9.2.1 it is proposed to acquire and demolish a row of  properties on 
the western side of  Pennant Hills Road, between Mahers Road and Carlingford Road. This 
would enable the provision of  a continuous noise resistant barrier on this side of  the road along 
the rear boundary of the remaining properties. 

However, on the eastern side o f  the road, where properties have driveway access onto Pennant 
Hills Road, noise control measures would be more difficult to provide. This is because any 
noise resistant barrier would be o f  limited height and require access gates, some o f  which may 
be left open, allowing noise to penetrate. 
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9 . 2 . 5  Road closures 

All existing intersections along Pennant Hills Road would be maintained in their current 
configuration except for Dunrossil Avenue which would become left in/left out only, and 
Woodstock Road which would be closed. 

9 . 2 . 6  Access to Carlingford Court shopping centre 

The existing access from Pennant Hills Road could be relocated to opposite Moseley Street. 
This intersection could be signalised and provision o f  a right turn to the north could be made 
from the shopping centre. At present, this manoeuvre can only be carried out by round-the- 
block movements (see Figure 30.3 and 32). 

The intersection between Rembrandt Street and Carlingford Road, after construction, would 
cater for all traffic movements. At present, right turns from Rembrandt Street are prohibited. 

9 . 2 . 7  Geometric design criteria 

Pennant Hills Road would have the following design criteria: 

• Design speed o f  80 km/hr (60 km/hr in the tunnel). 
• Design grades generally the same as existing grades. 
• Minimum curve radii of  150 m in the tunnel. 
• Traffic lanes 3.5 metres wide. 

9 . 2 . 8  Tunnel services 

The tunnel for the right turn from Carlingford Road to Pennant Hills Road would contain the 
following services and features: 

• Emergency telephones. 
• Fire-fighting equipment such as extinguishers and hose reels. 
• Sensor-activated jet fans to prevent the build-up of smoke and vehicle emissions. 
• A dual power supply for lighting within the tunnel. 
• Fire rating for all structural elements in the tunnel. 
• A drainage system comprising sumps and concrete pipes which would discharge into the 

external road stormwater system. 
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10 CONSTRUCTION 

The construction o f  the proposed link is detailed in the specialist working paper prepared by the 
Snowy Mountains Engineering Corporation Limited (1992). 

10.1 Construction phasing 

The project may be built as a conventional public road or as a private tollway. The staging 
would depend on the finance available under each scenario. The stages outlined below provide 
an indication of  the logical execution of the works. 

The proposals east and west o f  Pennant Hills Road would be managed as one project. 
However, the western section could be opened in two stages, namely: Pennant Hills Road to 
Windsor Road, and Windsor Road to Old Windsor Road. Should funding be constrained, 
further staging could be necessary, such as construction and use o f  one carriageway only in the 
first instance. In any event, it would be proposed to coordinate construction o f  the eastern and 
western sections at Pennant Hills Road. 

It is anticipated that the construction o f  the expressway would be managed by the Roads and 
Traffic Authority or a consortium. The work would be divided into a number o f  contracts 
which would be put out to public tender. 

Typical construction phasing for the two alternatives west of  Pennant Hills Road is described 
below. 

10.1 .1  Alternative 1 : Expressway crossing Pennant Hills Road 

As described below, it is anticipated that the expressway would be built in three overlapping 
phases with a possible construction period of  three years as shown in Figure 31. 

Phase 1 
In Phase 1 a number of  bridge packages would be started. For the longer or  more difficult 
structures the packages would consist of  a single bridge, while several o f  the smaller bridges 
may be constructed as a single package. The following contracts could be let: 

• Contract 1 - Pennant Hills Road interchange. 
• Contract 2 - Windsor Road interchange. 
• Contract 3 - Oaks Road and Barclay Road bridges. 
• Contract 4 - Darling Mills Creek bridge. 
• Contract 5 - Watkins Road, Cropley Drive and Langdon Road bridges. 
• Contract 6 - Toongabbie Creek bridge. 
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Construction periods 

Some earthworks around the bridge sites would be undertaken. Access to bridge sites 
would be defined in the contract documents to minimise environmental disturbance. 

Public utilities would be relocated as far as possible in this phase. 

Phase  2 
Phase 2 would consist o f  the earthworks and drainage works. Completion of  the works in 
Phase 1 would allow contractors access along the expressway alignment to all parts o f  the 
site. However, access onto the site would be limited to suitable locations to help reduce 
damage to suburban roads by construction traffic. 

Public utility relocations would be completed during this phase. 
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Phase 3 
Phase 3 would consist of  construction of  the pavement and other remaining work. Earthworks 
would be staged to allow the pavement contractor to commence work on one section of  the site 
while earthworks are being completed in another. In this way, it would be possible to open the 
expressway to the public in two stages, namely: 

• Windsor Road to Pennant Hills Road. 
• Old Windsor Road to Windsor Road. 

1 0.1 .2 Alternative 2: Expressway linking to Carlingford Road 

The details in Section 10.1.1 would also apply to this alternative. In addition: 

• The works along Pennant Hills Road/Carlingford Road would be included in Phase 1. 

• Phase 2 works along Pennant Hills Road would include both earthworks and drainage in 
combined contracts. 

10.2 Site access and temporary traffic management 

10.2 .1  Bridging 

The bridges at the Windsor Road and Pennant Hills Road interchanges would be constructed in 
two stages, with the initial construction clear of  traffic. 

After completion o f  the first section o f  the bridge, traffic would be redirected onto the new 
bridge allowing the second part o f  the bridge to be constructed. The two sections o f  bridge 
would then be "tied" together. This could be done by a system of  lateral post tensioning and 
grouting which would be carried out before the final surfacing is placed on the structures. 

Other minor bridges crossing the new road would be constructed by first building a deviation to 
carry all traffic around the bridge site. The bridges would then be built without disrupting 
traffic. 

Construction vehicles would be able to access the western abutment o f  the bridge across 
Darling Mills Creek from Russell Street. To provide suitable access, the track may have to pass 
outside the expressway reserve for a short length because of  the steepness of the terrain. To 
avoid unnecessary damage to the forest, access to the eastern abutment would be along the 
proposed expressway alignment from Perry Place, south of  the intersection with Barclay Road. 
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1 0 . 2 . 2  Roadworks 

Alternative 1 
Access to the expressway site for the roadworks contractors would be restricted to minimise 
environmental disturbance. Access would be via public roads, then along the transport link. 
Activity would be limited to one hour outside site working hours. 

Alternative 2 
The reconstruction o f  Pennant Hills Road would be carried out in stages to minimise disruption 
to traffic. The northbound carriageway would be constructed initially with very little effect on 
traffic using the existing road. Traffic would then be diverted onto the new road section while 
the southbound carriageway is constructed over the existing road. 

The cut and cover tunnel at the intersection o f  Pennant Hills and Carlingford roads would be 
constructed after a suitable diversion to the south and west o f  the intersection is constructed. 
This would provide a level o f  service equivalent to current conditions through the intersection. 
A plan o f  the proposed tunnel is shown in Figure 32. 

1 0.3 Construction method 

The road pavement would provide acceptable riding quality with adequate skid resistance and 
low noise generation. It would consist of  a series of  layers with the highest quality materials at 
or near the surface. The purpose o f  the pavement layers is to distribute vehicle wheel loads to 
the naturally occurring material beneath the pavement, called sub-grade. The strength o f  the 
sub-grade has an influence on the depth and strength o f  the pavement layers required. Four 
layers are proposed from bottom to top, these are: Fill, sub-base, base course, and surface 
course. 

Before any construction work commences, all measures required to maintain existing water 
quality downstream o f  the works and to avoid soil erosion would be established. This work 
would be overseen by the State Pollution Control Commission and Department of  Conservation 
and Land Management. 

The site would then be cleared o f  vegetation between the limits o f  the earthworks. The 
vegetation would be chipped for later use as landscape mulch. In some bushland areas, 
retaining walls would be built to limit the extent o f  earthworks and, thereby, minimise the need 
for tree removal. 

In bushland and other treed areas, the road edges would be carefully contained so that existing 
trees would be preserved close to the new construction. Similarly, edges would be contained 
and construction methods arranged so that spill from earthworks would not encroach upon 
bushland slopes. Road construction in these situations would be undertaken within the 
carriageway zone so that interference with edgelines o f  bushland would be minimal. 
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Figure 32 
Plan of tunnel 

near Carlingford Court 

After construction, bushland edges would be carefully re-established. Replanting, where 
required, would be completely harmonious with local plant communities, where possible 
using seed from parent plant material located on site. Mulching would be provided using 
brush chip material obtained from essential clearing operations carried out on site. 

Clearing operations through bushland prior to construction would be done with precision 
as a first step in ensuring retention o f  trees close to the edges o f  the works. 
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Topsoil would be stripped and stockpiled for respreading at the completion o f  the earthworks. 
The excavation o f  cuttings would generally be done by bulldozers using rippers. Ripped 
material would be transported by scraper or truck and compacted in fills by various types of 
compacting rollers. Some blasting may be required. A pre-blast inspection o f  all adjacent 
houses would be carried out and blasting would be closely monitored by the supervising 
engineers. Motor graders would shape the embankment surface. Pavement drainage would 
then be installed before the pavement is constructed. 

The construction of  the expressway would involve the excavation o f  approximately 1,700,000 
m3 of  material, about half o f  which would be used to form the expressway embankments. The 
remainder would be used to: 

Build noise mounds along the expressway alignment to the west and along Old Windsor 
Road. (These would be landscaped wherever possible in areas where no effects on 
bushland would occur.) 

• Flatten batters, where possible, to improve the landscape as recommended in Chapter 
17 but not at the expense of  bushland. 

Any surplus spoil would be removed by trucks to nearby landfills, dumps or construction sites. 

An additional 200,000 m3 o f  excavated material would still be available. This could be used to 
construct a retarding basin at Darling Mills Creek. The feasibility and impacts o f  this proposal 
are being investigated by the Upper Parramatta River Catchment Trust. Should the Trust find it 
necessary and this is supported by the necessary environmental assessments, the Roads and 
Traffic Authority would incorporate it in the proposed transport link. 

The construction specifications would include requirements that the works be kept clean and 
tidy as they proceed, dust suppression measures be undertaken as required, and sedimentation 
basins be cleaned out regularly. All construction equipment would be required to conform with 
noise suppression regulations and disturbed areas would be revegetated immediately after 
completion of  the earthworks. 

A detailed assessment o f  likely erosion and sedimentation effects, together with mitigative 
measures, is presented in Chapter 29. 

The State Pollution Control Commission would be kept informed of  all proposed construction 
measures. 
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1 0.4 Hours of construction 

To ensure that property owners close to the expressway were not adversely affected by the 
construction process, construction activities would be limited to 7.00 am to 5.00 pm, Monday 
to Saturday. 

No work would be permitted on Sundays and public holidays except in special circumstances 
(eg when lane closures on existing roads are necessary). On these occasions, local residents 
likely to be affected would be informed by letter drop prior to work commencing. 

10.5 Construction materials 

Materials would be obtained either from the site as part o f  cut and fill operations required for 
road construction or from existing sources in the metropolitan area. The construction materials 
are described below. 

Fill 
Material excavated during construction of  the road would consist predominantly o f  shale and 
sandstone. This material would be suitable for use as fill. As both expressway alternatives 
considered would result in an excess o f  excavated material, there would be no need to import 
fill material from outside sources. 

Sub-base 
Depending on the quality of  the material excavated, a significant proportion of sub-base material 
could be obtained from within the site (shale and sandstone). A suitable alternative would be to 
import the lower quality dolerite and picrite from the Prospect quarry (Boral/Readymix) or 
volcanic breccia from Hornsby quarry (Readymix). 

Base course 
Some o f  the requirements for base course could be met from materials excavated on site (shale, 
sandstone). This material could be augmented by high quality material from the volcanic 
breccia deposits at the Hornsby quarry (Readymix) and from dolerite and picrite from the 
Prospect quarry (Boral/Readymix). 

Bituminous concrete and concrete 
Coarse aggregate for concrete and bituminous concrete could be obtained from dolerite at 
Prospect quarry (Boral/Readymix) or from river gravel deposits at Peruith Lakes (Boral/Pioneer 
Concrete/Readymix). 

Medium to course gravel sand for concrete and bituminous concrete would be available from 
river gravel deposits at Penrith Lakes (Boral/Pioneer Concrete/Readymix). Fine to medium 
grained sand would be available from deposits on the Kurnell Peninsula, if  required. 

Concrete may be batched off-site and trucked on-site. Asphalt would be batched off-site. 
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10.6 Construction traffic 

10.6.1 Routes 

It is expected that the roads most frequently used by construction traffic would be those trunk 
roads close to the proposed works, namely: 

• Old Windsor Road. 
• Windsor Road. 
• Pennant Hills Road. 
• North Rocks Road. 
• James Ruse Drive. 
• Cumberland Highway. 
• Seven Hills Road. 

A large proportion of  construction traffic associated with the project would consist o f  tipper 
trucks either removing excess excavated spoil or delivering aggregates, gravels, and batched 
concrete and asphalt. In addition, a large number o f  semi-trailers would deliver materials such 
as steel reinforcement, drainage pipes and precast concrete units to the site. 

As discussed in Section 10.5, the main sources of  aggregates and gravels for the project 
would be quarries at Hornsby and Prospect and river gravel deposits at Penrith Lakes. Material 
from Hornsby quarry would be trucked along Pennant Hills Road while material from Prospect 
quarry and Penrith Lakes would be trucked along the Great Western Highway. 

As mentioned in Section 10.3, excavated spoil would be used to build noise mounds and to 
flatten batters. Any surplus spoil would be dumped. Finding suitable areas off site to dump 
excess excavation material would be the responsibility o f  the earthworks contractors. Suitable 
dump sites would be either other projects which have a deficiency o f  fill material or privately 
run dump sites such as that adjacent to Eastern Creek Raceway. It is expected that the excess 
material can be spoiled reasonably close to the construction site. 

Traffic delivering miscellaneous items such as drainage pipes and steel reinforcement to the site 
would have a wide variety o f  origins. The roads most affected by this traffic would be the 
trunk roads close to the site. 

Access points onto the site for construction vehicles would be defined in the contract documents 
to minimise environmental disturbance and damage to local streets. 

As truck movements would occur between 7 am - 5 pm, Monday to Saturday, there would be a 
direct impact on traffic flows, particularly during the peak periods. These impacts are not 
expected to be significant. They are detailed in Chapter 13. 
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1 0 . 6 . 2  Construction vehicles 

Phase 1 - Bridges 
During the construction of  the smaller bridges in Phase 1, the number o f  workers on each site 
could be expected to peak at approximately 40. A peak o f  about 80 could be expected on the 
larger bridges. Each worker could be expected to drive a car  to work and would require 
parking near the bridge on which they are working. Other construction traffic that could be 
expected during Phase 1 would be: 

• Semi-trailers delivering materials such as reinforcement, formwork, gravel and precast 
bridge units. 

• Trucks delivering ready-mixed concrete. 

• Tipper trucks removing excavated material. 

In addition, some vehicles would travel to the site and remain on-site for as long as required. 
These would include: 

• Heavy earthmoving plant (bulldozers, rollers, watercarts etc.) to construct bridge 
foundations and to backfill after the bridges are constructed. 

• Cranes. 

• Road-building equipment (graders, rollers, watercarts etc.) in locations where road 
diversions would be required. 

Phase 2 - Earthworks and drainage 
There would be several entry points to the site in Phase 2. These would be chosen to minimise 
environmental damage by construction traffic. It is expected that at each of  these locations a 
peak of  120 workers would be employed. Each worker could be expected to drive a car to 
work and would require parking nearby. Where practicable, parking would be provided on- 
site, but bushland areas would not be cleared for parking. Other significant construction traffic 
during this phase would consist of: 

• Tipper trucks removing excavated material from the site. 

• Semi-trailers delivering materials such as reinforcement and precast concrete materials. 

• Trucks delivering concrete. 

In addition, some vehicles would travel to the site and remain on-site for as long as required. 
These would include excavators, bulldozers, scrapers, rollers, graders, watercarts, and 
backhoes. 
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Phase 3 - Pavement and miscellaneous construction 
It is anticipated that the peak numbers of  workers required during Phase 3 would be similar to 
those required in Phase 2. Where practicable, parking for workers would be provided on the 
site. Other significant construction traffic during Phase 3 would include: 

• Trucks o f  various sizes delivering materials such as noise walls and landscape supplies. 

• Tipper trucks delivering asphalt and/or concrete materials (depending on the pavement 
construction adopted). 

In addition, some vehicles would travel to the site and remain on-site for as long as required. 
These would include paving machines, rollers and other minor plant items such as backhoes. 

It should be noted that there would be some overlap between Phases 1 and 2 and Phases 2 and 
3. 

1 0.7 Temporary road closures and diversions 

A number o f  streets would need to be temporarily closed or narrowed during the construction 
period. Traffic diversions would be established and new access roads created to accommodate 
traffic. The following roads would be affected by both alternatives: 

• Langdon Street. 
• Cropley Drive. 

Watkins Road. 
Windsor Road. 
Barclay Road. 
Oakes Road. 
Pennant Hills Road. 

The aim of  traffic arrangements during construction would be to retain as much traffic as 
possible on arterial roads. Local streets would not be used for detours except where essential 
for short periods. For example, the placing of  bridge beams could necessitate the closure of  a 
main road. All traffic control plans would be agreed with the responsible local councils. 
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11 COSTS AND FUNDING 

11 .1 Construction costs 
Construction estimates were prepared by the Snowy Mountains Engineering Corporation 
Limited (1992). They have been compiled by measuring and costing the major items of  work 
for each alternative. Rates have been taken from a number of  sources including the Roads and 
Traffic Authority, service authorities and previously constructed projects of  a similar nature. 
During costing, liaison was maintained with Maunsell Pty Ltd to ensure that the cost estimates 
o f  the two adjacent sections o f  the expressway would have a similar basis. All costs are based 
on September 1991 prices. A summary of  the costs is contained in Table 18 below. 

Table 18: Estimated costs (1991 dollars) o f  the proposal 

Alternative 1 
$ m 

Alternative 2 
$ m 

Capital cost o f  road construction 142.80 139.07 
Additional cost o f  busway construction 61.93 54.25 

Design costs 20.47 1933 

Total  construction cost 255.20 212.65 
Cost o f  land acquisition (right of  way) 110.65 108.92 

T O T A L  COST 365.85 321.57 

11.1 .1  Earthworks 

There would be a large excess of  excavated material. In costing its removal, it is assumed that 
fill locations can be found within 10 km of the site of the excavation, either at other construction 
sites which have a deficiency o f  fill material or at privately run dump sites such as that adjacent 
to Eastern Creek Raceway. The costing for earthworks includes: 

• A sum of $2.00/m3 to allow for the cost of dumping spoil at private dump sites. 

• A sum o f  $3.50/m3 to allow for the additional costs o f  blasting (about 20% of  material to 
be excavated would require blasting). 

• Allowances for demolishing houses, clearing bushland, stripping topsoil and removing 
pavement. The rates for earthworks on Windsor Road, Pennant Hills Road and North 
Rocks Road are slightly higher than those in open areas to reflect the additional costs of 
working under traffic. 
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1 1 . 1 . 2  Drainage 

Drainage costs include pipe drainage, major drainage works such as major culverts, 
sedimentation ponds and gross pollutant traps and kerbs. 

1 1 . 1 . 3  Pavement 

Pavement areas have been measured from the drawings and costed according to the depth of 
pavement anticipated. The area of  concrete medians has been measured and the cost included in 
the pavement cost. 

1 1 . 1 . 4  Bridges and structures 

Approximate bridge spans have been determined from the drawings. Structures have been 
costed on a square metre basis using rates for similar work on other projects. Allowances have 
been made for constructing diversion roads required during construction. 

1 1 . 1 . 5  Retaining walls 

It is assumed that retaining walls in fill would be reinforced earth-type walls, while all other 
walls would be cast in situ concrete. 

1 1 . 1 . 6  Noise walls 

The cost o f  noise walls was determined after consultation with acoustical engineers Wilkinson 
Murray Griffiths & Associates. 

1 1 . 1 . 7  Toll plazas 

The costs for toll plazas are based on those for similar projects. 

1 1 . 1 . 8  Landscaping 

Landscaping costs were provided by landscape consultant, Bruce Mackenzie & Associates. 

1 1 . 1 . 9  Other items 

Barriers 
Barrier lengths for the expressway have been measured from the drawings with the following 
assumptions: 

All fills would have steel guardrails. 
All cuts would have New Jersey type barriers. 
The top and bottom of walls would have New Jersey type barriers where applicable. 
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Line-marking and signs 
Line-marking and signage costs have been estimated using rates provided by the Roads and 
Traffic Authority. 

Lighting 
It has been assumed that where roads are to be reconstructed, the existing street lighting would 
be relocated. Costs o f  relocating lighting are included under service relocations. New lighting 
has been estimated separately. 

Signals 
Costs for traffic signals are based on those for similar projects. 

1 1 . 1 . 1 0  Service relocations 

Service relocations for low voltage electricity, water and sewer lines were measured from 
drawings supplied by the relevant authority and cost estimates were based on rates supplied by 
the authority. Costs o f  relocating high voltage electricity lines were provided by the NSW 
Electricity Commission and Prospect Electricity. 

Costs o f  relocating telecommunication lines and gas lines were provided by Telecom and the 
Natural Gas Company, respectively. 

It should be noted that the extent of  service relocations in some areas cannot be determined 
accurately at this stage and assumptions were therefore made. All service authorities that 
provided relocation costs stressed that the prices provided were "ball park" figures only. 

11 .1 .11  Preliminary costs 

A figure o f  approximately 5% of  the construction cost has been added to each estimate to cover 
items such as site establishment, temporary traffic management and temporary erosion control 
measures. 

1 1 . 1 . 1 2  Contingencies 

A contingency sum of 15% has been added to each construction cost estimate to cover quantity 
and rate variations, unmeasured items and anticipated additional items not allowed for 
elsewhere. 

The construction cost estimates for Alternatives 1 and 2 are shown in Table 19. 
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Table 19: Construction costs (1991 dollars) 

Item 
($ mi Ilion) 

Alternative 1 Alternative 2 

Earthworks 20.73 20.73 
Drainage 13.75 12.30 
Pavement 36.94 32.33 
Bridges and structures 35.26 35.26 
Retaining walls 33.07 33.07 
Noise walls 8.14 8.14 
Toll plazas 3.73 0* 
Landscaping 4.60 4.60 
Other items 7.93 7.59 
Service relocations (SMEC) 7.04 7.04 
Preliminaries (5%) 8.39 8.07 
Contingencies (15%) 25.15 24.19 
Sub-total 204.73 193.32 
Design (10% 20.47 19.33 
TOTAL CONSTRUCTION COST 255.20 212.65 

Source: Snowy Mountains Engineering Corporation Limited (1992) 
Note: Alternative 2 would not be tolled, for reasons discussed in the Addendum. 

This breakdown highlights the allocation of  construction costs for environmental components, 
namely landscaping and noise mitigative measures, which collectively represent approximately 
15% of  total construction costs for both alternatives. 

11.2 Property acquisition costs 

The cost of  acquiring the property to enable the construction o f  each o f  the proposed 
alternatives is set out in Table 20. The cost of  past acquisitions has been included because it 
is a cost to the community as a whole. The cost for both alternatives is identical because the 
assessment ends at Gum Tree Close. Different costs would exist at Pennant Hills Road and 
this information is contained in the environmental impact statement prepared by Maunsell Pty 
Ltd (1992). 
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Table 20: Property acquisition costs 

Land use Cost $ millions 
Alternative 1 Alternative 2 

Residential 33.49 31.76 
Open space 72.08 72.08 
Commercial 4.10 4.10 
Special use 0.98 0.98 

TOTAL PROPERTY 
ACQUISITION COST 110.65 108.92 

11.3 Operating and maintenance costs 

The recurring costs required on an annual basis to operate and maintain the two alternatives are 
broadly itemised in Table 21. 

Table 21: Operating and maintenance costs (1991 dollars) 

Component 
Alternative 1 Alternative 2 

($000s) ($000s) 

Roads 
Tunnel 

468,000 

o 
580,000 

included in Maunsell's costs 

Road 468,000  580,000 
Toll plazas 580,000 0 

Source: Snowy Mountains Engineering Corporation Limited (1992) 
Note: Alternative 2 would not be tolled, for reasons discussed in the Addendum. 

11.4 Funding 

From the start, the Roads and Traffic Authority proposed a tollway for the eastern section of the 
transport link. In contrast, the western section, as assessed in this report, was intended to be 
funded as part of  the National Arterial Program. 

During the final planning phase of the proposed transport link, however, funding of  the project 
became uncertain because o f  changes to roadway funding at both the Federal and State level. 
The relevant changes were described in a letter to the Community Consultative Committee from 
the Director of  Sydney Western Region which read: 
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"As you would know f r o m  the most recent Community Consultative Committee 
meeting on 12 December 1991, changes to the State's funding framework have 
meant that a tollway is now to be considered as an option f o r  the ful l  length o f  the 
North West Transport Link, f rom the Lane Cove River to Seven Hills. 

This is an outcome which the RTA has needed to adopt despite the earlier position 
that the western section o f  the route between Pennant Hills Road and Old Windsor 
Road) would be federally funded as a National Arterial. 

The change has resulted from a number o f  developments over the last f e w  months. 

The first was the decision taken at  the special Premiers' Conference to abandon the 
National Arterial Program as part o f  rationalising road administration throughout 
Australia. This means that as f rom June 1993, the State will receive general 
purpose monies not tied directly to road projects such as the North West Transport 
Link. This will place the project in competition with all other road projects in New 
South Wales, making funding less secure. 

The second development has been a very large reduction in the funds available for 
new roadworks in New South Wales. You may be aware, the State Government 
has advised that there will be no new State funded roadworks in 1991-92. The 
position is not expected to improve until the economy strengthens and funds from 
fuel  levies and weight taxes return to previous levels. 

In view o f  the obvious funding difficulties f o r  this project it is proposed to also 
address in the EIS the option o f  a single tollway along the entire expressway length. 
This should improve the total viability o f  a tollway project by both increasing toll 
revenue and secondly by reducing the construction costs through greater efficiency. 
Experience with the F4 and F5 toll roads has shown that road construction can be 
dramatically accelerated when the total project is financed, designed and constructed 
by a single tollway company. The $200 million F4 project is due to open in June 
which is 9 months ahead o f  schedule. The $300 million F5 project is due to be 
completed in December 1992 more than 2 years ahead o f  schedule. 

However, the inclusion o f  the option f o r  the total expressway to be a tollway does 
not indicate that this will finally be the case. The EIS process will require the 
community to consider all options including that o f  no major road improvements. 
However, in view o f  the changed funding structures f o r  roads in N S W  and the 
pressing financial situation it is an option which must be included f o r  public 
consideration. 
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The expressway project also includes an exclusive bus roadway from Old Windsor 
Road to Epping Station. This unique and exciting concept would be the first  new 
public transport development through the North West area. I t  may well be that 
alternative funding possibilities such as special state or federal program will arise to 
assist this part o f  the project. The RTA would, o f  course, move in that direction 
also i f  the opportunity arose. 

I regret that it has been necessary to change the funding strategy during the 
development o f  the EIS. However, you would appreciate that none o f  these 
changes were anticipated and it is important to adapt to present circumstances to 
maximise the opportunity to provide an important transport development f o r  the 
North West area." 

In light of  such funding uncertainties, a private tollway along the entire length of  the proposed 
transport link (between Lane Cove River and Old Windsor Road) has been identified as an 
additional alternative to be addressed during the EIS process. The Addendum to this report 
focuses on the assessment of  providing a toll plaza in the western section (Old Windsor Road to 
Pennant Hills Road). 
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12 ENERGY CONSUMPTION 

12.1 During construction 

During construction, it is estimated that 9.5 million litres of  fuel (distillate) would be consumed. 
Electricity consumption is expected to be minor as it would be limited to that used by site 
offices connected to the local power grid. 

12.2 During operation 

The traffic study found that the project would result in fuel savings due to more direct travel and 
reduced travel times. It is estimated that in the year 2006, 16.8 million litres per annum of  fuel 
would be saved in Alternative 1 and 3.6 million litres per annum of  fuel would be saved in 
Alternative 2 (Denis Johnston and Associates 1991e). These savings would clearly be 
substantially greater than energy used during construction. 
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13 TRANSPORT EFFICIENCY 

This chapter provides a summary of  a detailed traffic and transportation assessment by Denis 
Johnston and Associates (1991a-f). Alternatives 1 and 2 have been treated identically. 

Transport efficiency can be measured in a number of  ways which reflect a range o f  viewpoints 
as follows: 

. Global measures 
— Total travel time on the network. 

— Total energy consumed in the transport task. 

— Redundancy in the road network. 

Modal measures 
— Public transport operations efficiency. 

— Freight service efficiency. 

. Geographic specific measures 
— Intersection performance. 

— Service to specific major land uses. 

These are discussed below. 

13.1 Global measures 
13.1 .1 Total travel time 

The amount of  time required to make the estimated number of  future trips on the road network 
is a measure of  the network's efficiency. These network-wide measures have been derived 
from the network model used in the study. Table 22 shows the values estimated for the base 
case and transport link. Travel time is measured for the two hour morning peak period. The 
road network used in the model covers most of  the Sydney metropolitan area north o f  the 
Parramatta River (see Section 1.2). 
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Table 22: Estimated total travel time in the morning peak period (2006) 

Option Total travel t ime (vehicle hours) 

Base case 
Transport link 

144 089 
136 869 

Source: Denis Johnston & Associates (1991e) 

The data in Table 22 suggest that the full expressway would reduce total travel time by some 
7000 vehicle hours per peak period in the year 2006. This is a reduction o f  about 5% in total 
travel time in the network being analysed. 

3 . 1 . 2  Fuel consumption 

Projected fuel consumption (that is, petrol required to operate vehicles on the network) is 
shown in Table 23. 

Table 23: Fuel consumption in the morning peak period (2006) 

Option Total fuel consumed (1000's o f  litres) 

Base case 
Transport link 

537.4 
523.4 

Source: Denis Johnston & Associates (1991e) 

Fuel consumption depends upon the amount o f  travel (kilometres) as well as the speed of 
travel. These are calculated for each link in the network. The results indicate that the transport 
link would save 14000 litres of  fuel for each daily peak period (a reduction of  approximately 
2.6%). 

1 3 . 1 . 3  Redundancy 

The previous measures indicate the performance of  the network under normal conditions. 
Redundancy is the ability of  the network to operate under conditions where problems on one 
link force traffic to divert to other links. Redundancy cannot be measured quantitatively but it 
can be said with certainty that alternatives which add a new link (rather than upgrade an existing 
road) would offer benefits in situations where accidents, road maintenance or other unusual 
events close or partially close sections of the network. 
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13.2 Modal measures 
13 .2 .1  Public transport operations 

The proposed transport link would include a strategy o f  buses to service existing rail lines for 
the long distance trips while at the same time serving the major destinations and catchments in 
the corridor. The proposed link would include bus priority treatments to service Epping Station 
with optional additional bus lanes to service other destinations east of  the railway line. 

These priority measures would provide significant efficiency gains for the bus operators by 
increasing the achievable operating speeds, reducing conflicts and improving the reliability of 
the travel time. 

The on-street bus services which would continue to operate on arterial roads would also gain 
some benefits from the improved traffic speeds resulting from traffic being diverted to the 
transport link. However, changes in average operating speeds on the arterial roads would be 
relatively minor (in the range of  + 0.5 kph). These changes have therefore not been translated 
to a measure o f  efficiency. Reliability of  service and safer operation would be the most 
important benefits o f  the proposal. 

1 3 . 2 . 2  Freight service efficiency 

Figure 15 in Section 3.6 shows the movement o f  heavy vehicles in the corridor. The 
movement on Pennant Hills Road is one of  the most significant in Sydney. Castle Hill, 
Windsor and Old Windsor roads are also important freight routes in the region. 

The proposed link would provide an additional and more efficient route for truck traffic, with 
considerable benefit to freight traffic and those industries dependent on freight services. 

The proposed link would be part of  the "Orbital Route". When this route is completed, the 
connection of  the National Highway at Liverpool and Hornsby would be improved with further 
benefits to freight traffic. 
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13.3 Geographic specific performance 

13 .3 .1  Intersection performance 

The performance o f  an urban road network is largely controlled by the performance o f  its 
intersections. 

It was found that most o f  the intersections in the transport corridor are operating at or  above the 
desirable limit o f  congestion and that there is very limited capacity for additional traffic volume 
during peak periods. 

Some intersections have very high levels o f  congestion, particularly on Pennant Hills Road. 
(Some o f  the intersections are located north o f  Mahers Road. These are subject to proposed 
reconstruction under a separate project to upgrade Pennant Hills Road - included in the 'base 
case'- and are therefore not assessed in this report. They are included in Table 25, and 
marked*) 

In addition, there are intersections, such as Old Windsor Road/Caroline Chisholm Drive, where 
the geometric layout and phasing of  traffic lights result in high levels of  congestion. Although 
some o f  these intersections could be improved in the short term by relatively minor traffic 
management measures, these measures are not expected to be adequate to cope with longer term 
traffic growth generated in the corridor. 

1 3 . 3 . 2  Impact assessment 

A key criterion in assessing an intersection's performance is its degree of  saturation. Degree of 
saturation is a measure o f  the intersection's congestion level. A general interpretation o f  the 
relationship between degree o f  saturation and intersection performance is shown in Table 24. 

Table 24: Interpretation of intersection operation 

Degree of saturation Explanation of performance 

Less than 0.65 

0.65 - 0.85 

0.85 - 0.95 

Over 0.95 

Below capacity. Good operating conditions, low 
delays. 

Desirable range. Satisfactory operating conditions. 

High range. Increasing congestion and delays. 

Undesirable range. Very high congestion and delays. 

Source: Denis Johnston and Associates (1991e) 
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In Table 25, the performance of  intersections in the transport corridor is compared for existing 
conditions (1991), the base case (2006) and the proposed untolled transport link (2006). 

Table 25: Assessment of intersection performance 

Description o f  intersection Existing 
conditions 

(1991) 

Base case 
(2006) 

Transport link 
(2006) 

Seven Hills / Merindah 0.69 0.65 0.37 

Old Windsor/Abbott 0.63 0.71 0.89 

Old Windsor / Powers / 1.15 1.16 0.93 
Caroline Chisholm 

Windsor / Seven Hills / 0.83 0.95 0.83 
Old Northern 

Windsor / Cook 0.85 0.82 0.85 

Windsor / Junction / Linton 0.80 0.86 0.81 

Barclay / North Rocks 0.80 0.56 0.32 

Castle Hill / Pennant Hills 1.00 0.69 * 0.45* 

Pennant Hills / Aiken 0.80 0.48 * 0.52* 

Pennant Hills / Copeland / Eaton 1.26 0.66 * 0.91* 

Pennant Hills / Carlingford 0.84 0.96 0.82 

Pennant Hills / Marsden 0.85 0.95 0.79 

Source: Denis Johnston and Associates (1991e) 
* Widening at these intersections is included in "base case" assumptions. 

As shown in Table 25, the proposed transport link would improve the performance o f  most 
intersections even though traffic would have increased between 1991 and 2006. 

The improved performance of  the intersections would increase road capacity in an east-west as 
well as a north-south direction. Newman (1990) explains that the reason for this is that "urban 
road networks operate as an array o f  intersections at which capacity is restrained. That is, the 
capacity o f  the intersections determines the amount o f  traffic that can f low in the network; the 
capacity o f  the roads between intersections is greater than the volume o f  traffic that the 
intersections can feed  into them". 
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The proposed link would therefore increase road capacity in all directions served by the 
intersections. An important effect o f  the proposed link would therefore be to increase capacity 
on north-south links such as Pennant Hills Road, Windsor Road and Old Windsor Road in the 
vicinity of  the expressway. The proposed link would therefore contribute to and be compatible 
with future works designed to improve access to Parramatta which is an aim o f  the Department 
o f  Planning's Metropolitan Strategy (1988, 1989). 

The effect o f  a toll on intersection performance would be variable. Some vehicles would 
remain on the existing routes rather than use a new facility. In general, the effect of  a toll 
would be to reduce the change between present and predicted conditions: actual improvements 
in intersection efficiency would be lower and actual deteriorations lower as well. 

1 3 . 3 . 3  Service to specific land uses 

The transport link would substantially improve access to the major commercial centres at 
Epping and Macquarie Park to the east, and Baulkham Hills and Parramatta to the west. It 
would also improve access to the industrial areas around Seven Hills and in the developing 
North West Sector. It would also improve access to Macquarie University. Access to property 
would be from the local road system. This would be connected to the expressway via the 
arterial roads. 
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14 SAFETY 

In this summary o f  the assessment of  the likely impacts o f  the proposal on safety, Alternatives 
1 and 2 have been treated identically. 

14.1 Accidents 

This section provides a summary of  the report on the study area's accident history prepared by 
Denis Johnston & Associates with Stapleton & Hallam (1991d). 

1 4.1 .1 Existing situation 

Accident history 
Accident 'black spots' in the study area are discussed in Section 3.6.2 and shown in Figure 
18. 

According to most recent data 13 road sections in the transport corridor have accident rates 
higher than the New South Wales average o f  1.41 accidents per million vehicle kilometres 
(MVk) (Roads and Traffic Authority, 1987). This is shown in Table 26. 

Near the edge o f  the transport corridor at the intersection o f  Old Windsor Road and the 
Cumberland Highway 17 accidents were recorded in 1990 (see Figure 18). This places this 
intersection in the Roads and Traffic Authority's 'top 100' black spots. 

Table 26 shows that road sections with the worst accident rates are Churchill Drive, two 
sections o f  Pennant Hills Road and the Highs Road/Taylor Street/Aiken Road back route. The 
rate for Churchill Drive is of  concern, given that it is twice the State average. Pennant Hills 
Road is also o f  concern, given the high accident rate combined with large traffic volumes. This 
results in a large number of accidents. 

Low rates on Old Windsor Road and James Ruse Drive reflect the relatively high standard of 
construction of  these sections of  road. The accident rate on James Ruse Drive (0.60 accidents 
per million vehicle kilometres) is less than half the State average, and similar to the rate 
expected of a freeway (Roads and Traffic Authority, 1989a). 
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Table 26: Accident rates for road sections in the transport corridor (1987) 

Rank Road section Accidents 
(MW) 

1. Churchill Drive 2.99 
2. Pennant Hills Road (Carlingford Rd to Castle Hill Rd) 2.41 
3. Highs Rd/Taylor St/Aiken Rd 2.24 
4. Pennant Hills Road (Carlingford Rd to James Ruse Dr) 2.09 
5. Old Northern Road (Showground Rd to Castle Hill Rd) 2.00 
6. Castle Hill Road 1.85 
7. North Rocks Road, Carlingford 1.85 
8. New North Rocks Road 1.81 
9. Junction Road 1.73 
10. Windsor Road 1.70 
11. Showground Road 1.66 
12. Briens Road 1.55 
13. Caroline Chisholm Drive 1.48 

New South Wales average 1.41 
14. Seven Hills Road 1.32 
15. Cook St/Park Rd/Renown Rd/Barclay Rd 1.16 
16. Old Windsor Rd (Toongabbie Creek to Cumberland Hwy) 1.10 
17. North Rocks Road (North Rocks) 1.03 
18. James Ruse Drive 0.63 
19. Old Windsor Road 0.51 

Source: Roads and Traffic Authority (1987) 

1 4.1 .2 Accident severity 

On New South Wales roads, 1.2% o f  accidents results in a fatality while 39% results in an 
injury (Roads and Traffic Authority,  1989b). A s  shown in  Table  27,  the typical severity of 
road accidents in the study area is therefore lower than the State average. Thus, although 
overall accident rates are high, this is partially compensated for by the reduced severity of 
accidents. 
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Table 27: Accident severity in the study area - 1987 to 1989. 

Location o f  accident Fatal 
accidents 

Injury 
accidents 

Total 
accidents 

At intersection 2 (0.2%) 310 (27.4%) 1130 

At mid-block location 6 (0.7%) 254 (30.0%) 848 

TOTAL 8 (0.4%) 564 (28.5%) 1978 

Source: Denis Johnston & Associates (1991d) 

1 4.1 .3 Impact assessment 

Freeways are inherently safer than arterial roads in terms o f  accidents. The Roads and Traffic 
Authority (1987) found that urban freeways have an accident rate o f  39 accidents per 100 
million vehicle kilometres while urban divided roads greater than four lanes have a rate o f  152 
accidents per 100 million vehicle kilometres. Therefore, the high standard o f  the proposed 
transport link would produce accident savings because traffic would be diverted off local roads 
and other arterial roads. 

1 4.1 .4 Accident cost savings 

Accident cost savings for both the eastern and western sections o f  the proposed transport link 
were estimated by Applied Economics and Manidis Roberts Consultants (1992). It was found 
that annual accident cost savings of  $8.12 million would result from building the transport link 
across both the eastern and western sections. 

1 4.1 .5 Conclusion 

It has been found that the proposed transport link would: 

• Reduce the frequency of accidents. 
• Reduce the severity of  accidents. 
• Enable accident cost savings. 
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14.2 Hazardous Goods Transport 

This section provides a summary of  the special report on the transportation of  dangerous goods 
by Riskcorp (1991). 

14 .2 .1  Introduction 

The proposed expressway would be used to transport a large variety o f  materials including 
dangerous goods. The use o f  the expressway for transport o f  dangerous goods has the 
potential for creating a hazardous incident should the dangerous goods be released from their 
containment (tanker, drums etc). An assessment was made to determine the likelihood o f  a 
release o f  dangerous goods and the effect on the public, built and biophysical environment in 
the event o f  a hazardous incident. The effects o f  the hazardous incidents were assessed in 
terms o f  the effect of  a major fire, explosion and release of  toxic substances to the environment, 
including the potential for long-term contamination o f  creeks, waterways and watercourses. 

Major incidents involving dangerous goods are rare. Most incidents involving dangerous 
goods do not result in either the release o f  the hazardous goods from their containment or in 
injury. Petrol is the most frequently carried dangerous good accounting for about 68% of  all 
dangerous goods transported. Petrol is carried in tankers, and it has been reported that spillage 
results from about 50% o f  all road tanker accidents. Overall, only 10% result in fire and not all 
would be a major incident. 

Spillage o f  other materials such as chlorine and liquid petroleum gas are much less likely to 
occur because o f  the lower volume of  transport and the robust design of  the pressure vessels 
used to transport them. It has been reported that the likelihood of  a major liquid petroleum gas 
tank failure following an accident is about one chance in 250. 

The Work Cover Authority has reported that there has never been a fatality as a result o f  the 
release o f  transported dangerous goods following a road accident in New South Wales. 
However, even though the likelihood of  a major incident is low, it is still necessary to maintain 
high standards for dangerous goods transportation and to develop mitigative measures in the 
unlikely event that a major incident occurs. 

1 4 . 2 . 2  Policies regarding transport of dangerous goods 

There is no national legislation covering transport o f  dangerous goods by road in Australia. 
However, the Australian Code for the Transport o f  Dangerous Goods by Road and Rail 
(prepared by a National Advisory Committee on Transport of  Dangerous Goods) has adopted 
comprehensive requirements for the transport o f  dangerous goods. 
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In New South Wales, the transport of  dangerous goods is regulated under the Dangerous 
Goods Act 1975 and the Dangerous Goods Regulation 1978. The New South Wales 
Dangerous Goods Regulation calls for the control o f  hazards and risks, including restrictions 
on quantities carried, and the use o f  codes and standards to ensure the safe transport of 
dangerous goods. Drivers o f  vehicles containing dangerous goods are required to have good 
driving records and special training. They are licensed by the Dangerous Goods Branch o f  the 
Work Cover Authority o f  New South Wales. 

1 4 . 2 . 3  Assessment criteria 

The degree o f  risk and hazards resulting from a major incident involving dangerous goods 
would depend on factors such as the nature o f  the material released, size o f  release and site 
characteristics including population densities and geographical location. 

The level o f  risk within the corridor may be affected by the route alignment passing near a fixed 
installation which handles or stores dangerous goods or from the transportation o f  dangerous 
goods along the route. 

Road design features such as steep grades, crossings, intersections, and exit and egress points 
all have potential to contribute to the level of risk. These factors would influence the likelihood 
o f  an accident. The risk o f  a major accident must be also assessed in terms o f  severity of 
impact that an incident may have on the surrounding environment (public, built and 
biophysical). 

The proximity of  the route to residential areas and a dopt''. -ion density such as 
schools and shopping centres will directly influence the potentiai severity of  impact on the built 
and public environment. Likewise, the proximity of the alignment to sensitive natural areas will 
influence the potential for damage to the biophysical environment. 

The level of  risk for the transport link may be assessed in terms of  the following factors: 

• The volume and type of  dangerous goods likely to be carried on the route and on alternate 
routes. 

• The proximity and extent of  high, permanent ox transient population areas that border the 
route. 

• The design features o f  the road including geometry, exit and egress points and other 
features which may influence the rate o f  accidents on the road at selected sensitive 
locations. 

• The proximity and extent of  environmentally sensitive watercourses or bushland which 
could be affected by a release of dangerous goods following an accident. 

The feasibility of  providing mitigative measures which could reduce the level of  risk or 
minimise the impacts in the event of  an incident. 
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1 4 . 2 . 4  Existing situation 

Most dangerous goods are transported by heavy vehicles (rigid trucks and articulated vehicles). 
A survey o f  ha7ardous materials transport in the study area showed that approximately 2.5% of 
heavy vehicles on Pennant Hills Road, 2.7% on Windsor Road at Baulkham Hills and 2.3% of 
heavy vehicles on Old Windsor Road at Toongabbie carried dangerous goods. These figures 
may reflect the degree o f  industrial development in western Sydney and the fact that Pennant 
Hills Road is part of  the Sydney to Newcastle truck route. 

For comparison purposes an average o f  2.5% o f  heavy vehicles are assumed to carry 
dangerous goods. Table 28 shows the proportion o f  heavy vehicles carrying dangerous 
goods. 

Table 28: Dangerous goods vehicles as a percentage o f  all heavy vehicles 

Vehic le  type %of  total heavy vehicles 

Petrol 1.7 
LPG 0.25 
Chlorine 0.2 
Poisons 0.2 
Other dangerous goods 0.2 

Source: Riskcorp (1991) 

Heavy traffic volumes (which include dangerous goods) have been estimated for major roads in 
the transport corridor (Denis Johnston & Associates 1991e). The data for the base network 
indicate that Pennant Hills Road currently carries a high volume of  heavy vehicles. Other major 
roads in the study area include James Ruse Drive, Briens Road, Old Windsor Road and, to a 
lesser extent, North Rocks Road and Windsor Road. 

Notable features o f  the existing transport situation include the number o f  major roads close to 
sensitive public and built environments. The sensitive public areas include permanent 
residences, commercial areas and schools. Sensitive biophysical areas are less prominent. 

1 4 . 2 . 5  Evaluation of effects 

The proposed link would have a major impact on the pattern o f  heavy vehicle transport in the 
study area. Predicted traffic volumes on Pennant Hills Road south o f  the link would be 
expected to decrease. Also, traffic volumes along other major roads including North Rocks 
Road and Barclay Road would be expected to decrease as a large proportion of  heavy vehicles 
including dangerous goods traffic would divert to the proposed link. 

The effect o f  the tunnel at the Pennant Hills Road/Carlingford intersection is discussed in 
Maunsell Pty Ltd (1992). 
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The likelihood of  an incident involving dangerous goods on a particular road is dependent on 
the road design features and on traffic volumes and accident rates for different classes of  road. 
The major roads within the corridor would include the proposed link, divided roads and 
undivided roads. Roads and Traffic Authority data indicate that the accident rate on urban 
expressways is 39 accidents per 100 million vehicle kilometres (MVk). For urban divided 
roads greater or  equal to four lanes the rate is 152 per MVk, and for undivided roads greater or 
equal to four lanes the rate is 257 per MVk. 

Redistribution o f  dangerous goods traffic would have the effect o f  lowering the risk on existing 
roads and transfering some o f  the risk to the proposed link. The expected accident rate per 
vehicle kilometre on the expressway is much lower than transport via existing roads because the 
proposed link would be constructed with significant inherent safety features, including 
separation from the main sensitive public and built areas; and minimum number o f  curves and 
grades, exit and egress points, and obstructions to traffic flow. These features would minimise 
the risks from accidents on the proposed link. 

Impacts on the biophysical environment are potentially more severe as the proposed link would 
pass through the Darling Mills Creek area. However, owing to the low accident rate expected 
and the ability to implement mitigative measures to minimise the likelihood o f  a toxic spill 
reaching sensitive areas, the risk exposure with the proposed link would be at least comparable 
to the existing situation. 

1 4 . 2 . 6  Mitigative Measures 

In order to mitigate against the effects of  a hazardous incident and to minimise the level of  risk 
to the public and the environment, provision should be made in the final road design for: 

• Collection, drainage and containment of  flammable and toxic spills at environmentally 
sensitive locations, including through bushland and at waterways, to prevent 
contamination in the event o f  liquid spillage. 

• Emergency access and egress from the roadway at selected locations. 

• Immediately informing National Parks and Wildlife Service o f  spills o f  hazardous 
substances during construction and operations where the link runs through bushland 
areas. 

• Informing the State Pollution Control Commission if  contaminated substances are 
uncovered during construction, and disposing o f  the substances in accordance with 
procedures agreed with the State Pollution Control Commission. 
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15 EFFECTS ON 

METROPOLITAN LAND USE 

A special report was prepared by MSJ Keys Young (1992) on the effect of  the proposed link on 
metropolitan land use, with Alternative 1 and 2 being treated identically. The following is a 
summary o f  the findings. 

The transport corridor links Blacktown, which the Department of  Planning has nominated as an 
employment centre, with the employment centres o f  the Lower North Shore. These 
employment centres include Crows Nest - St Leonards, North Sydney, Chatswood and the 
Macquarie Business Park. 

The transport corridor intersects major north-south roads such as Old Windsor Road, Windsor 
Road and Pennant Hills Road. These roads traverse the growing western half of  Sydney and 
provide access to Parramatta city centre which is planned as Sydney's second central business 
district. 

The Main Northern Railway Line intersects the transport corridor at Epping providing public 
transport access to the Sydney central business district and the subregional centres o f  Hornsby 
in the north and Burwood in the south. 

In summarising the findings o f  North American research into the land use outcomes of 
metropolitan transport initiatives, Giurliano (1986) concluded that: 

"Empirical evidence on land use impacts o f  both highway and transit indicates that 
transportation investments do not have a consistent or predictable impact on land use. The 
beltway (a beltway is an urban highway which forms part o f  a ring-road) study found  that 
within the same metropolitan area, some beltway locations experienced significant development 
while others did not. Similarly, land development has occurred near some rail stations but not 
near others. In Atlanta rapid growth has occurred along the East Line, but not along the West 
and South Lines. The evidence clearly shows that land use change does not necessarily follow 
transportation investments, even when the dollar value o f  these investments is large. Rather, 
availability o f  developable land, favourable economic conditions, and local political support 
have been identified as key factors in most studies. These conclusions are not surprising. 
Land use - transportation theory suggests that transportation changes generate conflicting 
location incentives. A transportation improvement has a decentralising incentive f o r  households 
but a centralising incentive f o r  businesses. Centralising businesses, however, create an 
incentive f o r  households to locate closer to the centre. A t  the same time, market-dependent 
f irms must follow the population. A transportation improvement enlarges the market area for 
such firms, allowing greater decentralisation. The inconsistencies observed empirically are 
therefore just what we would expect, given the conflicts in the theory." 
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Giurliano also observed that in cities with highly developed transport systems, even the largest 
investments can only effect minor changes in the general level o f  accessibility within a region. 
Consequently, beyond a certain level o f  development, transport considerations become less 
important than other factors in making land use decisions. 

The eastern parts o f  Sydney have highly developed transport systems, and the land use patterns 
have largely been formed. Investment in the proposed link would therefore result in minor 
changes to the level o f  accessibility in the eastern parts o f  the Sydney region. This would, in 
turn, result in minor encouragement to the continued commercial development of  the Lower 
North Shore and Sydney central business district. 

Conversely, the western parts o f  Sydney have poorly developed transport systems. Land use 
patterns are still being formed and major urban development is planned for the North West 
Sector in the next 20 years. Investment in the proposed link would therefore have a major 
impact on land uses in north-western Sydney. The proposed link would: 

• Support the early start to the development of  the North West Sector. 

. Improve east-west and north-south road capacity and, therefore, accessibility to the 
Parramatta and Blacktown centres. This, in turn, would facilitate the growth of  these 
centres. To  quote Keith Newman (1990): the link "will be an integral part  o f  a road 
network to give good access to Parramatta as well as helping the north-south travel f o r  all 
the new areas in Baulkham Hills Shire and south o f  Hornsby Shire. Pennant Hills Road, 
f o r  example, could not fully achieve its intended function o f  serving Parramatta i f  the 
Castlereagh Freeway were not built, because lack o f  capacity would remain perpetually 
between Carlingford and Pennant Hills". 

• Facilitate the growth o f  the North Ryde industrial area. 

• Improve the growth potential of  Epping commercial centre by reducing congestion at 
Epping. 
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16 LAND USE AND COMMUNITY 
SEVERANCE IMPACTS 

A special report was prepared by Manidis Roberts Consultants (1991c) to assess the likely 
impacts o f  the proposed link on land use and associated activities. The following is a summary 
o f  findings. Alternatives 1 and 2 are treated identically. 

16.1 Existing land use 

Local planning regulations and existing land use in the transport corridor are described below. 

1 6.1 .1 Local planning regulations 

The proposed link is located in Baulkham Hills Shire, between Old Windsor Road and Pennant 
Hills Road. Hornsby Shire lies immediately to the east and Blacktown City to the west. 
Parramatta City lies to the south along Junction Road. 

Baulkham Hills Shire Council's Local Environmental Plan, 1991 regulates land use and zoning 
within the transport corridor. Figure 33 illustrates the existing land use and corresponding 
zoning designations in the transport corridor. As illustrated, the transportation reserve is 
designated as Special Uses 5(b), which permits expansion o f  existing roadways or construction 
o f  roadways without the consent o f  Council. The objective of  this zone is to identify land 
required for existing or proposed roads and to enable acquisition o f  this land. 

Other major nearby zones are listed below. 

Baulkham Hills Shire 
• Residential 2(a) and (b) — medium and low density housing, respectively. 
• General Business 3(a) and Special Business 3(b). 
• Light Industry 4(b). 
• Special Uses 5(a) - community facilities and forestry activities. 
• Open Space 6(a) and (b) — existing or proposed public recreation and private recreation, 

respectively. 

Parramatta City 
• Residential 2(a).— low density housing. 
• Business 3. 
• Special Uses 5(a) — community facilities. 
• Open Space 6(a). 
• Reservation 9(a) — arterial road. 
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1 6.1 .2  State planning regulations 

The proposed transport link would be a proposed 'classified road' or 'toll road' in terms o f  the 
State Roads Act 1986. The zoning of  the land where the proposed link is to be located does not 
prohibit a 'classified road' or a 'toll road', even where it is zoned for purposes other than 
'classified road'. Consequently the State Environmental Planning Policy No. 4 (Amendment 5, 
dated 25 October 1991) applies. 

Section 11C o f  the Policy permits the development to be carried out without development 
consent or  rezoning. However, Section 2 o f  SEPP 4 still requires the RTA to take account of 
any development standards that may apply to the land. Such standards would include those in 
the relevant zoning scheme, which is the Baulkham Hills Local Environmental Plan 1991. 

1 6.1 .3 Land use 

As illustrated in Figure 33, there is development along the entire length of  the transportation 
reserve with the exception of  areas designated as open space. 

Development mainly consists of  residential neighbourhoods with parks, schools, shopping 
facilities and an industrial park. The only major area of  undeveloped land close to the reserve is 
the residentially zoned land north-east of  the Old Windsor/Abbott Road intersection. Table 29 
shows major land uses within and surrounding the transportation reserve. 
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Blacktown City Council 

2 km 

2(a) Residential 

3(a) General business 

4(a) General industrial 

5(a) General special uses 
5(b) Special uses 

(arterial road & arterial 
road widening) 

5(c) Special uses 
(local road & local 
road widening) 

6(a) Open space 
(public recreation) 

• 
Baulkham Hills Shire Council 
2(a) & 2(b) Residential 

3(a) General business 

3(b) Special business 

4(b) Light industry 

5(a) Special uses 
(existing & proposed) 

5(b) Special uses 
(existing & proposed roads) 

6(a) Open space 
(existing & proposed 
public recreation) 

6(b) Open space 
(private recreation) 

Hornsby Shire Council 

2(a) Residential 

3(a) General business 

5(a) Special uses 
(schools, hospitals etc.) 

6(a) Open space 
(existing recreation) 

6(c) Open space 
(private recreation) • Council boundary — — 

Parramatta City Council 
2(a) Residential 'A' zone 

2(b) Residential 'B' zone 

3 Business zone 

4 Industrial zone 

5(a) Special uses zone 

5(b) Special uses (railways) 
zone 

6(a) Open space zone 

6(b) Private open space 
zone 

6(c) Proposed open space 
zone 

9(a) Arterial road reservation 
zone 

9(b) Public transport corridor 
reservation zone 

Figure 33 
Land use and zoning 
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Table 29: Land use in vicinity of transportation reserve 

Land use Location 

Residential 
* Medium density 
* Low density 

Open space and recreation 
* Vacant area of reserve including 

Toongabbie Creek 
* Quarry Creek greenbelt 
* Livingstone Avenue open space 
Baulkham Hills Sportsfield and open space 
Max Ruddock Reserve 
Ixion Park 
First Baulkham Hills Scout Hall 
Baulkham Hills Sporting Club 
Gooden Reserve 
Ted Horwood Reserve 
* Excelsior Reserve 
* Linton/Petrina open space 
* Darling Mills State Forest 
* Bushland on Mahers Road 
* Lisle Court open space 
Oakes Road open space 
Scout and guide halls 
Muirfield Golf Course 
Rifle Range 
Murray Farm Reserve 
Pennant Hills Golf Course 

Community facilities 
* Baulkham Hills Public School 
Our Lady of Lourdes 
Cropley House 
Telecom sub-station 
Winston Hills Public School 
Royal NSW Institute for the Deaf and Blind 
Muirfield High School 
Murray Farm Public School 
Fire Brigade 
Model Farms High School 

Businesses 
Winston Hills Shopping Village 
Baulkham Hills Shopping Centre 
Professional office 
Storefront shops (antique, garden and glass) 
Stegbar Pty Limited 
Baulkham Hills Veterinary Hospital 
Mobil petrol station 
Neighbourhood shops 

Industrial park area 

Shown in Figure 33 as 2 (a) 
Shown in Figure 33 as 2 (b) 

Between Abbott Road and Vincent Street, Baulkham Hills 

Junction Road near Howard Avenue, Baulkham Hills 
Livingstone Avenue, Baulkham Hills 
John Street, Baulkham Hills 
Romulus Street at Junction Road, Winston Hills 
Ixion Street at Junction Road, Winston Hills 
Russell Street at Windsor Road, Baulkham Hills 
Renown Road, Baulkham Hills 
Gooden Drive, Baulkham Hills 
Renown Road at Park Road, Baulkham Hills 
Renown Road, Baulkham Hills 
Petrina Crest, Baulkham Hills 
West of Mahers Road, Baulkham Hills 
Baulkham Hills 
Lisle Court, Baulkham Hills 
Oakes Road, Baulkham Hills 
Haines Avenue, Baulkham Hills 
Barclay Road, North Rocks 
Dale Place, North Rocks 
Murray Farm Road, Baulkham Hills 
Pennant Hills Road, Beecroft 

Russell Street at Windsor Road, Baulkham Hills 
Windsor Road at Oakland Avenue, Baulkham Hills 
Watkins Road, Baulkham Hills 
Russell Street at Windsor Road, Baulkham Hills 
Hilkrest Avenue at Junction Road, Winston Hills 
North Rocks Road at Barclay Road, North Rocks 
Barclay Road, North Rocks 
Tracey Avenue, Carlingford 
Wilshire Avenue, North Rocks 
Gooden Drive, Baulkham Hills 

Langdon Road at Junction Road, Winston Hills 
Windsor Road at Old Northern Road, Baulkham Hills 
Windsor Road at Junction Road, Baulkham Hills 
286-294 Windsor Road, Baulkham Hills 
Windsor Road at Cook Street, Baulkham Hills 
Windsor Road at Charles Street, Baulkham Hills 
Windsor Road at Charles Street, Baulkham Hills 
Carmen Drive at Oakes Road, Baulkham Hills 

Gibbon Road, West Baulkham Hills 
Old Windsor Road at Abbott Road, Parramatta 
Loyalty Road, North Rocks 

Source: Manidis Roberts Consultants (1991c) 
* Development located within or partly within the transportation reserve 
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The following describes development likely to be affected by the link. 

Residential areas 
Residential development is the main land use close to the transportation reserve. Although low 
density detached housing predominates, there is medium density attached and detached housing 
around the Windsor and Junction roads intersection. In general, the homes near the 
transportation reserve are in fair to good condition. 

The low density neighbourhoods adjacent to the reserve are typically developments established 
after gazetting o f  the reserve in 1969. Homes located in these neighbourhoods are oriented 
away from the reserve with backyards abutting the undeveloped and bushland areas of  the 
reserve or separated from the reserve by a roadway. Exceptions are the homes constructed in 
the 1950s which are currently located in the designated reserve area on the northern side of 
Mahers Road and along the eastern end of  Junction Road. 

The medium density neighbourhoods were also established prior to the gazetting of  the reserve 
and are bisected by the transportation reserve. Residences within these neighbourhoods are 
located in the reserve along Junction Road, Livingstone Avenue, Craig Avenue, Watkins Road, 
Horwood Avenue, Vincent Street, Russell Street, Linton Street, Petrina Crescent and Windsor 
Road. 

Open space and recreation areas 
The open space bushland of  Excelsior Reserve, Darling Mills State Forest, and the area 
surrounding the First Baulkham Hills Scout Hall (Linton/Petrina open space) are part o f  a 
regional open space reserve system that consists o f  about 340 hectares. As illustrated in 
Figure 33 this bushland extends along both the southern and eastern branches o f  the Darling 
Mills Creek and contains formal and informal walking tracks and picnic areas. 

Excelsior Reserve consists o f  about 287 hectares and is considered a significant regional 
bushland area providing for a variety of  recreational opportunities. The park is one of  the 10 
largest bushland areas remaining within urbanised catchments of  the greater Sydney basin and 
contains a diverse range o f  vegetation (see Chapter 21). In 1989 a plan of  management 
(Manidis Roberts Consultants, 1989) was prepared for the reserve aimed at restoring and 
protecting the bushland setting. The transportation reserve intersects the park near Barclay 
Road in the area containing the Darling Mills Creek Walking Track. 

Darling Mills State Forest, which is zoned Special Uses (Forestry), consists o f  about 49 
hectares o f  bushland. It adjoins the eastern portion o f  Excelsior Reserve. Activities within the 
forest include conservation and informal recreation. On the southern boundary o f  the forest, a 
fire brigade station is located off Wilshire Avenue. The forest area is described in greater detail 
in Chapter 21. 
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The First Baulkham Hills Scout Hall is a timber structure located in the Linton/Petrina open 
space area at the end of  Russell Street, east o f  Windsor Road. It is used by the Hills District 
Scout Group. 

On the northern side o f  Mahers Road, between Darling Mills State Forest and Oakes Road, the 
transportation reserve consists o f  about three hectares o f  bushland which is a continuation of 
the vegetation within Darling Mills State Forest. Included in this area is a remnant stand of blue 
gum trees. This bushland provides a buffer between existing neighbourhoods to the north and 
south o f  the reserve and is also used for informal access between the neighbourhoods and the 
forest area. To the east o f  Oakes Road, Lisle Court open space extends into the transportation 
reserve. This area consists o f  informal walking tracks connecting Lisle Court to Mahers Road. 

Oakes Road open space is a small neighbourhood park located on the corner of  Oakes Road and 
Carmen Drive. The park is landscaped and provides for informal recreation. 

Between Abbott Road and Vincent Street, the transportation reserve consists o f  about 29 
hectares o f  undeveloped land. This area was set aside during the development o f  the 
surrounding neighbourhoods for future transportation uses. Currently, the area provides an 
informally landscaped buffer between existing developments to the north and south and is used 
for informal recreation, parking and access by local residents. 

The Quarry Creek greenbelt intersects the transportation reserve between Watkins Avenue and 
Horwood Avenue, approximately 750 metres west o f  Windsor Road. This area consists of 
dense vegetation and an informal walking track connecting with Baulkham Hills Sportsfield 
north of  the transportation reserve. 

Schools 
Baulkham Hills Public School is located on the corner o f  Russell Street and Windsor Road. 
The transportation reserve intersects the eastern section o f  the school site on which playing 
fields are located. The school was established before the gazettal of  the reserve. Classrooms 
currently in use were developed after the designation o f  the reserve and are located about 40 
metres from the reserve along Russell Street. 

Our Lady o f  Lourdes School is located on Windsor Road between Oakland Avenue and 
Canyon Road. Classroom and administrative buildings are situated about 60 metres from 
Windsor Road. 

Businesses 
Businesses located in the area likely to be affected by the proposed widening o f  Windsor Road 
and the expressway interchange include the Mobil petrol station, Stegbar Pty Limited, 
Baulkham Hills Veterinary Hospital, a professional office and a group o f  storefront shops 
consisting o f  an antique store, glass shop and garden supply centre. The businesses also 
contain parking and formal landscaped areas, and require direct access from Windsor Road. 

214 



Chapter 16— Land use and community severance impacts 

16.2 Ownership 

The Roads and Traffic Authority and the Department o f  Planning have been acquiring 
properties in the transport reserve since 1969. As at July 1991 the Roads and Traffic Authority 
owned 66%, the Department o f  Planning 10%, other government departments 19%, and private 
owners 5%. Of  the residential properties within the reserve, the Roads and Traffic Authority 
owns about 67%. Outside the reservation the corridor is predominantly in private ownership 
apart from roads and public facilities. 

1 6.3 Impact assessment 

The proposed link generally involves the conversion of  undeveloped land, open space bushland 
and residential properties to an expressway. The likely impacts on land use are assessed 
below. 

16.3 .1  Impacts on local planning 

As the Baulkham Hills local environmental plan designates the transportation reserve for 
roadway uses, development o f  the expressway within the reserve would be consistent with and 
support the environmental planning aims and objectives o f  this zone. The displacement of 
housing and loss o f  bushland open space have been taken into account in the local 
environmental plan. The construction of  the proposed link in the reserve would not require 
Council consent. 

As discussed earlier, under the State Environmental Planning Policy No. 4, additional 
residential, business and open space lands required outside of  the reserve would not need to be 
rezoned by Council and the construction of  the proposed link in such areas would not require 
Council consent. 

1 6 . 3 . 2  Land use 

As shown in Figures  34.1-34.9, the proposed link would directly and indirectly affect 
existing land uses within and adjacent to the transportation reserve and Windsor Road. Table 
30 provides a list of  properties that would be directly affected. 
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Land previously identified for road purposes 
and required for this project 

Additional land required for this alternative 
Residual land (full acquisition is proposed where buildings are 
affected). These residues have the potential to be rezoned and 
redeveloped in conjunction with council planning 
Properties eligible for special acquisition 

Figure 34.1 
Land required for the 
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Chapter 16— Land use and community severance impacts I 
Table 30: Direct land use impacts 

Land use Properties/hectares affected 
Residential 

• Total acquisition 135 
• Partial acquisition 72 
• Vacant property (total acquisition) 12 
Total properties 219 

Open space 
• Excelsior Reserve 8.53 

• Darling Mills State Forest 8.30 

• Linton/Petrina open space 0.66 

• Quarry Creek greenbelt 0.17 

• Bushland on Mahers Road 3.00 

• Lisle Court open space on Mahers Road 0.30 

• Oakes Road open space 0.10 

• Reserve between Abbott Road and Vincent Street 
(includes 8.75 hectares of land adjacent to reserve) 

18.30 

Total hectares 39.36 

Community facilities 

• Baulkham Hills Public School 1 ha 

• Our Lady of Lourdes School frontage 
Total properties 2 

Businesses on Windsor Road 
• Total acquisition 5 

• Partial acquisition 2 

• Vacant property (partial acquisition) 1 
Total properties 8 

Source: Manidis Roberts Consultants (1991c) 

In addition to the above direct impacts, adjacent land uses would be affected by both short-term 
construction impacts and long-term increases in noise, traffic, air pollutants and visual 
intrusions. The following sections discuss the impacts on existing land uses in more detail. 
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Impacts on residential areas 
The proposed link would directly affect 219 residential properties within the transportation 
reserve and in the general area of  proposed interchanges at Old Windsor Road and Windsor 
Road. O f  these, 147 would need to be totally acquired and 72 partially acquired. Acquisition 
would mainly occur on Abbott Road, the northern side o f  Junction Road from Vincent Street to 
Windsor Road, Linton -Street, Petrina Crescent, Russell Street, Mahers Road between Oakes 
Road and Pennant Hills Road, and along Windsor Road. 

These adverse impacts would be significant, despite Roads and Traffic Authority land 
acquisition policies and mitigative measures to compensate affected property owners to cover 
property value, and various relocation expenses (see Section 15.4). This is because o f  the 
emotional trauma associated with relocation which cannot be compensated for monetarily. 

The lighting for the proposed toll plaza under the bridge at Oakes Road would affect the 
backyards o f  about 12 homes along Westmore Drive. However, the level o f  light on the 
properties would be considered low (equivalent to moonlight) and therefore the effect o f  the 
lighting on residences would not be considered significant. 

The proposed link would also have indirect impacts on nearby residents, particularly those 
living adjacent to bushland or open space. These impacts would be caused by visual 
obstructions and increases in noise and air pollution. These impacts are assessed in detail in 
Chapters 17, 19 and 20. 

Impacts on open space and recreation areas 
The proposed link would directly affect the open space bushland and undeveloped areas of  the 
transportation reserve. In addition, the amenity of  the nearby open space areas and recreation 
facilities would be indirectly affected. 

The proposed link would require the acquisition and conversion of  the following open space 
bushland areas to an expressway: 

• 8.53 hectares of  Excelsior Reserve, including Darling Mills Creek Walking Track. 
• 8.30 hectares o f  Darling Mills State Forest. 
• 0.66 hectares surrounding the First Baulkham Hills Scout Hall. (The hall itself would 

not be directly affected, and a new access from Linton Street would be provided.) 
• 3.3 hectares on Mahers Road, including the remnant stand of  Sydney blue gums and a 

portion o f  Lisle Court open space. 

The conversion o f  existing bushland open space to a transportation link represents a significant 
adverse impact. This is because the area available for bushland open space and associated 
recreational activities is restricted by increasing urban development. In addition to these direct 
impacts, the expressway's noise and visual intrusion would substantially alter the attributes of 
these areas. 
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The proposed access to remaining homes along Mahers Road would directly affect about 0.1 
hectares o f  Oakes Road open space. This loss o f  parkland would be offset by developing 
adjacent residual land as part of  the park. 

The proposed link would also require construction on about 18.3 hectares o f  undeveloped land 
within the transport reserve area, between Abbott Road and Vincent Street. Gooden Reserve 
(on the corner o f  Gooden Drive and Kanili Avenue) would lose informal pedestrian and 
vehicular access from Junction Road. Parking would be restricted to Gooden Reserve's car 
park or to nearby streets. Vehicular access to the Reserve would be via Kanili Avenue, while 
pedestrian access would be via a proposed pedestrian overpass from Junction Road. The use 
o f  0.17 hectares o f  the Quarry Creek greenbelt for the proposed link would also result in the 
loss o f  informal access along the creek to Baulkham Hills Sportsfield. However, pedestrian 
access would be available along Watkins Street, about 150 metres to the west. 

The loss o f  informal recreation opportunities, parking and access in this area o f  the 
transportation reserve would not represent a significant impact. This is because there would 
remain considerable recreational opportunities and formal parking throughout the area, and a 
pedestrian access is proposed via an exclusive pedestrian overpass to Gooden Reserve from 
Junction Road and along each of the proposed vehicular overpasses. 

In addition to these direct impacts on open space, users o f  Gooden Reserve, Max Ruddock 
Reserve, Toongabbie Creek open space, and Ixion Park would be indirectly affected by visual 
intrusions, increased noise and air pollution. These issues are discussed in greater detail in 
Chapters 17, 19 and 20. 

impacts on community facilities 
The proposed link would affect Baulkham Hills Public School located on the north-eastern 
corner o f  Russell Street and Windsor Road. It would require the acquisition o f  about 1 hectare 
of  the School's playing fields and informal recreation area and eliminate access to the car park 
located off Linton Street. This could be offset by providing alternative playing fields (to be 
resolved with the Department of Education) and access to the car park from Russell Street. 

The widening of  Windsor Road for the proposed interchange would take about five metres of 
landscaped frontage from Our Lady o f  Lourdes School. Provided a safety program were 
implemented during construction near the school, there would not be a significant impact. 

The displacement of  residents from housing acquired to construct the proposed link would not 
significantly affect student enrolment at any o f  the local schools due to the relatively small 
number o f  students displaced. 
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Impacts on businesses 
The proposed link would directly affect businesses along Windsor Road. Businesses requiring 
total acquisition and relocation include a professional office, storefront shops (including 
recycling bin), and Stegbar Pty Limited. These businesses are currently located on a major 
thoroughfare which provides for high advertising visibility which contributes to their economic 
viability. Part o f  the frontage o f  the Bau&ham Hills Veterinary Hospital and the Mobil petrol 
station would also need to be acquired. 

These impacts on businesses would be significant. Existing Roads and Traffic Authority land 
acquisition policies and mitigative measures described in Section 15.4 would compensate 
affected property owners for property value, personal hardship, and the various expenses 
associated with relocation. 

In addition to these direct impacts, the other businesses near the reserve would be indirectly 
affected by short-term disruptions during construction such as traffic delays and access 
restrictions. Potential impacts on business activity are discussed in Chapter 18. 

Impact on light industry 
The proposed link would not directly affect the light industrial area located on Gibbons Road. 
From a land use perspective, the proposed link would be compatible with the existing light 
industrial land uses. 

1 6 . 3 . 3  Mitigative measures 

It is recommended that the proposed link would require the acquisition o f  several directly 
affected properties and, possibly, some indirectly affected properties. The relevant Roads and 
Traffic Authority Land Acquisition Policy is summarised below, together with other mitigative 
measures which would need to be implemented as part o f  the project to minimise adverse 
environmental effects. 

• Where a whole property is required for acquisition, the Roads and Traffic Authority 
would purchase the property at its market value. The purchase price would be negotiated 
with the landowner to establish a value satisfactory to both parties. 

• In addition to the market value purchase price, the Roads and Traffic Authority would 
allow for associated relocation expenses (eg. removal costs, legal fees, stamp duty on the 
replacement costs and out o f  pocket expenses). 

• Where a property zoned Residential 2(a) or (b) shares a boundary with the required road 
reserve boundary or is separated from that boundary by a narrow low-traffic road (such 
as Mahers Road or Junction Road), the owner may sell the whole property to the Roads 
and Traffic Authority. These are the properties shown on Figures 34.1-34.9 as 
eligible for special acquisition. 
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• Where partial acquisition o f  a property is necessary, the Roads and Traffic Authority 
would purchase the affected portion o f  a property, or the whole property when requested 
by the owner. For partial acquisitions, the Roads and Traffic Authority would be 
responsible for the reconstruction o f  fences, retaining walls, and driveways to a standard 
similar to that existing as well as the relocation o f  services (eg. gas, water, etc). The 
location, design and construction o f  such alterations would be negotiated to suit the 
landowner while the cost would be covered by the Roads and Traffic Authority. 
Allowance for any improvements, gardens or  trees lost as a result o f  the partial 
acquisition would be added to the value of  the land taken. 

• Where properties have been acquired by the Roads and Traffic Authority, but only a 
portion o f  the property has been affected, the Roads and Traffic Authority would resell 
the property. 

• In cases where the Roads and Traffic Authority has purchased two or more adjoining 
properties, it is possible that a consolidated site may be suitable for redevelopment. The 
Roads and Traffic Authority would investigate the possibility of  redevelopment subject to 
rezoning approval by the relevant council. 

• The Darling Mills Creek Walking Track within Excelsior Reserve would need to be 
maintained during construction through the provision o f  temporary access. 

• The playing fields at Baulkham Hills Public School would be needed for the project. The 
Roads and Traffic Authority would need to acquire them from the Department of 
Education. Negotiation would need to be undertaken to purchase suitable nearby land for 
conversion to fields. 

A safety program would need to be established to inform students o f  Baulkham Hills 
Public School, Our Lady o f  Lourdes and Winston Hills School about the dangers of  the 
construction zones and provide information on safe access routes. In addition, a bus 
service would need to be considered to take students to and from these schools while 
construction affects their access. Direct impacts on Our Lady o f  Lourdes School would 
be prevented if  Windsor Road were widened on the western side only. This would need 
to be considered during the detail design stage. 

The Roads and Traffic Authority would need to assist in achieving the stated objectives of 
the Excelsior Reserve Plan of  Management. Assistance could include the development of 
management plans or contributions to work needed to be undertaken, particularly in the 
transport reserve. 

The portion of  Oakes Road open space required for access to Mahers Road would need to 
be replaced with adjacent residual land. This residual land would be developed for park 
purposes. 
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16.4 Community severance 
Community severance is the long-term division o f  an existing neighbourhood structure and/or 
the separation o f  residents from facilities and services they use within the community, as a 
result o f  changes in road patterns and traffic levels. 

1 6 .4 .1  Neighbourhood structure 

Along the majority o f  the proposed route, the neighbourhood structure is physically separated 
to the north and south o f  the existing reserve. The construction o f  the proposed link would not 
directly affect the neighbourhood structure of  these areas. The only exceptions would be the 
neighbourhoods located along Junction Road, Russell Street, Linton Street, Petrina Crescent 
and Mahers Road which extend to the north and south o f  the reserve. The proposed link would 
divide these neighbourhoods. This severance would be a significant adverse impact. 

The neighbourhoods currently impacted by high levels o f  through traffic, particularly those 
along Junction Road, Caroline Chisholm Drive, Cook Street, Barclay Road, and North Rocks 
Road would experience a reduction in traffic allowing for traffic calming and a more cohesive 
neighbourhood structure. 

1 6 . 4 . 2  Access 

North-south access across the transportation reserve, between Old Windsor Road and Windsor 
Road, is currently provided by Langdon Road, Cropley Drive, Vincent Street, Watkins Road, 
Horwood Avenue and Windsor Road. In addition, informal walking tracks located within the 
reserve connect Gooden Reserve, Max Ruddock Reserve and residential areas to the north of 
the reserve with Ixion Park, Winston Hills Public School and the Quarry Creek greenbelt to the 
south. 

North-south access across the transportation reserve between Windsor Road and Pennant Hills 
Road is provided by Linton Street, Canyon Road, Petrina Crescent, Barclay Road, Oakes Road 
and Pennant Hills Road. Formal walking tracks are located in Excelsior Reserve. Informal 
tracks are located throughout the reserve's open space bushland areas and in the open space 
areas along Mahers Road. 

The proposed link would result in the closure o f  vehicular and pedestrian access to Vincent 
Street and Horwood Avenue from Junction Road, and Canyon Road and Linton Street from 
Windsor Road. In addition, Russell Street and Junction Road at Windsor Road would be 
closed to vehicles, Petrina Crescent would be converted to a cul-de-sac, and Mahers Road 
(from Pennant Hills Road to west of  Oakes Road) would be subsumed by the transport link. 
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To maintain community access to neighbouring areas and facilities, it is recommended that 
vehicular and pedestrian overpasses be provided at L a n d o n  Road, Cropley Drive, Watkins 
Road, Windsor Road, Barclay Road, Oakes Road and Pennant Hills Road. In addition, 
informal walking tracks throughout the reserve would be replaced by the abovementioned 
overpasses and combined drainage/pedestrian crossings would need to be provided at 
Toongabbie Creek, Darling Mills Creek, Yale Close and Haines Avenue. A pedestrian 
overpass is proposed linking Gooden Reserve and Winston Hills Shopping Centre. 

The changes to the local roads would have the following impacts on access: 

• The closure o f  Vincent Street would require residents to access the area via Watkins 
Road. 

• The closure of  Horwood Avenue would require residents to access the neighbourhood 
from Windsor Road via Torrs Street. 

• The closure of  Canyon Road and Linton Street would require residents to use Oakland 
Avenue and Forest Road. Canyon Road/Windsor Road would be signalised to facilitate 
access. 

• The closure of  Petrina Crescent would require residents to access remaining homes from 
Linton Street. 

• The change to Mahers Road would require residents to access remaining homes from 
Carmen Drive. 

As these alternative routes are very close to existing access routes, the stated road closures do 
not represent significant severance impacts. 

With the exception o f  the abovementioned road closures and the replacement o f  informal 
walking tracks, the existing access patterns to residential, commercial, recreational and 
educational facilities both north and south of  the expressway would be maintained. 

Temporary construction impacts on access are discussed in Chapter 10. 
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1 6 . 4 . 3  Mitigative measures 

To mitigate the above impacts it is recommended that: 

• Pedestrian access be provided at Toongabbie Creek, Gooden Reserve near Junction 
Road, Darling Mills Creek, Yale Close, Haines Avenue and along each o f  the proposed 
vehicular overcrossings. In addition, a pedestrian access system leading to the proposed 
bus stops within the reserve would be provided to enable bus passengers safe and 
convenient access from surrounding communities 

• Where road closures are necessary, the Roads and Traffic Authority establish landscaped 
areas, where practicable, for neighbourhood use in conjunction with the local council. 

Traffic control measures be implemented during the construction period. The aim of  the 
traffic measures would be to retain as much traffic as possible on arterial roads. All 
traffic control plans would be agreed with responsible local councils. 
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17 IMPACTS ON VISUAL 

QUALITY 

The proposal's likely visual impacts were assessed in detail in a special report by Bruce 
Mackenzie & Associates (1991). A summary of  findings is presented below and Alternatives 1 
and 2 are treated identically. 

17.1 Existing conditions 

17 .1 .1  Landform 

Within the study area, elevated plateaus and flattened ridges contrast with entrenched valley 
systems. The distinctive relationships o f  ridge and valley formations reduce progressively west 
o f  Windsor Road where shale soils and undulating country predominate. The physically 
spectacular Hawkesbury Sandstone environment with its steep slopes, rocky streambeds and 
outcrops, terminates fairly abruptly in the Darling Mills Creek system just east o f  Windsor 
Road. 

1 7 . 1 . 2  Land development characteristics 

The combination o f  clearing for rural use and subsequent replacement with residential 
development has left the land largely devoid o f  natural vegetation except in the rugged 
sandstone valleys and, to a lesser extent, along parts of  the valley floor o f  Toongabbie Creek. 

The transport reserve is distinguished by its association in part with the bushland qualities and 
somewhat wild character of  the Darling Mills Creek environment. West o f  Windsor Road, 
where residential development is gradually infilling the land within the open network of 
suburban roads, the reservation exists to a large extent as a corridor of  clear grassland with 
sparsely occurring tree groups and individual specimens. 

Residential environments are generally peaceful and attractive without especially significant 
features, except for those with bushland views. However, the visual quality o f  some 
developed areas is adversely affected by the presence o f  existing traffic streams on major roads. 
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1 7.2 Vegetation and land units 

The study area is divided into two broad land units on the basis o f  geology and topography: 

• The hilly and gently undulating lands on Wianarnatta Shales. This unit has clay soils and 
remnants o f  native vegetation including stands o f  Eucalyptus saligna (Sydney blue gum) 
and Eucalyptus tereticornis. The Eucalyptus saligna association is o f  greatest 
conservation value as only 100 hectares remain in the Sydney region. 

• The deep gorge and plateau lands o f  the Hawkesbury Sandstone near the Darling Mills 
Creek and its tributaries. This unit has two soil associations (Hammondville and 
Hawkesbury) and substantial tracts o f  natural vegetation, largely within the Darling Mills 
Creek system. The natural vegetation associations in this unit are generally well 
represented in conservation reserves. 

Vegetation is described and assessed in detail in Chapter 21. 

17.3 Bushland values 

From many vantage points around its perimeter, the valley o f  the Darling Mills Creek provides 
extensive and seemingly uninterrupted views o f  an apparently wild valley. These visual and 
'wilderness' experience values are important within the overall urban setting. Bushland in 
urban areas has many qualities which relate to aesthetic and visual values. The survival of  such 
qualities in urban areas gives Sydney a certain distinction in a world where cities with such 
natural attributes are rare. The bushland has positive visual and lifestyle qualities for people 
generally, whether or not their homes are situated close to the bush. 

17.4 Visual impacts of the proposed transport link 

The construction of  a major transport link through existing developed and open space areas 
would have a significant impact, at least in the short term. Initial impacts could be 
progressively modified over time, through screen planting and land use changes. Where 
important and irreplaceable qualities are reduced in value or destroyed, such as in the case of 
special or  high quality natural environments, the long-term negative effect would be 
irreversible. 

17 .4 .1  Impacts on various road sections 

The following discussion o f  likely impacts should be read in conjunction with cross-section 
diagrams shown in Figures 35.1 - 35.3. In the discussion, the proposed link is assessed 
from west to east in terms o f  a series o f  sections. 
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Old Windsor Road to Lambert Crescent 
At Old Windsor Road, houses remaining after construction o f  the intersection would have 
views largely o f  extensive screen planting on broad earth mounds. Houses close to Old 
Windsor Road would have views o f  the bridge over Toongabbie Creek and noise walls. Views 
from the transport link would include earth mounds, existing and proposed forest planting, and 
noise walls. (Because o f  the flat to moderately undulating land, viewpoints generally would 
not change beyond the first line of  houses.) 

Further east, existing views would be abruptly shortened to planted edges o f  the link with noise 
walls either wholly or partly screened by planting. Where the link is in cut, the view would be 
o f  screening plants and less prominent noise walls. 

Where the link would be in deep cut, it would be out o f  sight from its margins. The deep cut 
would be profiled to provide mass planting where possible. Noise walls would be integrated 
with the planting scheme. 

At Lambert Crescent, the link would be in light cut. The view from adjacent houses in Lambert 
Street would be o f  earth mounds and noise walls. Noise walls would be screened by plants. 
Trees would also be planted between the road edge and the adjoining shopping centre. 

Junction Road (east of Gooden Reserve) 
The link, in light cut, would be mostly out of  sight from adjacent houses in Junction Road, 
even though the road formation would go fairly close to Junction Road at this point. Earth 
mounds, noise walls and planting would be installed against rear (northern) property 
boundaries. Noise walls would be screened by plants. 

Junction Road (at Gordonia Grove) 
The link would be in deep cut. The depth o f  cut would obscure views o f  the link from 
properties off Gordonia Grove to the north and Junction Road to the south. 

After leaving the deep cut, the link would be built on a high fill up to 10 metres high, with 
dense screening plants on each side. The view towards the link from houses on the northern 
side and from Junction Road to the south would be o f  vegetation screening high retaining 
walls. The carriageway's road pavement would not be visible. At Windsor Road, the view 
towards new edgelines would be of  noise walls, limited screening and a potentially harsh visual 
boundary. 

Windsor Road/Darling Mills Creek to Hepburn Road 
Between Windsor Road and Darling Mills Creek, houses on the southern side o f  the link would 
lose their views over the valley and, instead, generally look onto the noise wall. Towards the 
valley, the bridge approaches would be retained by edge walls built alongside bushland and 
t ee s .  Noise walls would be built on these retaining walls. New heavy planting would partly 
obscure or  soften the view o f  the link, its noise walls and retaining walls. Near Hepburn 
Road, current views to trees on the northern side of  the link would be replaced by a view of 
vegetation on the filled embankment. 
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Yale Close 
In this area, the link would be carried on a bridge over a lateral gully. The bridge would be 
designed to preserve views down the gully. However, the view from houses in Yale Close 
towards the link would be barely screened by the existing vegetation and a clear view o f  the 
noise wall attached to the bridge is likely. The view would be o f  a four metre high wall 
suspended across the broad view to the valley below. Additional screen planting within the 
gully is not practicable. Little o f  the traffic would be seen. 

The bridge would facilitate access from the educational establishments and residential areas to 
the bushland. 

Yale Close to Pennant Hills Road 
From Yale Close, the link would be built in deep cut to traverse the steep slopes north of  the 
creek. This would severely affect visual quality, dividing the slope with exposed cut rock faces 
and affecting the condition o f  the forest below and above the link. In addition, people using the 
bushland would have views of  the link. 

On Mahers Road, most of  a stand o f  blue gums would be lost. As a result, the view from 
houses fronting Mahers Road would change, from being a view o f  these trees to one o f  the 
link's noise walls and scattered individual trees on the far side o f  the corridor. The outlook 
from Westmore Drive and Mahers Road would be severely changed. 

Between Oakes Road and Pennant Hills Road, the link's interchange zone would have 
substantial impacts, with views o f  long sweeping ramps. The roof of  the proposed toll booths 
would also be viewed (see Addendum). 

1 7 . 4 . 2  Overview of potential impacts 

In assessing the likely visual impacts, it is important to consider the proposed transport link's 
physical scale and built elements, such as: 

• Width. The link would typically have a 30-metre wide carriageway plus borders. This is 
50% wider than an average suburban road reservation o f  20 metres between front 
fencelines. 

• Cuts and fills. Depending on the topography, the link would be cut through ridges or 
built on fill over low areas. In excavated cut sections, the link could be either completely 
or partially out of  sight depending on the depth o f  the cut and the orientation of  slopes on 
either side. Cut sections could be over 10 metres deep. Similarly, the link could be built 
on fills over 10 metres high. 

• Noise walls. The transport link would have noise insulating walls built along much of  its 
edge. To effectively absorb or deflect sound, the structures would be up to four metres 
high, much higher than a suburban fence which is typically 1.6 metres high. Their size 
makes them out-of-scale with the surrounding residential environment. The walls are 
typically opaque and, consequently, would screen views of, from and past the link. 
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Severe visual impacts 
The transport link would have the following severe visual impacts: 

• Destruction and division of  the natural environment within the valley system just west of 
Mahers Road. 

• Destruction o f  vegetation at the intersections at Old Windsor, Windsor and Pennant Hills 
roads. 

• Destruction o f  housing and other property outside the reservation on the southern side of 
Mahers Road and at the abovementioned intersections. 

• Destruction o f  most o f  the Sydney blue gum stand bordering Mahers Road. 

• Harsh views offered by noise walls and retaining walls in locations where little or no 
space could be provided for screen planting. 

Lesser visual impacts 
These would include: 

• Undesirable visual division of  the built environment. This impact would be lessened by 
the existence o f  the open grassed corridor o f  the established reservation which already 
creates a division. Similarly, playing fields and the Darling Mills valley already create 
implied boundaries alongside urban development. 

• Undesirable division between the natural and built environments. 

Loss o f  views and introduction of  undesirable views. 

1 7 . 4 . 3  Impacts during construction 

During construction, there would be visual impacts from the beginning o f  demolition to the time 
when plant screening, where applicable, would take effect. 

The visual impact would be determined by the proximity o f  the works to particular viewpoints. 
The impact o f  construction activity occurring immediately adjacent to houses and other 
properties, or visible from nearby traffic routes, would be significant. 

More distant views across undulating terrain from high points in the area would have less 
significance except in the case o f  views towards areas with special environmental qualities, 
such as the sensitive bushland areas between Muirfield High School and Mahers Road, where 
impacts would be significant. 
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Exposure to these visual impacts would vary according to the amount o f  cut and fill. 
Construction in excavated segments would, to varying degrees, be screened from sight. 
Conversely, construction on fill formations would be more prominently exposed depending on 
the actual height o f  fill over existing grades, such as along Junction Road near Quarry Creek 
and adjacent to Hepburn Road and Dale Place. 

During a three year construction period visible impacts would occur during the following 
stages: 

• Demolition of  houses and other property. 
• Earthworks involving large plant and equipment 
• Pavement construction and installation o f  road furniture, guardrails, balustrades, 

signposting, etc. 
• Erection of  noise wall barriers. 
• Planting of vegetation. 

17.5 Landscape recommendations 

17 .5 .1  General recommendations 

In developing the design o f  the transport link to this stage, the aim has been to minimise visual 
impact wherever possible. In developing the detailed design continuing attention should be 
given to additional measures to minimise visual impacts, including: 

• Planting trees and shrubs to screen it entirely where possible or, otherwise, as much as 
practicable. 

• Reducing the apparent scale o f  its structures, especially the noise walls by adding 
landscape elements (such as earth mounds). 

• Adding landscape elements to lessen noise and obscure or reduce views to the traffic 
streams. 

Providing landscape finishes which give a sense of  containment of  the built environment 
rather than that o f  the road corridor. 

• Devising an appropriate theme, such as an urban forest, using planting in generous 
proportions to encourage visual links. 

All landscaping would need to be approved by Baulkham Hills Shire Council before 
implementation. 
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1 7 . 5 . 2  Retaining and creating treed margins 

The protection o f  the link's treed margins would need to be critical in enhancing visual quality. 
Therefore, in bushland and other treed areas, the road edges would be carefully contained to 
protect nearby trees. Particular attention would need to be paid both during and immediately 
after construction, as outlined in Chapter  21. 

In built-up areas, similar measures would need to be used to preserve trees on adjoining 
margins and, in some cases, valuable trees within gardens. However, due to space constraints, 
planting and screening treatment may need to be reduced to narrow margins at the road edge in 
some locations. 

Also, in built-up areas, the link's initial severe visual impact would need to be lessened over 
time by planting large trees in extensive avenues. The planting scheme would need to persist 
along the link and be disciplined by a cohesive design pattern. Large trees with broad heavy 
canopies would help to reduce the link' s apparent scale and form their own green corridor. 

1 7 . 5 . 3  Planted embankments 

Where existing margins do not feature valuable vegetation, fill or cut embankments would need 
to be formed to grades suitable for new planting. Wherever possible, planting would need to 
be in a dense cover to provide visual screening and to reduce future maintenance requirements. 

1 7 . 5 . 4  Preliminary construction procedures 

To minimise visual impacts, it is recommended that the construction team would: 

• Undertake a detailed survey o f  landscape elements before road and landscape design 
development to establish locations and levels of  relevant features, such as mature trees 
and edgelines o f  good quality vegetation. 

• Establish the construction corridor on site within precise surveyed edgelines prior to 
clearing or other preparatory work. 

Contain construction processes and, where possible, fence the precise limits o f  the 
construction zone. 

Handfell plants along construction lines. 

Undertake construction within the construction corridor (that is, as close as possible to 
the extent of  actual lines o f  cut and fill), except in the case of  essential works (such as silt 
traps, drainage and erection of  formwork). 

• Build retaining walls before, or in conjunction with, placing fill materials on downslope 
edgelines. 

• Drill cut lines through rock from within the construction corridor and before excavation. 
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1 7 . 5 . 5  Detailed design recommendations 

In the detailed design it would need to be specified that: 

• Planting be a continuous, dense blanket over all margins and appropriate residual spaces. 

• Replacement and screening trees, shrubs and groundcover species in bushland areas be 
selected from indigenous plant communities, with seeds collected from existing on-site 
native plant material where possible. 

• Existing trees of  good quality be preserved wherever possible. 

Except in specific urban areas, grassed surfaces be eliminated entirely from the planting 
design scheme. 

1 7 . 5 . 6  Mitigation of construction impacts 

It would take two to five years after the completion of  screen planting before the visual impacts 
o f  the noise walls and road edges would be effectively reduced. Scarred roadside margins in 
bushland would take two to three years to be superficially repaired in visual terms. Cut rock 
faces would take five to 10 years to be visually softened by normal weathering processes. This 
would vary according to the orientation, with shaded surfaces tending to weather more rapidly. 

17.6 Future development 

The proposed link would entail the destruction o f  natural and urban environments. The existing 
traffic situation is also destructive of  the urban environment. 

The proposed link would be a dividing element, with noise walls and screening adding to the 
sense o f  division. In many situations, the link would not be compatible with existing quiet 
residential margins and, in many cases, the incompatibility would not be reconcilable. 

It is considered that, in the longer term (say, more than 15 years), the link could become more 
acceptable in terms of  its relationship to new and changed edge conditions - its initial harshness 
modified by heavy planting and as affected properties function differently and new development 
occurs which adopts a land use character more compatible with its edge environment. These 
new land uses could include medium density housing, commercial offices, retail outlets and 
other community-oriented facilities. 

In this context, the rethinking of  land use and building types adjacent to the link would often be 
the only satisfactory solution to the problem of  visual impacts. Any such action could be 
immediate or  subject to longer term processes. However, to be successful, the land use 
changes should be planned and coordinated and not left to chance. 
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18 ECONOMIC IMPACTS 

The benefits and costs o f  the shortlisted alternatives were evaluated in Section 7.6. In this 
chapter, the regional economic development benefits o f  transportation investment are discussed 
as well as the effects on local businesses. Alternatives 1 and 2 are treated identically. 

18.1 Regional economic development benefits 

The proposed link would result in travel time and vehicle operating cost savings for users o f  the 
road network, both private and public. As a result, there would be productivity gains for those 
people using the transportation network for business purposes and time savings for those 
people commuting to and from work and using the road for other purposes. 

These productivity gains would improve the economic efficiency o f  metropolitan Sydney and 
that o f  the transport corridor. These productivity gains would contribute to the competitiveness 
o f  metropolitan Sydney and the transport corridor in the Australian and international market 
place. 

The investment in transportation in the transport corridor would also provide new economic 
development opportunities such as the extension o f  the North Ryde industrial area, 
establishment o f  business in the North West Sector, the planned growth in Parramatta, the 
growth of  Epping commercial centre, and general commercial, industrial and medium density 
residential development in the transport corridor and along the transportation routes. The 
magnitude o f  the resulting development would depend on the response o f  the planning 
authorities and the private sector to the transport corridor. 

1 8.2 Impacts on local business 

While the proposed transport link would generate economic development benefits (see Section 
18.1) it would also have adverse impacts on directly affected existing local businesses. The 
greatest impacts would be on Windsor Road between Junction Road and Seven Hills Road. 

245 



Chapter 18— Economic impacts I 
Impacts would involve: 

• Relocation costs (eg close-down and start-up, land acquisition at new location, re- 
establishment o f  trade area) of  businesses properties which have to be acquired to permit 
construction o f  the proposed transport link. 

Disturbances (eg. noise, dust, reduced vehicular and pedestrian access and resumption of 
some land) experienced by remaining businesses located close to the proposed transport 
link. 

As a result of  these impacts it is anticipated that: 

• Businesses on eight commercial properties would be required to relocate. These include 
professional offices, retail shops, car service centres and home improvement/garden 
stores. The largest in terms of  estimated value is Stegbar Glass at 308 Windsor Road. 
All these businesses have been operating with the knowledge of  impending roadworks 
since gazettal of the Castlereagh Expressway in 1969. 

• The Mobil Service Station at 336 Windsor Road would experience disturbance from 
construction as a result of  the taking of  the road reserve in front of  the station. 

• Some patrons who currently shop in the above areas would choose to shop at alternative 
outlets. Therefore, businesses whose premises would be unaffected by construction 
would gain at the expense of those which are affected. 

Costs o f  disruption have been included in the economic evaluation undertaken in Section 7.6. 
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19 NOISE 

Road traffic noise may affect nearby residents in a number of  ways, including disturbing 
relaxation, interfering with sleep, causing stress and contributing to physiological disorders 
(such as cardiovascular and digestive diseases). 

The proposal's likely noise impacts were assessed in detail in a special report by Wilkinson 
Murray Griffiths (1991). A summary o f  findings is presented below and both alternatives for 
the transport link are treated identically. 

The assessment o f  traffic noise has been undergoing considerable change in recent times. 
Different noise consultants were engaged by Maunsell for the environmental impact assessment 
o f  the section o f  the route east o f  Pennant Hills Road. Although the methodologies differ 
slightly, consistency was maintained by liaison throughout the course of  both studies. 

19.1 The existing noise environment 

The existing noise environment in the transport corridor was monitored as a basis for assessing 
the likely impacts of  the proposed link. Road-related noise was measured over a 24-hour 
period at 44 locations along the proposed route and existing major routes. Monitoring 
locations are shown in Figure 36 and results are shown in Table 31. 

Analysis involved determining a number of  different noise levels, namely: 

. The LAio level - the noise level exceeded 10% of  the time during sampling. 

• The LA90 level - the noise level exceeded 90% o f  the time during sampling. It is 
normally taken as the background noise level. 

• The Likeq level - the level of  continuous noise with the same sound energy as the varying 
noise environment. 

• The LAI level - the noise level exceeded 1% of  the time during sampling. This is 
indicative o f  the maximum levels that occur as heavy vehicles pass. 
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cà '' °CORNER q 

4 3 ( s ( 1 5 •  
s 

"t0 

THOMPSONSg 

• • e)0 co 

OREST c)). 

_ g p a 0  
-ak 

DARLING; k.) 

1 
'\2)- 

(S, 
% \ \ 

\ 

30,2ttO 
, Dri;iV 

B. 

Boaa 

)f)k.o0c. 

• 'EX MILLS fo S 
0. 

ARK STATE 33, 
4111111.111°. 

Lake 
arra 

, 6 9 9 a r C i a y  
R dad. 

Road 

III • • • • • •  
• 

/)./ o r t f r i •  ? , o  
G\'')) 'Or 

ROYAL DEAF. 
AND BLIND 
INSTITUTE . 

‘4,5 
Boad 

Noise sampling sites 

Transport link 

Vegetation 

• 

Source : Wilkinson Murray Griffiths (1991 

Figure 36 
Noise monitoring locations 

• The LA (18 hour) level — the arithmetic average o f  the LA1O levels determined 
during each one-hour sampling period during the 18 hour day/evening period 
from 6.00 am to 12.00 midnight. 

• The L A N  (6 hour) level the L A N  level measured during the six-hour late night 
period from 12.00 midnight to 6.00 am. 

• The LA1 (6 hour) l e v e l —  the arithmetic average o f  the LA1 levels determined during 
each one-hour sampling period over the period from 12.00 midnight to 6.00 am. 

• The LA 90 (11 hour) level — the arithmetic average o f  the LA90 levels determined 
during each one-hour sampling period over the period from 7.00 am to 6.00 pm. 
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Table 31: Existing noise levels (dBA) 

Location Address *1 
L A 1 0  (18 hr) 

*2 
LAeg (6 hr) 

*3 
L A !  (6 hr) 

*4 
LA90  (11 hr) 

1 14 Mahers Road 53 43 51 42 
2 84 Mahers Road 50 45 50 45 
3 28 Yale Crescent 45 37 44 36 
4 Mill Drive 54 42 50 49 
5 6 Rajola Place 53 44 51 47 
6 23 Dremeday Street 51 37 45 45 
7 4 0  Junction Street 62 51 61 47 
8 Gordonia Grove 49 39 45 42 
9 Lambert Crescent 48 41 47 44 
10 33 Valerie Avenue 56 46 50 52 
11 372 North Rocks Road 64 53 65 51 
12 383 North Rocks Road 68 57 67 58 
13 35 Barclay Road 67 50 67 53 
14 12 Barclay Road 60 52 60 51 
15 19 Cook Street 64 53 63 51 
16 36 Seven Hills Road 65 55 64 53 
17 139 Seven Hills Road 59* - - 52 
18 209 Seven Hills Road 66 51 64 53 
19 234 Seven Hills Road 60 59 68 57 
20 240 Caroline Chisholm Drive 61 47 57 47 
21 108 Junction Road 64 48 58 46 
22 36 Junction Road 63 52 59 51 
23 20 Ashley Avenue 53 47 55 42 
24 5 Yattenden Crescent 49 37 45 41 
25 10 Virginia Place 47 44 49 40 
26 21 Kentwell Street 49 47 49 38 
27 74 Westmore Drive 54 52 54 49 
28 92 Baulkham Hills Road 61 53 59 52 
29 17 Wilshire Avenue 45 34 32 39 
30 17 Gossell Grove 46 36 42 39 
31 23 Leatherwood Court 53 45 51 44 
32 13 Doyle Place 54 53 56 49 
33 3 Mundon Place 58 54 56 53 
34 4 Park Road 49 47 49 38 
35 27 Watton Drive 53 44 46 42 
36 4 ICarloon Road 64 48 58 47 
37 103 Murray Farm Road 54 48 57 41 
38 74 Murray Farm Road 56 48 54 41 
39 69 Murray Farm Road 48 44 49 39 
40 32 Murray Farm Road 59 53 59 51 
41 734a Pennant Hills Road 72 66 77 60 
42 694 Pennant Hills Road 71 65 77 56 
43 687 Pennant Hills Road 72 66 77 59 
44 591 Pennant Hills Road 67 62 73 56 

Source: Wilkinson Murray Griffiths (1991) 
* 1 Based on partial day. 
* 2  Time period 0600 - 2400 
* 3  Time period 0000 - 0600 
* 4  Time period 0000 - 0600 

* 5  Time period 0700 - 1800 
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It was found that the surveyed area can be broken into a number o f  localities with consistent 
noise levels. These are shown in Table 32. 

Table 32: Localities with consistent noise levels 

Locality Traffic 
density* 

Measure Range (dBA) Average (dBA) 

Pennant Hills Road Very dense L i t i o  (18 hr) 71 - 72 72 
LA,.3 (6 hr) 65 - 66 66 
LAI (6 hr) 77 77 

North Rocks Road/ Dense L m o  (18 hr) 64 - 68 66 
Barclay Road LA,,,4 (6 hr) 55 - 59 57 

L A I  (6 hr) 65 - 67 66 

Junction Road Medium L A i o  (18 hr) 62 - 64 63 
L i k e q  (6 hr) 51 - 52 51 
L A I  (6 hr) 58 - 61 59 

Reserve near a main road Medium L A i o  (18 hr) 53 - 54 53 
LAcq (6 hr) 44 - 45 44 
L A 1  (6 hi') 50 - 51 51 

Reserve Low L A 1 0  (18 hr) 45 - 50 47 
LAq (6 hr) 34 - 45 40 
LAI (6 hr) 42 - 50 46 

Source: Wilkinson Murray Griffiths (1991) 
*These descriptions accord with Australian Standard 1055.2 - 1989 

19.2 Traffic noise assessment criteria 

The assessment o f  noise is based on a number of  criteria, including categories o f  noise 
acceptability, existing environmental noise levels, and the effect of  time on residential areas. It 
can be compared with the Roads and Traffic Authority noise policy. The various criteria are 
discussed below. 

19 .2 .1  Roads and Traffic Authority noise policy 

In the past the Roads and Traffic Authority's policy has been to consider noise mitigative 
measures if  a new road or upgrading caused the LA 1O (18 hour), or daytime noise level to 
increase by at least 2 dBA to above 68 dBA, or by at least 15 dBA to 63-68 dBA at existing 
residences. However, the Roads and Traffic Authority is currently reviewing its noise policy. 
During the Commission o f  Inquiry into the Castlereagh Expressway east o f  Pennant Hills 
Road, the Roads and Traffic Authority agreed to implement noise attenuation measures to meet 
an LAio (18 hour) level o f  63 dBA, and an LAN (8 hour) level of  55 dBA for the night-time 
period o f  10.00 pm to 6.00 am at existing residences. Noise levels above 55 dBA at schools 
are also considered for treatment. 
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1 9 . 2 . 2  Noise acceptability and annoyance 

A significant amount o f  research has been carried out into the effects o f  road traffic noise, 
particularly overseas. Such effects as annoyance, sleep disturbance and health effects have 
been 'nvestigated. In view of  the high degree o f  correlation between these three effects of 
noise, is appropriate to assess noise levels on the basis of  the likely annoyance caused. 

In setting the criteria, information has been drawn from the Australian Road Research Board 
(ARRB) internal report Traffic Noise Annoyance Along Urban Roadways: Report on a Survey 
in Brisbane, Sydney and Melbourne by A. L. Brown (1990). The results o f  this research 
emphasise the LA10 (18 hour) measure and therefore cannot directly be applied to night-time 
noise. In view of  the limitations of  this research, it has been decided to assess noise levels in 
terms of  broad categories of acceptability, chosen to be consistent with the results o f  the ARRB 
research. 

Further information relating to the Australian response has been derived from an Intemoise 82 
paper Provisional Night-time Criteria f o r  Rating the Acceptability o f  Community Noise by 
L. A. Challis (1982). This paper also refers to similar information previously developed by 
Schultz in the United States. 

In this study, noise levels are assessed in terms of  four broad categories of  acceptability (or 
noise annoyance ranges). These categories are presented in Table  33. The categories are 
largely derived from the Challis and Schultz information and, where possible, by cross- 
checking against the Brown findings and observations by Wilkinson Murray Griffiths during 
extensive assessment o f  the effect o f  noise following the opening of  the F3 Freeway from 
Wahroonga to Berowra. 

Table 33: Categories o f  noise acceptability 

Category % o f  residents 
highly annoyed 

L A 1 0  (18 hr) L A e g  (6 hr) L A i  (6 hr) 

Clearly acceptable up to 4% < 5 3  dBA < 4 3  dBA < 61 dBA 
Normally acceptable 4-18% 53-63 dBA 43-53 dBA 61-72 dBA 
Normally unacceptable 18-32% 64-74 dBA 54-64 dBA 72-84 dBA 
Clearly unacceptable over 32% > 74 dBA > 64 dBA > 84 dBA 

Source: Wilkinson Murray Griffiths (1991) 
LAto (18 hour) is the average o f  the hourly L A  1O values during the day/evening period between 6.00 am and 
12.00 midnight. 
LA eq (6 hour) is the equivalent continuous late night-time noise level between 12.00 midnight and 6.00 am. 
LAi (6 hour) is the average maximum late night-time noise level between 12.00 midnight and 6.00 am. 
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The clearly acceptable scales above are generally consistent with the conclusions and 
recommendations o f  the World Health Organisation (which are outdoor L A "  levels of  55 dBA 
during daytime and 45 dBA during night-time) and the Organisation for Economic Co- 
operation and Development Environmental Directory (Wilkinson Murray Griffiths, 1991). 

1 9 . 2 . 3  Assessment of the existing environment 

The noise impact relates to the change in noise levels caused by the proposed link. Current 
noise levels are therefore taken into account in setting noise assessment criteria. The effect of 
current noise levels on residents in the transport corridor are presented in Table 34. 

Table  34: Effect o f  current noise levels on residents 

Location D a y t i m e  Night-time 

Pennant Hills Road Normally unacceptable Clearly unacceptable 
North Rocks/Barclay Road Normally unacceptable Normally unacceptable 
Junction Road Normally acceptable Normally acceptable 
Transport reserve near main roads Normally acceptable Normally acceptable 
Transport reserve Clearly acceptable Clearly acceptable 

Source: Wilkinson Murray Griffiths (1991) 

1 9 . 2 . 4  Residential noise assessment criteria 

In this assessment, it is considered that no impact would occur if  existing road traffic noise 
levels were not increased and that a marginal impact would occur if  existing noise levels were 
increased by up to 2 dBA. The recommended scales for the noise assessment criteria for the 
different localities are shown in Table 35 and take into account existing ambient noise levels. 
The lowest criteria have been set for those areas near the transport reserve, where low traffic 
volumes are experienced. The highest criteria are set at Pennant Hills Road, as existing noise 
levels are highest. 
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Table 35: Road traffic noise assessment criteria for residential areas 

Locality Measure Clearly Normally Normally Clearly 
acceptable acceptable unacceptable unacceptable 

Pennant Hills Road L A 1 0  (18 hr) <66 67 - 68 69 - 74 75 
L A e c  (6 hr) 53 54 - 55 56 - 64 65 
L A !  (6 hr) <66 67 - 72 73 - 84 85 

North Rocks Road L A i o  (18 hr) < 66 67 - 68 69 - 74 75 
Barclay Road LA.4 (6 hr) 53 54 - 55 56 - 64 65 

L A I  (6 hr) <66 67 - 72 73 - 84 ?. 85 

Junction Road L A I O  (18 hr) 63 64 - 65 66 - 74 75 
LA,,q (6 hr) 49 50 - 53 54 - 64 65 
L i k i  (6 hr) <60 61 - 72 73 - 84 _?_ 85 

Reserve L i o  (18 hr) 52 53 - 63 64 - 74 75 
LA,,,q (6 hr) 5_ 42 43 - 53 54 - 64 65 
L A I  (6 hr) s60 61 - 72 73 - 84 85 

Source: Wilkinson Murray Griffiths (1991) 

It is important to note that while most people in a community prefer to live within a clearly 
acceptable noise zone, this is not always achievable and, in practice, normally acceptable noise 
levels are the best that can be achieved adjacent to urban expressways. 

1 9 . 2 . 5  Effect of the passing of time on noise in residential areas 

It is widely observed that those who are less sensitive to noise generally live in noisier 
environments than those who are more sensitive to noise. After a new road is built, there is a 
period o f  time over which there tends to be a migration o f  the more sensitive residents away 
from the road offset by a migration o f  the less sensitive towards the road. Therefore, social 
surveys o f  the effect of noise on residents next to major roads tend to give results reflecting the 
response o f  the less noise sensitive. The initial response o f  the community next to a new road 
is therefore expected to be higher than the social surveys tend to indicate. Accordingly, 
although the criteria in Table 33 would reflect the response o f  residents in the long term, they 
probably understate the response in the higher noise ranges. 

1 9 . 2 . 6  Noise assessment criteria for schools 

In this study, daytime residential noise criteria are used to assess impacts on schools (see the 
LAio (18 hour) column in Table 33). 
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19.3 Impact of the transport link on traffic noise 

The noise impact assessment involved the following steps: 

• Reviewing noise calculation methods. 
• Calculating noise levels without major noise controls. 
• Determining suitable control measures. 
• Calculating final noise levels with controls. 

19 .3 .1  Assessment procedure 

Detailed noise calculations have been carried out for the year 2006, and some limited 
calculations have been carried out for 1996 and 2016. All calculations are based on traffic 
forecasts prepared for this study by Denis Johnston & Associates (1991e and 0. 

It was assumed that vehicles would travel on the transport link with average speeds o f  100 
km/hr and that noise levels 15 metres away would be: 

• 84 dBA for heavy trucks. 
80 dBA for medium trucks. 

• 70 dBA for automobiles. 

Truck exhausts were raised in 1976 following complaints about visible pollutants. However, it 
was found that this initiative did not improve air quality sufficiently to justify the increased 
noise effect. It is therefore planned to lower exhausts to reduce noise, thereby leading to an 
overall improvement in the environment. Consequently, further assumptions (following advice 
from the Roads and Traffic Authority) were that: 

• Exhaust heights for medium trucks and automobiles would be 0.6 metres until at least 
2016. 

• Exhaust heights for heavy trucks would be 2.44 metres high to 1996 and 1.2 metres high 
for 2006 and 2016. 

Investigations show that exhaust noise is now becoming a proportionately less important 
component in noise from trucks and that other sources, such as engine and tyre noise, are 
becoming proportionately more important. Projections indicate that quieter noise levels are 
likely to occur whether or not exhausts are lowered. 

1 9 . 3 . 2  Noise control measures 

Noise impact calculations have assumed the following noise controls: 

• An open-graded asphaltic concrete road surface. 

• Roadside barriers, such as acoustic walls, earth mounds, or a combination of  the two. 
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Optimal barrier heights, locations and construction materials would be determined during the 
detailed design of  any ultimately selected option. In the meantime, sufficient information is 
given to allow an overall assessment of  the residual noise impact following implementation of 
the noise control measures. 

To determine barrier locations and heights, noise levels have been calculated for a number of 
points adjacent to the transport link without barriers in place, as well as the reductions that can 
be achieved by the use o f  barriers. Further consideration has been given by Bruce Mackenzie 
and Associates (1991) to the visual effect and acceptability of  acoustic barriers. 

It has been found that the installation o f  noise barriers involves a trade-off between traffic noise 
and visual quality. Specifically, higher noise barriers can block noise but can detract from 
visual quality, while lower barriers can be more attractive but are less successful in blocking 
noise. 

The barrier heights used in the investigation have been limited for visual reasons, and along 
most o f  the transport link's edges, four metre high barriers are proposed. In some cases, three 
metre barriers are proposed, this height being considered the maximum visually acceptable. In 
other cases, lower barrier heights are proposed, particularly where the road would be in cut, 
because less noise control is required and there are practical difficulties and visual effects of 
constructing high barriers on the top o f  deep cuts. Noise barriers are typically opaque, 
although transparent screens would be desirable in some locations. 

It is recommended that the Roads and Traffic Authority involve the local community in 
decisions regarding the trade-off between noise impacts and visual quality. The community in 
the vicinity of  the transport link should be consulted to determine those control measures which 
best suit the environment. Measures which the Roads and Traffic Authority should be 
prepared to consider include: 

• The physical nature o f  the barriers used. 
• Noise barriers higher than four metres. 
• Acoustical treatment o f  residences highly exposed to noise. 
• Purchasing residences highly exposed to noise. 

19.4 Noise impact assessment 

19.4 .1  Results of traffic noise calculations 

The greatest impact of  road traffic noise would occur at night-time because o f  the large number 
o f  trucks expected to travel on the link during this period. Night-time noise contours showing 
the maximum likely noise impact for the year 2006 are presented in Figures 37.1-37.8. 
The contours are based on the erection o f  noise barriers and apply to the ground floors of 
houses. Accordingly, noise levels on upper floors would be higher than indicated by the 
contours. 
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To estimate the likely impacts of  heavy vehicles, limited Liki (6 hour) levels have also been 
calculated for night-time periods. Assuming four metre high roadside noise barriers, and flat 
topography, it is estimated that the noise level would be 54 dBA at a distance of 50 metres, and 
61 dBA at a 'worst-case' distance of  20 metres. 

1 9 . 4 . 2  Assessment of transport link noise 

Residences 
Likely noise levels are assessed by comparing noise levels indicated in the contours in 
Figures 37.1-37.8 with the criteria in Table 35 and the limited Liki noise estimates. It has 
been found that some 1300 residences or residential lots would be affected by traffic noise 
from the link. The noise would be normally acceptable for 1050 residences, normally 
unacceptable for 250 residences, and clearly unacceptable for no residences. 

Affected residences are shown in Figures 37.1-37.8. 

However, it should be noted that: 

• Many occupants o f  residences affected by normally unacceptable noise levels, and some 
affected by normally acceptable noise levels, would be annoyed by the resulting noise, 
and it may have some effect upon their health. 

• Noise impacts would decline if  barriers higher than four metres were installed. For 
example, a five metre high barrier would reduce noise by another 2 dBA, and a six metre 
high barrier by a further 3 dBA during both the daytime and night-time. The community 
would be consulted during final design to determine preferred barrier heights. 

Schools 
Three schools would be affected by road traffic noise, namely: 

• Winston Hills Public School on Junction Road. A significant area of  the school near the 
link would be affected by normally acceptable noise levels. 

Baulkham Hills Public School on Windsor Road. A very limited area near the corner of 
the link and Windsor Road would be affected by normally unacceptable noise levels 
while the remainder of the school would be affected by normally acceptable noise levels. 

Our Lady o f  Lourdes. A small area of  the school north of  the link would be affected by 
normally acceptable noise levels. 

All o f  the noise impact at Winston Hills Public School and Our Lady of  Lourdes School, and 
most o f  the impact at Baulkham Hills Public School, could be eliminated by keeping affected 
classroom windows closed during school hours. This would probably require the use of 
mechanical ventilation or air-conditioning. These treatments should be considered during the 
design phase. 
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Figure 37.1 
Night-time noise contours 2006 
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Figure 37.3 
Night-time noise contours 2006 
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Night-time noise contours 2006 
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1 9 . 4 . 3  Sensitivity to number of heavy vehicles 

The traffic forecasts indicate that heavy trucks would represent about 21% o f  the total traffic 
flow at night. However, given experience with similar projects, it is possible that this forecast 
could underestimate the actual number. For example, taking a future 'worst case' scenario in 
which up to twice as many heavy vehicles used the link, then the percentage o f  heavy trucks 
would increase to 34%. This would increase the LAN (6 hr) noise level (i.e. the equivalent 
continuous night-time noise level between midnight-6.00 am) by 2-2.5 dBA, depending upon 
the gradient o f  the road. Such an increase is regarded as significant and would increase the 
impact o f  night-time noise upon the surrounding area. Although a 'worst case' scenario is not 
anticipated, the noise impact is nevertheless considered to vary with the number of  heavy 
trucks which would use the link. 

1 9 . 4 . 4  Other possible scenarios 

Calculations have been carried out to estimate the effect, with noise barriers in place, of 
different scenarios and conditions on daytime and night-time noise levels predicted in this 
study. As shown in Table 36, most of  these scenarios would have an insignificant effect on 
the predicted noise levels. 

Table 36: Noise effect o f  possible scenarios 

Scenario Effect on noise 

1996 (Department of  Planning estimates with high truck exhausts) 
2006 (MSJ Keys Young estimates) 
2016 (Department o f  Planning estimates with low truck exhausts) 

+ 0.5 dBA 

+ 0.5 dBA 

+ 0.5 dBA 

Source: Wilkinson Murray Griffiths (1991) 

1 9.5 Changes in noise levels on other roads 

19.5 .1  Noise level reductions on other roads 

The transport link would attract some traffic from existing roads. The reductions in LAio (18 
hour) and LAN (6 hour) noise levels on the most significant roads within the transport corridor 
for the year 2006, as a result of  building the transport link, are shown in Table 37. 
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Table 37: Noise level reductions on other roads (dBA) in 2006 

Road L A 1 0  (18 hour) L Aeci (6 hour) 

Old Windsor Road 0.5 0.5 
Windsor Road 0.5 0.5 
Seven Hills Road 2.5 3.0 
Barclay Road 2.0 2.0 
North Rocks Road 4.0 15 
Pennant Hills Road 1.5 2.0 

Source: Wilkinson Murray Griffiths (1991) 

As shown in Table 37, noise level reductions on Old Windsor Road and Windsor Road 
would not be noticeable. However, daytime and night-time noise level reductions on Seven 
Hills Road, Barclay Road, North Rocks Road and Pennant Hills Road south o f  the junction 
with the proposed link would be noticeable and significant. 

1 9 . 5 . 2  Noise level increases on other roads 

As a consequence o f  road closures and changed local travel patterns, it is anticipated that traffic 
flows may increase on roads such as Langdon, Watkins, Barclay and Oakes, as well as 
Cropley Drive and Vincent Street. Although no detailed assessment of changes in noise levels 
has been made, they are expected to be minor when compared with the expected noise decrease 
on existing arterial roads (see Table 37). 

19.6 Impact of construction noise 

There would also be temporary noise impacts during construction. In many cases, these 
would not be able to be mitigated to an acceptable level. 

Noise during construction was considered in relation to the Environment Protection 
Authority's Environmental Noise Control Manual. In general, the extent o f  the noise - and 
hence, disturbance to residents - would depend on the type of  operation being undertaken. The 
main operations would be bridge building and road building. 

During bridge construction, the major noise source would be pile driving, but this would be 
limited to certain areas since most foundations would be in sandstone or shale which may not 
require pile foundations. 

The earthworks would generate the highest noise levels and would tend to be concentrated 
where cut and fill is required. Paving is expected to be quieter and would pass along the road 
at a constant rate of  about 500 metres per month. 
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19.6 .1  Noise assessment criteria 

Construction noise 
The Environment Protection Authority's Environmental Noise Control Manual contains 
guidelines for construction noise. 

The environmental noise limits in the Manual are: 

Short term (4 weeks or less). The LAdo level must not exceed the background by more 
than 20 dBA. 

Medium term (greater than 4 weeks and less than 26 weeks). The LA 1O level must not 
exceed the background level by more than 10 dBA. 

Long term (greater than 26 weeks). The LA 1O level must not exceed the background 
level by more than 5 dBA. 

These criteria are straightforward in relation to noise generated by bridge construction as it 
would be concentrated in one area and would last more than 26 weeks. However, as the noise 
generated by earthworks and paving would involve moving equipment, it is necessary to 
assess noise levels against the short and medium term criteria. 

Blasting 
Blasting can cause ground-borne vibration and airblast overpressure, both of  which can 
discomfort nearby residents and, at higher levels, damage buildings. For blasting during 
normal daytime construction hours, the Manual recommends the following levels: 

• Vibration 5 mm/s. 
• Overpressure 115 dBL. (dBL refers to linear unweighted decibel) 

1 9 . 6 . 2  Predicted noise levels during bridge construction 

The following assessment was carried out on conventional bridge construction methods. 

It is assumed that the following equipment would be used: one compressor, one generator, 
one concrete pump, two concrete trucks, one jack hammer, one rock breaker and pile driver if 
required. 

For a major bridge, twice this number of  items would be required. (Major bridges would be 
built at Abbott Road, Toongabbie Creek, Windsor Road, Darling Mills Creek and Pennant 
Hills Road.) 

Bridge construction noise levels were calculated at the nearest residences from bridge 
construction. No shielding has been assumed, even though some of  the activities would at 
times be shielded. The calculations also assume that all of  the equipment would not operate all 
o f  the time at full power. 

The predicted noise levels during bridge building are shown in Table 38. 
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Table 38: Predicted noise during bridge building 

Bridge 
Location 

Nearest  affected 
residence 

Background 
noise 
dBA 

Criteria 
dBA 

Predicted LA10 

Sub-structure 
dBA 

Super- 
structure 
dBA 

Abbott Road 
Interchange 

Baulkham Hills Road 
@ 75 m 

45 50 80 73 

Toongabbie 
Creek 

Valerie Avenue 
@ 25 m 

45 50 96 89 

Langdon Road Langdon Road 
@ 2 5  m 

45 50 88 78 

Cropley Drive Cropley Drive 
@ 10 m 

45 50 93 86 

Watkins Road Evelyn Street 
@ l 0  m 

50 55 96 86 

Windsor Road Canyon Road 
@ 1 5  m 

50 55 98 88 

Barclay Road Barclay Road 
@ 20 m 

50 55 90 85 

Darling Mills 
Creek 

Williams Road 
@350m 

50 55 61 54 

Opposite Yale 
Close 

Yale Close 
@ 50 m 

50 55 78 71 

Opposite 
Gossell Grove 

Wilshire Avenue 
@ 250 m 

60 65 64 57 

Opposite 
Oakes Road 

Oakes Road 
@ 10 m 

60 65 93 83 

Pennant Hills 
Road 

Pennant Hills Road 
@ l 0  m 

60 65 91 71 

Source: Wilkinson Murray Griffiths (1991) 

The predicted noise levels shown in Table 38 exceed the criteria at all the locations assessed, 
excepting for superstructure construction at Williams Road and Wilshire Avenue. Therefore, 
some residents adjacent to bridge construction operations would be annoyed by construction 
noise. The greatest amount by which the bridge construction Lptio noise level would exceed a 
criterion is 46 dBA at Valerie Avenue, Seven Hills. However, in such cases where the 
construction is proposed to be very close to a residence, the noise would occur for a short 
period o f  time with slightly lower levels occurring during most o f  the period o f  bridge 
construction. 
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1 9 . 6 . 3  Predicted noise levels during road building 

Noise would be generated as a normal part o f  road construction. The roadworks can be 
divided into two phases - earthworks and paving. Further, the earthworks consist of  two 
types o f  operations - cutting and filling. 

Background noise levels and the construction noise criteria for individual locations were 
determined as for the bridgeworks. 

Noise levels from earthworks have been calculated at the nearest locations. In practice, earth 
moving equipment would gradually work down in cut or work up in fill, but would not be at 
the closest location to any residence at all times and would move past the residence on a 
number of  occasions. Trucks and scrapers would travel between cut and fill areas. 

It is possible to show changing noise levels over time at a number o f  typical residences. A 
simplified approach has been used to indicate the overall noise impact. 

In fill areas it is assumed that the operational equipment would move towards the nearest 
residence, pass it and move away. This assumption allows an estimate o f  the duration of 
particular noise levels. In cut areas the assumption is similar, except that it is assumed that the 
equipment would move past the residence twice: once on the existing surface when there 
would be no noise shielding, and the second time part way down the cut, which would offer 
some noise shielding. 

The maximum noise levels predicted during earthworks are summarised in Table 39. 

Table 39: Maximum noise levels during road building (dBA) 

Location Maximum Background 
noise  level Unshielded Shielded 

Doyle Place @ 10 m 92 82 45 
Langdon Road @ 25 m 84 74 45 
Grevillea Crescent 84 74 45 
@ 25 m 
Junction Road @ 35 m 81 71 45 
Livingstone Avenue 86 - 50 
@ 10 m 
Baulkham Hills Public 90 85 50 
School (1) @ 10 m 
Baulkham Hills Public 90 85 50 
School (2) @ 10 m 
Williams Road @ 20 m 86 81 50 
Carlton Road @ 75 m 84 79 50 
Mahers Road @ 75 m 75 75 50 
Mahers Road @ 10 m 92 87 50 
Coral Tree Drive @ 15 m 90 80 60 

Source: Wilkinson Murray Griffiths (1991) 
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As shown in Table 39, noise levels would significantly exceed the noise level criteria at all of 
the locations assessed, possibly annoying nearby residents. However, the noise — and the 
annoyance — would be temporary. 

The paving operations are expected to move slowly along the length o f  the route. It has been 
assumed that total noise levels emitted by all equipment would be 3 dBA less than those from 
earthworks equipment. The maximum noise levels predicted during paving are shown in 
Table 40. Calculations have been carried out to the typical nearest residences, allowing for 
noise shielding where the road is in cut. 

Table 40: Maximum noise levels during paving (dBA) 

Location Maximum Background noise 
level 

Doyle Place @ 10 m 73 45 
Langdon Road @ 25 m 65 45 
Grevillea Crescent @ 25 m 65 45 
Junction Road @ 35 m 62 45 
Livingstone Avenue @ 10 m 67 50 
Baulkham Hills Public School (1) @ 10 m 71 50 
Baulkham Hills Public School (2) @ 10 m 67 50 
Williams Road @ 20 m 65 50 
Carlton Road @ 75m 56 50 
Mahers Road @ 75 m 73 50 
Mahers Road @ 10 m 56 50 
Coral Tree Drive @ 15 m 73 60 

Source: Wilkinson Murray Griffiths (1991) 

As shown in Table 40, noise levels from paving would mostly comply with the criteria or at 
least only marginally exceed the criteria. However, in Doyle Place, West Baulkham Hills and 
on part o f  Mahers Road, West Pennant Hills, the criteria are expected to be exceeded, causing 
some annoyance to nearby residents. 

Tables 39 and 40 show the maximum noise levels that would occur during road building. 
However, as the construction o f  a road progresses, road building operations move and the 
noise levels would be expected to rise and fall over the construction period. The maximum 
levels given in Tables 39 and 40 therefore tend to overestimate the likely noise impact. 

This change o f  noise level with time is demonstrated using the earthworks proposed near 
Doyle Place as an example. Here, Table 39 indicates that the maximum levels would be 92 
dBA unshielded and 28 dBA shielded. In practice, however, the noise levels are expected to 
rise and fall over the construction period as shown in Table 41. 
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Table 41: Example o f  change in noise levels during construction 

Construction period 

(weeks in vicinity of 
Doyle Place) 

Doyle Place, West Baulkham Hills @ 10 m 

Earthworks unshielded 
(dBA) 

Earthworks shielded (dBA) 

0 - 1 60 50 
1 - 2 63 53 
2 - 3 66 56 
3 - 4 72 62 
Max 92 82 
4 - 5 72 62 
5 - 6 66 56 

6 - 7 63 53 

7 - 8 60 50 

Source: Wilkinson Murray Griffiths (1991) 

Table 41 shows that in the first week of  construction in the vicinity o f  Doyle Place, the noise 
source would be remote from Doyle Place. By week four the construction would be adjacent 
to the homes there. By week seven the construction would again be remote. 

Once construction methods have been finalised, the noise predictions would be refined and any 
required temporary noise shielding would be agreed with the Environment Protection Authority 
to achieve 35 dBA above background. 

For other locations and also for paving similar changes of noise level with time will occur. 

1 9 . 6 . 4  Blast vibration and overpressure assessment 

Vibration and overpressure levels from blasting have been calculated at the nearest residences 
and the levels have been assessed against the criteria quoted in Section 19.6.1. 

Blas t i ng  locations 
Blasting may be carried out where hard sandstone is found and excavation is required. The 
most likely locations where blasting would be required are: 

• Between Windsor Road and Barclay Road where a cut of  up to eight metres would be 
required and existing school buildings are within about 10 metres. 

• Between Barclay Road and Oakes Road where the cut would be up to eight metres and 
blasting may be required as close as 15 metres from the nearest residences. 
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In addition to blasting hard sandstone, there may be a requirement for pre-splitting rock at 
some cuts prior to ripping. However, the assessment o f  vibration and overpressure has been 
based on bulk blasting of  hard rock. 

Predicted vibration 
Vibration levels associated with the blasting have been estimated using methods developed by 
the United States Bureau of Mines. The following vibration levels are predicted: 

• 10 m 30 minis. 
• 15 m 20 mm/s. 

These predicted levels clearly exceed the 5 mrn/s criterion mentioned in Section 19.6.1. 

Predicted overpressure 
Overpressure has been predicted using methods developed by the United States Bureau of 
Mines. 

For the blasting proposed, the calculated overpressure levels are: 

• at 10 m from the blast 143 dBL. 
• at 15 m from the blast 138 dBL. 

These levels clearly exceed the 115 dBL criterion mentioned in Section 19.6.1. 

Blast assessment 
The results o f  vibration and overpressure predictions indicate that it would be very difficult to 
comply with the comfort criteria set if blasting is carried out as close as 10 to 15 metres from 
buildings. It is therefore recommended that blasting be avoided wherever possible and 
alternative methods be used, such as ripping, rock breaking or using expanded grout. 

Blasting would only occur where required and where the comfort criteria can be met. 
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19.7 Mitigative measures during construction 

T o  minimise temporary noise impacts during construction, it is recommended that the 
following measures be undertaken: 

• 

• 

The engineering and operational controls required to achieve the target noise level of  35 
dBA above background would be included in the specification for contractors. 

Noise control measures would be agreed with the Environment Protection Authority to 
ensure that the best techniques are used, the proposed equipment meets modern 
standards and that controls are reasonable. For example: 

— Traffic noise barriers would be erected as soon as practicable, and before 
construction in areas with high predicted construction noise. Temporary noise 
barriers may be required in places. 

— Mounding would be constructed as soon as practicable. 

— Noise control kits would be fitted to noisy mobile equipment. 

— The hours of  operation of  particularly noisy equipment would be restricted. 

— Quiet piling techinques such as vibratory piling, would be used if  practicable. 

Traffic noise barriers would be erected as soon as practicable and in areas with high 
predicted construction noise, before construction. However, this would depend on the 
type o f  construction involved. For example, it would not be possible to erect 
permanent barriers adjacent to the transport link where the route would ultimately be on 
fill. Temporary noise barriers may be required. 

Use of  quiet piling techniques, such as vibratory piling. 

Mounding would be constructed as soon as practicable. 

Noise control kits fitted to noisy mobile equipment. 

The hours of  operation of particularly noisy equipment would be restricted. 
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19.8 Conclusion 

Traffic noise associated with the transport link would intrude into what is currently a relatively 
quiet environment for most o f  the length o f  the link. Some 1300 residences or residential lots 
would be affected. However, in terms o f  the criteria used in this study, this noise would be 
normally acceptable for 1050 residences and normally unacceptable only for 250 residences. 
No residences would be exposed to noise categorised as clearly unacceptable. 

To  alleviate impacts on affected residents, it is recommended that the Roads and Traffic 
Authority consider either: 

• Installing further noise reduction measures, such as higher barriers, near affected 
properties, or 

Installing noise reduction measures, such as heavier glazing, double glazing and air 
conditioning at properties highly exposed to noise, or 

Offering to acquire any property highly exposed to noise i f  this were preferred by the 
owner. 

As mentioned earlier, the assessment of  traffic noise has been undergoing considerable change 
in recent times. Further evidence o f  the developments in noise assessment can be found in the 
booklet Reducing Traffic Noise produced jointly by the State Pollution Control Commission, 
Roads and Traffic Authority and Department o f  Housing (1991). A copy is presented in 
Appendix C. The booklet shows examples of  noise barriers that can be used. 
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20 AIR QUALITY 

The likely impacts of  the proposed transport link on air quality were assessed in a special report 
by Stephenson and Associates (1991). A summary o f  findings is presented below and both 
alternatives for the transport link are treated identically. 

20.1 Air quality criteria 

In general, air quality is assessed in terms of  measured pollutant concentrations. These are 
referenced against set criteria identifying the maximum permitted level of  pollutants which 
could occur before human health is adversely affected. The criteria used by the New South 
Wales Environment Protection Authority to assess air quality have been adopted from the 
objectives o f  the National Health and Medical Research Council Guidelines, supplemented by 
World Health Organisation long term goals and United States Environmental Protection 
Agency ambient air quality standards. The following criteria are used to assess the air quality 
impacts o f  the proposed transport link: 

• Carbon monoxide — One-hour maximum of  31 milligrams per cubic metre. 
— Eight hour maximum of  11 milligrams per cubic metre. 

• Nitrogen dioxide One-hour maximum o f  330 micrograms per cubic metre not 
to be exceeded more than once per month. 
Annual mean of 100 micrograms per cubic metre. 

• Total suspended — 24 hour maximum o f  260 micrograms per cubic metre. 
particulates — Annual mean of 90 micrograms per cubic metre. 

• Hydrocarbons — Three-hour maximum o f  0.17 milligrams per cubic metre. 

It should be noted that the standard for hydrocarbons has been used as an indicator of potential 
to generate photochemical smog and not a health standard. It has recently been abandoned by 
the United States Environmental Protection Agency and New South Wales Environment 
Protection Authority as it is now considered to be an inappropriate indicator because of  its non- 
specificity to reactive organic compounds. 

Motor vehicles emit oxides o f  nitrogen comprised o f  nitric oxide and nitrogen dioxide. As 
there is only an ambient air quality standard for nitrogen dioxide and as there is no set criterion 
for emission of  total oxides of  nitrogen, it is necessary to estimate the proportion o f  nitrogen 
dioxide in nitrogen oxide emissions for comparison with air quality criteria. For this study, 
measurements o f  oxides o f  nitrogen have been assumed to consist of  35% o f  nitrogen dioxide. 
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20.2 Description of existing air quality 

Regional air quality and meteorology 
The major air pollutants that influence air quality in the Sydney region are hydrocarbons, 
oxides o f  nitrogen, carbon monoxide, ozone, particulate matter, sulfur dioxide, lead and acid 
gases. These are emitted by motorvehicles (which account for 50% o f  hydrocarbons and 90% 
o f  carbon monoxide emissions) and industrial activities. Existing levels o f  oxides o f  nitrogen 
and reactive hydrocarbons are o f  particular concern because their reaction in the presence of 
sunlight forms photochemical smog (an end product being ozone), which has been recognised 
as a major air quality issue within the Sydney region. 

State Pollution Control Commission (now referred to as the Environment Protection Authority) 
monitoring indicates that, generally, air quality in the Sydney Basin has improved since the 
introduction o f  the Clean Air Act 1961 although concentrations o f  hydrocarbons and oxides of 
nitrogen have increased. The State Pollution Control Commission found that levels o f  acid 
gases and suspended particulates seldom exceed health criteria and that the concentration of 
lead in the atmosphere has decreased in recent years because of  the increased use o f  unleaded 
petrol for motor vehicles. 

However, the findings o f  a pilot regional air quality study by Hyde and Johnson (1990) 
indicate that: 

• Because the State Pollution Control Commission's monitoring stations are not located in 
western and north-western Sydney, the Commission has underestimated the level of 
pollutants that form photochemical smog in these parts of  Sydney. 

• State Pollution Control Commission data indicating that ozone and smog levels have 
decreased over the past 12 years are misleading as the areas o f  highest ozone and smog 
have moved downwind to the south-west from the industrial and traffic pollutant sources 
to the south-west. 

• Photochemical smog is increasing in the Sydney Basin, particularly in the outer south- 
western areas. This is caused by increased oxides of  nitrogen concentrations which have 
longer to react by the time they reach these outer suburbs. 

Wind speed and direction are important as they influence pollutant concentrations and 
dispersal. Although seasonally variable, general wind flows for the Sydney Basin are: 

— Overnight north-westerly and westerly flow o f  air from the mountains to the sea in 
the form o f  a katabatic drainage flow (down hill flow caused by air in upper slopes 
cooling by radiation and becoming denser). 

Afternoon north-easterly sea breezes which flow from the sea to the south-west of 
the Sydney Basin. Therefore, pollutants which are produced in the eastern and 
northern region o f  the Sydney basin may be transported to the south and west 
contributing to the formation of  photochemical smog. 
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Late evening and overnight northerly air flows up the Hawkesbury Nepean River 
valley. Any pollutants delivered to the north-west on this air stream may remain 
there during the following day until the next overnight katabatic drainage flow. 

There is increasing awareness of  the health effects o f  poor air quality and recently money was 
allocated to study ambient air quality in Western Sydney. Seminars over the past 18 months 
have concluded that the Sydney region may be reaching its limits o f  development in terms of 
acceptable quality of  life. 

Local air quality 
To establish existing air quality in the local study area, air samples were collected at 16 
representative locations in December 1990 and April 1991 (see Figure 38). Air was sampled 
during worst case conditions, comprising peak traffic flow and minimal wind speed. Each 
sampling site was chosen to represent a particular combination of  roadway lane configuration, 
traffic volume and speed, as well as a specific set of topographical and wind conditions. 

Concentrations of  carbon monoxide and oxides o f  nitrogen were measured at each of  the 16 
locations. The sampling results are summarised in Table 42. To aid description, the sample 
locations have been categorised as heavily travelled roads, suburban roads and suburban 
bushland settings. 

As shown in Table 42, the highest one-hour average air pollutant concentrations are on 
heavily travelled roads. Although these carbon monoxide and oxides o f  nitrogen 
concentrations are relatively high compared to the other sites, they do not exceed the nominated 
air quality criteria. Existing air quality measured by carbon monoxide concentrations and 
oxides o f  nitrogen appears to be typical of  the Sydney suburban atmosphere adjacent to a major 
traffic artery. In particular: 

Existing carbon monoxide concentrations average between 7.5 and 12 mg/m3 (milligrams 
per cubic metre), well below the one-hour maximum o f  31 mg/m3. 

Existing nitrogen dioxide concentrations range between 3.5 and 119 p.g/m3 (micrograms 
per cubic metre), which are below the National Health and Medical Research Council 
one-hour maximum air quality standard of  330 µg/m3 which should not be exceeded 
more than once per month. It should be noted, however, that the ambient measurements 
of  total oxides of  nitrogen have been assumed to consist o f  35% nitrogen dioxide. This 
assumption is in accord with measurements and historical observations by the 
Environment Protection Authority (formerly the State Pollution Control Commission) 
(State Pollution Control Commission, 1990). 
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Table  42: Exist ing 1-hour carbon monoxide,  nitrogen dioxide and oxides  o f  nitrogen 

concentrat ions at sample  locations 

S a m p l e  location 
site 

Carbon Nitrogen dioxide Oxides of 
m o n o x i d e  Gig / m 3 )  ** nitrogen (N0x) 
( m g / m 3 ) *  expressed as 

NO2 
( g g i m  3 )  ** 

expected  theoretical 
maximum # #  max imum ### 

Air  quality criteria 3 1 3 3 0 #  not  specified 

Heavily travelled roads 

1 North Rocks Road, near Pennant Hills Road 2.5 - 12 
2 Corner North Rocks Road and Barclay Road 6.2 - 10 
4 Corner Windsor Road and Cook Road 12 - 20 
8 Old Windsor Road, south o f  round- about 3.1 - 17 

with Seven Hills Road 
9 Old Windsor Road, at Caroline Chisholm 5.0 - 19 

Drive 
12 Pennant Hills Road, a t  Mahers Road 3.7 - 5.6 
13 

14 

15 

Pennant Hills Road, at Murray Farm 
Road 

7.4 - 29 

11 - 35 

22 - 63 
22 - 102 

21 - 82 

31 - 100 

6 2 -  180 
62 - 290 

22 - 109 62 - 310 

36 - 98 

2.5 - 3.7 22 - 42 

2.5 - 10 

1.2 - 3.7 
16 Pennant Hills Road, at Carlingford Road 1.2 - 7.5 

Pennant Hills Road, at North Rocks 
Road 
Pennant Hills Road, at Alamein Avenue 

140 - 280 

62 - 120 

22 - 119 62 - 340 

7.4 - 39 21 - 110 
14 - 63 4 - 180 

Suburban roads 
3 Renown Road, a t  Darling Mills Creek 15 - 19 11 - 4 9  31 - 140 
6 Corner Seven Hills Road and Jasper Road 5.0 - 11 7.4 - 42 21 - 120 
7 Seven Hills Road, at Toongabbie Creek 3.7 - 10 14 - 35 41 - 100 

Suburban bushland setting 
5 Junction Road near Magnolia Avenue 1.9 - 5.6 11 - 35 31 - 100 
10 End o f  Hepburn Road 4.4 - 8.7 3.5 - 14 10 - 41 
11 Mahers Road, near Pennant Hills Road 2.5 - 3.7 3.5 - 14 10 - 41 

Source: Stephenson and Associates (1991) 
Note: * milligrams per cubic metre. 

** micrograms per cubic metre. 
# not to be exceeded more than once per month. 
## expected maximum calculated from 35% o f  total oxides o f  nitrogen. 

### theoretical maximum calculated from 100% o f  total oxides o f  nitrogen. The theoretical maximum 
assumes that there is conversion o f  all oxides o f  nitrogen to NO2. This requires no movement o f  air, 
maximum sunlight and an optimum hydrocarbon level. This is most unlikely to occur as  still air 
requires an inversion, which would break up with maximum sunlight and result in air movement. 
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20.3 Impacts of the transport link on air quality 

The major impacts associated with the proposed link would be from dust and equipment 
emissions during construction, and motor vehicle emissions during operation. These impacts 
are discussed below. 

20.3.1 Construction impacts 
During construction of the proposed link, temporary impacts on air quality would result from: 

Dust generated from earthmoving activities. 
Emissions (mainly diesel exhaust) from earthmoving machinery. 
Emissions from construction traffic. 
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Exhaust emissions are unlikely to cause any significant impact. However, potential impacts 
from dust are o f  concern. The likely amount o f  dust generated in one day can be estimated 
from work by the United States Environmental Protection Agency and, in New South Wales, 
by the National Energy Research and Development Council. The following assumptions have 
been used as model input data to predict the generation o f  dust from construction during a 10 
hour day: 

• Dozers (2) — 55 kg (assumes dust suppression measures). 
• Grader (1) — 15 kg (assumes dust suppression measures). 
• Filling trucks with spoil 

(2 excavators) — 23 kg (no dust suppression). 
. Trucks travelling on unsealed 

road surfaces (100 trips) — 80 kg (assumes dust suppression measures). 
• Scrapers (2) — 270 kg (no dust suppression). 
• Wind erosion — 2.4 kg (no dust suppression). 

Thus, about 445 kg o f  dust would be generated in a 10 hour day over the whole construction 
area. Impacts would mostly occur during the first phase o f  heavy excavation and could be 
reduced by at least 50% by intensive dust suppression measures during scraping operations. 
Heavy excavation would only affect any given point along the route for two or three days at a 
time, on five different occasions, as the earthworks formation and pavement stages are 
completed. In addition, scrapers would only be used for a limited period o f  excavation at the 
cut and fill stage. 

Impacts would typically be limited to a distance o f  200-300 metres from the centre o f  the 
construction area. 

2 0 . 3 . 2  Motor vehicle emissions from the transport link 

To assess the impacts o f  the proposed link on air quality, a dispersion model was used to 
calculate future concentrations o f  carbon monoxide, oxides of  nitrogen, particulate matter and 
hydrocarbon emissions for projected traffic flows. Estimates were based on worst case 
conditions taking into account wind direction and wind speed; and vehicle emission controls, 
age structure, engine temperature and speed. 

The predicted pollutant concentrations resulting from the proposed link are summarised in 
Table  43, which presents the ground-level concentrations o f  carbon monoxide, 
hydrocarbons, nitrogen oxides, nitrogen dioxide and particulate matter at a distance o f  10 
metres from the roadside at selected sections of the route. 
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Table 43: Summary o f  predicted one-hour average pollutant concentrations 

in the year 2006 * 

Road  section Carbon 
monoxide 

mg/m3 

Hydro- 
carbons 
mg/m3 

Nitrogen 
dioxide 
ttg/m3 

Particulate 
matter 
ttg/m3 

Air quality criteria 31 0.17 330 260 

Old Windsor Road to Toongabbie 
Creek, Baulkham Hills 

7.8 0.16 312 95 

Toongabbie Creek to Windsor 
Road, Baulkham Hills 

7.8 0.16 312 95 

Windsor Road to Pennant Hills 
Road 

8.2 0.22 314 105 

Source: Stephenson and Associates (1992) 
* Measured at a distance o f  10 m from the roadside 

The modelling results indicate that overall, the proposed alternative would have a minimal 
impact on regional air quality. In particular: 

• Predicted carbon monoxide concentrations are well below the criterion. Contributions 
from background levels (approximately 6.3 mg/m3) would not raise the concentrations 
above the criterion. 

• Predicted hydrocarbon concentrations between Windsor Road and Pennant Hills Road 
are close to or exceed the former United States Environmental Protection Agency 
criterion. This is consistent with monitoring data which indicates that ambient 
hydrocarbon concentrations are elevated in the Sydney Basin. 

. Predicted nitrogen dioxide concentrations would significantly increase and be close to the 
criterion. This is indicative of the long-term air quality problems in the Sydney Basin. 

• Predicted particulate matter concentrations are well below the criterion. No adverse air 
quality impacts are expected. 

• There would not be a significant build-up o f  carbon monoxide or oxides of  nitrogen in 
the Darling Mills Creek valley area during poor dispersion conditions as the proposed 
expressway runs perpendicular rather than parallel to the valley. 
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Dispersion of pollutants 
The dispersion o f  exhaust emissions from motor vehicles using the proposed link during peak 
hours was modelled and the results are graphically illustrated by contours in the working paper 
on air quality (Stephenson and Associates, 1991). (The contours do  not take account of 
contributions o f  pollutants from other roads which contribute to regional air quality). It was 
found that concerns relating to carbon monoxide and nitrogen dioxide concentrations would be 
limited to a few tens of  metres from the link. 

Greenhouse effect 
The greenhouse effect refers to the theory that atmospheric warming is being enhanced by the 
sun heating human developed sources o f  atmospheric gases. One o f  the primary gases 
contributing to the greenhouse effect is carbon dioxide. It is estimated that motor vehicles 
account for 25% o f  Australia's emission of  carbon dioxide. A more detailed discussion o f  the 
greenhouse effect is contained in Section 3.1. 

20 .4  Mitigative measures 

20 .4 .1  During construction 

It is recommended that the Roads and Traffic Authority would comply with all statutory 
requirements to mitigate dust emissions during construction. Also, construction requirements 
in the specifications would need to include provision for the works to be kept clean and tidy 
and for dust suppression measures to be taken as required. For example: 

. All haul roads and unsealed access roads would be watered. Spraying would also occur 
during dozing, final grading and, where appropriate, excavation. 

• A wheel wash would operate for trucks leaving the construction zone, and all loaded tip 
trucks would be tarped. 

• All disturbed areas would be revegetated immediately after completion o f  the earthworks. 

2 0 . 4 . 2  During operation 

It is recommended that an ongoing monitoring program would be undertaken to ensure that 
pollutant levels correlate to those predicted by this study. The program would involve one or 
two fixed monitoring stations located within the transport corridor. Locations would be 
determined in consultation with the NSW Environment Protection Authority, local government 
and community groups. 

2 0 . 4 . 3  Technological changes 

This study has been based on the premise that average individual vehicle emissions would 
significantly decrease whilst overall vehicle numbers would increase to the year 2006. Thus, 
total emissions would not increase in direct proportion to the increase in vehicle numbers. 
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The reason for this premise is that by the year 2006, almost all light vehicles will be fuelled by 
unleaded petrol, further reducing lead emission levels. Also, most vehicles will have three- 
way catalysts as a design feature which will significantly reduce oxides o f  nitrogen emissions. 

Additional emission reductions could be possible with the development o f  alternative fuel 
sources such as dual fuel bases (e.g. diesel/electric), ethanol, electricity or  hydrogen, or with 
stricter government emission regulations. However, due to the unpredictable progress o f  these 
developments, it was not practical to account for them in the predictions for this study. 

20.5 Conclusion 

The overall conclusions are that: 

• The transport link would have minimal, if any, increased impact on regional air quality. 

• The incorporation o f  a public transport component in the link may help to reduce the 
number of mobile emission sources in the Sydney Basin. 

• During operation of  the transport link, the major impacts on air quality would be limited 
to within a few tens o f  metres from the road kerbside. 

• The predicted particulate matter and carbon monoxide emission concentrations within 10 
metres o f  the kerbside in the year 2006 are expected to comply with existing ambient air 
quality criteria. 

• The predicted hydrocarbon concentrations within 10 metres o f  the kerbside are expected 
to exceed the photochemical smog air quality guideline. It should be noted that this is an 
indicative guideline and not a health standard. 

• The predicted nitrogen dioxide concentration within 10 metres of  the kerbside would tend 
to increase to be marginally below the existing ambient air quality standard. The 
proportion o f  nitrogen dioxide at the kerbside may actually be substantially lower due to 
the lower proportion o f  nitrogen dioxide in the total oxides of  nitrogen in the motor 
vehicle exhaust emissions. 

• Although there could be an increase in concentrations o f  carbon monoxide and oxides of 
nitrogen overnight, when dispersion is reduced, adverse effects on residents or motorists 
are unlikely. 

• Construction impacts would mainly be dust emissions from the movement of  vehicles on 
unsealed surfaces and associated earthmoving equipment. These would typically be 
limited to a distance of  200 to 300 metres from the centre of  the construction area. This 
effect would be temporary and these impacts would need to be minimised through dust 
suppression measures, such as spraying water on unsealed roads and covering loaded tip 
trucks. 
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21 VEGETATION AND ANIMALS 

The likely impacts of  the proposed link on vegetation and animals were assessed in a special 
report by Mount King Ecological Surveys (1991). A summary o f  findings is presented below 
and both alternatives for the transport link are treated identically. 

An assessment was undertaken o f  the need for a Fauna Impact Statement as required by the 
Director o f  National Parks and Wildlife Service in terms of  the Endangered Fauna (Interim 
Protection) Act 1991, as amended. As there is no 'endangered fauna' within the area whose 
environment is likely to be 'significantly affected' by the proposed link, a Fauna Impact 
Statement is not required, although one was prepared for 'protected fauna'. Further details can 
be found in Appendix D and in the special report by Mount King Ecological Surveys. 

21.1 Description of existing vegetation 

The proposed link would be located in the cleared lands o f  the transportation reserve between 
Old Windsor Road and Windsor Road, and the bushland areas between Windsor Road and 
Pennant Hills Road. Such bushland areas would include portions o f  Excelsior Reserve and 
Darling Mills State Forest. These areas have regional significance as they occur close to the 
boundary of  the Cumberland Plain and the Hornsby Region. 

Vegetation communities identified along the proposed link have been classified according to a 
combination o f  vegetative and geological characteristics. They are listed below and illustrated 
in Figure 39. 

• Blue gum forest 
• Valley forests 
• Red mahogany woodland 
• Red bloodwood woodland 

• Ironbark woodland 
• Shale woodland 
• Cleared land 

Each o f  these communities is discussed in turn. 

21 .1 .1  Blue gum forest 

The blue gum forest is associated with the deep clay soils and heavier alluvial soils located 
north o f  Mahers Road and west of  Carmen Drive and Morton Avenue. These soils are typical 
o f  the open-forest community dominated by the Sydney blue gum (Eucalyptus saligna) and 
may include the associated tree species o f  blackbutt (E. pilularis) and turpentine (Syncarpia 
glomulifera). 
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A remnant stand o f  Sydney blue gums is located along Mahers Road. Its understorey consists 
o f  shrub layers o f  Parramatta wattle (Acacia parramattensis), sally wattle (A. floribunda), 
blackthorn (Bursaria spinosa), Hakea dactyloides, narrow-leaved geebung (Persoonia linearis) 
and elderberry panax (Polyscias sambucifolius). 

Common ground-layer plants include Entolasia marginata, bracken fern (Pteridium 
esculentum), DianeIla caerulea, Poa affinis and Lomandra longifolia. In areas disturbed by 
past development, such as north o f  Mahers Road, the understorey is dominated by exotic 
weeds including lantana (Lantana camara), small-leaved privet (Ligustrum sinense) and 
Madiera vine (Anredera cordifolia). 

This community is conserved elsewhere in the Sydney region at Dalrymple Hay Nature 
Reserve and Urban Bush Reserves in Carlingford and West Pennant Hills. 

2 1 . 1 . 2  Valley forests 

These open and closed-forest communities are associated with the deeper soils located in the 
areas o f  Excelsior Reserve, Darling Mills State Forest and Toongabbie Creek. The dominant 
tree species in the open-forest communities are blackbutt (E. pilularis), smooth-barked apple 
(Angophora costata), and turpentine (Syncarpia glomulifera). Coachwood (Ceratopetalum 
apetalum) and crabapple (Schizomeria ovata) are the dominant tree species in the rainforest sites 
o f  the closed-forest communities. (These sites are identified as 2A on Figure 39). The 
rainforest tree species lilly-pilly (Acmena smithii), muttonwood (Rapanea varibilis) and grey 
myrtle (Backhousia myrtifolia) are also present. 

The understorey of  these communities varies according to aspect and soil conditions. Sites 
with a sheltered southerly aspect support a dense tall shrub layer dominated by Christmas bush 
(Ceratopetalum gummiferum) with a ferny ground layer of  false bracken (Culcita dubia) and 
rasp fern (Doodia aspera). Near Darling Mills Creek the understorey is composed of  a tall 
shrub layer o f  forest oak (Allocasuarina torulosa), with lower layers o f  Leaucopogon 
juniperinus, hop bush (Dodonea triquetra), DianeIla caerulea, Lomandra longifolia, kangaroo 
grass (Themeda australis) and wallaby grass (Danthonia sp.). Weed invasion is considered 
low and generally restricted to drainage lines and disturbed sites. 

2 1 . 1 . 3  Red mahogany woodland 

This community occurs along the north-facing ridges and spurs between Yale Close and 
Barclay Road. The shale-influenced soils support the dominant tree species o f  red mahogany 
(E. resinifera), red bloodwood (E. gummifera) and scribbly gum (E. haemastoma). Other tree 
species which may be present include white mahogany (E. acmenoides), smooth-barked apple, 
blackbutt and Sydney peppermint. 

The understorey consists o f  a medium to high density layer o f  shrub species that includes 
Bossiaea obcordata, Hakea sericea, tick bush (Kunzea ambigua), Leptospermum attenautum, 
prickly moses (Acacia ulicifolia) and Helichrysum diosmifolium. Ground layer species include 
kangaroo grass, blady grass (Imperata cylindrica), Entolasia stricta, DianeIla caerulea and 
Poranthera ericifolia. Weed invasion is restricted to minor drainage lines and developed areas 
such as Muirfield High School. 
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2 1 . 1 . 4  Red bloodwood woodland 

This community is associated with the shallower soils that occur along the dry ridgelines and 
spurs o f  the Darling Mills Creek catchment. The dominant tree species are red bloodwood and 
narrow-leaved apple (Angophora bakeri). Other tree species present include scribbly gum, red 
mahogany and Sydney peppermint. The understorey is composed o f  the shrub species 
Woolsia pun  gens, woody pear (Xylomelum pyriforme), Playtlobium formosum, Banksia 
spinulosa, tick bush and Sydney golden wattle (Acacia longifolia). Ground layer species 
include Anisopogon avenaceus, wire grass (Aristida vagans), Xanthosia pilosa and Entolasia 
stricta. Species that may be present at disturbed sites include cat's ear (Hypochoeris radicata) 
and St John's wort (Hypericum pelforaturn). 

2 1 . 1 . 5  lronbark woodland 

This community occurs on Wianamatta Shale located near Barclay Road. The dominant 
species are grey ironbark (E. paniculata) and broad-leaved ironbark (E. fibrosa). Other trees 
include turpentine, white stringybark (E. globoidea), white mahogany and Smooth-barked 
apple. 

The understorey comprises a scattered to medium density shrub layer o f  Acacia falcata, forest 
oak, green wattle (Acacia decurrens) and Melaleuca decora. The ground layer consists o f  a 
medium-dense cover o f  wire grass (Aristidia vagans), blady grass, Entolasia stricta, Glycine 
clandestina and Microlaena stipoides. Several exotic weeds are also present. These include 
lantana (Lantana camara), crofton weed (Ageratina adenophora), spear thistle (Cirsium 
vulgare), suckling clover (Trifolium dubium) and slender pigeon grass (Setaria geniculata). An 
example of  this community is protected in Wallumetta Forest at Ryde. 

2 1 . 1 . 6  Shale woodland 

The Shale Woodland classification applies to the disturbed lands west of  Windsor Road. This 
vegetation community no longer exists in a natural state within the area o f  the proposed 
transport link. Remnant native species include sally wattle (Acacia floribunda), black thorn 
(Bursaria spinosa), wallaby grass, Dichelachne micrantha, Era grostis phil l ipica and 
Fimbristylis dichotoma. Exotic species include kikuyu (Pennisetum clandestinum), paspalum 
(Paspalum dilatatum), white clover (Trifolium repens) and prairie grass (Bromus unioloides). 

2 1 . 1 . 7  Cleared land 

This vegetation community consists of  the urbanised areas within and adjacent to the area of  the 
proposed link. In general, these areas have been cleared for development or highly disturbed 
by development activity. 
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21.2 Rare, threatened or significant plant species 

None o f  the species identified in Section 21 is currently listed as rare or  threatened on a 
national basis. However, several species have restricted distribution in the Sydney region. 
These include the elk horn fern (Platycerium bifurcatum), crab apple (Schizomeria ovata), 
scrub beefwood (Stenocarpus salignus), grey myrtle (Backhousia myrtifolia), Trochocarpa 
laurina and Austromyrtus tenuifolia o f  the valley forest vegetation community and the white 
mahogany (Eucalyptus acmenoides) o f  the red mahogany woodland community. All these 
species are represented in conservation reserves elsewhere in the State. 

21.3 Areas classified as bushland 

The definition o f  bushland as set out in the State Environmental Planning Policy No. 19 
(Department of Environment and Planning, 1986) is as follows: 

"land on which there is vegetation which is either a remainder o f  the natural vegetation of 
the land or, i f  altered, is still representative o f  the structure and floristics o f  the natural 
vegetation." 

Table 44 identifies the area o f  each bushland community in the vicinity o f  the proposed 
transport link. 

Table 44: Bushland in the vicinity o f  the transport link 

Vegetat ion community Existing area (ha) 

Blue gum forest 3.0 
Valley forests 

• Total 192.3 

• Rainforest understorey 1.4 
Red mahogany woodland 26.7 
Red bloodwood woodland 25.0 
Ironbark woodland 3.0 
Shale woodland 0.4 
Cleared land 0.6 

Total 252.4 

Source: Mount King Ecological Surveys (1991) 
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21.4 Conservation significance of vegetation communities 

The conservation significance o f  a vegetation community may be ranked as either high, 
medium or  low, as described below. 

• High conservation significance is associated with vegetation communities with restricted 
distribution in the Sydney region and/or inadequately conserved in New South Wales. 

• Medium conservation significance is associated with vegetation communities widely 
represented in the study area and considered to be adequately conserved in New South 
Wales. 

• Low conservation significance is associated with the vegetation communities that have 
been highly disturbed and are not classified as bushland. 

The conservation significance of  the vegetation communities in the vicinity of the transport link 
is shown in Table 45. 

Table 45: Conservation ranking o f  each vegetation community 

Vegetat ion  communi ty  Conservation ranking 

Blue gum forest High 
Valley forests Medium 

• Rainforest understorey High 
Red mahogany woodland High 
Red bloodwood woodland Medium 
Ironbark woodland High 
Shale woodland Low 
Cleared land Low 

Source: Mount King Ecological Surveys (1991) 
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21.5 Description of existing native animals and wildlife 
habitats 

A field survey was undertaken to locate evidence of  animal activity and habitat types associated 
with the animal groups likely to be affected by the proposed link. These groups are: 

• Mammals. 
• Birds. 

Reptiles and amphibians. 
Fish. 

Seven mammal, 55 bird, seven reptile, two amphibian and two fish native species were located 
during the survey within the bushland areas near Darling Mills and Toongabbie creeks. These 
species and others likely to be within the area of the proposed link are described below. 

21 .5 .1  Mammals 

Seven native mammals were located in the bushland surrounding Darling Mills Creek. These 
included the common ringtail possum, sugar glider, common brushtail possum, short-beaked 
echidna, long-nosed bandicoot, bush rat and the grey-headed flying-fox. Other mammals 
identified in this area were introduced species that included the black rat, house mouse, feral 
dog and cat, fox, rabbit and horse. 

2 1 . 5 . 2  Birds 

Most of  the 55 native bird species located along the proposed link are commonly recorded in 
Sydney with nearly half being considered common garden birds found within urban bushland. 
The majority of  birds located during the survey were those associated with wooded habitat. 
Such birds included the eastern yellow robin, jacky winter, grey fantail and a variety of 
honeyeaters, thornbills, flycatchers and parrots. Birds associated with shrubby habitats, such 
as wrens, white-browed scrubwren and weebil were also located. The aquatic bird species 
located were the Australian little grebe, sacred kingfisher, Pacific black duck, masked lapwing, 
spine-tailed swift, welcome swallow and the fairy martin. 

2 1 . 5 . 3  Reptiles and amphibians 

The reptiles located during the survey included species associated with wooded habitat such as 
the eastern striped skink, garden skink, eastern blue-tongued lizard and the red-bellied black 
snake. In addition, the long-necked tortoise, eastern water dragon and eastern water skink, 
which are associated with a water habitat, were also located. The native amphibians identified 
during the survey were the green tree frog, eastern banjo frog, brown toadlet and common 
eastern toadlet. 
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2 1 . 5 . 4  Fish 

The native fish species identified in the survey included the short-finned eel and common 
jollytail. Introduced species included the goldfish and mosquito fish. 

21.6 Wildlife habitats and other expected species 

The proposed link would intersect a variety o f  habitats associated with urban areas and the 
vegetation communities o f  Hawkesbury sandstone. These habitats can be classified as 
grassland, cleared, timbered, shrubbed, rocky and those associated with water. Such habitats 
are known to support a number of  species not located during the field survey. These species 
would include mammals such as the brown antechinus, feathertail glider and bats; several bird 
species including the Australian king parrot, Australian hobby, little eagle, golden-headed 
cisticola, satin flycatcher, spine-tailed swift, rainbow bee-eater and pigeons; and a variety of 
reptiles and amphibians found throughout the Lane Cove River Valley. 

21.7 Significance of identified animal species and wildlife 
habitats 

The proposed link would be located in an area that supports a relatively high diversity and 
density o f  native animal species with wildlife habitats that are considered in good condition. 
The population status of  the native animal species located or expected in the area are classified 
as either abundant or common throughout their range. Exceptions are the bat species o f  grey- 
headed flying-fox and bird species o f  Australian king parrot, Australian hobby, little eagle, 
golden-headed cisticola and satin flycatcher, which can be considered as having some 
conservation importance in the Sydney region due to limited habitat. Over their national range, 
however, they are classified as moderately common to abundant. The occurrences o f  long- 
nosed bandicoot and echidna are the closest to Sydney's centre and are o f  regional significance. 
The bushland areas provide a wildlife corridor, from Cumberland State Forest to the upper 
Parramatta River. 

21.8 Impacts on vegetation, animals and wildlife habitats 

The proposed link would require the conversion o f  vegetation and animal habitats to a 
transportation facility. The likely impacts are discussed below. 

294 



Chapter 21— Vegetation and animals I 
21 .8 .1  Impacts on vegetation 

The likely impacts would include: 

• The clearing of  vegetation for the link. 

• The fragmentation of  small bushland areas leading to invasion o f  exotic weeds and the 
loss of  native plants. 

Potential soil erosion and sedimentation. 

A change o f  moisture and light for vegetation located under proposed bridges and 
viaducts. 

The total area of  bushland that would be affected by the proposed link is shown in Table 46. 
The represented totals take into account the area of bushland that would be directly affected by 
construction of  the link as well as the smaller areas of  bushland that would be isolated. Areas 
likely to be affected by weed invasion have not been accounted for because implementation of 
weed control measures would limit impacts on bushland areas. 

Table 46: Area o f  bushland that would be affected by the proposed link 

Vegetat ion community Total area o f  bushland 
affected (ha) 

% o f  vegetation 
community  affected 

Blue gum forest 3 100 
Valley forests 

• Total 21.3 11 

• Rainforest understorey 1 71 
Red mahogany woodland 9 33 
Red bloodwood woodland 7.5 30 
Ironbark woodland 3 100 
Shale woodland 0.4 100 
Cleared land 0.4 67 

Total 45.6 18.3 

Source: Mount King Ecological Surveys (1991) 
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2 1 . 8 . 2  Area of bushland affected 

As Table 46 shows, 45.6 hectares o f  bushland would be affected including 20.3 hectares 
within Excelsior Reserve and Darling Mills State Forest. This includes the 39 ha directly 
affected (see Chapter 16) and areas indirectly affected. Such impacts would also include the 
total loss o f  the identified blue gum forest and ironbark woodland communities which have a 
high conservation value due to their restricted distribution in the Sydney region. 

This reduction in bushland may lead to the local extinction o f  plant species from this area. The 
likelihood o f  such extinction is difficult to quantify but would be related to the extent of 
disturbance to bushland, the size o f  remaining bushland areas and whether there is 
disproportionate damage to vegetation communities with locally restricted distributions such as 
the identified areas of  blue gum forest and ironbark woodland. 

2 1 . 8 . 3  Animal and wildlife habitats 

The clearing of  vegetation required to build the proposed link would affect animals and wildlife 
habitats. Likely impacts would include: 

• 
• 

The loss and division of  wildlife habitat. 
Disruption to animal movement patterns. 
Increased soil erosion and stream sedimentation. 
Increased vehicle collisions with wildlife, particularly birds. 

The proposed link would also affect bushland close to Darling Mills Creek which provides 
habitat for a variety o f  native species. However, such impacts would not be significant 
because: 

• The loss o f  animals and habitat associated with the clearing of  vegetation and vehicular 
traffic would not significantly affect the overall status of  any of  the species identified in 
the area, including those identified as uncommon. 

• Animal movement patterns would not be significantly affected due to the location of  the 
proposed link near the edge o f  bushland communities and the use o f  a bridge over 
Darling Mills Creek which would enable movement of  animals. 

• Impacts on watercourses would be mitigated by the erosion control measures identified in 
Chapter 23. 

1 2 . 8 . 4  Ecologically sustainable development 

The proposal would seek to promote the principles o f  ecologically sustainable development. 
An important principle in ecologically sustainable development is the maintenance o f  ecological 
systems and protection o f  biodiversity. The proposed environmental safeguards and auditing 
systems incorporated into the proposed link would seek to achieve this principle. In particular, 
the bushland areas remaining after construction would need to be managed to ensure that 
ecological processes and biodiversity are maintained. 
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21.9 Mitigative measures 

To minimise the impact of  the proposed link on vegetation and animals, it is recommended that 
the following mitigative measures be incorporated into the proposal. These measures are based 
on the State Environmental Planning Policy No. 19 - Bushland in Urban Areas (Department of 
Environment and Planning, 1986) and address the relevant issues o f  Clause 9 of  the document. 

• Underpasses and culverts would be provided at several points along the route to allow 
for the free movement o f  wildlife through the area. Culverts would be wider than the 
normal width of  the watercourse. Shrubs and low-growing species would be planted 
and loose rocks and old timber placed at the entrances to the culverts. In the culverts 
there would be runways of  earth or sand on each side and dark-adapted plant species (eg 
bracken). Where bridges are required, there would be a clearance o f  at least four metres 
to ensure free movement o f  animals and the growth of  understorey plants. 

• Provision would be made for protection against flammable and toxic spills at 
environmentally sensitive locations, and for immediately informing the National Parks 
and Wildlife Service in the case of  such spills, as noted in Chapter 14. 

• During construction, access would be gained and staging would occur within the road 
reserve. No bushland would be cleared for these uses or for parking. Areas where 
construction activity is near bushland would be fenced off  to prohibit access by 
construction personnel and the dumping of  fill, rubbish or felled trees in remaining 
bushland areas. In addition, soil erosion mitigative measures (outlined in Chapter 23) 
would be implemented to minimise erosion at construction sites, reduce potential weed 
invasion and water siltation. 

• The area of valley forest understorey near the proposed bridge at Russell Street would be 
protected during construction. The necessary protection techniques would be established 
by a qualified biologist prior to initiation o f  construction in this area. Site inspections, at 
intervals established by the biologist, would be undertaken to assess the condition of  the 
vegetation community and make adjustments to protection as necessary. 

• Revegetation and landscaping along the route would consist o f  locally indigenous species 
to create suitable animal habitat. Propagation stock would be obtained locally using the 
guidelines adopted in the National Trust's Urban Bushland Policy. Exotic species would 
be kept separated from the native cuttings prior to chipping and or mulching. If 
introduced grasses are necessary to stabilise soil, priority would be given to the use of 
species such as perennial ryegrass, which are not aggressive invaders. Kikuyu grass 
would not be used. Temporary fencing of  regrowth areas would probably be required 
until the new growth is no longer vulnerable to foraging animals. 
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• Other landscape features would include: 

— A high diversity of  plant species. 

— A high diversity of  plant structure. 
— Continuous belts o f  vegetation beyond the roadway to enable links with larger areas 

o f  natural bushland. 

— Sufficient ground cover in the form of  plant litter and prostrate plant species planted 
immediately after construction. 

To  mitigate the impact on the blue gum forest along Mahers Road. Seed would be 
gathered from existing trees before they are cleared. The seeds would be propagated and 
planted alongside the link after construct-ion as part o f  a bushland plan of  management. 

• The Roads and Traffic Authority would implement a bushland plan o f  management to 
ensure the viability o f  the remaining bushland near the link, restrict weed invasion and 
remove litter. The plan would concentrate on the following issues: 

— Nutrient and sediment movements in the construction and operational stages. 
— Regeneration. 

— Access to and useability o f  the bushland. 

— Identification of  visually sensitive areas. 
— Management and operation systems. 
— Monitoring to ensure measures are effective. 
Approval o f  the plan o f  management would be sought from the National Parks and 
Wildlife Service, Baulkham Hills Shire Council, and the Department o f  Land 
Management (Soil Conservation Service). 

▪ Considering the sensitive nature o f  the area, the population status of  animal species 
identified in the Darling Mills Creek catchment and those using culverts would be 
monitored. 

• To  ensure that safeguards are implemented during construction, the Roads and Traffic 
Authority would engage the services of  an environmental officer who would: 

— Monitor environmental impacts. 

— Submit regular reports to the Roads and Traffic Authority who would forward 
them to local government and the National Parks and Wildlife Service and make 
them available to the public. 

• Once the project is operational, an environmental officer would be appointed to: 
— Monitor environmental impacts. 

— Submit annual reports to the Roads and Traffic Authority who would forward them 
to the National Parks and Wildlife Service and make them available to the public. 

• Once the environmental impact statement is determined, the Roads and Traffic Authority 
would meet its obligations under the Endangered Fauna (Interim Protection) Act, 1991 or 
subsequent legislation for any of  the fauna species. 

All o f  the above measures would be undertaken in consultation with the National Parks and 
Wildlife Service and the Forestry Commission, where appropriate. 
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21.10 Conclusion 

The proposed transport link would pass through bushland, cleared land and residential areas. 
Some significant areas of  urban bushland and wildlife habitat would be affected. The largest of 
the bushland areas lies within the Darling Mills Creek catchment. 

The Darling Mills Creek bushland has regional significance as an extensive patch o f  bushland 
in quite good condition. The level of  weed invasion is low in comparison to the areas to the 
east, such as the Lane Cove Valley. The lower rainfall and more recent development may 
contribute to the good condition o f  bushland in the catchment. 

The route would run along wildlife corridors and would not present a significant barrier to 
fauna movement due to the building of  the link on bridges, such as over Darling Mills Creek. 

I f  the mitigative measures referred to above were incorporated into the link's planning, 
development, construction and maintenance, and all remaining areas o f  bushland were carefully 
managed, then it is considered that the quality of  the remaining bushland would be improved. 
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22 ARCHAEOLOGY AND 
HERITAGE 

The project's potential impacts on archaeological sites and heritage items were assessed by 
Haglund (1991). A summary of  findings is presented below and both alternatives for the 
transport link are treated identically. 

22.1 Description of known archaeological sites 

Archaeological surveys of  known Aboriginal sites and to identify potential sites were carried 
out in the field. These surveys, supplemented by inspection o f  the National Parks and Wildlife 
Service's Register o f  Aboriginal Sites and previous reports, identified five Aboriginal 
archaeological sites labelled (CF1 - 5), and 11 potential sites labelled (PAD 2-9 and PH 1-3) 
along the proposed link in the Darling Mills Creek area, between Russell Street, Baulkham 
Hills and Mahers Road, West Pennant Hills. These are shown in Figure 40. 

22 .1 .1  Existing archaeological sites 

The five known sites all have some floor deposit which appear to be undisturbed and seem 
likely to contain archaeological material. Two sites are rock shelters with Aboriginal art and 
stone artefacts, and two are rock shelters with stone artefacts only. Another site is a rock 
shelter containing stone artefacts and possibly Aboriginal art. Details o f  each site are outlined 
below. 

Site CF 1 (a & b) 
This site contains two rock shelters located 3.5 metres apart. At Site CF 1 (a), four silcrete 
artefacts were found, and modern, non-Aboriginal graffiti, were seen on the walls. Visitation 
to this shelter appears to be frequent. Site CF 1 (b) has six charcoal figures (possibly human, 
with up stretched arms) on the back wall. 

Site CF 2 
This site is a large rock shelter with disturbed surface deposits. Two red silcrete flaked pieces 
were found. European visitation is evident from graffiti on the walls and recent campfires. 
This site has some undisturbed and possibly deep deposits that seem likely to contain more 
archaeological material. 
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Site CF 3 
This site is a rock shelter with deposit in good condition. Two silcrete flake artefacts and a 
charcoal line on the roof, that may possibly be Aboriginal art remains, were found. 

Site CF 4 (a & b) 
This site contains two adjoining rock overhangs with Aboriginal art and some graffiti. The 
floor deposits are disturbed, but parts may remain which are undisturbed. Two flaked pieces 
were found. The a n  consists o f  one weathered white hand stencil. Charcoal graffiti are 
superimposed on the art. Several small red marks on the back wall with graffiti could be 
remains of  Aboriginal art. 

Site CF 5 
This site is a rock overhang. One broken quartzite flake was found along with three pieces of 
broken quartz pebble that may not be artefacts. The site has charcoal graffiti on a small area of 
the wall, and recently burnt wood on the floor. 

2 2 . 1 . 2  Potential archaeological sites 

Ten potential archaeological sites were recorded in nearby areas along the Darling Mills Creek 
and its tributaries. These are rock shelters that have the potential for Aboriginal use in the past. 
Seven rock shelters were identified with potential archaeological deposits that could contain 
artefacts or food remains. The potential archaeological deposits (PAD) are described below. 

PAD 2 is very disturbed and modified by visitors who have left rubbish and graffiti. 

PADs 3 - 6 are four useable and mainly dry rock shelters. They have some floor deposits 
that may be undisturbed and may contain archaeological material. 

PAD 7 is a rock overhang with some deposit present, and modem graffiti. Some walls are 
suitable for art, but no art was seen. 

PAD 8 has some in situ deposits. It could have been a useful shelter in dry times. Some 
graffiti occur on the walls. A modern fireplace and rubbish is present. This shelter is located 
down the path from Russell Street, and 300 metres south along the scarp base. 

PAD 9 is a rock shelter with potential archaeological deposit. Recent disturbance is evident 
from a campfire and modem graffiti. 
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2 2 . 1 . 3  Sites with potential for habitation 

Three rock shelters were classified as having potential for habitation (identified as PH on 
Figure 40). These have little or no deposit on the floors. 

The sandstone area around Darling Mills Creek and its tributaries (from Russell Street through 
the Darling Mills State Forest to Mahers Road west) has a high site location potential because 
o f  topography, general environment and the number of  existing sites in this area. 

The area between Old Windsor Road and Russell Street has low to medium site location 
potential. However, there could be archaeological material in parts o f  the Toongabbie Creek 
bank. 

The section along Mahers Road west o f  Pennant Hills Road has a low site location potential 
due to topographic factors. No archaeological sites were found in this section. 

22.2 Description of existing heritage items 

A review of  national, State, and local heritage registers was undertaken to identify heritage 
resources within the transportation reserve. Several sites in Baulkliam Hills were listed by the 
Australian Heritage Commission and New South Wales Heritage Council, but none of  these 
sites is located in the vicinity of the proposed link. 

Baullcham Hills Shire Council's Register o f  Historic Sites and Structures identified one item of 
local heritage significance within the transportation reserve. This is a house at 21 Junction 
Road which was built in 1890, serving as a reminder o f  early settlement in the area. This 
property is currently owned by the Roads and Traffic Authority. 

In addition, a masonry building built in 1876 as part o f  Baulkham Hills Public School is 
located just outside the reserve. The school was established prior to the gazettal o f  the 
transport corridor. 
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22.3 Assessment of impacts on archaeological sites and 
heritage items 

22 .3 .1  Impacts on archaeological sites 

Sites may be affected directly and/or indirectly, at one or several stages, including initial route- 
marking, clearing, blasting, excavation and road construction. They may also be affected by 
fumes, vibrations and increased movement through the area. 

The proposed link would cut across site CF2 and run fairly close to three other sites, one 
potential archaeological site and two sites with potential for habitation. 

In addition, the interchange planned for the corner of  Abbott and Old Windsor Roads may 
affect a considerable area o f  land. This land, and the area o f  any other planned interchanges 
should be fully inspected for archaeological material. 

2 2 . 3 . 2  Impacts on heritage items 

The house at 21 Junction Road would be directly affected by the building o f  the transport link. 
I f  not relocated, it would be destroyed. The school building would not be directly affected. 

22.4 Mitigative measures 
22 .4 .1  Archaeological sites 

If  disturbance or destruction of  the archaeological sites close to the proposed link is likely, or if 
others are identified when construction begins, it is recommended that the following measures 
be taken: 

• I f  any archaeological material is detected during construction, work would cease 
immediately and the National Parks and Wildlife Service would be informed so an 
assessment of  the effects of  construction can be made. Under the National Parks and 
Wildlife Act (1974), Aboriginal archaeological sites are protected and may not be 
interfered with, defaced, damaged, or destroyed without the written consent o f  the 
Director of the National Parks and Wildlife Service. 

• Local Aboriginal Land Council considerations would be taken into account. The present 
study area falls within the territory administered by two Local Aboriginal Land Councils - 
Daruk (west of  Darling Mills Creek) and Metropolitan (east of Darling Mills Creek). 
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• Aboriginal art sites would be recorded in detail and deposits likely to contain Aboriginal 

cultural material would be excavated. These actions would require prior consultation 
with the relevant Aboriginal Land Council and the National Parks and Wildlife Service, 
as well as a written permit from the Director o f  the Service. (Such permits normally take 
six to eight weeks to obtain.) 

• Further investigation o f  the sites and potential archaeological sites would be undertaken. 
This would involve fully recording the sites and preliminary test excavations, and may be 
followed by more extensive salvage excavations. Test excavation o f  archaeological 
deposits is time consuming and expensive. It would be undertaken i f  a site or  potential 
site would be directly or indirectly affected by the proposed link. Plans o f  management 
for the sites would then be drawn up. 

• Sub-surface testing would be undertaken in the area to the east o f  Toongabbie Creek 
between the creek and a small but active tributary with a medium site location potential. 
The wooded areas surrounding Toongabbie Creek that are likely to be affected by road 
construction would be investigated by an archaeologist in greater detail when the road 
line is marked. 

• The Darling Mills Creek area and vegetated areas along Mahers Road would be 
monitored during clearing and, if  required, there would be more detailed inspection after 
clearing. 

• If a site cannot be avoided by adjusting the route, or if no viable form of site management 
can be identified, the Roads and Traffic Authority would then ask the National Parks and 
Wildlife Service for a consent to destroy. A consent to destroy may be issued on 
condition that extensive investigations have been undertaken. 

• Buffer zones around sites would be determined in consultation with the National Parks 
and Wildlife Service, relevant Aboriginal Land Councils and the Roads and Traffic 
Authority. Staff involved in the work would be informed o f  the existence o f  Aboriginal 
sites and instructed to keep outside the buffer zones. 

2 2 . 4 . 2  Heritage sites 

If  considered o f  significant heritage value by Baullcham Hills Shire Council, it is recommended 
the Roads and Traffic Authority relocate the historical home at 21 Junction Road to a nearby 
location. Suitable locations would be disposable properties on Craig Avenue or Livingstone 
Avenue, or along Windsor Road between Junction Road and Woodlands Road. 
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22.5 Conclusion 

O f  the five Aboriginal sites found in the study area, three would be directly affected by the 
proposed link, and possible indirect effects would need to be considered for all five sites. 

The archaeological sites and potential sites along the proposed link are physically small, and 
additional sites, i f  found, would be expected to be similar. Likely impacts could probably be 
reduced or avoided through precautionary or mitigative measures. Considerations relating to 
Aboriginal heritage resources would not constitute a major constraint to the decision to build 
the proposed link. 

Once the Baullcham Hills Shire Council has evaluated the heritage significance o f  the historical 
home at 21 Junction Road, appropriate action would need to be taken. 
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23 GEOLOGY AND SOILS 

Likely impacts o f  the proposed link on the geology and soils o f  the study area are described 
below and both alternatives for the transport link are treated identically. 

23.1 Geology 

The geological information was compiled in a geotechnical investigation by the Snowy 
Mountains Engineering Corporation Limited (1992). Findings are summarised below. 

23 .1 .1  Description of existing geology 

The study area is underlain by rocks of  the Wianamatta Group, which is above the Mittagong 
Formation which in turn overlies Hawkesbury Sandstone. Except for the Mittagong 
Formation, whose presence was not confirmed by field observation, all geological units 
outcropped at least once in the study area. 

Wianamatta Group 
The Wianamatta Group comprises the basal Ashfield Shale which is separated from the 
overlying Bringelly Shale by Minchinbury Sandstone. 

Ashfield Shale is the most extensive formation in the Wianamatta Group. It was encountered at 
a number of  locations, particularly as ridge cappings along Pennant Hills Road, along a portion 
o f  North Rocks Road, and further west at Baulldiam Hills and Seven Hills. The road cuttings 
at these locations exhibited fretting of  the highly weathered shale rocks. 

The Minchinbury Sandstone Formation is commonly less than three metres thick. Minchinbury 
Sandstone outcrops along Toongabbie Creek at Seven Hills. 

Bringelly Shale forms thin isolated cappings along ridges north of Parramatta. It was identified 
on Windsor Road at Kings Langley. 

Mittagong Formation 
These rocks comprise quartz sandstone and siltstone. The presence o f  the Mittagong Formation 
was not confirmed by field observation. 
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Hawkesbury Sandstone 
The Hawkesbury Sandstone is the dominant rock type in Sydney. It was observed at 
numerous locations in the study area, particularly along and adjacent to Darling Mills Creek, 
and in road cuttings on Barclay Road. Interbedded with the sandstone, extremely and highly 
weathered shale and siltstone layers exhibited signs o f  fretting and erosion. Almost complete 
urbanisation along the proposed route has resulted in the covering of  many natural outcrops. 

The Hawkesbury Sandstone observed in the road cuttings (except for the upper two metres) 
was assessed to be slightly weathered and of  high strength. Moderately weathered shale was 
encountered at about 10 metre depth on Old Windsor Road between Abbott Road and Seven 
Hills Road North, underlying highly and extremely weathered material. Highly weathered 
shale or residual soils derived from Hawkesbury Sandstone were observed particularly along 
ridges to a depth o f  about three metres, which was the maximum extent o f  the cut or 
excavation. 

2 3 . 1 . 2  Recommended construction techniques 

Characteristics of  excavations at each proposed cut would be individually assessed. Blasting, 
as was carried out at Renown Road, is a suitable method. Unfavourable joint orientation and 
the presence o f  bands o f  less erosion-resistant material may require slope improvement by rock 
bolting, shotcreting or benching. 

It is expected that most of  the soil, shale and sandstone excavated from cut would be suitable 
for fill. Before the construction o f  road embankments, the foundation would need to be 
adequately prepared by removing unsuitable materials. It is recommended that unsupported fill 
slopes be constructed no steeper than 2:1. 

The final design o f  cut slopes would be based on site-specific geotechnical investigations. The 
following slope gradients (horizontal : vertical) are recommended: 

• Soil, and extremely to highly weathered shale and sandstone (slope 2:1). 
• Moderately, slightly weathered or fresh shale, and sandstone (slope 1:1). 
• Slightly weathered or fresh sandstone (slope 0.5:1). 

23.2 Soils 

The analysis o f  soils was undertaken by Rod Roberts and Associates (1991). A summary of 
findings appears below. 

310 



Chapter 23— Geology and soils 

23 .2 .1  Existing conditions 

Classified streams and protected lands 
Darling Mills and Toongabbie creeks are not classified as prescribed streams and there are no 
protected lands within the catchment area as defined under the Soil Conservation Act (1938). 

Soil types 
There are five major soil types associated with the proposed link. These are: 

• Glenorie soil landscape (gn) formed on Wianamatta Group shales. The soils are shallow 
to moderately deep (depth less than 200 cm). 

• Gymea soil landscape (gy) developed on Hawkesbury Sandstone. These soils are 
shallow (< 100 cm deep), with sandy loam topsoil overlying a clayey sand subsoil. 

• Hawkesbury soil landscape (ha) associated with the rugged terrain o f  Darling Mills 
Creek and its tributaries. The Hawkesbury soils are shallow (< 50 cm) and discontinuous 
because o f  rock outcrops. 

• Lucas Heights soil landscape (1h). This is o f  moderate depth (commonly less than 100 
cm), with a sandy loam overlying a stony sandy clay loam subsoil. 

• Luddenham soil landscape (1u). These soils range in depth up to 200 cm. On the crests, 
slopes and drainage lines, a loam topsoil overlies a clay, subsoil. 

Two other soil landscapes, which are located near the proposed link, are: 

• West Pennant Hills landscape (wp), which is a deep soil, with loam topsoil overlying 
clay subsoil. 

• Picton soil landscape (pn). 

Soils are shallow to deep with sandy clay loam topsoil overlying medium clay subsoil. 

Erosion 
The above soils are classified as having high to extreme soil erosion hazard, with localised 
mass movement (land slip) hazard in steep terrain or where water flows occur. 

Sedimentation 
Sedimentation presently occurs in the transport reserve to a minor extent in isolated patches of 
bushland and stretches of  Darling Mills and Toongabbie creeks. 
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2 3 . 2 . 2  Assessment 

The soil would be subjected to considerable disturbance during construction o f  the proposed 
link. The disturbance to the soil and construction of  cut and fill batters would create a serious 
erosion hazard. Following any soil erosion, there would be sedimentation o f  culverts, 
watercourses and streams (causing flooding). Sedimentation would affect water quality, 
damage vegetation communities, disturb aquatic species and reduce the recreational value of 
natural areas. 

2 3 . 2 . 3  Mitigative measures 

A program to control erosion and sedimentation would need to be implemented during 
construction. It would need to limit both the sedimentation that presently occurs and that is 
likely to occur during construction. Strict guidelines (such as soil erosion and sediment control 
structures required by the Department o f  Conservation and Land Management and the 
Environment Protection Authority) would need to be followed in clearing the site, stripping and 
respreading topsoil and handling cleared vegetation in bushland areas. Where possible, the 
geological origin o f  fill should match the layers below it. Where this is not possible a 
minimum o f  one metre of  soil would need to be placed over the fill to enable the plants to 
establish. 

Measures to control erosion and sedimentation, such as drains, sediment traps and basins, and 
hydraulic structures (such as energy dissipaters) would need to be installed during 
construction. An essential part of  the program would need to be to revegetate all disturbed 
areas and earth-constructed control works with an immediate and permanent ground cover. 

Surface drainage would need to be controlled by: 

• Early installation of  culverts with energy dissipating structures. 

• Early construction o f  catch drains and diversion drains to protect cut batter sections from 
run-on water from outside the road easement. 

• Early construction o f  other hydraulic structures, such as gabions, to minimise soil 
erosion and sedimentation. 

• Progressive construction of  erosion control works, such as drop-down drains to protect 
fill batter sections, and temporary or short-term measures such as diversion banks, hay 
bales and sand bags to control runoff from construction sites. 

Following construction, a maintenance program would need to be implemented and continued 
until sediment movement ceases. This program would need to include supervising the 
installation o f  erosion and sedimentation control works, and monitoring the control works. 
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23.3 Conclusion 

I f  all required erosion and sediment control measures were undertaken, there are not likely to 
be any significant environmental impacts during and after average rainfall, except the minor 
impact of  short-term turbidity and nutrient enrichment in streams. However, in exceptionally 
high intensity storms, a likely major impact would be sedimentation in bushland areas, 
watercourses and streams during the construction phase. A likely minor impact would be 
short-term turbidity and nutrient enrichment in streams. 

The impacts of  soil erosion and sedimentation would be most severe in the Darling Mills Creek 
area between Barclay and Oakes roads. 
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24 IMPACTS ON HYDROLOGY 
AND WATER QUALITY 

Likely impacts on water quality and hydrology were assessed by the Snowy Mountains 
Engineering Corporation Limited (1992). A summary o f  findings is presented below and 
Alternatives 1 and 2 are treated identically. 

24.1 Creeks in the study area 

The two main creeks in the study area are Darling Mills Creek and Toongabbie Creek. (Quarry 
Creek, a tributary of  Toongabbie Creek, is also traversed by the transport link.) They flow 
into the Parramatta River upstream o f  Parramatta. Neither is classified by the Environment 
Protection Authority under Part III o f  the Clean Waters Act, 1970 and there are no Protected 
Lands under the Soil Conservation Act within the catchment boundaries. 

24.2 Flows 

Flows within Darling Mills and Toongabbie creeks can vary from negligible to very high in a 
short period o f  time due to the high percentage o f  urbanisation (and, hence, paved surfaces) 
within the catchments. 

All stormwater runoff from the urbanised areas o f  the creek catchments drain directly into the 
creeks via piped networks and headwalls. The catchment areas upstream o f  the proposed link 
and 100 year Average Recurrence Interval flows are shown in Table 47. 

Table 47: Average recurrence interval (AR!) flows for Toongabbie and Darling Mills 
creeks 

Catchment 100 year AR! 100 year AR! 
area (ha) flow (m3/sec) flow depth 

(m AHD) 

Toongabbie Creek 1195 210 42.6 
Darling Mills Creek * 1745 560 35.0 

Source: Snowy Mountains Engineering Corporation Limited (1992) 
* Data for Darling Mills Creek from Upper Parramatta River Catchment Trust 
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Table 47 shows that the flows in Darling Mills Creek are significantly higher than in 
Toongabbie Creek. 

24.3 Water quality 

Desirable water quality objectives for streams are to maintain a viable aquatic ecosystem, to 
produce a clear water suitable for community use and to prevent the onset o f  eutrophication. 

Water quality within the creeks is greatly influenced by the degree o f  stormwater runoff, soil 
erosion and sedimentation. Although there are no water quality control structures in place, the 
retarding basin currently being built on Toongabbie Creek (see Section 24.2) will help to 
safeguard water quality. 

In addition, native bushland between Darling Mills Creek and adjacent urban areas forms a 
buffer zone which biologically 'treats' runoff quality in the minor tributaries before it enters the 
main creek system. This buffer zone is particularly useful in treating detergents and oil which 
find their way into the stormwater system from people cleaning and working on their cars. The 
increased loadings are most noticeable on summer weekends. Also prevalent in summer 
months are the increased base flow and nutrient loads caused by home gardeners fertilising and 
over-watering their gardens. This runoff promotes the propagation of  exotic plant species over 
native plants within the waterways. 

Apart from these intermittent and varied inflows, which occur in all urban catchments, the 
water quality of  Darling Mills Creek is generally better than that o f  Toongabbie Creek. 

24 .3 .1  Water quality sampling 

There are no water quality sampling stations within the catchments o f  Toongabbie Creek or 
Darling Mills Creek. Although the Upper Parramatta River Catchment Trust has commissioned 
an independent consultant to undertake weekly water quality sampling from the Parramatta 
River,  n o  results are  yet available. 

For this study, a monthly water sampling program for Toongabbie and Darling Mills creeks 
was initiated in January 1990. The sampling station for Darling Mills Creek is at Northmead 
High School (off Campbell Street) while that for Toongabbie Creek is at Briens Road bridge. 
These sampling stations are four and seven kilometres downstream o f  where the proposed link 
would cross Darling Mills Creek and Toongabbie Creek, respectively. 
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The main water quality data for Toongabbie Creek and Darling Mills Creek from samples taken 
in 1990 are shown in Table 48. They are compared with State Pollution Control Commission 
guidelines for urban runoff quality, presented in the publication Pollution Control Manual for 
Urban Stormwater (1989). The following conclusions may be drawn from this comparison: 

• Total nitrogen and phosphorus levels are generally higher than the guidelines for Darling 
Mills Creek and significantly higher for Toongabbie Creek. Total nitrogen and total 
phosphorus are nutrients that promote significant growth o f  algae and other aquatic plants 
depleting the oxygen concentration which can cause eutrophication. 

• Loadings o f  suspended solids, which transport nutrients and are unaesthetic, are 
acceptable but are greater than ideal wet weather discharge concentrations o f  50 mg/L as 
specified by Environment Protection Authority guidelines. 

• Bacteria levels are acceptable but Toongabbie Creek levels are close to the upper limit for 
desirable dry weather quality. 

The following observations may also be made in relation to Table 48: 

• High concentrations o f  nitrogen, phosphorus, suspended solids and bacteria are a direct 
result o f  rainfall runoff. Concentrations decline significantly in the days following 
rainfall. 

• The water quality o f  Toongabbie Creek is consistently, lower than that o f  Darling Mills 
Creek due to higher urbanisation and industrialisation. Higher sediment and suspended 
solids loads in Toongabbie Creek could be attributed to quarry discharges into 
Greystanes Creek, which is a main tributary of  Toongabbie Creek. 

• In a major storm o f  more than 200 mm that was investigated in detail, most debris, 
garbage, soil bacteria and dissolved substances were carried down the Parramatta River 
to the sea. During minor storms, these contaminants are only washed into the upper 
reaches of  the Parramatta River and carried backwards and forwards by the tides, 
providing abundant nutrients to greatly expand phytoplankton populations, and causing 
the water to become green. 

• After normal rainfall, water flows diminish rapidly to only a few litres per second in the 
creeks with Toongabbie Creek and Darling Mills Creek becoming a series o f  billabongs. 
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Table 48: Water quality data for Toongabbie and Darling Mills creeks, 1990 

Parameter Desirable Typical Toongabbie Darling 
urban dry urban Creek # Mills 
weather runoff * Creek # 
quantity * 

Temperature (OC) Mean 
Max 
Min 

16.20 
24.20 

8.30 

17.30 
23.20 
10.10 

Dissolved oxygen Mean 95.17 79.46 
(% saturation) Max 134.70 96.50 

Min 77.20 64.00 

Total nitrogen Mean <0.50 0.5-3.0 1.60 0.80 
(mg/L) Max 3.45 2.01 

Min 0.53 0.06 

Total phosphorus Mean <0.05 0.1-1.5 0.23 0.16 
(mg/L) Max 0.47 0.76 

Min 0.09 0.01 

Total suspended Mean <10 150-650 91.61 36.63 
solids (mg/L) Max 50 ** 426.70 300.00 

Min 5.50 2.40 

Bacteria (no./100 ml) Max 20,000.00 10,000.00 
Min 180.00 98.00 

Faecal coliform Mean <200 1,000- 4,226.00 1,615.00 
1,000,000 

Source: Snowy Mountains Engineering Corporation Limited (1992) 
* State Pollution Control Commission (1989), Pollution Control Manual for Urban Stormwater 
** Ideal wet weather discharge concentration 
# Study undertaken by JH & ES Laxton - Environmental Consultants Pty Ltd 
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• In dry weather, Toongabbie Creek apparently still receives nutrients, as indicated by 
large phytoplankton populations. Phytoplankton populations in Darling Mills Creek are 
only moderate. 

• During large storms, a major source o f  particulate material, faecal bacteria and nutrients 
to the upper Parramatta River is surcharging o f  the main sewage system viaduct from the 
western suburbs to North Head sewage treatment plant. This greatly affects 
concentrations o f  phosphorus and, to a lesser degree, nitrogen. 

• The ecology o f  the upper Parramatta River is very dynamic and extremely productive, but 
delicately balanced. An increase in organic matter, leading to a reduction in dissolved 
oxygen production for more than a few days, could lead to the most susceptible species 
being killed. The visible result of  a significant collapse of the system would be large fish 
kills. A more sustainable ecology would be achieved by reducing plant nutrients in the 
main waterbody so that production in the river is more controlled and less susceptible to 
collapse. 

2 4 . 3 . 2  Site inspection 

A site visit to the creeks within the transport corridor was conducted in July 1991. At the time 
o f  the visit, the water in both creeks was relatively clear. This could have been due to the fact 
that each creek had a minor flow and no rainfall runoff had occurred for several weeks, 
enabling all sediments to settle. The main findings of  the site visit were that: 

• Both creeks had pollution consistent with that expected from urban runoff. There was 
surface litter on the banks of  each creek with more litter in Toongabbie Creek than in 
Darling Mills Creek. 

• The base of  both catchments consists mainly o f  sandstone, so that the predominant 
sediment component would be coarse. This is supported by the fact that the floors of 
both creeks consist o f  coarse sediment with little fine silt/clay evident. Although visual 
inspection indicates suspended solids loads to be low in dry weather, inflow downstream 
o f  the transport link into Toongabbie Creek has high sediment loads due to the outflow 
from quarrying operations, especially in Greystanes Creek. 

• The re  w a s  min imal  algae growth in the creeks indicating nutrient loads were not 
excessive. No surface scum was apparent on the water and only minor instances of  an 
oil film detected. 

• As no heavy industrial sites discharge into the creeks upstream, levels of  heavy metals 
are expected to be almost undetectable. Upstream areas do not support intensive 
agricultural areas and levels of  organochlorine and organophosphorus pesticides are also 
expected to be low. 
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24.4 Water quality control structures 

The proposed transport link would need to incorporate water quality control structures such as 
gross pollutant traps and wet detention basins. These are described below. 

24 .4 .1  Gross pollutant traps 

Gross pollutant traps are basically concrete tanks which improve water quality by: 

• Settling and depositing sediments and heavy particulate material. 
• Trapping litter in trash racks. 
• Separating, trapping and removing oil at oil booms. 

They are easily dewatered and designed for easy access to remove litter and sediment, and are 
cleaned out three to five times per year, typically after larger storms. 

2 4 . 4 . 2  Wet detention basins 

Wet detention basins are permanent bodies o f  water, such as small ponds. They have been 
found to be the single most effective means o f  improving the quality o f  urban runoff, and the 
best means o f  removing heavy metals. Their effectiveness is mainly due to their capacity to 
detain runoff for long periods. This enables sedimentation o f  particulate matter and biological 
treatment by macrophytes within the shallow areas of the ponds. 

The Environment Protection Authority specifies design guidelines for wet basins to ensure 
efficient removal of  particles and public safety. 

Discussions with the Upper Parramatta River Catchment Trust indicate that basins o f  470 m3 

per hectare o f  disturbed catchment would be acceptable with outflow limited to 80 litres per 
second per hectare disturbed during a once in 10 year average recurrent interval (ARI) event. 
Since the 10 year ARI flows into the wet basins are likely to be greater than 80 litres per second 
per hectare outflow, the wet basins need to be designed with the additional criteria of  retarding 
outflow and providing runoff storage. 

It is also possible to combine the design criteria o f  the wet basins and gross pollutant traps so 
that the basins incorporate an upstream trash rack near the inlet and possible oil boom near the 
outlet to optimise the wet basin's water quality. 

In general, wet detention basins should be designed and utilised as an extension to the 
requirements o f  sediment control basins during the construction phase. Thus, the earthworks 
for the basins would be completed prior to starting any other earthworks. A decision on 
whether a gross pollutant trap or wet basin is used depends on site restrictions, initial use as a 
sediment basin, access for maintenance, and cost. Wet basins generally require much less 
maintenance than gross pollutant traps due to their greater size. They also achieve a higher 
water quality. Gross pollutant traps are generally used when the expected catchment runoff is 
smaller and/or adjacent to urban developments where maintenance access is easy and the 
allowable size o f  the trap is restricted. 
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Suitable locations for gross pollutant traps and wet basins are listed in Table 49. 

Table 49: Proposed location of gross pollutant traps and wet basins 

Gross pollutant traps Wet basins 

• Adjacent to Model Farms Road • North-east of Petrina Avenue 
• Between Lambert Crescent and • South of Darling Mills Bridge 

Tamboura Avenue 
• Adjacent to Toongabbie Creek and • North of Williams Road 

Toongabbie Creek tributary 
• Between Gooden Avenue and Asquith Avenue • North of Yale Close 

• North of Gossell Grove 

• North of Wiltshire Avenue 

Source: Snowy Mountains Engineering Corporation Limited (1992) 

24.5 Impacts during construction 

The transport link's major impact on water quality would be during construction as a 
consequence o f  erosion and sedimentation (see Chapter  23). 

In addition, a tributary o f  Darling Mills Creek upstream o f  Yale Close would effectively be 
destroyed except for a small area adjacent to Morton Avenue. The creek running parallel to 
Mahers Road would be enclosed in reinforced concrete box culverts for about 800 metres. 

24.6 Mitigative measures during construction 

Appropriate erosion and sediment control measures would need to be installed to minimise the 
impact of  sedimentation within the natural waterways. Erosion control measures as outlined in 
Chapte r  23 would need to be instigated prior to commencing major earthworks. Stormwater 
from the transport link would need to be treated prior to discharge into the existing drainage 
network in accordance with guidelines set out by the Environment Protection Authority and the 
Department of  Conservation and Land Management 

A significant measure that is recommended would be to direct all stormwater runoff during 
construction through sedimentation basins constructed prior to major earthworks being 
undertaken. These basins would contain the majority of  the sediment load. 

During high flows, some fine sand and silt would inevitably be transported downstream and 
deposited at a point where velocities are significantly reduced. However, supervision by the 
Department of  Conservation and Land Management during construction, to ensure that all 
temporary erosion control structures are correctly sized and located, should keep sediment 
transport rates to minimum possible levels. 
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In addition, existing drainage outlets along the route o f  the transport link may need to be 
relocated or modified. 

The transport link would increase sediment loads in Toongabbie Creek due to erosion 
occurring on the fill batters before revegetation is established. It is recommended to install a 
sediment basin downstream o f  the cut batters, west o f  the separated carriageways. 
Immediately downstream o f  the link, a major retarding basin is currently being constructed (see 
Section 24.2) which would remove a significant amount o f  sediment. 

West o f  the existing Mahers Road, a sedimentation basin would need to be installed at the new 
head o f  the natural channel to effectively contain sediment transport and provide a location 
allowing modification o f  the basin to contain an upstream chemical spill. Existing drainage 
could also be redirected to this point. 

24.7 Impacts after construction 

The fully built and operating transport link would have the following impacts: 

• It would increase the impervious area of  the Darling Mills Creek catchment by 0.6% and 
that o f  the Toongabbie Creek catchment by 0.7% upstream o f  the link. This would 
increase the flow for the 100-year average recurrence interval event in Darling Mills 
Creek by 1.2% (or 6.6 m3/second) and in Toongabbie Creek by 1.5% (or 3.5 
m3/second). 

Sediment loads would increase, although these would be significantly less than during 
construction due to the revegetation of side batters. 

Oil, grease and other surfactants would increase in storm runoff. In the area o f  the toll 
plazas, oil deposits would be significantly higher than on a standard section o f  the 
transport link. 

• Other nutrient values are not expected to increase noticeably. 

• Loadings of  heavy metals are expected to increase, particularly lead and zinc which are 
known to be deposited along roadways. Estimates by Willing and Partners (Water 
Pollution Control - Freeway F5: Tempe to Beverly Hills, 1988) suggest that construction 
of  the proposed South-Western Freeway would cause increases in lead and zinc o f  17% 
and 21%, respectively. The South-Western Freeway represents about 1% o f  its 
respective catchment area which is similar to the proposed transport link. However, the 
South-Western Freeway study area is completely urbanised whereas the link's catchment 
is less urbanised. This indicates that the link would cause a higher percentage increase in 
pollutant levels, within the less urbanised catchments, than would the South-Western 
Freeway. 
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24.8 Mitigative measures during design and operation 

It is recommended that the above impacts be minimised by: 

• Proper erosion and sediment control structures to minimise the sediment load. With 
sediment basins, 60% to 90% o f  coarse sand should be removed from runoff in minor 
storms. Nutrients attached to soil particles would also be removed by these sediment 
basins. 

• Installing sediment basins and gross pollutant traps to contain almost all lead and zinc. 

Installing gross pollutant traps with trash racks to treat much of  the transport link's 
runoff prior to discharge into the creek. Litter contained in the trash racks would absorb 
most of  the oil and grease. Trash racks would be designed and maintained so that they 
would contain litter without overtopping more frequently than once in one year. 

The gross pollutant trap downstream from the toll plazas would be of  sufficient size to 
minimise the velocities through the trap for minor runoff events and include an oil 
skimmer to remove the surface scum. This system would be regularly maintained to 
remove collected oil from the trap. 

Installing grease traps at the toll plazas to contain solvents used to clean the pavement 
surface of  excess oil build up. The traps would be designed to be closed off such that the 
contents could be pumped out and taken away for proper disposal. 

Installing wet basins with low-flow outlets to contain toxic spills. These outlets would 
be able to be closed in case of  emergency. In some areas it is not possible to provide a 
wet basin, and a gross pollutant trap could retard, but not contain, a major spill. 
However, the proposed installation of  basins on Darling Mills Creek by the Upper 
Parramatta River Catchment Trust and existing basins on Toongabbie Creek would offer 
significant protection of  downstream areas if  designed or modified to contain toxic spills. 

• The National Parks and Wildlife Service would be informed immediately should spills of 
hazardous materials occur in the bushland areas. 

In addition, during conceptual drainage design and detailed design it is recommended that: 

• The Environment Protection Authority and the Department of  Conservation and Land 
Management would be consulted to consider effective management o f  soil erosion and 
runoff. 
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• Existing urban stormwater runoff would be incorporated, if  appropriate, with runoff 

from the proposed transport link to facilitate treatment of  both prior to discharge into the 
existing creeks. (Urban stormwater runoff along the route o f  the proposed link is 
currently discharged into the stream drainage network without passing through water 
quality control structures.) 

The handling and disposal o f  materials removed from gross pollutant traps would be 
discussed with the Waste Management Authority. 

• The effect of, and means o f  containing, spillages from major disasters on the transport 
link would be addressed as outlined in Chapter 14. 

24.9 Monitoring 

It is recommended that a monitoring program be undertaken as discussed below. 

Water quality monitoring is necessary to establish baseline levels o f  suspended solids, nutrients 
and other pollutants in the runoff prior to the development o f  the transport link. Once baseline 
data have been established, some determinants may only need to be tested again when 
additional development is anticipated. Water quality determinants to be assessed would 
include: 

• Total nitrogen. 
• Total phosphorus. 
• Biochemical oxygen demand. 
• Chemical oxygen demand. 
• Total grease, oil and surfactants. 
• Suspended solids. 
• Heavy metals (cadmium, lead and zinc). 
• Temperature, conductivity, dissolved oxygen, and acidity/alkalinity (pH). 
• Organochlorine and organophosphorus pesticides. 
• Faecal coliforms. 

To maximise the benefits of  water quality control it is recommended that: 

• Investigations would include both total and dissolved nutrient species to enable optimal 
management strategies i f  site changes occur in land use or  runoff characteristics. 
Changes in land use are more likely in the Darling Mills Creek catchment than 
Toongabbie Creek due to the lower percentage o f  urbanisation. 

• Monitoring would be on a continuous basis and include during storms when the majority 
o f  pollutants are transported into the creek system. 
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Prior to, during, and after construction, pollutant levels would be monitored just 
downstream of  the transport link at the same time samples are taken for the current water 
quality monitoring program at Briens Road (on Toongabbie Creek) and Campbell Street 
(on Darling Mills Creek). Currently, samples are taken once a month. The proposed 
monitoring program would be co-ordinated with the Upper Parramatta River Catchment 
Trust. Weekly samples would be taken before construction to establish baseline data and 
continue on a weekly basis during construction. This would allow comparisons with 
existing pollutant levels. It is important to note that pre-construction sampling should 
begin as soon as possible such that the variation in baseline data can be established for 
different flow rates over a maximum period o f  time. Sediment loads are expected to 
increase by less than 10% during construction. 

24.10 Associated work by other organisations 

Biacktown City Council 
Blacktown City Council has constructed a retarding basin (known as Retarding Basin 3) on 
Toongabbie Creek to mitigate flooding in the downstream industrial area within the Parramatta 
River Basin. The proposed transport link would cross the upper section of  the basin adjacent 
to Valerie Avenue. 

Upper Parramatta River Catchment Trust 
To mitigate flooding within the Parramatta central business district, the Upper Parramatta River 
Catchment Trust is independently investigating the possibility o f  constructing retarding basins 
on Darling Mills Creek. 

Retarding basins are generally dry and formed by earth embankments on creeks or waterways. 
They are designed to store flood waters so that the peak flow o f  the waterway is significantly 
reduced, hence reducing downstream flooding. The stored flood water is released over a short 
period of  time at which point the basin can be said to be empty or dry. This type of  basin is 
proposed for Darling Mills Creek. 

The Upper Parramatta River Catchment Trust has commissioned consultants to investigate 
retarding basin locations. Possible locations near the transport link are north at Renown Road, 
or south, adjacent to Windermere Avenue or Ventura Avenue. 

As the proposed transport link would cross Darling Mills Creek, the possibility of 
incorporating the basin with the proposed bridge was investigated by the Snowy Mountains 
Engineering Corporation Limited. It was found to be feasible in both financial and engineering 
terms. The Upper Parramatta River Catchment Trust is aware o f  the conclusions. The 
environmental impacts of  this proposal would need to be assessed in a separate investigation. 
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An environmental impact statement of  preferred basin site options, as identified by the Upper 
Parramatta River Catchment Trust, is expected to be commissioned by the Trust and completed 
in 1992. If the impact assessment is favourable there would be sufficient time for the design of 
the transport link to be modified before construction of  that portion of the link takes place. As 
discussed earlier, some 200,000 m3 of  excavated material would be available to construct the 
basin. 
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25 IMPACTS ON UTILITIES AND 

SERVICES 

Utilities and services include electricity, telephone, gas, water and sewerage which are 
generally installed below ground and, therefore, would be affected by construction o f  the 
proposed transport link. Likely impacts on utilities and services were investigated by Snowy 
Mountains Engineering Corporation Limited (1992). A summary of  findings is presented 
below and Alternatives 1 and 2 are treated identically. 

25.1 The existing situation 

The proposed transport link would pass through both urban and bushland areas. Other than a 
number o f  trunk sewers and some high voltage electricity lines, there are very few service 
utilities in the bushland areas. Similarly, as the urban area through which the link would pass 
was developed after the expressway reserve was gazetted, the impacts would generally only 
occur where service authorities had no option but to construct services across the reserve. 
These crossings have generally been constructed perpendicular to the reserve's centreline to 
minimise relocation costs during construction and generally coincide with road crossings of  the 
reserve. 

25.2 Impact assessment and proposed actions 

The number of  utilities and services likely to be affected is typical of  a road project of  this size 
and nature. The locations of  major services likely to be affected by constructing the transport 
link are shown in Table 50. The table also shows proposed measures to deal with these 
affected services. 
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Table 50: Impacts on  utilities and services 

Location Proposed action 

Sewerage 

Toongabbie Creek 
Toongabbie Creek tributary 
Opposite Lambert Crescent 
Opposite Gooden Reserve 
Opposite Asquith Avenue 
Darling Mills Creek 
Gossell Grove 
Wilshire Avenue 
Mahers Road 

No work required 
No work required 
Encase pipe in concrete 
Encase pipe in concrete 
Encase pipe in concrete 
No work required 
No work required 
Encase pipe in concrete 
Encase pipe in concrete 

Water 

Old Windsor Road 
Windsor Road 
Mahers Road 
Opposite Latona Street 
Opposite Tamboura Street 

No work required 
Lower beneath transport link 
Lower beneath transport link 
Lower beneath transport link 
Lower beneath transport link 

Electricity 

Old Windsor Road 
Cropley Drive 
Darling Mills State Forest 
Mailers Road 
Oakes Road 
Oakes Road 

Relocate overhead line 
Relocate overhead line 
No work required 
No work required 
Relocate overhead lines 
Relocate pilot cable 

Gas 

Old Windsor Road 
Windsor Road 

Relocate mains in verge o f  new work 
Relocate mains in verge o f  new work 

Telecom 

Old Windsor Road 
Windsor Road 
Oakes Road 

Relocate mains in verge o f  new work 
Relocate mains in verge o f  new work 
Relocate mains in verge o f  new work 

Source: Snowy Mountains Engineering Corporation Limited (1992) 
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26 CUMULATIVE IMPACT 

ASSESSMENT 

Cumulative impact is required to be assessed in terms o f  Clause 56(n) o f  the Environmental 
Planning and Assessment Act, 1979. The assessment presented in this chapter addresses the 
cumulative impact of: 

• All factors identified in Par ts  D, E and F. 

• The western and eastern sections of  the proposed link (the eastern section is being 
addressed by Maunsell (1992). 

• The proposed link with other transportation projects. 

26.1 Cumulative impact of all factors 

In the economic evaluation in Chapter 7, impacts of  the project are translated into benefits and 
costs. Those benefits and costs which could be quantified are given a monetary value. 
Economic evaluation is therefore one method of  assessing the cumulative impact of  all factors. 
One limitation o f  economic evaluations is that not all factors can be quantified. However, in the 
economic evaluation for this project, most of  the key environmental factors were quantified, 
enabling a good indication o f  cumulative impact. 

To complement the quantitative economic evaluation, the cumulative impact o f  all factors is 
shown in a planning balance sheet in Table 51. The planning balance sheet provides a short 
description o f  the impact of  all factors, both positive and negative. 

The economic evaluation in Chapter 7 found that the benefits of  the proposed link would be 
greater than the costs, particularly if  the proposed link were connected directly across Pennant 
Hills Road to a similar link to the east. 

As shown in the planning balance sheet, the major adverse impacts o f  the proposed link would 
be noise, impact on property, visual quality and urban bushland. The major impacts would tend 
to be localised on residents and communities on either side of  the link. 

Construction o f  the link would promote the consolidation of  adjacent properties. Medium 
density residential developments could be designed to mitigate adverse noise and visual impacts. 
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Table Si: Planning balance sheet of cumulative impacts for the proposed 
transport link 

Evaluation criterion and factor Impact assessment 
Transport efficiency 
Capacity of transport system 

Public transport 

Travel time 

Improved capacity because of grade separated 
interchanges and limited access to local road system. 
High capacity with grade separation. 
Existing network efficiency increased as current load is 
taken off. 
Forms part of cross city orbital route. 
Provides capacity to cater for traffic growth in the 
existing and proposed North West Sector release areas. 
Exclusive public transport service with improved service 
for commuters. 
The services provided would be inter-regional 
(Blacktown to Epping) as well as middle-distance 
(Baulkham Hills to Epping). 
These services would be the first frequent ones to meet 
these travel demand lines. 

The bus roadway would provide a new east-west link 
with assured travel speed. 
Travel time savings for public and private commuters. 
Travel time savings predominantly on route but local 
traffic would also benefit because of the diversion of 
traffic. 
Cyclists would benefit. 

Road safety 
Road accidents 

Risk from transport of materials 

Fewer road accidents because of better traffic flow 
and less traffic conflict points. 
Reduced risk to pedestrians and cyclists on local streets 
because of traffic diverting to new link. 
Lower risk because proposed link is safer than existing 
roads. 

Social and economic 
Effects on land use 

Community severance 

Visual impact 

Loss of 219 residential properties, playing fields at 
Baulkham Hills Public School, 39.36 hectares of open 
space areas and 8 business properties. 
Adjacent suburbs would have enhanced accessibility and 
land values likely to rise. 
Considerable investment in new business enterprises 
likely - to support the North West Sector - job creation. 
Would support population growth and development in 
the North West Sector. 
Localised community severance, particularly west of 
Windsor Road. 
Some 'rat runs now dividing communities would have 
reduced effect. 
Significant visual impact because of ramps, 
interchanges and elevated carriageways, particularly in 
short term. 
Opportunities for visual improvements and 
redevelopment of adjacent properties with more suitable 
urban form. 

Continued 
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Table 51: Planning balance sheet of cumulative impacts for the proposed 
transport link (cont'd) 

Evaluation criterion Impact assecsment 

Traffic on local streets 

Economic 

Reduction in through traffic on local streets. 
Opportunities for traffic calming on some streets. 
At 7% discount rate, net present value $566 million; 
benefit cost ratio 1.81. 

Environmental 
Noise 

Air quality 

Impacts on flora and fauna 

Aboriginal and European heritage 

Erosion 

Sedimentation and water quality 

Energy consumption 

Impacts on utilities and services 

Significant noise effects on 250 residences. 
1050 residences exposed to 'normally acceptable' noise 
levels. 
No residences exposed to 'clearly unacceptable' noise 
levels. 
Reduced impact on many roads now carrying major 
traffic as traffic diverts to the new link. 

No impact on regional air quality and minimal impact on 
local environment. 

Significant effect on urban bushland. Direct and indirect 
effects on 45.6 hectares of urban bushland (6% of 
regional open space system). 
Good management with clear edges could assist in 
containing the spread of exotics to adjacent bushland. 

Some areas of archaeological significance affected. 

Potential effect because of earthworks and excavations in 
bushland areas. 

Potential impacts on Parramatta catchment. 
Opportunity for mitigation and drainage retention should 
reduce flooding problems. 

Considerable fuel savings. 

Not a major effect. 
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26.2 Cumulative impacts of the western and eastern section 

of the proposed link 

The assessment o f  the population and employment growth and distribution, and the 
transportation demand analysis were undertaken for a study region greater than the western and 
eastern transport corridors. Transportation and safety effects, including travel time savings, 
vehicle operating cost savings and accident cost savings were therefore assessed for the whole 
transport corridor. 

Similarly, the assessment o f  the metropolitan population and employment growth and 
distribution was based on transportation improvements for the whole corridor. 

The economic evaluation was undertaken for the combined western and eastern corridors. 
Twelve combinations o f  alternatives west and east o f  Pennant Hills Road were assessed. Inputs 
were received for all factors for the west and the east and this was combined into one economic 
evaluation. The economic evaluation therefore reflects the cumulative impact o f  the western and 
eastern sections o f  the proposed link as well as an assessment of  each link in its own right. 

In terms o f  localised impacts such as noise, and effects on property, flora and fauna, and visual 
quality, the cumulative impacts of  the western and eastern sections would generally be the sum 
o f  the individual impacts. For example, if  250 and 300 residences would be affected by noise in 
the western and eastern sections, respectively, the cumulative impact would be 550 residences 
affected by the whole transport link. 

26.3 Cumulative impact with other transportation projects 

The transportation study (Denis Johnston and Associates, 1991a-f) included the effect o f  other 
transportation projects in the study region. In the traffic modelling, other road projects likely to 
occur in 1996, 2006 and 2016 were included in the base case. The transportation and economic 
evaluations therefore did not overstate the case for additional road space. In addition, the impact 
assessment was based on the cumulative traffic flows resulting from the existing traffic, and 
traffic from other road projects and the proposed link. 
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27 VARIATIONS TO THE 

PROPOSED LINK 

27.1 Background 

In the assessment o f  social and environmental impacts (Parts D, E and F), it was found that 
the proposed link would have major impacts on an area o f  high quality bushland in Darling 
Mills State Forest between Yale Close and the western end of  Mahers Road. The proposed link 
would also result in the loss o f  a large stand o f  mature Sydney blue gums (Eucalyptus saligna) 
on the northern side o f  Mahers Road. These blue gums are considered important from a visual 
and bushland point o f  view. 

To reduce impacts on the high quality bushland in Darling Mills State Forest and the Sydney 
blue gums between Yale Close and Oakes Road, three variations to the alignment o f  the 
proposed link were considered. The alignment and the three variations are shown in 
Figure 41. From north to south, the four alignments are: 

• Variation A — the northernmost alignment. 
• Variation B — the proposed route described and assessed in this report. 
• Variation C — immediately to the south of  Variation B. 
• Variation D — the southernmost alignment. 

A brief description o f  the existing environment is given in Section 27.2. This is followed by 
an evaluation of  the proposed link and the three variations, given in Section 27.3. The level 
o f  detail in this assessment is greater than that in the earlier text because the impacts of  the 
variation are highly site-specific. 

27 .2  Existing environment 

The existing environment includes a creekline within the transportation reservation on the 
northern side o f  Mahers Road. This creekline widens into a valley west o f  Mahers Road and 
ultimately joins Darling Mills Creek. 

This valley supports a diverse mix o f  bushland communities. Steep rocky slopes form the 
northern sides of  the valley with moderately steep slopes with rock outcropping on the southern 
flank. 
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Chapter 27— Variations to the proposed link 

Between the western end o f  Mahers Road and Oakes Road, there is a three hectare corridor of 
tall trees comprised of mostly Sydney blue gums. The understorey o f  the blue gums is a mix of 
predominantly exotic weed and some native species. The creekline, which drains the 
surrounding urban areas, is heavily weed-infested. These weeds tend to follow the stream 
down into the broad valley. 

Beyond the western end of  Mahers Road, on the northern side o f  the creek, the steep slopes 
support a tall forest, which in terms o f  natural composition and physical character is of  high 
quality. The forest continues along the valley side. Closer to the creek, the quality o f  the forest 
is enhanced by an understorey which is both unusual and especially attractive. 

The understorey is reliant on the prevailing moist forest conditions and includes species such as 
NSW Christmas bush (Ceratopetalum gummiferum), coachwood (C. apetalum) and other 
rainforest related species. The abundance of  Christmas bush is especially notable. 

The western slopes of  the creek support a drier and more open forest but still feature trees of 
grand proportions and a diverse mix o f  sandstone flora. On the flatter slopes bordering the 
creek and also on slopes closer to property boundaries, past disturbances have allowed the 
introduction o f  weed and grass species, and left disturbed ground surfaces. 

The significant features o f  the general area are: 

• The rugged topography and apparent undisturbed quality o f  the broad panorama of 
bushland cover. 

• The northern slope o f  the creek west o f  Mahers Road, which is rich in visually beautiful 
natural features. 

• The comparatively extensive stand o f  Sydney blue gums, which is spectacular in physical 
presence and which is to some extent a rare example o f  this type (within the Sydney 
region). 

The residential environment bordering the bushland area is neat, relatively new and attractive, 
featuring well cared for gardens and modern homes. Properties immediately bordering the 
bushland typically have views o f  more or less natural conditions of  good quality. Homes that 
form a second line behind and beyond those on the bushland edge, would not typically have 
clear views to the bushland. 
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27.3 Description and evaluation of variations 

The variations are discussed in the following order: 

• Variation B — the proposed route described and assessed in this report. 
• Variation D — the southernmost alignment. 
• Variation A — the northernmost alignment. 
• Variation C — to the south o f  Variation B. 

27 .3 .1  Variation B: Alignment in the transportation reserve 

Variation B is the proposed link described in Part C and assessed in Parts D, E and F. 
Variation B runs east o f  Muirfield High School where it would cross the Darling Mills Creek at 
a lower level and go into a deep cut to traverse the steep slopes north o f  the creek. Mahers 
Road would be retained west o f  Oakes Road, with a new connection to Carmen Drive replacing 
the connection at Oakes Road. It is wholly within the transport reserve and is estimated to cost 
$45.5 million to construct and $25.88 million for property acquisition, giving a total o f  $71.38 
million. This is in the mid range of  costs: lower than A, similar to B and higher than C. 

The advantages o f  Variation B would be: 

• The retention o f  most existing residential properties. Only 14 (less than the other 
variations - see below) would be lost in this area, and 11 would be partially affected. 

• Retention of  part o f  Mahers Road for access to properties. 

The main disadvantages o f  Variation B are that it would: 

• Totally destroy the stand o f  blue gums on the northern side o f  Mahers Road. 

• Affect the existing bushland qualities to the east o f  Muirfields High School. The deep cut 
into the steep slopes north o f  the creek would leave the slope divided with exposed cut 
rock faces. 

• Interfere with the water table, as a result of  the deep excavation, affecting the condition of 
the forest below and above the proposed link. 

• Introduce a corridor o f  light, sun and draft, further altering the edge conditions o f  the 
bushland on each side of  the cut, so that the whole o f  the surrounding slope conditions 
would be altered. 
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• Result in the houses on the southern side o f  Mahers Road facing the proposed link's 

noise walls, due to the removal o f  the existing blue gum stand. 

• Affect the archaeological sites CF 2 and CF 3 and slightly affect CF 1. 

2 7 . 3 . 2  Variation D: Southernmost alignment 

Variation D was developed in response to the potential impacts on bushland o f  the proposed 
link (Variation B). It would traverse the southern slopes o f  the main valley, heading east from 
Muirfield High School to cross a small lateral gully before going into a deeply excavated section 
approaching Mahers Road. This alignment would be close to Wilshire and Morton avenues and 
cut through the bend in Carmen Drive to merge with Mahers Road near Oakes Road. It would 
cost $42.26 million to construct and $29.57 million for property acquisition giving a total of 
$71.83 million. This variation would have a medium cost: lower than A, similar to B and 
higher than C. 

The advantages of Variation D are that it would: 

• Preserve most o f  the blue gum stand and avoid the slope north of  the creek. 

• Result in the retention o f  an additional 10 hectares of  bushland and greatly reduce damage 
to three o f  the four plant communities o f  high conservation ranking and both plant 
communities of  medium conservation ranking (Mount King Ecological Surveys, 1991). 

• Have reduced impacts on wildlife corridors, bushland (from soil erosion), fauna and 
visual quality. 

• Have no impact on archaeological sites. 

The disadvantages of Variation D are that it would: 

• Have the greatest impact on houses, resulting in the total loss of  54 residential properties 
and four properties being partially affected between Wilshire Avenue and Oakes Road. 

27..3.3 Variation A: Northern alignment 

Variation A is located north o f  the transport reserve and was developed to avoid disturbance of 
the high quality bushland, south o f  Darling Mills Creek. East o f  Muirfield High School it 
would veer north, to cross the creek on a relatively high bridge and traverse the north slope at a 
higher level and further downstream from the end o f  Mahers Road than the other variations. 
Mahers Road is incorporated into the expressway reserve in this variation. It would cost about 
$54.41 million to construct and $26.03 million for property acquisition, making it the most 
expensive o f  all the variations at $80.44 million. 
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The advantages o f  Variation A are that it would: 

• Veer north past Muirfield High School, crossing the creek on a relatively high bridge. 

• Avoid both the more distinctive natural features near the base o f  the northern slope o f  the 
creek (the other variations impact on them) and the property impacts that would be caused 
by Variation D. 

• Have a lower impact on bushland than Variation B and a marginally greater impact than 
Variation D. The bushland area which would be separated from the Darling Mills Creek 
bushland by the alignment would be o f  sufficient size to remain viable in the long term 
with appropriate management. Variation A would also have a less direct impact on 
rainforest patches and red bloodwood woodland. It may, however, have a greater 
indirect impact on rainforest patches along Darling Mills Creek as it would be constructed 
along the slopes above these patches. It would also generally pass through bushland with 
a lower level o f  weed invasion than the other alignments. 

Partly avoid the Sydney blue gums along Mahers Road. 

Not affect any archaeological sites as significant as site CF 2, which would be affected by 
Variations B and C, but would affect site CF 1. 

The disadvantages o f  Variation A are that it would: 

Cost the highest of  all the variations. 

Have a greater impact on wildlife populations as it would pass through taller forest 
habitats rather than the woodland habitats which exist to the south of  the Darling Mills 
Creek. The creek crossing north o f  Yale Close would also involve destruction o f  littoral 
habitat o f  value as a wildlife corridor. On balance, the likely impacts on wildlife o f  this 
alternative detract from the advantages gained from the reduction o f  direct impact on 
bushland vegetation in comparison to alternatives following the transportation reserve. 

• Run closer to houses in Westmore Drive and Virginia Place. Twenty-seven houses along 
Mahers Road would be lost and three partially affected. 

• Pose a threat to the environment o f  the lower slopes because o f  interference to the water 
table as a result of  the deep excavation. 

• Require a larger loss of  bushland in taking a longer path through the area. 

• Cross the main creek much further downstream, thereby visually dividing the broad 
valley formation and interfering more with its recreational values than the other variations. 

• Affect archaeological site CF 1. 
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2 7 . 3 . 4  Variation C 

Variation C represents a compromise between Variations B and D. 

After leaving Muirfield High School, Variation C would run down the northern slope o f  the 
valley to pass over Darling Mills Creek just off  the end o f  Mahers Road at the foot of  the 
northern slope. The link's northern edge would be level with the slope and contained on both 
edges within retaining walls. The creek would run through culverts and pedestrian access 
would be directed down the valley on the southern slope to pass under the link at a bridge 
crossing over a small side gully. Mahers Road would be incorporated into the expressway in 
this alternative. It would cost $45.41 million to construct and $25.36 million for property 
acquisition, making a total o f  $70.77 million. This is the cheapest of  all the variations. 

The advantages of  Variation C are that it would: 

• Preserve a large proportion of  the blue gum stand and interfere only slightly with the toe 
o f  the northern slope leaving this forest environment almost intact. The effects on flora 
and fauna would be similar to Variation D and, as such, would be preferable to Variations 
A and B. 

• Cost the least of  all the variations, although only marginally so. 

• Not affect any archaeological sites. 

The disadvantage o f  Variation C is that it would: 

• Require acquisition o f  34 residential properties at the end o f  Mahers Road and west of 
Carmen Drive and partially affect three properties. This is better than Variation D, but 
worse than Variations A and B. 
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2 7 . 3 . 5  Comparison of variations 

Table 52 summarises and compares the impacts o f  the variations. 

Table 52: Summary of  impacts of variations 

Criteria 

Cost Construction 
(millions) Property 

Total 
Residential properties lost 
Residential properties 
partially affected 

Bushland impact 

Impact on archaeology 

Variation 
A B C D 

$54.41 $45.50 $45.41 $42.26 
$26.03 $225.88 $25.36 $29.57 

$80.44 $71.38 $70.77 $71.83 
27 14 34 54 

3 11 3 4 
Partly avoid Destroy Sydney Preserve Preserve most 
Sydney blue blue gums; bushland. Sydney blue 
gums. Lower affect northern Impact similar gums; avoid 
than B slightly slope. Greatest to D. northern slope. 
greater than D. impact. Least impact. 

Affect CF 1 Affect CF 2, No sites No sites 
CF3; and CF 1 affected affected 
slightly 

It is concluded that Variation C represents the most viable compromise between loss o f  houses 
and loss o f  bushland. In particular, it would: 

Have less impact on bushland than Variations A and B, but a slightly greater impact than 
Variation D. 

Affect fewer residential properties than Variation D, but more homes than Variation A or 
B. 

It should be noted, however, that the response to the community information brochure 
distributed as part o f  the environmental impact statement process was overwhelmingly that 
houses should be protected at the expense of  bushland. 

Figures 42, 43.1 - 43.4 and 44.1 - 44.3 illustrating Variation C are provided to enable 
the reader to compare the differences in alignment, design and land requirements with Variation 
B. Variation B is described in Chapters 8, 9 and 16. 
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Figure 42 
Artist's impression of 

Alternative 1 Toll Plaza - Variation C 
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Chapter 28— Monitoring and auditing I 
28 MONITORING AND 

AUDITING 

28.1 Background 

Concern has been expressed in recent years about current methods o f  environmental impact 
assessment. Many predictions made in environmental impact statements are not quantified and 
therefore are untestable. It has been claimed that insufficient emphasis has been placed on 
ongoing monitoring both during and after project construction. Such monitoring could provide 
feedback which could assist in mitigating impacts, and improve predictive techniques in future 
environmental impact statements. 

The concept o f  environmental audit has been proposed as a means o f  improving this situation. 
An environmental audit requires the setting of  well defined objectives and the use of  statistical 
sampling techniques to ensure that the appropriate type and quantity o f  information is collected. 
Baseline data must be collected prior to project commencement, and impacts monitored post- 
construction, in order to test the accuracy o f  predictions. 

The term environmental audit can be differentiated from traditional monitoring. Monitoring is 
the narrow activity of  collecting and interpreting data, while auditing goes further and provides 
a mechanism to systematically improve the design and implementation o f  projects. 

A failing o f  previous environmental impact statements is that little attention has been given to 
the post-approval stage. Buckley (1989) estimates that although approximately 1000 projects 
have been subject to formal environmental impact assessment in Australia, few contain testable 
predictions. Even fewer have been followed by the type o f  monitoring that is required to test 
such predictions. 

Various types o f  audit have been defined in the literature. Three are relevant to this 
environmental impact statement: 

• Implementation audit. 
• Project impact audit. 
• Predictive techniques audit. 

These are described below. 

The implementation audit determines whether recommendations in the environmental impact 
statement were implemented. For an implementation audit to be effective, clearly stated 
commitments are required in the environmental impact statement and responsibility for the 
commitments should be assigned in the environmental impact statement. In this way 
implementation is more accountable. 
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The project impact audit examines the actual impact of  the project once operational. It identifies 
and describes the impact that has occurred both during construction and operation, independent 
o f  the predictions made. The project impact audit can provide valuable input to similar projects 
elsewhere. 

The predictive techniques audit goes further than assessing the actual impact and assesses the 
predictions made in the environmental impact statement and the predictive techniques used. It 
involves a comparison o f  the predicted consequences and the actual project impacts in order to 
verify and improve techniques for future environmental impact statements. 

28.2 The benefit of auditing an EIS 

The benefit of  an environmental audit is that it can be applied at some future time to: 

• Assess the actual impact of  a project. 
• Test the accuracy o f  the predictions made in an environmental impact statement. 
• Provide a means by which techniques can be improved in future environment impact 

statements. 
Publicly show how a proponent - in this case the Roads and Traffic Authority - is 
fulfilling its environmental commitment. 

28.3 Requirements for an auditable environmental impact 
statement 

The basic requirement for an auditable environmental impact statement is the collection of 
baseline data on present conditions which can be directly linked to an ongoing monitoring 
program. This link provides both the basis for future assessment o f  the project's actual 
impacts, and input for mitigating these impacts, both during construction and operation. A 
feedback mechanism is also required in order to assess the accuracy o f  the impact predictions 
made in the environmental impact statement when compared with the actual impact. This 
feedback mechanism can provide input for improving predictive techniques in the future. 

To develop an environmental impact statement that can be audited it is necessary to pay attention 
to the following areas: 

• Baseline data collection. 
• Impact predictions. 
• Ongoing monitoring. 

These areas are discussed below. 

28 .3 .1  Baseline data 

Baseline studies on present conditions should be presented in the environmental impact 
statement in a way that provides the basis for an ongoing monitoring program. This ongoing 
monitoring may subsequently take place during construction and operation. 
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2 8 . 3 . 2  Impact predictions 

It is necessary that impact predictions be quantified so that during project construction and 
operation they can be tested for accuracy against the actual impacts that do occur. This process 
allows for verification and for improvement in the techniques used in future environmental 
impact statements. Many predictions made in environmental impact statements are found to be 
untestable because of the non-specific language used. 

A feedback mechanism should be defined that allows for comparison between impact 
predictions made in the environmental impact statement and the actual impacts that subsequently 
occur. This feedback mechanism can assist in defining the requirements for more effective 
baseline data collection and more accurate predictive techniques in future environmental impact 
statements. 

2 8 . 3 . 3  Monitoring 

Monitoring requires an ongoing commitment and maintenance o f  records, both during 
construction and operation. Key indicators of  these impacts should be identified for the 
purpose of  monitoring. A key indicator can be described as one that serves not only as an 
indicator of  impact, but which may be indicative of  the effectiveness of  mitigative measures. 
Key indicators should be suitable for practical and cost effective data collection. 

Guidelines should be provided for an ongoing monitoring program both during and post- 
construction based on the baseline data present in the environmental impact statement. This 
should include a definition o f  the time scale of  studies required and the responsibility of 
overseeing the studies. 

28.4 Audit procedures 

The following procedures should be followed: 

• Identify predicted impacts and key indicators. 

• Collect baseline data on present conditions before the project is implemented. 

• Through monitoring, obtain data on actual conditions as they change during the 
implementation of  the project and once it is operational. 

• Identify the actual impacts. 

• Compare the actual impacts with the predicted impacts to identify any difference. 

• Determine the cause of  the difference and especially determine whether the difference is 
due to some error or inadequacy in the environmental impact statement. 
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28.5 Application of audit principles in this environmental 

impact statement 

Problems have been identified with the practical application o f  environmental auditing. One of 
the major limitations is that the collection o f  baseline data and post-construction monitoring may 
be required for long periods before trends can be identified. This can lead to unacceptable 
delays and additional costs to the project. Particular areas pose more difficulties than others. 
For example, noise, air quality and predicted traffic volumes can be quantified and the accuracy 
o f  the predictions tested, while potential impacts on flora and fauna are more difficult to 
quantify. 

It is recommended that, in any decision of  the Roads and Traffic Authority to proceed with the 
transport link or any other project for the corridor, there should be mechanisms whereby: 

• Assumptions on which the recommendations made can be checked against actual 
experience with the project. 

• Adherence to the conditions for project implementation can be checked. 

• Actual experience in implementing the project can be checked against predictions. 

Attention has been paid in this environmental impact statement from the outset to the 
development o f  an auditable project. Tables 53 - 55 provide a recommended framework for 
conducting an environmental audit for the project. The Roads and Traffic Authority or an 
independent consultant would need to undertake or oversee various studies during construction 
and over a period o f  time following construction and make such studies publicly available as 
part of  the ongoing improvement of  environmental assessment methods. 
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Table 53: Assessment of transport and safety impacts (based on Part D) 

Criteria Baseline data 
provided in EIS/ 
prediction made 

Data required from 
future monitoring 

Time scale of 
monitoring 

Transport efficiency 

• Intersection performance 

• Travel time 

• Energy consumption. 

• Public transport 
efficiency 

• Freight service efficiency 

Performance at 12 
intersections provided 
for 1991, base case 2006 
and transport link 2006. 

15% reduction across 
network predicted in 
2006 for stated volume. 

2.6% reduction 
predicted. 

Improved reliability 
of travel time predicted. 

Improve travel time 
performance predicted. 

Conduct ongoing monitoring 
at the same sites to assess 
accuracy of predictions. 

Conduct monitoring to test 
this prediction. 

As above. 

Conduct visitor use surveys 
and monitoring. 

Consult with operators and 
monitoring. 

Yearly for the 
first five years, 
then at 2006 and 
2016. 

As above. 

As above. 

As above. 

As above. 

Safety 

• Accidents 

• Hazardous goods 
transportation. 

Accident rates (1987) 
in study area provided, 

Accident savings of 
$ 8.12 mill for transport 
link predicted 

Mitigative measures 
to include emergency 
provision for 
containment, response 
and preventative 
measures. 

Use these as basis for 
ongoing monitoring. 

Test these predictions 

Check to determine if these 
measures have been 
implemented and if they are 
effective, 

Yearly. 

Following 
construction, and 
at 2006 and 2016. 

During and after 
construction and 
following 
accidents. 

Metropolitan land use Support early develop- 
ment of North West 
sector. 

Improve growth 
potential of Parramaua 
and Blacktown and 
North Ryde. 

Improve growth 
potential of Epping 
through reduced 
congestion. 

Monitor development. 

As above. 

As above. 

Each five years 
after construction 
compare with 
2006 and 2016 
projections. 

As above. 

As above. 
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Table 54: Assessment of social and economic impacts (based on Part E) 

Criteria Baseline data 
provided in EIS/ 
prediction made 

Data required from 
future monitoring 

Time scale of 
monitoring 

Land use and 
community impacts 
• Residential areas impact 

• Open space areas impact 

• Community facilities 
impact 

• Businesses impact 

• Community severance 

219 residential properties 
affected 

Compensation for 
disturbance and 
relocation. 

Impacts would include 
visual obstructions, and 
increased noise and air 
pollution. 

39.36 ha of open space 
directly affected. 

RTA to assist in 
achieving objectives of 
Excelsior Reserve Plan 
of Management. 

Walking trails within 
Excelsior Reserve to 
remain open during 
construction. 

One school affected. 

Eight properties to be 
affected along Windsor 
Road. 

Short term construction 
impacts. 

Vehicular and 
pedestrian over passes 
to be provided. 

Pedestrian access to 
be provided to proposed 
bus stops. 

Check to determine if this is 
the correct number. 

Consult with affected parties 
to determine if nominated 
compensation was made and 
its adequacy. 

Assess if the predicted 
impacts were accurate. 

Check that this area is 
correct. 

Check that resources have 
been allocated for this task 
and assess the effectiveness 
of such a program. 

Check that this is done. 

During and after 
construction. 

As above. 

Monthly during 
construction, then 
yearly for five 
years, then at 
2006 and 2016. 

During and after 
construction. 

During 
construction, then 
yearly for five 
years. Review at 
2006. 
During 
construction. 

Consult with Department During and 
of Education to determine if after construction. 
adequate compensation paid 
or if alternative playing 
fields and access provisions 
are made. 
Consult with affected parties During and after 
to ensure that nominated construction. 
compensation is paid. 

As above. 

Check that this occurs, and 
assess the effectiveness of 
these facilities in serving 
the community. 

As above. 

During 
construction. 

After construction 
review yearly for 
five years, then at 
2006 and 2016. 

As above. 

Continued.... 
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Table 54: Assessment of social and economic impacts (based on Part E) [cont'd] 

Criteria Baseline data 
provided in EIS/ 
prediction made 

Data required from 
future monitoring 

Time scale of 
monitoring 

Visual impact 

• Short-term effects To be modified over time 
with screening and land 
use changes. 

Use of photography. Regularly during 
construction, then 
yearly. 

• Long-term effects Impact on high quality 
natural environments 
would be irreversible, 

Ongoing monitoring to 
determine whether impact 
is greater or less than 
predicted. 

As above. 

• Specific impacts Details are provided of Follow up site surveys to Monitor during 
visual impact along the ensure that work is carried construction, then 
route (eg. mounds, noise 
walls and screening). 

out and maintained, 
Ongoing assessment of 
visual impact. 

annual surveys 
for five years. 

• Construction procedures Impact of construction Assessment during Monthly or 
to be contained within 
limits of construction 
zone. 

construction. suitable period. 

Economic impacts Improve travel time / Ongoing assessment based Yearly for five 
vehicle operating costs. on data on existing 

conditions and future 
projections. 

years. 

Improve economic Review at 2006 
efficiency of metropolitan As above. and 2016. 
Sydney. 

Provide development 
opportunities for North 

As above. As above. 

Ryde Industrial area and 
Epping commercial area. 
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Table 55: Assessment of environmental impacts (based on Part F) 

Criteria Baseline data 
provided in EIS/ 
prediction made 

Data required from 
future monitoring 

Time scale of 
monitoring 

Noise Existing noise levels 
provided for 44 sites in 
study area. 

Noise predictions 
made for 1996 and 2006. 

Transport link would 
affect 1300 residences. 

Monitor noise levels at the 
same sites. 

As above. 

Use measurements above 
to determine accuracy 
of predictions. 

During 
construction and 
yearly for five 
years, then at 
2006. 

As above. 

Air quality Existing air quality 
data provided for 11 sites 
in the study area. 

Predictions made for 
2006. 

Construction would 
result in dust and 
emissions problems. 

Ongoing monitoring to 
determine if actual pollutant 
levels correlate with 
predictions. Assess need for 
mitigative measures. 

As above. 

As above. 

Yearly till 2006. 

As above. 

During 
construction. 

Vegetation and 
an 

Data on existing 
situation provided on 
vegetation and animals. 

45.6 ha to be drectly and 
indirectly affected. 

Animal loss and 
impact on movement 
patterns not significant. 

Return to survey sites for 
ongoing monitoring 
Monitoring sites could 
be established near Royal 
Deaf and Blind Institute, 
and at Darling Mills Creek. 

Check that this is the actual 
area affected. 

Monitor to determine if this 
is correct. 

During 
construction, 
then twice 
yearly for 10 
years. 

During and after 
construction. 

As above. 

Archaeology and 
heritage 

Five Aboriginal 
archaeological sites 
identified along the 
proposed route which 
may be affected 
directly or indirectly. 

Ensure that consultation 
has taken place with 
Aboriginal Land Councils 
and National Parks and 
Wildlife Service. 

Prior to 
and during 
construction. 

Continued .... 
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Table 55: Assessment o f  environmental impacts (based on Part F) [coned] 

Criteria Baseline data 
provided in EIS/ 
prediction made 

Data required from 
future monitoring 

Time scale of 
monitoring 

Geology,  landform Existing geology Check that detailed designs During 
and soils described and 

implications for 
construction. 

and construction techniques 
are consistent with this 
information. 

construction. 

Major soil types and Ensure that mitigative During and after 
their erosion potential 
are described. 

measures are consistent with 
soil types. 

construction. 

A program to Check that mitigative During 
control erosion and measures are in place. Carry construction and 
sedimentation out ongoing monitoring to regular checks 
including culverts, catch assess effectiveness o f  such for two years 
drains, gabions and measures, and to allow for after construction 
ongoing maintenance, fine tuning. particularly after 

storms. 

Hydrology and water Existing water quality Check that mitigative Weekly sampling 
quality provided, measures are implemented 

and test their effectiveness 
(to be carried out by 

before and during 
construction, 
then regularly for 

Upper Parramatta River 2 years 
Catchment Trust). (especially 

during and after 
storms). 

Sediment load expected 
to increase by less than 
10%. 

Sediment basins to 
contain the majority of 
load. 

Gross pollutant traps, 
wet detention basins 
and trash tacks to be 
installed. 
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29 FINDINGS 

The following are the salient findings o f  this assessment: 

• There is a strong need to improve the private and public transport system in the transport 
corridor to serve existing and future travel demands. Improvements are needed to reduce 
congestion during peak hours, improve travel times, and to service public transport and 
heavy truck demand. 

• The preferred strategy is new road space plus a public transport facility. The public 
transport facility would be an exclusive busway. If  needed, this busway could be 
upgraded to a light rail system in the future. This strategy would provide additional road 
space for commuters and long distance truck traffic, and an attractive public transport 
alternative for car commuters. 

• Following a detailed assessment of  a wide range o f  alternative alignments, use o f  the 
transport reserve was preferred. 

• The major impacts o f  the proposed link would be on the local environment adjacent to the 
link. Impacts would include a significant increase in noise levels at 250 residences, a 
significant loss of residential properties (219), significant adverse impact on views from 
residences and direct and indirect effects on a significant area of  quality urban bushland 
(45.6 hectares or 6% of  the regional open space system would be affected, with 39.3 
hectares of  this area lost). 

• To reduce impacts on bushland it is recommended that the proposed link be varied 
through the bushland area, to follow the alignment o f  Variation C. 

• The proposed link would have environmental benefits including improved safety, 
reduced risk o f  hazardous incidents, considerable energy savings because o f  reduced 
travel times, reduced traffic on some local roads and opportunities for traffic calming 
along some routes. 

• Tolls may be collected on the west facing on and off ramps at Pennant Hills Road for the 
alternative where an expressway continues west of  Pennant Hills Road and where tolls 
are also collected on the eastern section. 

• Having regard to the likely impacts for both the eastern and western portions o f  the 
transport link, Alternative 1 is preferred. This is an expressway and busway in the 
transport reserve, crossing Pennant Hills Road. 
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• Despite the significant adverse environmental impacts, the proposed link should be built 
for the following reasons: 

— There would be substantial travel time savings for motorists and public transport 
users as a result of  increased capacity on the regional road network. 

— There would be substantial vehicle operating cost savings for motorists and bus 
owners as a result of  reduced travel times. 

— There would be improved safety for road users o f  the link. 

— There would be benefits to the regional, and therefore state, economy as a result 
of  reduced travel times, reduced vehicle operating costs and reduced accidents. 

— It would facilitate the planned start to the development of  the North West Sector. 

— The economic benefits of  the proposed link would outweigh the costs. 

The following are the major consequences o f  not proceeding with the proposed link: 

• Congestion would increase in the transport corridor, and the peak periods would 
lengthen. 

Car and public transport commuters would experience longer journey times. 

Commercial traffic would experience delays which would have adverse impacts on 
productivity and economic performance. 

The mobility of  all people in north-western Sydney would be reduced, including private 
and public commuters, commercial traffic, shoppers, school children and recreation 
seekers. 

• Road safety would decline. 

• Development o f  the North West Sector would be retarded, with implications on 
business location and housing release. 
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D e a r  Sir, 

p1/4CK. 

BFF 

Remington Centre 
175 Liverpool Street, Sydney 2000 
Box 3927 G.P.O. Sydney 2001 
D X .  15 Sydney 

Telephone : (02) 391 2000 
Fax N o :  (02) 391 2111 

Contact: B .  Callcott 
E x t .  2030 

Our re fe renc .9  °/07282 

Your re ferena l l  : RA 

N o r t h  W e s t  T r a n s p o r t  L i n k s  - W e s t e r n  S e c t i o n  

T h a n k  y o u  f o r  y o u r  l e t t e r  o f  2 1  O c t o b e r ,  1 9 9 0  indicating 
t h a t  y o u  a r e  c o n s u l t i n g  w i t h  t h e  D i r e c t o r  w i t h  r e g a r d  t o  the 
p r e p a r a t i o n  o f  . an  e n v i r o n m e n t a l  i m p a c t  s t a t e m e n t  ( E I S )  for 
t h e  a b o v e  proposal. 

2 .  A n  E I S  i s  r e q u i r e d  t o  b e  p r e p a r e d  w h e r e  t h e  p r o p o s a l  is 
a n  a c t i v i t y  r e f e r r e d  t o  i n  S e c t i o n  1 1 2 ( 1 )  o f  the 
E n v i r o n m e n t a l  P l a n n i n g  a n d  A s s e s s m e n t  A c t ,  1 9 7 9 .  T h e  EIS 
s h a l l  b e a r  a c e r t i f i c a t e  r e q u i r e d  b y  c l a u s e  5 9  o f  the 
R e g u l a t i o n  ( s e e  A t t a c h m e n t  N o  1). 

3 .  I n  a d d i t i o n ,  p u r s u a n t  t o  c l a u s e  5 8  o f  t h e  Regulation, 
t h e  D i r e c t o r  r e q u i r e s  t h a t  t h e  f o l l o w i n g  m a t t e r s  be 
s p e c i f i c a l l y  a d d r e s s e d  i n  e a c h  EIS: 

d e t a i l e d  d e s c r i p t i o n  o f  t h e  p r o p o s a l  including 
e a r t h w o r k s ,  t r a f f i c  m a n a g e m e n t  a r r a n g e m e n t s  and 
a s s o c i a t e d  f a c i l i t i e s  u s i n g  a p p r o p r i a t e  diagrams, 
p h o t o  m o n t a g e s  b a s e d  o n  a e r i a l  p h o t o g r a p h s  and 
d r a w i n g s  t o  scale. 

c l e a r  d e f i n i t i o n  o f  t h e  N o r t h  W e s t  T r a n s p o r t  Region 
a n d  d e s c r i p t i o n  o f  i t s  p r e s e n t  a n d  l i k e l y  future 
t r a n s p o r t ,  m o b i l i t y  a n d  a c c e s s  n e e d s ,  a n d  o u t l i n e  of 
a n  o v e r a l l  N o r t h  W e s t  T r a n s p o r t  Strategy. 

t h e  r o l e  o f  t h e  p r o p o s a l  a s  a c o m p o n e n t  o f  a n  overall 
N o r t h  W e s t  T r a n s p o r t  S t r a t e g y .  D e t a i l s  o f  the 
r e l a t i o n s h i p  o f  t h e  p r o p o s a l  t o  t h e  r e g i o n a l  and 
l o c a l  t r a n s p o r t / r o a d  system. 

a f u l l  a s s e s s m e n t  o f  a l t e r n a t i v e s  t o  t h e  proposal 
i n c l u d i n g  r e l a t i v e  s o c i a l  a n d  e c o n o m i c  c o s t s ,  and 
i m p a c t s  o f  t h e  o p t i o n s  c o n s i d e r e d ,  a n d  r e a s o n s  for 
r e j e c t i o n  o f  alternatives. 

a s s e s s m e n t  o f  t h e  p r o p o s a l  w i t h  r e s p e c t  t o  the 
m o b i l i t y  o f  g o o d s  a n d  people. 



a s s e s s m e n t  o f  t h e  p r o p o s a l  w i t h  r e s p e c t  t o  access 
n e e d s  o f  t h e  N o r t h  W e s t  T r a n s p o r t  Region. 

i m p l i c a t i o n s  o f  t h e  p r o p o s a l  f o r  P a r r a m a t t a  and 
S y d n e y  CBD a n d  o t h e r  c o m m e r c i a l  c e n t r e s  i n  the 
region. 

i m p a c t  o f  t h e  p r o p o s a l  o n  t h e  c h a r a c t e r  o f  Sydney's 
N o r t h  W e s t  T r a n s p o r t  Region. 

d i a g r a m m a t i c  i d e n t i f i c a t i o n  o f  p r o p o s e d  property 
a c q u i s i t i o n ,  i f  a n y ,  a n d  a d e s c r i p t i o n  o f  the 
a c q u i s i t i o n  process. 

l i k e l y  i m p a c t  o f  t h e  p r o p o s a l  o n  u r b a n  b u s h l a n d  and 
n a t i v e  f a u n a  habitat. 

i m p a c t  o n  a i r  q u a l i t y  a n d  n o i s e  levels. 

i m p l i c a t i o n s  o f  t h e  p r o p o s a l  a n d  a l t e r n a t i v e s  for 
e n e r g y  u s e  a n d  g r e e n h o u s e  g a s  e m i s s i o n s ;  consider- 
a t i o n  o f  G o v e r n m e n t  p o l i c y  t o  r e d u c e  c a r b o n  dioxide 
emissions. 

p r o v i s i o n s  a n d  o b j e c t i v e s  o f  r e l e v a n t  environmental 
p l a n n i n g  i n s t r u m e n t s ;  t h e  d e c i s i o n  m a k i n g  process 
a p p l i c a b l e  t o  t h e  p r o p o s a l ,  i d e n t i f i c a t i o n  o f  zonings 
a n d  c o n s i d e r a t i o n  o f  t h e  n e e d ,  i f  a n y ,  f o r  rezoning. 

c o m m i t m e n t  t o  g i v e  w r i t t e n  n o t i c e ,  a t  t h e  commence- 
m e n t  o f  t h e  E I S  e x h i b i t i o n  p e r i o d ,  t o  t h e  apparent 
o w n e r s  a n d  o c c u p i e r s  o f  l a n d  a d j o i n i n g  o r  directly 
i n c l u d e d  i n  t h e  p r o p o s a l  a n d ,  w h e r e  p r a c t i c a b l e ,  its 
a l t e r n a t i v e s ,  o f  t h e  e x h i b i t i o n  o f  t h e  E I S  a n d  the 
o p p o r t u n i t y  t o  m a k e  a submission. 

4 .  When  a n  a d e q u a t e  E I S  h a s  b e e n  p r e p a r e d  f o r  t h e  subject 
p r o p o s a l ,  a s  d e t e r m i n i n g  a u t h o r i t y ,  y o u  s h o u l d  t h e n  proceed 
w i t h  t h e  m a t t e r  i n  a c c o r d a n c e  w i t h  S e c t i o n s  1 1 2  a n d  1 1 3  of 
t h e  A c t ,  a n d  p l a c e  t h e  d o c u m e n t  o n  p u b l i c  e x h i b i t i o n .  The 
p r o c e d u r e s  f o r  p u b l i c  d i s p l a y  t h a t  a r e  t o  b e  f o l l o w e d  b y  the 
p r o p o n e n t  a n d / o r  d e t e r m i n i n g  a u t h o r i t y  a r e  a s  i n  c l a u s e s  60 
t o  6 4  o f  t h e  E n v i r o n m e n t a l  P l a n n i n g  a n d  Assessment 
R e g u l a t i o n ,  1980. 

5 .  When  t h e  E I S  i s  c o m p l e t e d ,  s i x  ( 6 )  c o p i e s  s h o u l d  be 
f o r w a r d e d  t o  t h e  S e c r e t a r y ,  A t t e n t i o n :  M a n a g e r ,  Assessment 
B r a n c h  p u r s u a n t  t o  S e c t i o n  1 1 2 ( 2 )  o f  t h e  A c t ,  a s  w e l l  as 
d e t a i l s  o f  t h e  e x h i b i t i o n  p e r i o d  a n d  p u b l i c  display 
locations. 



6 .  T h e  d e t e r m i n i n g  a u t h o r i t y  s h o u l d  a l s o  n o t e  t h a t  section 
1 1 3  o f  t h e  E n v i r o n m e n t a l  P l a n n i n g  a n d  A s s e s s m e n t s  A c t ,  1979, 
a n d  c l a u s e  61 o f  t h e  a s s o c i a t e d  R e g u l a t i o n ,  r e q u i r e s  that 
t h e  E I S  b e  m a d e  a v a i l a b l e  f o r  i n s p e c t i o n  a t  t h e  s a m e  t i m e  in 
t h e  o f f i c e s  o f  t h e  d e t e r m i n i n g  a u t h o r i t y  a n d  t h e  Department 
a s  w e l l  a s  a n y  o t h e r  a g e n c i e s  n o m i n a t e d  b y  t h e m .  To  ensure 
t h a t  s i m u l t a n e o u s  e x h i b i t i o n  o c c u r s ,  t h e  A u t h o r i t y  should 
f o r w a r d  t h e  n e c e s s a r y  d o c u m e n t s  t o  t h e  D e p a r t m e n t  p r i o r  to 
t h e  c o m m e n c e m e n t  o f  t h e  p u b l i c  d i s p l a y  p e r i o d .  T h i s  will 
e n a b l e  c o n c u r r e n t  e x h i b i t i o n  i n  t h e  D e p a r t m e n t ' s  head 
o f f i c e  a n d  t h e  r e l e v a n t  r e g i o n a l  o f f i c e  w h e r e  appropriate. 

7 .  S h o u l d  a n y  s u b m i s s i o n s  b e  m a d e  d u r i n g  t h e  p e r i o d  of 
p u b l i c  e x h i b i t i o n ,  i t  i s  a d v i s e d  t h a t  s u c h  submissions 
s h o u l d  b e  f o r w a r d e d  t o  t h e  S e c r e t a r y  i n  a c c o r d a n c e  with 
S e c t i o n  1 1 3 ( 3 )  o f  t h e  Act. 

8 .  I f  t h e  d e t e r m i n i n g  a u t h o r i t y  h a s  n o t  r e c e i v e d  a reply 
w i t h i n  21 d a y s  o f  s e n d i n g  s u b m i s s i o n s  t o  t h e  S e c r e t a r y ,  it 
s h o u l d  p r o c e e d  t o  d e t e r m i n e  t h e  m a t t e r .  T h e  D e p a r t m e n t  will 
o n l y  c o n t a c t  t h e  d e t e r m i n i n g  a u t h o r i t y  a f t e r  t h e  r e c e i p t  of 
s u b m i s s i o n s  i f  a n  i s s u e  o f  m a j o r  s i g n i f i c a n c e  i s  involved. 

9 .  I f  t h e r e  i s  n o  o b j e c t i o n  t o  t h e  p r o p o s e d  d e v e l o p m e n t  as 
a r e s u l t  o f  t h e  e x h i b i t i o n ,  t h e  d e t e r m i n i n g  a u t h o r i t y  may 
d e t e r m i n e  t h e  m a t t e r  a t  a n y  t i m e  a f t e r  t h e  l a s t  d a y  upon 
w h i c h  s u b m i s s i o n s  a r e  accepted. 

1 0 .  I t  w o u l d  b e  a p p r e c i a t e d  i f  a c o p y  o f  t h e  determination 
c o u l d  b e  f o r w a r d e d  t o  t h e  D e p a r t m e n t  f o r  o u r  information. 

1 1 .  S h o u l d  y o u  r e q u i r e  a n y  f u r t h e r  i n f o r m a t i o n  regarding 
t h i s  m a t t e r  p l e a s e  d o  n o t  h e s i t a t e  t o  c o n t a c t  u s  again. 

Y o u r s  faithfully 

C h a r l e s  Hill 
A c t i n g  Manager 
A s s e s s m e n t s  Branch 
A s  D e l e g a t e  f o r  t h e  Director 



D E P A R T M E N T  O F  PLANNING 
A T T A C H M E N T  N O .  1 

S T A T U T O R Y  R E Q U I R E M E N T S  FOR E N V I R O N M E N T A L  I M P A C T  STATEMENTS. 

I n  a c c o r d a n c e  w i t h  P a r t  V o f  t h e  E n v i r o n m e n t a l  P l a n n i n g  and 
A s s e s s m e n t  A c t ,  1 9 7 9 ,  a n  e n v i r o n m e n t a l  i m p a c t  s t a t e m e n t  ( E I S )  mus- 
m e e t  t h e  f o l l o w i n g  requirements. 

P u r s u a n t  t o  c l a u s e  5 7  o f  t h e  E n v i r o n m e n t a l  P l a n n i n g  a n d  Assessmen- 
R e g u l a t i o n ,  1 9 8 0 ,  a s  amended: 

( 1 )  An e n v i r o n m e n t a l  i m p a c t  s t a t e m e n t  r e f e r r e d  t o  in 
s e c t i o n  1 1 2  ( 1 )  o f  t h e  A c t  s h a l l  b e  p r e p a r e d  i n  w r i t t e n  form 
a n d  s h a l l  b e  s i g n e d  b y  t h e  p e r s o n  w h o  h a s  p r e p a r e d  it. 

( 2 )  T h e  c o n t e n t s  o n  a n  e n v i r o n m e n t a l  i m p a c t  statement 
r e f e r r e d  t o  i n  s u b c l a u s e  ( 1 )  s h a l l  i n c l u d e  t h e  following 
matters:- 

( a )  a f u l l  d e s c r i p t i o n  o f  t h e  p r o p o s e d  activity; 

( b )  s t a t e m e n t  o f  t h e  o b j e c t i v e s  o f  t h e  p r o p o s e d  activity; 

( c )  a f u l l  d e s c r i p t i o n  o f  t h e  e x i s t i n g  e n v i r o n m e n t  likely 
t o  b e  a f f e c t e d  b y  t h e  p r o p o s e d  a c t i v i t y ,  i f  carried 
out; 

( d )  i d e n t i f i c a t i o n  a n d  a n a l y s i s  o f  t h e  l i k e l y  environmental 
i n t e r a c t i o n s  b e t w e e n  t h e  p r o p o s e d  a c t i v i t y  a n d  the 
environment; 

( e )  a n a l y s i s  o f  t h e  l i k e l y  e n v i r o n m e n t a l  i m p a c t s  or 
c o n s e q u e n c e s  o f  c a r r y i n g  o u t  t h e  p r o p o s e d  activity 
( i n c l u d i n g  i m p l i c a t i o n s  f o r  u s e  a n d  c o n s e r v a t i o n  of 
energy); 

( f )  j u s t i f i c a t i o n  o f  t h e  p r o p o s e d  a c t i v i t y  i n  t e r m s  of 
e n v i r o n m e n t a l ,  e c o n o m i c  a n d  s o c i a l  considerations; 

( g )  m e a s u r e s  t o  b e  t a k e n  i n  c o n j u n c t i o n  w i t h  t h e  proposed 
a c t i v i t y  t o  p r o t e c t  t h e  e n v i r o n m e n t  a n d  a n  assessment 
o f  t h e  l i k e l y  e f f e c t i v e n e s s  o f  t h o s e  measures; 

( g l )  d e t a i l s  o f  e n e r g y  r e q u i r e m e n t s  o f  t h e  proposed 
d e v e l o p m e n t  a n d  m e a s u r e s  t o  b e  t a k e n  t o  conserve 
energy; 

( h )  a n y  f e a s i b l e  a l t e r n a t i v e s  t o  t h e  c a r r y i n g  o u t  o f  the 
p r o p o s e d  a c t i v i t y  a n d  t h e  r e a s o n s  f o r  c h o o s i n g  the 
latter; 

( i )  c o n s e q u e n c e s  o f  n o t  c a r r y i n g  o u t  t h e  p r o p o s e d  activity. 

T h e  E I S  m u s t  a l s o  t a k e  i n t o  a c c o u n t  a n y  m a t t e r s  r e q u i r e d  by 
t h e  D i r e c t o r  o f  P l a n n i n g  p u r s u a n t  t o  c l a u s e  5 8  o f  the 
R e g u l a t i o n ,  w h i c h  m a y  b e  i n c l u d e d  i n  t h e  a t t a c h e d  letter. 

T h e  E I S  m u s t  b e a r  a c e r t i f i c a t e  a s  r e q u i r e d  b y  c l a u s e  5 9  of 
t h e  Regulation. 



O u r  Reference: F2/201.1451 DSW:ARMM 
M r  Stuart-Watt 
831-0920 

Director 
Depar tment  of Planning 
G P O  Box 3927 
SYDNEY NSW 2001 

N O R T H  WESTERN TRANSPORT LINKS - EASTERN A N D  WESTERN EIS's 

Dear  Mrs Kibble 

I refer to a letter f rom the Acting manager ,  Assessments Branch da ted  10 January in 
regard  to y o u r  requirements  for the abovement ioned project. 

This is to confirm discussions with yourself  a n d  y o u r  staff o n  the 25 February in 
regard  to interpretation of matters required to be specifically addressed. 

In regard to the various clauses the following was  agreed at  the meeting: 

CLAUSE 3.1 

A n u m b e r  of options will be considered right th rough  the EIS process a n d  ''the 
proposal" in this instance is interpreted to m e a n  that alternative or 
combination of alternatives recommended  at  the conclusion of the report. 

An  adjoining landholder  will be  able to identify wi th  reasonable accuracy (to 
within I metre) the bounda ry  a n d  extent of  construction. Areas of complexity 
will be augmen ted  with perspective diagrams. 

CLAUSE 3.2 

The Nor th  West Transport  Region has been def ined on the attached diagram. 
"Outline of a n  overall Nor th  West  Transport  Strategy" is interpreted to mean a 
consistent consolidation of current  strategies ,Depar tment  of Planning, 
Depar tment  of Transport  a n d  Roads & Traffic Authori ty)  developed to serve 
t ransport  requirements  in the Nor th  West. 

CLAUSE 3.3 

• The  "role of the proposal  as  a componen t  of an  overall Nor th  West Transport 
Strategy" is interDreted as  the relationship of "the proposal" to the strategy 
described in 3.2 above. 

CLAUSE 3.4 

• Unders tood as  written 

CLAUSE 3.5 

• Unders tood as  written 
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CLAUSE 3.6 

▪ Access needs  within the Region as  identified in the diagram 

C L A U S E  3.7 

"Implications" is interpreted to m e a n  the strategic implications 

CLAUSE 3.8 

• "Character" is interpreted to m e a n  distinctive qualities a n d  specifically 
t ransport  related. A n  example  w a s  given as  to the  affect of  a freeway in the 
reservation on the character of the adjoining landuses. 

C I A  USE 3.9 

• Unders tood  as written 

CLAUSE 3.10 

Unders tood  as written 

CLAUSE 3.11 

Unders tood  as written 

C L A U S E  3./2 

Unders tood  as written 

CLAUSE 3.13 

Unders tood  as  written 

C L A U S E  3.14 

"Land adjoining" is interpreted to m e a n  land that has a b o u n d a r y  with the 
proposal. 

In addi t ion,  it was  agreed that in the p lanning  justification, m a p s  wou ld  be  prepared 
showing: 

popula t ion  spread 
• employment  spread 
• land u s e  spread 

journey origins and  destinations 

a n d  that  y o u r  Depar tment  wou ld  assist in this matter. 

It was  agreed  that m a r s  wou ld  be  u sed  where  ever  possible to suppo r t  the map 
def ining the Nor th  'Nest Transpor t  Region a n d  generally describing transport, 
mobili ty a n d  access needs. 

A draf t  copy of the EIS will be  p rov ided  for review as  requested a n d  copies of the 
final d o c u m e n t  will be  m a d e  available to you pr ior  to public exhibition. 

I w o u l d  appreciate you r  confirmation of the above at  y o u r  earliest convenience. 

Yours sincerely 

E . \ 
I ' '  

k% 
\*. 

- R F Morris 
; ,Regiena l  Director 

e ;.:(-Aword \ . typI78 \ dmw 

r . 
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FOREWORD 
As our cities and towns grow, there is an inevitable increase in traffic and the noise it 
generates. Surveys have shown that traffic noise is one of the most irritating and 
relentless pressures faced by city residents. If you have any doubts, just ask someone who 
lives or works on or near a busy road in a built-up area. 
Traffic noise is not, however, an insoluble problem and it is being attacked vigorously 
on a number of fronts. 

Federal authorities are gradually tightening the manufacturing requirements to put 
quieter vehicles on the road. This has the support of the States. 

Meanwhile, the NSW Government and local authorities are working together to 
improve traffic planning in newly developing areas; to design quieter roads with 
improved noise-absorbing surfaces, better alignments and noise barriers; and to manage 
the volume and make-up of traffic flows more effectively. 

But there is only so much that public authorities can do to combat the effects of traffic 
noise in urban areas. Individuals can also take action on their own behalf and that is the 
course promoted by this booklet: it provides some practical approaches for tackling the 
problem of traffic noise in the home. 

Australian housing designs, it must be said, are mostly intended for quiet suburban 
streets. And so housing near busy roads often needs modification to better withstand 
the realities of a noisy urban environment. The quality of housing design and 
construction plays an important role in making living and sleeping areas more habitable 
in homes where traffic noise is a problem. 

This booklet has been written to help architects, builders, renovators and homeowners 
reduce noise in and around their buildings and so make their interiors and exteriors 
more comfortable to live in. It should provide a sound introduction to some practical 
ideas that can easily be used to improve the home environment. However, professional 
guidance should always be sought before undertaking design or major renovation to 
avoid unnecessary expense. 

ride "Ae-ezai 
Wal Murray 
Deputy Premier and Minister for Roads and Public Works 

Joe Schipp 
Minister for Housing 

Tim Moore 
Minister for the Environment 



1 TRAFFIC NOISE 
Traffic noise has been identified as a major environmental problem in urban areas 
throughout the world, and Australian cities are no exception. 

In the past, the community tended to view traffic noise as part of the price of progress. 
In recent years, however, the increase in traffic noise in urban areas has been raised as a 
major concern of those living or working close to busy roads. 

In 1989, New South Wales had over 3.2 million registered vehicles travelling a total 
50,000 million kilometres per year. More than 80 per cent of these vehicles were 
operating in urban areas. 
The Roads and Traffic Authority is currently responsible for some 3500 km of road in 
the Sydney area with local councils responsible for the remaining 20,000 km. 

Over the years the technical understanding of traffic noise and the greatly improved 
availability of noise control products has made it easier for people to modify their 
homes. With some appreciation of the behaviour of noise and how it can be reduced, 
homeowners can decide on the modifications that need to be made and either do the 
work themselves or employ qualified tradespeople. This booklet sets out some practical 
steps that can be taken to minimise traffic noise. 

WHEN SOUND BECOMES NOISE 
Noise may simply be defined as unwanted sound. Traffic noise, one of the inescapable 
sounds of modern living, is also one of the most unwanted. In fact a survey carried out 
for the Australian and New Zealand Environment Council found that traffic noise 
topped most people's list of unwanted sounds. 

After traffic noise, the survey listed in order of importance: barking dogs; 
lawn mowers; aircraft; trail bikes; noisy neighbours; garbage collection; 
railway noise; neighbours' TV or music; noisy parties; and burglar alarms. 

In NSW, 85 per cent of main road residents who responded to a survey by 
the State Pollution Control Commission (SPCC) also indicated they had 
problems with traffic noise. 
People's reactions to noise, including traffic noise, vary considerably and 
the amount of noise each individual can tolerate is influenced by many 
different factors. 

These include the level of noise; whether the noise is constant or 
changing; when and where the noise occurs; the number of times it 
occurs; and the time of day (or night). 

Surveys sometimes measure noise reactions on a seven-point "annoyance 
scale". On this scale, a rating of seven indicates "highly annoyed" and a 
rating of one, "unaffected". Other measurements are obtained by studying 
changes in the quality of sleep and disturbance to activities. 

Figure 1 gives the relative noise levels of some common sounds. Appendix 
1 provides more detailed information on the technical aspects of sound 
and hearing. 

While it is important to realise that people hear and react differently to 
sound, the results of the surveys by the Australian and New Zealand 
Environment Council and the SPCC clearly call for some practical 
answers. That is exactly what this booklet aims to provide. It is designed 
primarily to show individual homeowners, designers and builders how to 
work towards a quieter and healthier environment in noise-affected urban 
areas. 
Figure 1: Noise levels of some common sounds 
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ALLEVIATING TRAFFIC 
NOISE 

WHAT PUBLIC AUTHORITIES ARE DOING 
This booklet is mainly about what individuals can do to alleviate traffic noise. However 
there are some other measures which, by their very nature, only public authorities at the 
Federal, State or local government level can take effectively. 

The Federal Government, for example, is responsible for setting design rules which are 
progressively reducing the noise levels allowed from new vehicles, particularly heavy 
vehicles. 

In NSW, State and local government are also involved in a variety of measures to 
reduce traffic noise and alleviate its effects. 

Here are some details of current initiatives by public authorities at all levels. 

PLANNING MEASURES 
An important long-term measure for alleviating traffic noise is the rezoning of land. 
When the opportunity arises, local planning authorities can change the land use by 
rezoning or by replacing a noise-sensitive land use, such as housing, with a noise- 
tolerant activity, such as retailing, commercial or industrial use, or some types of sport 
and recreation. Road authorities usually plan new roads many years ahead, giving local 
government and developers plenty of time to make their own planning adjustments. 
During the planning process, road authorities take environmental factors into account 
and recognise the need to locate roads so that traffic noise affects as few people as 
possible. 

TRAFFIC CONTROL 
Under Local Area Traffic Management Schemes (LATMS), councils use road closures, 
roundabouts, speed humps and chicanes to discourage or prevent traffic from entering 
residential areas. Some councils place restrictions on the times heavy vehicles may enter 
residential areas. 
These measures not only help to alleviate traffic noise but they also improve traffic 
safety. 

The speed hump is one of a 
number of devices which 
reduce vehicle speeds and 
therefore traffic noise. 



VEHICLE DESIGN 
Through the Australian Design Rules (ADR), shown in Table 1, allowable noise levels 
from new vehicles are being reduced progressively. The NSW Government has also 
introduced more stringent testing of noise emissions from vehicles already on the road, 
especially heavy trucks. 

Vehicle 
Type 

ADR 28/00 
Old 

ADR 28/01 
New 

Moving Stationary Moving Stationary Introduction Date 

Car 

Medium 
Truck 

Large 
Truck 

81 dB(A) 

87 dB(A) 

89 dB(A) 

No Test 

No Test 

No Test 

77 dB(A) 

83 dB(A) 

87 dB(A) 

90 dB(A) 

97 dB(A) 

99 dB(A) 

1 January 1992 

1 July 1992 

1 July 1993 

Table 1: Maximum allowable noise levels for new vehicles 

ROAD DESIGN 
Road surface is another factor in traffic noise. Roads in built-up areas should not be 
made from materials which result in deeply grooved and coarse surfaces and therefore 
produce high noise levels. Materials such as open-graded asphalt are less noisy but may 
also be less durable. 

Noise barriers now being built by public authorities along new and widened roads are 
made from wooden panels with special seals, concrete panels, earth mounds, transparent 
panels, vegetation or combinations of these. 

Landscaping can be used to enhance the 
effect and soften the visual impact of large 
noise barriers. 
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Generally noise barriers constructed by 
Australian road authorities are made of 
timber, concrete or earth, although in 
sections transparent materials may be 
used. 

Landscaping, when it includes the building of solid mounds, can be used to provide both 
a visual and acoustic screen for roadside residents, particularly along new roads. 

WHAT HOMEOWNERS, DESIGNERS & BUILDERS CAN DO 
With careful planning, design and construction, many building blocks in the 
metropolitan area can provide a pleasant living environment in spite of traffic noise. To 
achieve this environment, the most important considerations are: the location of the 
house on the block; the house design; the building materials used; the quality of building 
construction; and the shielding of external living spaces. 
The following chapters provide practical advice for builders, designers and residents on 
these crucial factors. Some of the ideas discussed in the following sections apply to new 
rather than existing houses but many apply to both. 

A WORD OF CAUTION 

Every property is different, so before outlaying large sums of money for building works, it 
is advisable to supplement the information contained in this booklet with professional 
advice from architects, acoustic consultants or other appropriately qualified people. 
Experience has shown that sometimes small changes can produce significant reductions 
in traffic noise while expensive measures, when not properly designed and installed, can 
have disappointing results. 

5 



3 SITE PLANNING TO 
REDUCE TRAFFIC NOISE 

Careful planning of the building site is a vital first step in reducing traffic noise. Here are 
some basic site planning principles: 

• Place the house as far away from the road as possible. Doubling the distance from the 
road will reduce the average noise level by 3-4 decibels (dBIAD, and reduce peak 
levels by 6 decibels (Figure 2). 

75 dB(A) 

r 
30m 

70m 

20% reduction 
72 dB(A) 

35% reduction 
69 dB(A) 

ci 
45% reduction 
66 dB(A) 

150m 

Hypothetical Building Line 
fIE 60% reduction 

63 dB(A) 

Figure 2: How distance reduces 
traffic noise 

• Use parking lots, open spaces and garages to shield the house from noise (Figure 3). 

Dining 

Garage 
KitchEirtg 

Figure 3: Good acoustic layout 
for a home near a busy road 

• Use the house and other buildings to shield outdoor living areas such as courtyards 
or barbecue areas (Figure 4). 



Figure 4: Acoustic site planning 

• Exploit existing natural features such as slopes and, in some circumstances, excavate 
to provide better noise protection (Figure 5). 

House partly shielded from noise 

Figure 5: Use of natural land 
features 

• Supplement careful site planning by building noise barriers in the form of earth 
mounding, fencing and walls, and vegetation or a combination of these. 



NOISE BARRIERS 
Depending on their design and location, noise barriers placed between the house and 
the traffic can reduce noise by 8-12 decibels (dB[A]). Here are some factors to take into 
account when designing noise barriers. 

• To be effective, a noise barrier must block the "line of sight" between the source of 
the noise and the receiver of the noise. With some houses, this may be difficult to 
achieve. 

Doubbng the distance to an 
unshielded vehicle can reduce 
noise level b y  6dB(A) 

Roadway 

If possible continue 
barner along front or 
side boundary 

Figure 6: Noise barriers should block the line of 
sight 

• How much does the noise need to be reduced? Generally, the higher the barrier the 
greater the noise reduction. With a house, the greatest noise reduction occurs at the 
lowest floor level. Table 2 shows the typical noise level reductions which are 
achieved with different heights of frontage barriers. Openings such as driveways 
dramatically reduce the effectiveness of frontage barriers. 

Wall Height Floor Level 
Noise Reduction (dB[A]) 

Car Truck 

2 metres Ground 
First 

9 
3 

6 
1 

3 metres Ground 
First 

12 
8 

10 
5 

Table 2: Noise reduction - effects of barrier height 

• To he effective, a noise barrier along the front boundary of a property needs to 
continue along the adjoining front boundary or down the side boundary (Figure 6). 
An interrupted harrier will achieve less noise reduction. Cooperation between 
neighbours in building a continuous barrier across both properties can result in 
considerable acoustic, aesthetic and economic benefits. The barrier does not have to 
be masonry; timber fencing can be effective too, as long as the planks overlap and 
there are no gaps. Avoid decorative features such as openings with inset grilles. 
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The decorative grille in this wall makes it a less effective 
noise barrier. 

• Openings reduce the effectiveness of barrier walls, so place solid gates across 
driveways. If possible, run walls along side boundaries also. 

111111i) 
Roadway 

Figure 7: Solid gates across a driveway make barriers 
continuous 

• Continuous barriers to traffic noise have some disadvantages: they may reduce 
sunlight and views, and, unless well designed, can look monotonous and 
unattractive. 

• Barriers are more effective when located either close to the source of the noise (the 
traffic) or close to the receiver of the noise (the house). 

• Remember that in most circumstances noise barriers will only partly reduce noise. 
They should be seen as a first line of defence to be supplemented by other noise- 
reducing design and building measures incorporated in the facade and other parts of 
the building. 
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TYPES OF NOISE BARRIERS 
Factors which influence what type of noise barrier is suitable for a particular property 
and location include: space, cost, aesthetics and the level of sound reduction required. 
Consult local councils when designing street frontage barriers or planning screens, walls 
and earth mounds. Councils have regulations controlling wall heights and materials and 
a building application may be required. Council regulations vary from area to area. 

Brick is a commonly used, effective noise barrier and 
vegetation can soften its appearance. 

EARTH MOUNDING 
An efficient earth mound requires plenty of space and large quantities of soil. Earth 
mounds can be constructed from excavated material left over after house construction. 
Importing soil is usually expensive. 

FENCES & WALLS 
When choosing materials for fences or walls, the factors to consider are appearance, 
durability, cost and thickness. Brick and concrete blocks have the best sound-reducing 
properties, though lighter material, such as 20-millimetre pine planking, 1-mm steel 
sheeting, fibre cement and thin (0.5-mm) steel sheeting (for example Colourbond) can 
also be effective. Barriers should generally have a mass density of at least 7.5, or ideally, 
20 kilograms per square metre. 
Fence construction 

To form effective noise barriers, fences must be solidly built. There must be no clearance 
gap under the fence and planks or sheeting must be tight-fitting and without openings. 
Timber fences must be designed so that gaps do not emerge as the material ages or 
warps. Attention must be paid to the quality and durability of construction at all times 
to ensure that gaps do not appear. Here are some hints for building solid timber fences: 

• Place posts close together (approximately every 2.5 metres) for rigidity. 

• Use three horizontal support rails on a vertical timber fence or cement sheet fence. 
Alternatively, use two horizontal supports but place the posts closer together 
(approximately every 2 metres). 



• Overlay horizontal or vertical planks by 35 mm. 
• Use galvanised bolts and nails. Bolts are preferable and, if using nails, drill holes to 

prevent cracking. 

• If necessary bolt a support strip to the planks between the posts to pull the planks 
together. 

• Bury the bottom of the barrier in the ground. 

• Use treated timber or apply a preservative. 

• Use seasoned timber to minimise shrinkage. 

35mm overlap 

SM. 
••••• 

150mm x 20mm 

V T 1  

\ 

Drill and nail 

-"‘ 

— 20mm thickness 

Figure 8: Alternative methods 
for constructing a solid timber 
fence 

The benefits of the fence will be lost unless the driveway is also blocked off. Install 
solidly built gates, of the same height as the fence, with rebated meeting edges. An even 
more effective alternative, if space is available, is to place a fence along the house side of 
the driveway. 
Screen walls 

Building a long solid wall or fence around a property is expensive. When only a window 
or small outdoor living area needs protection, an external screen wall may be sufficient 
to reduce noise and safeguard privacy (Figure 9). 

Some protection may be  possible even if 
certain views o r  sun penetration are 
important. 

This type of patio screen wall reduces 
views but affords good protection without 
excluding too much sun. Privacy and wind 
protection are a bonus. 

NV 

Protection for windows a t  the side or  back 
is easier and less expensive. This design 
is not as good as the one below. 

A small right angle return on the fin wall 
significantly increases the protection to 
this side window. Figure 9: Use screens to shield 

windows from noise 
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VEGETATION 

Trees and shrubs are not as effective in reducing traffic noise as a solid barrier. 
According to scientific measurement, apart from the noise reduction that comes with 
distance, a 50-metre wide band of vegetation will only itself reduce noise levels by 3 
decibels - a difference just perceptible to the human ear. But trees and shrubs do have 
other positive values: they are pleasant to look at, they reduce awareness of the traffic, 
and they cut down on dust and fumes. 

Even though they have limited noise-reducing capacity, tree and shrub buffers can still 
provide some of the other benefits mentioned above. Ideally, they should be 15-30 
metres deep, 4-5 metres high, and have dense foliage, although even these dimensions 
may be hard to achieve on the average suburban property. Appendix II provides a list of 
the tree and shrub species suitable for planting as barriers in different locations. 

Creative use of vegetation and mounding not only reduces 
traffic noise but also enhances the streetscape. 

COMBINING NOISE BARRIERS 
Combining different types of noise barriers can be another effective option. Vegetation 
can conceal and soften the appearance of fences and walls and present a more attractive 
street frontage. Fencing built on top of mounds can save the space a larger mound might 
take and reduce the amount of fencing material required. Figure 10 illustrates some 
possible combinations. 

OULS3 

Ayr% 

41.1111.111% 

DODO 

Figure 10: Noise barriers may be combined in practice 
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c HOUSING DESIGN & 
, /  TRAFFIC NOISE 

When planning a new home in an area affected by traffic noise or renovating or 
extending an existing dwelling, it is important to incorporate acoustic design ideas into 
the traditional design approach. Acoustic design is concerned with measures to alleviate 
noise problems, in this case from traffic. Acoustic design can he especially effective 
when combined with some of the other noise reduction principles already outlined. 

In the mid-1980s, the State Pollution Control Commission ran a competition to design 
a "quiet" house. Entrants were asked to use acoustic design principles to design a house 
which would overcome high traffic noise and provide a quiet living space, without 
losing the appearance of a conventional home. 

The winning design submitted by architect Geoffrey Le Sueur met all the criteria. The 
State Pollution Control Commission, the Department of Housing and many private 
companies sponsored the Quiet House at Pennant Hills Road, North Parramatta. 

The Quiet House uses 
commonly available 
materials and 
commonsense design to 
reduce traffic noise. 
Windows are excluded 
from the front facade 
since they are 
acoustically weak and 
admit noise. 

As Table 3 shows, noise levels measured in the Quiet House compare favourably with 
the goals set by the Australian Standard. All the rooms have noise levels far below 
those which could be expected in a conventionally designed house near a busy road. 

Room 

Sound Level dB(A) 

Quiet House 
Australian Standard 

AS 2107-1987 Typical House 

Lounge 
Kitchen 

Family Room 
Bedroom 

33 
34 
34 
28 

35 
35 
35 
30 

45 
42 
46 
43 

Table 3: How the Quiet House measures up 
With the experience of the Quiet House it is possible to make some suggestions for an 
acoustic design approach. Whether building, extending or renovating, consider all the 
measures below during the planning stage and incorporate those which are appropriate 
during the building stage. 
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• Rate rooms according to noise sensitivity, for example: bedroom 1, lounge 2, 
bathroom 5, garage 5. Locate less noise-sensitive rooms closer to the noise source, 
using them to shield the more noise-sensitive areas. 

• Locate noise-sensitive rooms such as bedrooms at the rear of the house or as far as 
possible from the source of the noise. 

• Locate garage and parking areas, and noise-tolerant rooms such as the laundry, 
bathroom and even the kitchen, closest to the noise source. 

• Bear in mind that noise barriers are most effective at ground floor level. Single- 
storey dwellings are therefore easier to shield from noise than two-storey dwellings. 
Bedrooms in a two-storey house would be quieter downstairs than upstairs. 

• Use the house to shield the backyard from traffic noise. 

• Consider having a central courtyard which can be used to shield open-air 
entertaining areas and to separate noise-sensitive rooms from living areas. 

• Keep to a minimum the number of doors and windows (particularly openable 
windows) at the front of the house. 

• Consider building a double-brick wall at the front as an additional barrier. 

• Use solid core front doors with noise seals all round. 

• Remember that flat roofs allow less noise to enter than pitched roofs and that 
parapets are more effective at noise reduction than traditional eaves. 

• Note that although air-conditioning may cut down on noise by allowing windows 
and doors to be kept closed, it will also increase a home's energy consumption. 

• Glassed-in verandahs and balconies will shield rooms from both the traffic noise and 
the weather. 

• Concrete slab floors, particularly at ground floor level, are better at reducing noise 
than wooden floors. 

The Roads and Traffic Authority now uses the Quiet House for educational purposes. 
All sections of the public - homeowners, designers, builders and students - are invited to 
visit the Quiet House and see for themselves that there are architectural solutions to 
traffic noise problems. 

Figure I 1 : 
Architectural 
plans for the 
Quiet House 
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6 BUILDING TECHNIQUES TO 
REDUCE TRAFFIC NOISE 

PRINCIPLES OF NOISE INSULATION & ABSORPTION 
Using building materials which insulate or absorb sound is another way of keeping traffic 
noise out of the home. 

Heavy non-porous materials such as brick, concrete, timber and glass, provide noise 
insulation by mostly reflecting sound rather than letting it pass through them. Materials 
such as rockwool and fibreglass batts of a thermal or acoustical grade absorb sound. 

The effectiveness of building materials as noise insulators is boosted when they are 
combined with materials which absorb noise. Walls consisting of two outer panels filled 
with rockwool or fibreglass batts are examples of this combination of noise insulating 
and absorptive materials. Building materials which absorb sound can also be 
supplemented by absorptive furnishings such as carpets and heavy curtains. 

Whether a new house is being built or an existing one extended, noise insulation should 
be installed during the building phase. Installation after the building work has been 
completed is usually much more expensive. 

When planning to insulate acoustically an existing house, the first step is to check how 
much noise is already entering the house and whether this noise is entering through the 
windows, doors, roof or elsewhere. If noise is penetrating in a number of places, 
upgrading only one of them - however effectively - will not solve the problem. 

Rather than upgrading one area to a very high standard, it may be more sensible to 
upgrade all affected areas to a reasonable standard. Even then it may be wise to do this 
progressively, allowing time to evaluate the effectiveness of each step before spending 
money on the next. Table 4 shows how this progressive upgrading process can work. 

Noise 
Insulation 

Stage Noise Insulation Details 
Range of 

Effect dB(A) 

Stage 1 
Property Line 

Barrier 

Barrier height 2 metres 
Barrier height 2.5 metres 
Barrier height 3 metres 

6 
8 
10 

Stage 2 Front windows closed; front rooms with 
mechanical ventilation 

5 to 13 

Stage 3 Weather strip on front door and front 
windows; gaps closed around window frames, 

skirtings, cornices and front door by filler 
or sealant 

1 to 4 

Stage 4 Front windows upgraded and solid core front 
doors fitted with seals 

4 to 10 

Stage 5 Thermal insulation installed in the ceiling 4 to 8 

Stage 6 25-mm battens glued to existing plasterboard 
wall in front rooms; 25-mm rockwool or 

fibreglass batts placed between battens and 
additional layer of plasterboard fixed 

(use slightly thicker board than original) 

4 to 7 

Table 4: Noise insulation stages (adapted from Modra JD, 1985) 
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Cracks or gaps reduce the effectiveness of insulation, so effective sealing of doors, 
windows and the edges of insulated walls and ceilings is essential. Check the following 
points: 

• holes cut for pipes, conduits etc. 
• timber jambs around doorways, particularly in masonry walls 

• metal window frames in masonry walls 

• bedding gaskets for doors and openable windows 

• cracks under doors 

• ventilation openings in walls 

• eaves 
• roof spaces 
• cracked masonry. 

CEILINGS & ROOFS 
Most ceiling and roof combinations provide reasonable insulation against traffic noise. 
A tiled, pitched roof and a 9-mm plasterboard ceiling will reduce traffic noise by up to 
27 decibels. It is, however, wise to avoid ventilated eaves because these severely weaken 
the insulating properties of otherwise efficient roof/ceiling combinations. 

Adding thermal insulation to the ceiling reduces noise levels by 7-8 decibels. This is an 
economical measure which also improves the thermal insulation of the whole house. 
Appropriate roof, ceiling and insulation batt combinations can reduce noise as much as 
double-glazing. Table 5 shows the effectiveness of various noise insulation materials. 

The weakest point in a roof and ceiling system is usually where the wall meets the 
ceiling. The problem is exacerbated with brick veneer construction, in which the outer 
wall stops at the eaves creating an acoustic weakness. This may be overcome by putting 
additional thermal insulation in the eaves. 

Material Thickness (mm) Density (kg/m') 

Improvement to Basic Roof: 
Sound Level Reduction (dB[A]) 

Pitched Roof Flat Roof 
Fibreglass, low 

density 
50 12 4 6 

Fibreglass, low 
density 

100 12 5 Not available 

Rockwool, 
high density 

75 83 7 9 

Cellulose 
insulation, 

medium density 

120 46 8 9 

Table 5: Insulation materials and their effectiveness (CSIRO Division of Building Construction and Engineering) 

WALLS & FLOORS 
Brick veneer, the most common type of house construction, provides sufficient sound 
insulation for most situations, as long as there are no weak components. Care needs to 
be taken during construction to make sure that there are no gaps in the mortar. 
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Full brick or concrete block construction has better noise insulation properties than 
brick veneer but if these materials are too expensive, their use can be limited to walls 
facing the noise problem. In brick veneer and timber frame houses, thermal insulation 
batts 100-mm thick placed between the wall studs will reduce noise levels by about 5 
decibels. 

Whether the wall is brick veneer or full brick, its insulation capacity will be weakened if 
it contains ventilators, doors or windows of a lesser insulation capacity. There are, 
however, ways of overcoming these problems. For example, ventilators can be treated 
with sound-absorbing material or located on walls which are not directly exposed to the 
external noise. The issue of insulating windows and doors is described later. 

The illustrations in Figure 12 show approximately how a typical level of suburban traffic 
noise can be reduced by different types of wall construction. The decibel (d131AD 
reductions shown assume the walls are continuous and free from holes, cracks, windows 
or doors. 

5mm fibre 
cement sheet 

10mm gypsum 
paper board 

23 dB(A) 

10mm gypsum 
paper board 

40 dB(A) 

Weatherboard 

26 dB(A) 

44 dB(A) 

10mm gypsum 
paper board 

Figure 12: Different types of wall construction 
and possible noise reductions 

In most types of construction, floors do not usually need to be modified. In conventional 
weatherboard houses, however, the under-floor area should be enclosed with a 
continuous solid wall, vented away from the noise source. 

EXTERNAL DOORS 
For effective noise insulation, doors - particularly external doors - need to be made of 
fairly heavy material (often called "solid core" doors) and well-sealed around the frame 
and at the closing surfaces. 

There are two ways of improving the insulation provided by a door. One is to replace a 
lighter door with a heavier one. The other is to ensure that whatever the weight of the 
door, all cracks and openings are properly sealed. 
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Hinged doors, for example, should be replaced with heavier doors. If they cannot be 
installed, existing doors should be sealed at the edges with soft, compressible seals, and 
an adjustable automatic drop seal which closes the gap at the bottom when the door is 
closed. 

Compressible 
seals 
fitted here 

Door 
jamb 

Threshold 

Neoprene 
seal 

Door 
/ 

Section A-A: Compressible neoprene 
seal for use at sides and top of door 
frame 

Door 

Metal 
housing 

Threshold PVC seal drops 
when door closes 

Section B-B: Automatic drop seal 
Figure 13: 
Door 
construction 
principles 

Sliding glass doors can be modified by adding an extra glass door assembly. The new 
outer door should consist of two sliding panels which will ensure that all the glass 
surfaces are accessible for cleaning. Acoustic seals should be installed on both doors. 
Aluminium windows can be sealed in the same way. 

WINDOWS 
Basically, the principles of noise insulation for windows and skylights are the same as for 
doors. Avoid skylights that have permanent ventilation: this lets noise in. The sound 
insulation capacities of windows may be enhanced by closing and sealing existing 
windows and installing alternative ventilation if necessary, or by modifying or replacing 
the windows. 

NSW building regulations specify that all habitable rooms must have windows equal in 
area to at least 10 per cent of the floor area. The regulations also specify that unless 
there are other forms of ventilation - for example fans, vents or air-conditioning - at 
least half this window area must be able to be opened. 

CLOSING & SEALING WINDOWS 
To seal an existing window, first make sure the window frame is firmly fitted within the 
wall. If necessary, plug any gaps with a suitable filler or sealant. When this has been 
done, seal the edges of the window with a silicone rubber sealant. These materials are 
available from hardware shops. 

The existing window glass may be as thin as 3 mm. If so, it should be replaced by thicker 
glass, say 5 or 6 mm, with higher sound-insulating properties. 

These insulation measures are appropriate for weatherboard houses but make sure that 
the sound insulation capacity of the external walls is at least equal to that of the 
windows. 

18 



Figure 14 illustrates sealing methods for openable windows. If an alternative ventilation 
system is added, windows can be kept closed when rooms are occupied (see Ventilation 
section for details). As availability of window types and sealing products will vary from 
place to place, the following diagrams should be seen only as a guide to the principles 
and methods of window sealing. 

Double-hung timber window 
with seals 

• Wall 

Slider Window 

Silicone rubber sealant at top and sides of 
Wall 

Alternative compressible seal on sill 

outer meeting rail 

upper windows if sash can be fixed 

necessary 
Replace thin glass with thick glass if 

12mm x 12mm foam tape recessed into 

711 

Alt 

144istil 

Sill 
3mm maximum gap 

Woodstrip at bottom and sides of lower window with 
12mm x 1 Omm foam tape inserted as shown 

\ The adjacent fixed panel should be sealed at 
top, bottom and at the jamb side with a 

\ silicone rubber sealant 

, 

\ a s  shown at top, bottom and jamb side 
\ 12mm x 20mm aluminium channel mounted 

6mm thick foam tape with adhesive back Sealing of  a sliding aluminium 
window 

Figure 14: Window treatment - openable windows 

MODIFYING OR REPLACING WINDOWS 

If sealing existing windows does not reduce noise sufficiently, they may need to be 
modified or replaced. There are various ways of doing this. One is by double-glazing. 

Double-glazing 

Methods of double-glazing include the following. 

• Replace an existing window with a complete factory-made double-glazed window 
unit. 

• Add seals to an existing window and fit an additional conventional window, with an 
appropriate gap between the two. 

• Fit a lightweight inside-glazing unit. Designs commercially available include: one 
with a sliding glass panel and another with a simple fixed window. These units use 
PVC frames and fibre seals and are available in kit form from glaziers (Figure 15). 
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Existing opening window 

New single glass panel 

Designed for use with operating windows, 
this lightweight PVC sliding unit is easily 
installed and offers an alternative method 
of double-glazing. 

Existing opening window 

New sliding glass panel 

For fixed windows double-glazing can be 
achieved by simply fitting a PVC edge 
seat to a second pane of glass and then 
clipping in position. Figure 15: Lightweight double- 

glazing units 

The type of double-glazing used for thermal insulation (with an air space of around 20- 
25 mm between panes) is not suitable for noise insulation. For noise insulation, the air 
space must be at least 50 mm but preferably 100 mm or more. In each of the examples 
used in Table 6, if the air space between the panes were increased from 100 mm to 200 
mm, noise would be reduced by approximately another 3 decibels. This effect would be 
equivalent to halving the traffic volume. 

Type of Window 
Type and Thickness 

of Glazing 
Noise Reduction 
Possible (dB[A]) 

Any type of window 
when open (depends on size 

of opening) 

10 

Single Glazed: Closed 
Openable, no seals 

Fixed, permanent seals 

Openable, weather-stripped 

Fixed, permanent seals 

Fixed, permanent seals 

3 mm 
3 mm 
4 mm 
6 mm 
12 mm 

Up to 20 

Up to 22 

Up to 23 

Typically 27 

Typically 30 

Double Glazing: 
Closed (100 mm separation) 
Openable, weather-stripped 

Openable, weather-stripped 

Fixed, permanent seals 

4 mm + 4 mm 
6 mm + 6 mm 
6 mm + 12 mm 

Up to 30 

Up to 35 

Up to 40 
_ 

Table 6: Effects of different glazing methods on noise reduction 
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Wood trim covering 
gap between window 
frame and wall 

6mm foam 
tape to absorb 
sound 

New wood 
mouldings 

New slider 
--- window 

with 4 or 
6mm glass 

New timber frame 
to support new 
window 

100mm or more 
desirable separation 

6mm foam tape to absorb sound 

Double-glazing by the addition of a new 
sliding window to an existing window 

Seal fixed sash 
with silicone 
rubber sealant at 
top and sides 

Select suitable 
seals, either 
compressible 
neoprene seals or 
foam tape 

New window 
sash with not 
less than 
6mm glass 

Fibreglass covered 
with perforated sheet 
acts as a sound 
absorber 

Re-glaze existing 
window with heavier 
glass if necessary 

Complete new window 
frame added on to 
existing window 

Double-glazing by the addition of a 
new double-hung window to an 
existing window 

Figure 16: 
More double- 
glazing options 

To sum up, commercially available double-glazed window units are effective but can be 
improved: by increasing the space between the panes; by increasing the thickness of the 
glass; by using sealants correctly; and by fitting absorptive material around the frame 
between the two panes. 
Other options 

Where there is not enough space for double-glazing, an alternative is thicker glass, but 
the design and condition of the windows must be able to withstand the extra weight of 
the glass. Another method is to line the frame between the windows with absorptive 
material. 

VENTILATION 
NSW building regulations specify that, in habitable rooms, the area of window which 
can be opened must be equal to at least 5 per cent of the floor area. If it is not possible to 
have this amount of openable window, whether because noise levels are unacceptable or 
for other reasons, alternative ventilation must be provided. Examples of alternative 
ventilation are discussed below. 

In practice, the overall openable area of windows in the house may be adequate so that, 
in rooms such as a cool bedroom, a small openable area supplemented by natural air flow 
through vents is sufficient. This will not generally be the case in hot areas. 
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AIR-CONDITIONING 

Refrigerated or reverse-cycle air-conditioning has some advantages and, in certain areas, 
climate can help to justify its expense. The hum of an air-conditioner can also mask 
traffic noise, making it less irritating. Sound passes through conventional air- 
conditioners, however, and a unit mounted on a wall exposed to traffic noise may need 
external shielding. Avoid placing air-conditioners where they may disturb neighbours. 

MECHANICAL VENTILATION 
Specially designed low-noise fan units, suitable for continuous operation, are available 
commercially. They consist of a sound-absorbing unit which incorporates air filters to 
draw outside air into the room. Various combinations of ceiling or wall-mounted fans 
and ventilators are available and suitable for most situations. 

VENTILATORS 

If sound-dampened ventilators (vents) provide comfortable air flow most of the time, a 
permanent fan installation may not be necessary. The vents can be supplemented by a 
portable fan during hot weather. Vents should be installed either on the shielded side of 
a building or in the floor. It is possible to reduce the sound coming through a vent or 
duct by a combination of sound-absorbing linings, baffles and bends. To reduce low- 
frequency noise from heavy vehicles, vents should have large chambers lined with deep 
sound-absorbing material. 

Timber box 

Fibreglass lining 
inside 

Wall 

Vent opening 
through wall 

Wall vent with sound-absorbing lining suitable for a 
wall exposed to traffic noise. 

25mm thick 
mineral wool bats 

( Ceiling joist 

Ceiling vent 

A cutaway view of a ceiling vent giving noise attenuation 
compatible with ceiling insulation such as rockwool 
and cellulose (see Table 5). 

Grille with regulator 

Floor 
Insect screen can 
be added 

One or more simple floor vents may give sufficient 
ventilation for comfort when windows are closed. 

Ventilators illustrated on this page should be positioned 
to give air flow in a direction which suits the use of the 
room. Fan assistance may be necessary. 

Figure 17: 
Vent 
treatments 



ROOM FURNISHINGS & FITTINGS 
The effects of traffic noise can be reduced by sound-absorbing furnishings and fittings. 
Heavy curtains, carpets and soft furniture can reduce room noise levels by up to 5 
decibels. 

Acoustic ceiling tiles significantly reduce reflected noise, although they do not greatly 
reduce sound transmission through the walls or ceilings to which they are attached. 
Their absorptive performance will be greater if there is a space between them and the 
surface. 

Curtains do little to prevent noise from entering a room but absorb some reflected noise 
once it is inside. 

As Figure 18 shows, a significant amount of traffic noise is reflected to upper storeys 
from hard surfaces below. Sound-absorbing materials placed on reflecting surfaces can 
reduce this. 

Surfaces suitable for the addition 
of sound-absorbing material 

Figure 18: Reflected noise is less on the second- 
level balcony than on the first because of the use of 
sound-absorbing material. 
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FURTHER INFORMATION 
& SUPPLIERS 

FURTHER INFORMATION & ADVICE 
• The "Acoustical Consultants" listing in the Telecom Yellow Pages 

• Environmental Planning Section 
Roads and Traffic Authority 
Phone: (02) 218 6888 

• Noise (Transport) Section 
State Pollution Control Commission 
Phone: (02) 793 0000 

• Sydney Building Information Centre and Bookshop 
525 Elizabeth Street 
Surry Hills 
Phone: (02) 319 3000 

• CSIRO Division of Building Construction and Engineering 
Phone: (02) 888 8888 

WHERE TO GET SUPPLIES OF BUILDING MATERIALS 
The companies listed under the following headings of the Telecom Yellow Pages are a 
source not only of building materials which can reduce traffic noise but also additional 
information on the topic. Pay special attention to those that say that their products 
have "acoustical" properties. 

• Acoustic Materials and/or Services 

• Air Conditioning - Home 

• Ceilings 

• Doors and Door Fittings 

• Fans and Blowers 

• Glass Merchants and/or Glaziers 

• Insulation Contractors 

• Insulation Materials 

• Sealing Compounds and/or Services 
• Ventilation Equipment and/or Systems 
• Weather Seals and Strips 

• Windows 

FURTHER READING 
Australian Standard AS3671-1989 (Acoustics), Road Traffic Noise Intrusion Building 
Siting and Construction. 

CSIRO, Fences as Barriers Against Traffic Noise, Division of Building Construction and 
Engineering. 

CSIRO, Keeping Outside Noise Outside, Division of Building Construction and 
Engineering. 

CSIRO, Noise in Buildings, Division of Building Construction and Engineering. 

CSIRO, Some Common Noise Problems, Division of Building Construction and 
Engineering. 

Department of Main Roads (NSW) 1987, Road Traffic Noise. 
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Department of Transportation (US) 1970, Guide to the Soundproofing of Existing Homes 
Against Exterior Noise, Federal Highway Administration. 

Lawrence, Anita 1981, Effectiveness of Traffic Noise Attenuation by, Facades, University of 
NSW. 

Lawrence, Anita 1989, Acoustics and the Built Environment, Elsevier. 

Modra, J D 1985, Cost-Benefit Analysis of Traffic Noise Insulation for Houses, Australian 
Acoustical Society Conference. 

National Bureau of Standards 1979, Design Guide for Reducing Transportation Noise In 
and Around Buildings, US Department of Commerce, Washington DC. 

Road Construction Authority of Victoria 1986, A Guide to the Reduction of Traffic Noise, 
Melbourne. 

Roads and Traffic Authority of NSW 1991, Noise Barriers and Catalogue of Selection 
Possibilities, Sydney. 
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APPENDIX TECHNICAL 
ASPECTS OF NOISE 

CHARACTERISTICS OF SOUND 
The human ear detects changes in air pressure. If these pressure changes occur rapidly, 
say above 20 times (or "cycles") per second, they are heard as sound. The number of 
pressure cycles per second - the "frequency" of sound - is called "hertz", e.g. 500 hertz 
(Hz). 

The "loudness" of a sound is determined principally by the level of sound pressure. 
Sound pressures audible to the human ear cover an enormous range. The sound pressure 
near a jet engine may be a million times the pressure at the threshold of hearing. 
Because of this large range of pressure variations, sound is measured on a logarithmic 
scale. The unit of this scale is the "decibel" (dB). 

The most useful aspect of the decibel scale is that it gives a close approximation to how 
the human ear responds to loudness. Thus the ear responds the same to a 1 dB change 
over all ranges of loudness. 

The loudness of sound is also influenced by frequency. The human ear varies in its 
sensitivity to sounds at different frequencies, so in measuring sound levels more weight is 
given to some frequencies than others. The most widely used measurement scale is the 
"A-weighted" decibel scale which takes account of this. These levels are expressed as 
dB(A). 

In simple terms, "noise" is unwanted sound; for its part, traffic noise is a combination of 
sounds at a range of frequencies. Examples of typical sound levels are shown in Figure 1 
(see page 2). 

Figure IA relates these characteristics to traffic noise by showing the relationship 
between traffic volumes and the noise levels they produce. A doubling of traffic volumes 
will double the noise energy, but because of the logarithmic law, the noise level will 
increase by only 3 dB(A), i.e. a 30 per cent increase in loudness. 

Figure IA: Traffic volume versus 
traffic noise in decibels 

NOISE LEVEL DEFINITIONS 
Traffic noise levels vary continually as shown in Figure IB. Because of this variability, 
traffic noise levels are measured on a percentile basis and averaged over a given period of 
time. For example, the widely used traffic descriptor LA,c refers to the noise level which 
is exceeded for 10 per cent of a time period, usually up to 1 hour. It lies between the 
average and the peak levels. 
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Figure IB: Traffic noise 
measurement - South Dowling 
Street, Sydney 

Table IA shows some other common traffic noise descriptors calculated from the traffic 
noise measurement illustrated by the graph in Figure IB. LA, (the noise level exceeded 
only 1 per cent of the time) is close to the peak level. At the other extreme, LA 90 is a 
much lower noise level, sometimes referred to as the background level. 

No. of 
Samples LAI 

Percentile Sound Levels (dB[A]) 
LA5 LA10 LA50 LA90 LA95 LA 99 LAeq (dB[A]) LAmax (dB[A]) LAmin (dB[A]) 

8943 85 1 81 79 1 73 1 62 60 1 59 76 89 57 

Table IA: Common traffic noise descriptors 

LA is the average noise level which would occur if traffic flow were uniform. For 
moderate to high traffic volumes, it is usually 3-4 dB(A) below LA10. 

To define the level for a whole day, there must be further averaging. The following 
descriptors are commonly used: LA10(18 hours) is the arithmetic average of 18 Lmo levels, 
one for each hour between 6 am and midnight on a typical weekday; LAey(24hmrs) is as 
defined above for LAeq but for 24 hours; and LAN(night.timo is similar to the 24-hour 
measure but for the hours of 10 pm till 6 am. 

23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Figure IC: A typical pattern of 
changing traffic noise levels 
over a 24-hour period 
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APPENDIX 
II 

VEGETATION FOR 
SCREENS & BARRIERS 
As outlined in Chapter 3, vegetation can play a limited role in reducing traffic noise. 
The aesthetic and other values of vegetation is undoubted. The following are suggested 
species, both native and exotic, which might assist as noise barriers. Before planting 
please check that local soil and climate are suitable for selected species. 

HEDGE OR WINDBREAK (UNDER 6m): MOUNTAINS 

Acacia falciformis Aust. Hickory tanning wattle Evergreen 
Acacia howittii Aust. Sticky wattle Evergreen 
Acer campesrre English maple Deciduous 
Arbutus unedo Strawberry tree Evergreen 
Arts totelia serrata NZ NZ wineberry Evergreen 
Banksia ericifolia Hairpin banksia Evergreen 
Callistemon 'Hannah Ray' Bottlebrush Evergreen 
Corynocarpus laevigata NZ NZ laurel or karaka Evergreen 
Crataegus monog:vna English hawthorn Deciduous 
Cryptomeria japonica `Elegans' Bronze Japanese cedar Evergreen 
Hoheria populnea NZ NZ lacebark Evergreen 
Ilex aquifolium Common holly Evergreen 
Laurus nobilis Sweet bay laurel Evergreen 
Leptospermun flavescens Tea-tree Evergreen 
Melaleuca squarrosa Aust. Scented paperbark Evergreen 
MNrsine australis NZ Mapou or red matipo Evergreen 
Olearia paniculata NZ Golden akeake Evergreen 
Photinia serrulata Chinese hawthorn Evergreen 
Pittosporum eugenioides NZ Tarata Evergreen 
Pittosporum tenuifolium NZ Silver kohuhu Evergreen 

`Variegatum' 
Pit tosporum undulatum Aust. Sweet pittosporum Evergreen 
Prunus laurocerasus Cherry laurel Evergreen 
Prunus lusitanica Portugal laurel Evergreen 
Prunus spinosa Blackthorn Deciduous 
Sorbus alba White beam Deciduous 

LARGE HEDGE OR WINDBREAK (OVER 6m): MOUNTAINS 
Acacia deal bata Aust. Silver wattle Evergreen 
Acacia claw Aust. Cedar wattle Evergreen 
Callistemon salignus Willow bottlebrush Evergreen 
Chamaecyparis lawsoniana Lawson cypress Evergreen 
Cupressus glabra Smooth Arizona cypress Evergreen 
Cupressus lusitanica Mexican cypress Evergreen 
Cupressus torulosa Bhutan cypress Evergreen 
Eucalyptus globulus Aust. Tasmanian blue gum Evergreen 
Eucalyptus nicholii Narrow-leaf peppermint Evergreen 
Fags sylvatica European beech Deciduous 
Junipents fonnosana Formosan juniper Evergreen 
Picea abies (excelsa) Norway spruce Evergreen 
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HEDGE OR WINDBREAK (UNDER 6m): COASTAL 
Acacia spp. Wattle Evergreen 
Casuarina torulosa Rose she-oak Evergreen 
Leptospermum laevigatum Aust. Coast tea-tree Evergreen 
Leptospermum lanigerum Aust. Woolly tea-tree Evergreen 
Melaleuca linariifolia Paperbark Evergreen 
Neri urn oleander (varieties) Oleander Evergreen 
Olea europaea Olive Evergreen 
Pittosporum rhombifolium Aust. Queensland pittosporum Evergreen 
Sy zygiurn leuhmannii Aust. Small-leaf lilly-pilly Evergreen 

LARGE HEDGE OR WINDBREAK (OVER 6m): COASTAL 
Acacia elata Aust. Cedar wattle Evergreen 
Acacia floribunda Whitesally Evergreen 
Acacia glaucescens Coast myall Evergreen 
Callistemon viminalis Weeping bottlebrush Evergreen 
Acmena smithii Aust. Lilly-pilly Evergreen 
Cinnamomum camphora Camphor tree Evergreen 
Eucalyptus gomphocephala Aust. Tuart Evergreen 
Ficus lacor Aust. Cunningham fig Evergreen 
Pod ocarpus andinus Plum-fir Evergreen 

(Prumnopirvs elegans) 
Podocarpus elatus Brown pine Evergreen 
Tristania conferta Brush box Evergreen 
Tristania laurina Watergum Evergreen 
Casuarina cunninghamiana She-oak Evergreen 

HEDGE OR WINDBREAK (UNDER 6m): INLAND 
Acacia longifolia Aust. Sallow wattle Evergreen 

_ 
Acacia salicina Aust. Willow wattle Evergreen 
Acacia saligna Aust. Golden wreath wattle Evergreen 
Banksia serrata Aust. Saw banksia Evergreen 
CaIlitris rhomboidea Aust. Oyster bay pine Evergreen 
Casuarina torulosa Aust. Rose she-oak Evergreen 
Ceratonia siliqua Carob tree Evergreen 
Cotoneaster serotinus Late cotoneaster Evergreen 
Cupressus glabra Smooth Arizona cypress Evergreen 
Cupressus lusitanica Mexican cypress Evergreen 
Cupressus torulosa Bhutan cypress Evergreen 
Hakea salicifolia Aust. Hakea Evergreen 
Hakea laurina Aust. Pincushion hakea Evergreen 
Melaleuca arrnillaris Aust. Paperbark Evergreen 
Melaleuca nesophila Aust. Island paperbark Evergreen 
Melaleuca lanceolata Aust. Moonah Evergreen 
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My oporum insulare Aust. Boobialla Evergreen 
Olea europaea Olive Evergreen 
Pittosporum crassifolium NZ Karo Evergreen 
Pittosporum tenuifolium NZ Kohuhu Evergreen 
Quercus ilex Holm oak Evergreen 
Tristania laurina Aust. Kanooka Evergreen 

LARGE HEDGE OR WINDBREAK (OVER 6m): INLAND 
Acacia dealbata Aust. Silver wattle Evergreen 
Acacia decurrens Aust. Early black wattle Evergreen 
Acacia mearnsii ( mollissima) Aust. Late black wattle Evergreen 
Brachychiton populneus Aust. Kurrajong Evergreen 
Callistemon salignus Willow bottlebrush Evergreen 
Casuarina glauca Aust. Swamp she-oak Evergreen 
Casuarina leuhmannii Aust. Bull-oak (buloke) Evergreen 
Cupressus lusitanica Mexican cypress Evergreen 
Cupressus torulosa Bhutan cypress Evergreen 
Eucalyptus crebra (racemosa) Aust. Narrow-leaf ironbark Evergreen 
Eucalyptus gomphocephala Aust. Tuart Evergreen 
Ficus rubiginosa Aust. Port Jackson or rusty fig Evergreen 
Melaleuca styphelioides Aust. Prickly paperbark Evergreen 
Pinus halepensis Aleppo pine Evergreen 
Pinus radiata Monterey pine Evergreen 
Schinus molle Pepper tree Evergreen 
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FAUNA IMPACT STATEMENTS 
LEGISLATIVE BACKGROUND 

ENDANGERED FAUNA (INTERIM PROTECTION) ACT 1991 

1. On 17th December 1991, amendments were made by the Endangered Fauna (Interim 
Protection) Act 1991 ("the Fauna Act") to the National Parks and Wildlife Act 1974 
("the Parks Act") and the Environmental Planning and Assessment Act 1979 ("the 
EPA Act"). 

2. The central amendment was the insertion o f  a section 112 (1B) into the EPA Act 
which prohibited the carrying out of, or governmental approval to, activities which 
were: 

(a) "likely to significantly affect": 
(b) the environment of  "protected fauna": 

Unless a fauna impact statement ("FIS") had been prepared in accordance with 
section 92D of  the Parks Act and section 112(1D) o f  the EPA Act. 

3. Details of: 

(a) the definition of  "protected fauna"; 
(b) the matters required to be considered in determining whether there was likely 

to be a significant effect on the environment o f  protected fauna: and 
(c) the procedural requirements o f  section 92D o f  the Parks Act and section 

112(1D) of  the EPA Act; 

are set out below. 

Both sections 112(1D) of  the EPA Act and section 92D(4) o f  the Parks Act provide 
that an FIS can be contained in, or constituted by, an environmental impact 
statement. 

4. On the 12th March 1992, the amendments brought about by the Fauna Act were 
themselves amended by section 13 of  the Timber Industry (Interim Protection) Act 
1992. •That section replaced all references in the EPA Act to "protected fauna" by 
references to "endangered fauna". 

Accordingly, the amendments made on 17th December 1991 are now to the 
following effect. The central amendment is the insertion o f  a section 112(1B) into 
the EPA Act which prohibits the carrying out of, or  governmental approval to, 
activities which are: 

(a) "likely to significantly affect"; 
(b) the environment of  "endangered fauna"; 

Unless and FIS has been prepared in accordance with section 92D o f  the Parks Act 
and section 112(1D) of  the EPA Act. 
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5. Details o f  the definition o f  "endangered fauna" are set out below. 

6. Prior to 12th March 1992, Mount King Ecological Surveys had been commissioned 
to prepare a fauna impact statement in respect o f  protected fauna in the Northwest 
Corridor. Subsequently, Mount King Ecological Surveys was commissioned to 
advise whether there were any endangered fauna in the Corridor and, i f  so, to prepare 
a fauna impact statement in respect o f  endangered fauna. 

7. On 30th March 1990, Mount King Ecological Surveys reported that, although there 
were museum records o f  two species o f  endangered fauna in the Corridor the Golden 
Tree Frog (Litoria Aurea) and the Diamond Python (Morelia spilotes), there have 
been no sightings o f  those species in the Corridor. Accordingly, Mount King 
Ecological Surveys advised that there were no endangered fauna within the Corridor 
whose environment was likely to be significantly affected by the construction o f  a 
transport link in the Corridor. 

8. Strictly, therefore, there is since 12 March 1992 no obligation to prepare a fauna 
impact statement. 

9. Nevertheless, there is included in this EIS by way o f  supplementary material in the 
specialist report by Mount King Ecological Surveys (1991), the preparation o f  which 
was commenced prior to 12 March 1992 and which was prepared having regard to 
the requirements o f  section 92D of  the Parks Act in relation to protected fauna. 

10. "Protected fauna" 

The amendments inserted into the EPA Act the definition o f  "protected fauna" 
contained in the Parks Act. The Parks Act defines "protected fauna" to mean "fauna 
o f  a species not named in Schedule 11" to the Parks Act. Schedule 11 names the 
following fauna: 

Carnivora other than Pinnipedia Bears, lions, dogs, etc. 
Insectivora Moles, hedgehogs. 
Artiodactyla Cloven hoofed animals. 
Perissodactyla Horses, donkeys, etc. 
Primates Apes, monkeys. 
Sub ungulates Elephants. 
Lepus europaeus Hare. 
Oryctolagus cuniculus Rabbit. 
Scirius palmarum Indian Palm Squirrel. 

All other "fauna" is "protected fauna". "Fauna" is defined to mean "any mammal, 
bird, reptile or protected amphibian". The term does not include insects. 

11. "Likely significant effect" 

The amendments inserted into the EPA Act a section 4A which provides that the 
following eight factors "must" be taken into account in deciding whether there is 
likely to be a significant effect on the environment o f  protected fauna: 

(a) The extent of  modification or removal o f  habitat. 

(b) The sensitivity o f  the species o f  fauna to removal or modification o f  its habitat. 

(c) The time required to regenerate critical habitat, namely, the whole o r  any part 
o f  the habitat which is essential for the survival of  that species o f  fauna. 
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(d) The effect on the ability o f  the fauna population to recover, including 
interactions between the subject land and adjacent habitat that may influence 
the population beyond the area proposed for development or activities. 

(e) Any proposal to ameliorate the impact. 

(f) Whether the land is currently being assessed for wilderness by the Director of 
National Parks and Wildlife under the Wilderness Act 1987. 

(g) Any adverse effect on the survival o f  that species o f  protected fauna or of 
populations o f  that fauna. 

12. Section 92D of  the Parks Act 

Section 92D o f  the Parks Act sets out various formal and procedural requirements 
for the preparation o f  FISs. In summary, they are as follows: 

(a) (Section 92D (1) (c)(i)). There must be a "full description o f  the fauna to be 
affected, and the habitat used by the fauna. 

(b) (Section 92D (1) (c)(ii)). There must be an assessment o f  the regional and 
statewide distribution of  the species and the habitat to be affected, and any 
environmental pressures on them. 

(c) (Section 92D (1) (c)(iii)). There must be a description of: 

(1) the activity proposed to be undertaken; and 

(2) how the activity will: 

A) modify the environment; and 

B) effect the essential behavioural patterns of  the fauna in the short and 
long term (where long term encompasses the time required to 
regenerate essential habitat components). 

(d) (Section 92D (1) (c)(iv)). There must be details o f  the measures to be taken to 
ameliorate the impacts. 

(e) (Section 92D (1) (c)(v)). There must be details o f  the qualifications and 
experience in biological science and fauna management of  the person preparing 
the statement and o f  any other person who has conducted research or 
investigations relied upon. 

(f) (Section 92D(2)). The person preparing the FIS must: 

(1) consult with the Director o f  National Parks and Wildlife: 
and 

(2) in preparing the statement, have regard to any requirements notified to 
him or her by the Director o f  National Parks and Wildlife in respect o f  the 
form and content o f  the FIS. 

The Director has 28 days after consultation within which to notify any such 
requirements (section 92D(3)). 
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13. Section 112(1D) o f  the Environment Protection Act 

Section 112(1D) o f  the Environment Protection Act requires the Road Traffic 
Authority to forward a copy o f  the Fauna Impact Statement to the Director of 
National Parks and Wildlife. 

14. "Endangered  Fauna" 

"Endangered Fauna" are defined by reference to Schedule 12 o f  the National Parks 
and Wildlife Act 1974, which schedule was gazetted on 28th February 1992. 

4 



APPENDIX D2 
Professional assessment 
regarding the need for a 
Fauna Impact Statement 



MOUNT K I N G  E C O L O G I C A L  SURVEYS 
"Oorong" 
B a t h u r s t  Road 
OBERON, N . S . W . ,  2787 

M a r c h  3 0 ,  1992 

M a x i n e  Cooper 
R o a d s  & T r a f f i c  Authority 
C e n t e n n i a l  P l a z a  Building 
2 6 0  E l i z a b e t h  Street 
SYDNEY NSW 2000 

D e a r  M s  Cooper 
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R e :  N o r t h - W e s t  T r a n s p o r t  S t u d y  - F a u n a  I m p a c t  Statement 

I r e f e r  t o  o u r  c o n v e r s a t i o n  f o l l o w i n g  the 
a m e n d m e n t s  m a d e  o n  1 2  M a r c h  1 9 9 2  t o  the 
E n v i r o n m e n t a l  P l a n n i n g  & A s s e s s m e n t  A c t  1 9 7 9  by 
s e c t i o n  1 8  o f  t h e  T i m b e r  I n d u s t r y  (Interim 
P r o t e c t i o n )  A c t  1992. 

2 .  T h e r e  a r e  m u s e u m  r e c o r d s  o f  t w o  s p e c i e s  l i s t e d  as 
e n d a n g e r e d  f a u n a  o n  i n t e r i m  S c h e d u l e  1 2 ,  n a m e l y  the 
G o l d e n  T r e e  F r o g  C l i t o r i s  a u r e a 3  a n d  t h e  Diamond 
P y t h o n  [ M o r e l i a  s p i l o t e s ] .  H o w e v e r  t h e s e  records 
a r e  f r o m  a g e n e r a l  r e g i o n  i n c l u d i n g  t h e  s t u d y  area 
a n d  t h e r e  h a v e  b e e n  n o  d i r e c t  s i g h t i n g s  o f  either 
s p e c i e s  w i t h i n  t h e  N o r t h - W e s t  Corridor. 

I t h e r e f o r e  c o n f i r m  t h a t ,  i n  my  professional 
o p i n i o n ,  t h e r e  a r o  n o  " o n d a n g e r e d  f a u n a "  w i t h i n  the 
N o r t h - W e s t  C o r r i d o r  w h o s e  e n v i r o n m e n t  i s  l i k e l y  to 
b e  s i g n i f i c a n t l y  a f f e c t e d  b y  p r o p o s a l s  f o r  a North- 
W e s t  t r a n s p o r t  l i n k  i n  t h e  Corridor. 

4 .  I u n d e r s t a n d  t h a t  t h e  R T A  s t i l l  w i s h e s  nevertheless 
t o  p u b l i s h  t h e  F a u n a  I m p a c t  S t a t e m e n t  previously 
p r e p a r e d  i n  r e s p e c t  o f  " p r o t e c t e d  f a u n a "  i n  the 
Corridor. 

Y o u r s  faithfully 

D r  M a r t i n  Denny 
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Addendum 

1 INTRODUCTION 

The need for this addendum is outlined in this chapter. Subsequent chapters present an 
assessment of  alternative ways in which a transport link between Old Windsor Road and 
Pennant Hills Road might be tolled, the identification o f  a preferred tolling option, and an 
assessment of likely environmental impacts of  this preferred option. 

1.1 PURPOSE OF THIS ADDENDUM 

In December 1991 the Roads and Traffic Authority wrote to the Community Consultative 
Committee saying that an option to consider a toll for the half o f  the transport link west of 
Pennant Hills Road (Old Windsor Road to Pennant Hills Road) was being introduced for the 
first time. At the same time the Maunsell team was evaluating an option for tolling the half of 
the link east of  Pennant Hills Road with a toll plaza at Talavera Road. 

As mentioned in the letter, the Roads and Traffic Authority proposes to assess a tollway for the 
entire length o f  the expressway. 

This Addendum has been prepared for that purpose. 

It addresses: 

• Tollway options. 
• Alternative locations for toll booths from a highway engineering viewpoint. 
• Traffic aspects. 
• The social and environmental impacts of  the preferred tollway option. 
• Suggested mitigative measures to reduce any additional impacts of the tollway. 

1 . 2  WHY THIS ADDENDUM IS NEEDED 

The eastern section o f  the transport link, the subject o f  a separate environmental impact 
statement (Maunsell, 1992), was always considered for tolling. In contrast, the western section 
o f  the proposed transport link, as assessed in the main report, was intended to be funded as part 
o f  the National Arterial Program. 
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However, during the final planning phase of  the proposed transport link, funding o f  the project 
became uncertain because of  changes to roadway funding at both the Federal and State level. 
The relevant changes were described in a letter from the Roads and Traffic Authority's Director 
o f  Sydney Western Region to the Community Consultative Committee which read: 

"As you would know from the most recent Community Consultative Committee meeting 
on 12 December 1991, changes to the State's funding framework have meant that a 
tollway is now to be considered as an option f o r  the fu l l  length o f  the North West 
Transport Link, f rom the Lane Cove River to Seven Hills. 

This is an outcome which the RTA has needed to adopt despite the earlier position that the 
western section o f  the route (between Pennant Hills Road and Old Windsor Road) would 
be federally funded as a National Arterial. 

The change has resulted from a number o f  developments over the last f e w  months. 

The f irst  was the decision taken at the special Premiers' Conference to abandon the 
National Arterial Program as part  o f  rationalising road administration throughout 
Australia. This means that as f rom June 1993, the States will receive general purpose 
monies not tied directly to road projects such as the North West Transport Link. This 
will place the project in competition with all other road projects in New South Wales, 
making funding less secure. 

The second development has been a very large reduction in the funds available f o r  new 
roadworks in New South Wales. You may be aware, the State Government has advised 
that there will be no new State funded roadworks in 1991-92. The position is not 
expected to improve until the economy strengthens and funds from fuel  levies and weight 
taxes return to previous levels. 

In view o f  the obvious funding difficulties f o r  this project it is proposed to also address 
in the EIS the option o f  a single tollway along the entire expressway length. This should 
improve the total viability o f  a tollway project by both increasing toll revenue and 
secondly by reducing the construction costs through greater efficiency. Experience with 
the F4 and F5 toll roads has shown that road construction can be dramatically accelerated 
when the total project is financed, designed and constructed by a single tollway company. 
The $200 million F4 project is due to open in June which is 9 months ahead o f  schedule. 
The $300 million F5 project is due to be completed in December 1992 more than 2 years 
ahead o f  schedule. 

However, the inclusion o f  the option f o r  the total expressway to be a tollway does not 
indicate that this will finally be the case. The EIS process will require the community to 
consider all options including that o f  no major road improvements. However, in view of 
the changed funding structures f o r  roads in NSW and the pressing financial situation it is 

an option which must be included f o r  public consideration. 
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The expressway project also includes an exclusive bus roadway f rom Old Windsor Road 
to Epping Station. This unique and exciting concept would be the f irs t  new public 
transport development through the North West area. I t  may well be that alternative 
funding possibilities such as special state or federal program will arise to assist this part 
o f  the project. The RTA would, o f  course, move in that direction also i f  the opportunity 
arose. 

I regret that it has been necessary to change the funding strategy during the development 
o f  the EIS. However, you would appreciate that none o f  these changes were anticipated 
and it is important to adapt to present circumstances to maximise the opportunity to 
provide an important transport development f o r  the North West area." 

In light o f  such funding uncertainties, a private tollway along the entire length o f  the proposed 
transport link (between Lane Cove River and Old Windsor Road) has been identified as an 
additional alternative to be addressed during the EIS process. As the environmental impact 
statement was substantially completed at the time of  these funding changes, it was decided to 
present the assessment in an addendum. 

1 . 3  WHY CONSIDER A TOLLWAY ? 

Tollways are an alternative way of  funding major roadway projects when the desired 
investment funds for road construction cannot be met through existing sources o f  finance 
and/or there are severe restrictions on increasing existing sources of  finance. Because these 
funding conditions currently apply to the proposed transport link, a private tollway alternative is 
being considered as a way of  securing additional funding. 

The tollway would be financed, designed, constructed and operated by a private consortium. 
Such arrangements would require the consortium to manage the construction, operation and 
maintenance of  the tollway until a set date, at which time ownership and operation would be 
transferred to the government. The consortium would be required to observe all undertakings 
of  the EIS determination. 

1 . 4  AIM AND OBJECTIVE OF THE TOLLWAY PROPOSAL 

The aim of  the tollway proposal is to secure additional funding for the project through private 
investment. After the satisfactory completion of  the EIS process, private funding would assist 
construction o f  the project to proceed without the potential delays associated with public 
funding uncertainties. The need for the project is outlined in Chapter 3 o f  the EIS. 
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The overall project objectives are detailed in Chapter 4 of  the EIS. The additional specific 
objective of  the tollway alternative is: 

• To make the project as commercially attractive as possible whilst preserving the essential 
transport benefits o f  the project. 

1 . 5  CONSULTATION 

The need for alternative funding sources for the transport link and the decision to consider a 
tollway option during the EIS process were discussed with the Community Consultative 
Committee during a meeting on 12 December 1991, as the previous funding arrangements had 
become more uncertain. 
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2 ALTERNATIVE TOLLWAY OPTIONS 

A discussion of  shortlisted alternative alignments for the proposed transport link is contained in 
Section C o f  the EIS. This chapter considers alternative ways in which such a transport link 
might be tolled. 

2.1  TOLL COLLECTION SYSTEMS 

The method of  toll collection is an important factor in determining toll booth requirements and 
the consequent location of  a toll plaza facility. For this study, two systems o f  toll collection 
have been considered for use on the proposed transport link in a special report by the Snowy 
Mountains Engineering Corporation Limited (1992) and in the EIS by Maunsell (1992). The 
alternative systems are described below. 

2 .1 .1  Manual and automatic machine collection 

This system o f  toll collection, which is currently used on the Sydney Harbour Bridge, requires 
motorists to stop at toll booths and pay the required toll either to collectors or  automated 
machines. Once the payment of the toll has been registered the motorist may proceed. 

2 . 1 . 2  Electronic Toll Collection System (ETCS) 

This system requires motorists to purchase toll credit identification tags and strategically place 
them on their vehicles. These tags represent toll credit and are electronically scanned as 
vehicles approach tollway barriers. Once the electronic scanning device computes toll charges, 
vehicles are allowed to pass toll barriers without delay (assuming there is toll credit available for 
the scanned tag). This system requires fewer toll booths and is considered to be a convenient 
and cost effective way of  toll collection. The Roads and Traffic Authority has recognised the 
potential of  such a system and intends to operate a pilot ETCS project on the Sydney Harbour 
Bridge. 

2 . 1 . 3  Preferred toll collection system 

As the ETCS system has not been tested and proven for use on Sydney's road network, this 
study assumes that the toll collection system for the proposed transport link would initially 
include provision for manual and automatic collection o f  tolls at a toll plaza. This does not 
mean, however, that special lanes for the ETCS method of  collection could not be provided in 
the future should they be proven successful. 
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2 . 2  TOLL FREQUENCY AND PROPOSED TOLL PLAZA 

LOCATIONS 

Any toll plaza on the western half o f  the transport link would be additional to and 
complementary with a toll plaza proposed for the eastern half. Toll frequency (that is, the 
number o f  times a motorist is tolled on the one roadway) influences the location o f  a toll plaza. 
Consequently these two aspects need to be considered together. 

The appropriateness o f  tolling the alternative alignments is discussed first. Then single and 
multiple toll payment options for the section o f  the link west of  Pennant Hills Road are 
discussed below, and thereafter possible locations for toll plazas for each payment option. 

Toll options for the section o f  the transport link east o f  Pennant Hills Road are described in 
Maunsell (1992). 

2 .2 .1  Alternative alignments 

The feasibility of  tolling two alternative alignments for the transport link was considered. 
Alternative 1 is a four lane expressway/busway in the existing transport reserve which crosses 
Pennant Hills Road to the east and continues in the transport reserve to Epping Road at the Lane 
Cove River. Alternative 2 is a four lane expressway/busway in the existing transport reserve 
linking to Carlingford Road in the east via Pennant Hills Road. 

The tolling o f  Alternative 2 would not be economically viable without the additional toll revenue 
collected on the section o f  the transport link east of  Pennant Hills Road. The eastern section of 
the link along Carlingford Road is along arterial roads, which cannot be tolled. Consequently, 
it is not feasible to consider tolling Alternative 2. 

2 . 2 . 2  Single payment options 

Single payment tolling would require road users to stop and pay a toll only once along the entire 
transport link. Three single toll options have been considered for use on the western half of  the 
proposed tollway. They are: 

• Toll booths on west-facing ramps. This option would require the motorist to pay a 
toll when entering or  exiting from traffic on ramps west o f  an interchange. By tolling 
west facing ramps, only the motorists that would bypass the toll plaza east of  Pennant 
Hills Road would be charged, thus avoiding the collection o f  multiple tolls. Limiting 
factors associated with this proposal include geometric problems related to the location of 
the toll plaza (eg. ramp gradients, queue space requirements) and increased cost of  toll 
collection because a greater number of  manual toll collectors would be required for 
individual ramps than if there were one toll plaza across the main expressway. For these 
reasons, the only location considered feasible for this tolling option would be at Pennant 
Hills Road, on the ramps facing Oakes Road to the west. 
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• Toll booths on entry ramps. This option would require toll collection facilities on all 

entry ramps for the entire length o f  the route. Because o f  the geometric problems 
associated with locating toll booths on steep gradients o f  some ramps and the relatively 
high costs o f  multiple toll collection facilities, this option is not considered further. 

• Eliminating -entry/exit ramps. This option would involve removing ramps for 
vehicles to enter or leave the facility between toll plazas. This would eliminate the 
opportunity to use the tollway without paying the toll. However, this option is not 
favoured because all ramp interchanges are considered a desirable part o f  the proposal, as 
they assist local access to and from the transport link. 

The alternative of  a single toll on west-facing ramps at Pennant Hills Road is therefore favoured 
and further considered in this addendum. 

2 . 2 . 3  Multiple payment options 

Multiple payment tolling is typically used on long distance routes with several entry locations. 
This system of  payment requires road users to stop and pay toll fees more than once along the 
tollway route and provides the opportunity to increase revenue while making charges more 
equitable by tolling users in accordance to the distance they travel. The disadvantage o f  the 
system is that longer distance travellers are inconvenienced by more than one stop, and the 
proposed link would primarily serve these travellers. 

Two alternative locations were considered for multiple payment on the western half of  the 
proposed transport link. They are: 

• Tolling between Windsor Road and Pennant Hills Road. Because o f  the 
curving road alignment, undulating topography and associated road gradients throughout 
this section of  the roadway, there are no ideal locations to situate a toll plaza that would 
serve both traffic entering and exiting the link, from an engineering or environmental 
point of  view. However, three less-than-ideal sites which are still reasonable sites were 
assessed: 

— The crest east of  Barclay Road 

— Adjacent to Muirfield High School 

— West of Oakes Road. 

Of  these three locations, the most geometrically suitable for a toll plaza is the crest east of 
Barclay Road. 
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• Tolling between Old Windsor Road and Windsor Road. Within this section of 
the transport link, the most suitable site for a toll plaza would be within the road reserve 
near the Old Windsor Road interchange. The road gradients in this area meet engineering 
requirements for a toll plaza and surrounding land use would be compatible with the 
operation of  toll booths. 

Therefore, a site east of  Barclay Road and one near Old Windsor Road are considered further in 
this addendum. 

2 . 3  CONCLUSION 

Based on the previous discussion o f  tolling frequencies and potentially suitable toll plaza 
locations, three tollway options have been identified for further analysis. Each option would be 
supplementary to the toll plaza proposed on the eastern section o f  the transport link at Talavera 
Road. 

The options considered further and shown on Figure 1 are: 

Option 1. Multiple toll payment with a toll plaza located east of  Barclay Road between 
Windsor Road and Pennant Hills Road (Site 1). 

Option 2. Single toll payment with toll plazas located on west facing ramps at Pennant 
Hills Road (Site 2). 

• Option 3. Multiple toll payment with toll plaza located near Old Windsor Road (Site 3). 
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3 EVALUATION OF TOLL OPTIONS 

Three short-listed toll options are described in Chapter 2. This chapter includes a discussion 
o f  the effects o f  a toll on traffic on Alternative 1 and the identification o f  a preferred tollway 
option. 

3 .1  TRAFFIC  ASSESSMENT 

The effect of  a toll on traffic will largely be related to the actual toll charged. The possible range 
o f  charges was touched on at the Commission o f  Inquiry into the Proposed F2 Castlereagh 
Freeway, in 1989. The Roads and Traffic Authority advised Commissioner Woodward in the 
following terms: 

"1. You have requested information concerning refunding o f  the F2 Freeway. 

2 .  Following the development o f  the Metropolitan Strategy f o r  Sydney and  the 
identification o f  transport needs to serve that strategy, a strategic road plan to the 
year 2000 was developed. 

3 .  That plan identified the roads to the year 2000 that could and should be provided at 
an optimistic level o f  expected funding. The plan highlighted the need to accelerate 
road improvements i f  Sydney was to have a reasonable road system in a reasonable 
period o f  time. The plan called f o r  innovative measures (that is, toll roads) to 
finance that acceleration. 

4 .  To implement the plan, projects were sought f o r  development as potential toll road 
schemes, and were analysed f o r  their financial viability. The F2, F4 and F5 
Freeways in Sydney were found to have the greatest financial viability as toll road 
schemes. 

Michael Perry and Associates were commissioned to carry out financial viability 
models against set criteria (namely, the development o f  a complete tollway with a 
$1.00 toll f o r  cars and $3.00 toll f o r  trucks). The modelling showed that the F2 
Freeway would be financially viable i f  the capital cost to a developer was reduced 
either by a capital input by the RTA separately constructing part o f  the Freeway, or 
by other forms o f  RTA assistance. 
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5 .  Since the modelling was undertaken, a number o f  events significant to the financial 
viability o f  the F2 have occurred: 

(a) The N e w  South Wales Government has increased the funding to the RTA by 
allocating all New South Wales f u e l  taxes to the RTA, and by increasing that 
allocation by the 3 cents per litre fuel  levy introduced in July 1989. 

(b) The Commonwealth Government has accepted the F2 Freeway route west of 
Pennant Hills Road as a national arterial road, and funds f o r  its construction have 
been provided by the Commonwealth. [Note that funding for a roadway west of 
Pennant Hills Road is no longer available from the Commonwealth Government 
due to the cancellation of  the National Arterial Program.] 

(c) The Rouse Hill area is to be released f o r  development, and the developers are to 
provide $22,000 per hectare f o r  advancing the construction o f  the F2 Freeway west 
o f  Pennant Hills Road to Old Windsor Road. 

6. These events mean that the financial viability o f  the F2 as a privately developed 
tollway is in a substantially better position than when the modelling was 
undertaken. The RTA is still not in a position to f u n d  the F2 Freeway fully as, 
even with the increased funding now available, there is still a significant backlog of 
economically justified and vital projects required to provide Sydney with a 
reasonable transport system this century. This is because years o f  low funding 
have left Sydney with an inadequate system that traditional funding through fuel 
taxes and registration charges cannot accommodate. Private venture funding o f  a 
f e w  major projects such as the F2 Freeway is seen as the best technique to "catch 
up" on this deficit. 

7. The last two o f  the events described in paragraph (5) above provide the necessary 
funds f o r  the western section o f  the F2 Freeway, and shorten the length which is 
required to be privately financed as a tollway. They also mean that the western 
section and the eastern tollway section can be built concurrently whereas previously 
it was expected that the western section would be provided after the eastern section 
was completed. This will provide an assured traffic volume through the tollway at 
an earlier date than previously anticipated and will consequently improve cash flow 
and the tollway viability. 

8. The toll level used in the Michael Perry modelling was $1.00 f o r  cars and $3.00 for 
trucks (in 1987 dollars). Recent negotiations with potential proponents f o r  the 
tollway have indicated tolls o f  $1.00 - $2.00 (in 1989 dollars) f o r  cars f o r  a viable 
project. A t  this level o f  tolls, the tollway is expected to attract assured volumes of 
traffic from other routes and to cause limited diversion o f  traffic as compared to a 
non-tolled facility. (20% diversion was shown in the EIS). 
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9. I t  is expected that the finance f o r  the F2 project as a private tollway will be provided 
by local banks. This means that Australian money will be used f o r  financing an 
Australian development with significant economic advantages to Australia through 
reduced transport costs. This in turn will make Australian goods more competitive 
with overseas products and aid the balance o f  payments situation. 

10. In response to invitations to finance, construct and operate the F2 Freeway between 
Pennant Hills Road and Channel 10, eleven consortia responded. O f  these, three 
have been shortlisted to prepare f inal  offers. The preparation o f  f inal  offers from 
these three consortia will await the outcome o f  the Inquiry. I f  the F2 Freeway is to 
proceed, appropriate matters relating to finance will be included in the invitation to 
prepare final offers. A t  this stage, it is anticipated that the invitation would include 
a requirement that the final offer give details o f  the proposed tolls, the time over 
which the tolls would apply, and the contribution o f  Government which will be 
necessary. 

The range o f  likely offers indicated to the RTA to date are:- 

Toll: $1.00 - $2.00 

Time period: 15 - 30 years 

Contribution: From $100,000,000 f rom the Government to 
$100,000,000 to the Government. 

11. As  a guide the expected result should be a toll ranging f rom $1.30 to $1.60 f o r  a 
period o f  18 to 25 years and a Government contribution o f  say $20M." 

Each identified tollway option was modelled to reflect the possible impacts on traffic in a special 
report by Denis Johnston and Associates (19910. However, the actual toll could not be 
determined and modelled because: 

• There is presently no precedent for such a tollway in Sydney which could assist in 
identifying an appropriate toll level. 

• The toll level would need to be negotiated between the Roads and Traffic Authority and a 
private consortium during any future calls for expressions o f  interest regarding the 
development o f  the transport link. 

Consequently, the effect of  tolls on traffic was considered using a model in which theoretical 
tolls were applied to produce maximum revenue. The theoretical range was 50 cents to $1.00 
but it is recognised that this may not represent the actual toll. 
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Analysis of the modelling results indicate that: 

• Option 1, a multiple toll between Windsor Road and Pennant Hills Road (near Barclay 
Road), would cause a significant amount of  traffic to remain on local roads rather than be 
attracted to the transport link. As a result, the traffic benefits o f  the transport link would 
be substantially reduced and the overall network transport costs would increase. 

. Option 2, tolling the west-facing ramps at the Pennant Hills Road interchange, would 
cause some motorists to remain on North Rocks and Castle Hill roads rather than use the 
transport link. However, the total number o f  trips affected by the toll would account for 
only a small proportion of  overall trips on the transport link. Also, this option would 
have similar transportation benefits to operating the link without a toll. 

Option 3, a toll plaza between Old Windsor Road and Windsor Road could not be 
justified because projected traffic levels between the two roads would not be high enough 
to support a tollway for about 15 years. 

In summary, the traffic modelling results indicate that Option 2 is the most practical tolling 
option because it is viable and the imposition of  a toll on the western section o f  the transport 
link would not have a significant effect on traffic volumes. 

3 . 2  THE PREFERRED TOLLWAY OPTION 

Of  the three tollway options considered, Option 2 (a single toll on west-facing ramps at Pennant 
Hills Road) is preferred because: 

Modelling results indicate that the imposition of a toll would not significantly affect traffic 
volumes on the transport link and the local road network. 

• Motorists would not be required to stop and pay a toll more than once along the entire 
transport link between Old Windsor Road and Lane Cove River. 

• It is the most suitable from an engineering viewpoint as it allows for reasonable curves, 
gradients, queuing and stopping distances. 

Chapter 4 presents a detailed assessment of the social and environmental impacts of  Option 2. 

The assessment follows the same format as that in the environmental impact statement. A 
detailed assessment o f  Alternative 1 is presented. Variations to the alignment are then 
considered. 
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The discussion pertains to Alternative 1, Variations B and C only. (Discussion o f  the other 
variations is contained in P a r t  H of  the EIS). As with the EIS, Variation B is discussed in 
detail and the differences between B and C are identified in Section 4.5. 

Toll plazas have not been proposed for Variations A and D because as outlined in Part H, 
Variations A and D would result in greater environmental impacts than Variations B and C even 
without the toll plazas, and the toll plazas would add to that impact. 
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4 ASSESSMENT OF ENVIRONMENTAL 
IMPACTS AND IDENTIFICATION OF 
MITIGATIVE MEASURES 

In Chapter 3, it was found that the preferred tolling strategy would involve the constructing 
and operating o f  two separate toll plazas on the west facing ramps at the Pennant Hills Road 
interchange, in order to collect tolls from traffic entering or exiting the transport link. 

The following sections describe the proposed toll plazas and existing environment in which 
they would be located. This is followed by an assessment o f  likely impacts caused by the 
construction and operation of the toll plazas on the transport link. 

4 .1  DESCRIPTION OF THE TOLL PLAZAS 

The proposed toll plazas would consist o f  toll booths with associated amenities and parking as 
described below and shown in Figure 2. 

• Each toll plaza would have three toll booths: two automated booths and one manual or 
change-giving booth, connected by an overhead canopy. Each toll booth facility would 
extend over three traffic lanes and measure about seven metres in height. Indicator signs 
and lighting would be attached to the overhead canopy. The toll booth roofs would be 
constructed o f  non-reflective material. 

• To accommodate the toll booths, the transport link's pavement would need to be widened 
by an average o f  7.5 metres for a length o f  800 metres and 7.7 metres for a length o f  500 
metres for westbound and eastbound traffic, respectively. 

• The approaches to the toll booths would be lit by high-pressure sodium luminaries 
mounted on nine metre high lighting columns, spaced 20 metres apart. The light source 
would be angled to minimise lighting impacts on adjacent residences. All lighting would 
be in accordance with Australian Standard 1158.1 Public Lighting Code. 

• Each toll booth facility would have a four-space parking area which would be landscaped 
with appropriate indigenous species. 

• Each toll booth facility would have adjoining toilets and amenities (eg tea making and a 
money collection point). 
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Figure 2 
Artist's impression 

of proposed toll plazas 
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4 . 2  EXISTING ENVIRONMENT 

The two locations in which the toll plazas are proposed would have slightly different 
environmental contexts, as shown in Figure 3. Specifically: 

• The toll plaza for traffic entering the transport link would be located about 300 metres 
west o f  Pennant Hills Road, within an area currently occupied by residences along 
Mahers Road and Coral Tree Drive. 

• The toll plaza for traffic exiting the transport link would be located primarily within the 
transportation reserve at Oakes Road. The toll booths would be located under the Oakes 
Road bridge and the queue storage lanes and parking area would be located adjacent to 
residences on Westmore Drive and Mundon Place, respectively. 

4 . 3  ASSESSMENT OF LIKELY TOLL PLAZA IMPACTS 

A complete assessment o f  the likely impacts of  the proposed transport link is contained in 
Parts F, G, H and I o f  the EIS, as well as the specialist working papers. Therefore, the 
following sections provide only a general description o f  likely impacts in the area o f  the toll 
plazas, the additional impacts of these plazas and mitigative measures to minimise such impacts. 

The assessment area lies between the eastern study boundary at Gum Grove Place and the 
westernmost edge o f  the exit ramp lanes. 

4 .3 .1  Impacts on land use and the community 

Land use Impacts 
The transport link would directly affect 33 homes and about 3.3 ha of  open space within the 
area o f  the proposed toll plazas. 

To accommodate the proposed toll plazas, six additional residential properties would need to be 
totally acquired and 14 partially acquired (2 total, 12 partial for exiting traffic; 4 total, 2 partial 
for the toll plaza for traffic entering the expressway). The land requirements o f  the transport 
link, in the area of the proposed toll plazas, and the additional land that would be affected by the 
proposed toll plazas are shown in Figure 4. 
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Community impacts 
Lighting o f  the proposed transport link would only occur on the interchanges. It would have 
little effect on nearby residences due to the luminaire design which would control glare and 
direct the light towards and along the roadway. In addition, any spill-over lighting would be 
screened by the proposed noise barriers (see Snowy Mountains Engineering Corporation Ltd, 
1992). 

The toll plazas would introduce higher levels of  spill lighting to about 12 adjoining residences 
along Westmore Drive. This is due to lighting at the toll booths. However, the level of 
illumination at approximately 5 metres behind the lighting columns would be below 5 lux 
(which is equivalent to moonlight), which would not represent a significant impact. 

No other community impacts are expected. 

Mitigative measures 
To mitigate the above impacts, it is recommended that the Roads and Traffic Authority would: 

• Implement relevant aspects o f  its Land Acquisition Policy, as detailed in Chapter 16 of 
the main EIS. This would allow for associated relocation expenses, and enable owners 
o f  partially affected properties to sell their property to the Roads and Traffic Authority at 
the market value. 

• Ensure that the lighting would be designed for minimum glare with the minimum light 
output being directed towards and along the roadway. 

4 . 3 . 2  Economic impact 

An economic assessment of  the entire transport link route was completed in a report by Applied 
Economics and Manidis Roberts Consultants (1992). It assessed (among other alternatives) the 
impact o f  a tollway east o f  Pennant Hills Road. The economic benefits o f  the tollway were 
based on traffic modelling. 

However, there was no traffic modelling to assess the impact of  a toll west of  Pennant Hills 
Road so a subsequent traffic impact study was prepared (Denis Johnston and Associates, 
19910. The economic benefits would be derived from travel time savings, savings in accidents 
and savings in vehicle operating costs. These are estimated from the predicted changes in 
traffic volumes. The traffic study modelled the influence of  a possible toll on the west facing 

ramps at Pennant Hills Road interchange. It found that traffic impacts would be insignificant. 
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With a toll there would be less o f  a reduction in traffic on the local road network than if the link 
were untolled, however the difference would not be substantial. This is because: 

• Some motorists would continue using North Rocks and Castle Hill roads to avoid the 
toll. 

• Some motorists would continue to use local streets such as Aiken or Jenkins roads as 
alternatives to busy arterials. 

• Other motorists who would previously have left the transport link at Pennant Hills Road 
to avoid the toll on the east, would now stay on it. This is because there would be no 
additional cost involved and they would get travel time savings by remaining on the 
transport link. 

The total cost o f  constructing the toll plazas (including property acquisition costs) is $5.54 
million or about 1.5% of  the total cost o f  the project. Of  this, construction costs would be 
$4.14 million and annual operating costs about $0.58 million. 

It was therefore found that the tollway in the west would have a negligible effect on total 
economic benefits and costs compared with the alternative of  a tollway east o f  Pennant Hills 
Road. As a result the effect on the net present value and benefit cost ratio would be negligible. 

4 . 3 . 3  Impact on visual quality 

Within the area of  the proposed toll plazas, the transport link would severely affect views from 
houses on Westmore Drive, Mahers Road and Coral Tree Drive. Views of  trees would change 
to views of  the link's noise walls and landscape planting. 

The toll plazas would represent new structural elements within the transport link's boundaries 
(see Section 4.1). 

However, because o f  the proposed noise barriers and landscape planting for the transport link, 
only the roofs of some o f  the toll booths and a portion of  the indicator signage and the tops of 
the lighting columns would be visible to nearby residents. Such views would diminish as the 
proposed planting matures. For these reasons, the toll plazas would not be considered a 
significant visual impact. 

Visual impacts during the construction of  the toll plazas would be similar to those outlined in 
Chapter 17 of  the EIS. 
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Mitigative measures 
To minimise the visual impact o f  the toll plazas: 

• Bushland areas would need to be revegetated with indigenous species. 
• Screening trees and shrubs would need to be mass planted near the toll plazas. 

4 . 3 . 4  Noise 

An investigation of  the noise impacts was carried out by Wilkinson Murray Griffiths (1992). 

In the vicinity o f  the proposed toll plazas, unacceptable noise levels from the transport link 
would affect some residents adjacent to the expressway. Noise barriers two to four metres high 
are proposed to reduce this impact. 

At each proposed toll plaza location, within 200 metres either side o f  the toll booths, the 
majority o f  vehicles travelling along the ramp would decelerate from maximum speed as they 
approach the toll booths and accelerate as they leave. 

A recent study (Renzo Tonin and Associates, 1991) compared the measured and calculated 
noise levels at a toll plaza. The study measured noise levels at the toll plaza on the F6 Freeway. 
The results estimated the difference between noise levels calculated for a freeway and the true 
level near the toll plazas. The study concluded that LAio noise levels (ie. the sound level 
measured over 10% of  the time) near the toll plaza were lower than levels at the same distance 
from free flowing freeway traffic. 

Wilkinson Murray Griffiths found that a similar situation would exist near the proposed toll 
plazas. It was calculated that the toll plazas would lead to a reduction in overall noise of  about 1 
dBA, with a 0.5 dBA reduction on the side of  the transport link opposite the toll booths. This 
reduction would be imperceptible. 

However, as shown in their report, the toll plazas would lead to an additional two residences 
being affected by normally acceptable noise levels, and another two affected by normally 
unacceptable levels. This is because construction of  the toll plazas would involve widening the 
transport link, bringing it closer to nearby residences. 

In summary, the inclusion of  the toll plazas on the transport link would have a negligible effect 
on noise levels emitted from the expressway. Any potential change in character of  noise 
emission due to traffic entering and leaving the toll booths would be minimal due to masking 
effects from the majority of free flowing traffic. 

Mitigative measures 
As the increases in noise are insignificant when compared with the 1300 residences that would 
be affected by the transport link as a whole, no additional mitigative measures are 
recommended. 
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4 . 3 . 5  Air quality 

An investigation o f  the air quality impacts was carried out by Stephenson and Associates 

(1992). 

The assessment considered a worst-case situation, assuming that all vehicles pay a toll at the 

same location and that maximum traffic flow rates apply. Very unfavourable air dispersal 

conditions were also assumed. 

The indicator used to assess air quality was carbon monoxide, which can be used as an 
indicator o f  a variety of  pollutants including oxides o f  nitrogen, hydrocarbons and lead. 

It was estimated that carbon monoxide concentrations at the kerbside could rise to about 12.9 
mg/m3 which is below the Environment Protection Authority's one-hour average o f  31.3 
mg/m3. Concentrations within the toll booth area would be expected to be marginally higher 
than these. 

No additional mitigative measures are recommended. 

4 . 3 . 6  Vegetation and animals 

Inclusion of  the toll plazas on the transport link would not result in the loss o f  any additional 
bushland or significantly affect the overall status of any protected species or their habitat. 

As there would be no additional impacts arising from the toll plazas, no additional mitigative 
measures are recommended. 

4 . 3 . 7  Archaeology and heritage 

A study by Haglund and Associates (1990 and 1991) to identify known or  potential 
archaeological sites in the vicinity of  the proposed transport link identified five archaeological 
sites and 11 potential archaeological sites. None are near the locations for the proposed toll 
plazas. 

The study also indicated that the sandstone area west of  Mahers Road has a high potential for 
habitation. The proposed toll plaza and queue storage lanes would not affect such sandstone 
areas. 

A review o f  heritage items conducted by Manidis Roberts Consultants indicated that no heritage 
items would be affected by the proposed toll plazas. 

As there would be no additional impacts arising from the toll plazas, no additional mitigative 
measures are recommended. 
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4 . 3 . 8  Geology and soils 

The soil landscape in the area of  the proposed toll plazas is Hawkesbury. It is classified as 
having an extreme erosion hazard. 

During construction o f  the proposed transport link, soils would be disturbed. The disturbance 
o f  soil and construction of  cut and fill batters would create a serious erosion hazard. 

The proposed toll plazas would increase the area o f  disturbed soil by a marginal amount. If all 
proposed erosion and sediment control measures were undertaken, as outlined in the 
environmental impact statement, construction of the toll plazas would not significantly increase 
the potential for erosion and sedimentation impacts. 

The program to control erosion and sedimentation and operation is detailed in Chapter 23 of 
the environmental impact statement. It includes measures such as drains, sediment traps and 
basins, a revegetation program and monitoring. No additional mitigative measures are 
recommended. 

4 . 3 . 9  Impact on hydrology and water quality 

Impacts during construction 
The construction of  the proposed transport link would have an impact on water quality as a 
consequence o f  erosion and sedimentation. The construction o f  the toll plazas would not 
significantly increase the potential for such impacts because o f  the relatively small amount of 
area disturbed. 

The proposed transport link would also require the creek running parallel to Mahers Road to be 
replaced with an open formalised channel. However, to accommodate the proposed toll plaza 
for exiting traffic, the creek would need to be replaced by reinforced concrete box culverts for 
about 800 metres. The culverts would be designed to convey a flood flow for a once in a 100 
year Average Recurrence Interval runoff event. 

Impacts during operation 
The proposed transport link would increase the amount o f  oil, grease and other surfactants in 
storm runoff. The proposed toll plazas would result in significantly more oil deposits in the 
area of  the toll plazas, than would occur on a standard section o f  the transport link. 

Mitigative measures 
To minimise the impacts of oil deposits around the toll plazas, a gross pollutant trap would need 
to be located downstream from the toll plazas that would be of  sufficient size to minimise the 
velocities through the trap for minor runoff events and include an oil skimmer to remove the 
surface scum. This system would need to be regularly maintained to remove collected oil from 
the trap. 
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In addition, grease traps would need to be installed at the toll plazas to contain solvents used to 
clean the pavement surface of  excess oil build up. The traps would need to be designed to be 
closed off, allowing the contents to be pumped out and taken away for proper disposal. 

4 . 3 . 1 0  Impacts on utilities and services 

The major utility or service lines in the area of  the proposed toll plazas are: 

• Sewerage, water and electricity along Mahers Road. 

• Telecom and electricity along Oakes Road. 

As described in Chapter 25 of the main EIS, these service lines would need to be relocated to 
accommodate the proposed transport link. However, no relocations are planned in the area of 
the proposed toll plazas, and the toll plazas would not affect any o f  the major utility or service 
lines. 

4 . 4  CUMULATIVE IMPACTS 

The following table shows the additional impacts of  the toll plazas on transport link. 
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Table 1: Changed impacts due to the addition of the toll plazas 

Category of  impact Untolled transport 
link 

Tolled transport link 

Residential properties 33 residential properties As for untolled, plus 6 totally 
affected affected. acquired, 4 partially acquired. 
Open space lost No change. 
Lighting Lighting at interchanges As for untolled, plus low 

with glare controlled. intensity 
lighting at toll plazas affecting 
about 12 residential properties. 

Economic Negligable change 
in net present value 
and benefit cost 
ratio. 

Visual No change. 
Noise As for untolled plus 4 residences 

subject to greater impact. Net 
change minimal 

Air quality No change. 
Vegetation No change. 
Archaeology No change. 
Geology and soils Marginal increase in 

area of disturbed 
soils. 

Hydrology and water Creek to be channelised. Creek in culvert for 800 metres. 
quality Gross pollutant traps 

downstream of toll plazas. 
Utilities and services No change. 

4 . 5  VARIATION TO THE PROPOSED LINK 

As outlined in Part H of  the environmental impact statement, four alignment variations were 
considered for a section o f  the transport link west o f  Mahers Road. The proposed toll plazas 
would be located along this section of  the route. The four variations are labelled in order from 
north to south as follows: A (the most northerly), B, C and D (the most southerly). 

As noted in Chapter 3 of  this addendum, toll plazas were not considered for Variations A and 
D because they would have relatively more environmental impacts than B and C. 
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Variation B is the alignment described and assessed in the environmental impact statement and 
in the preceding pages o f  this addendum. Variation C, immediately to the south o f  Variation B, 
would preserve more bushland than Variation B as well as much o f  a blue gum stand along 
Mahers Road. The effect o f  the proposed toll plazas on Variation C was therefore assessed. 

Exit toll plazas for both Variations B and C are located under a proposed bridge at Oakes Road. 
However the toll plaza on the exit ramp for Variation C is located about 20 metres further south 
of  properties on Westmore Drive than for Variation B. In other respects the designs for the two 
variations are similar. Figure 5 shows the proposed location and site layout o f  Variation C 
and Figure 6 is an artist's impression. Figure 7 shows the land required for the toll plazas 
on Variation C. 

It was found that on the southern side o f  the link, the impacts of  the toll plazas located on 
Variation C would be the same as those previously described for the tolled Variation B on the 
southern side o f  the link. As with Variation B, impacts for traffic entering the expressway 
(southern side) would be the loss o f  four residential properties and partial effects on two 
properties. 

For traffic exiting the expressway, the following additional impacts would occur when 
comparing a tolled with an untollekl Variation C: 

• An additional 0.35 ha of  the blue gum bushland would be lost, however the loss of 
animals and habitat associated with this clearing would not significantly affect the overall 
status o f  any protected species or their habitat. 

• The proposed channelisation of  the creek running parallel to Mahers Road would need to 
be replaced by a reinforced box culvert for 300 metres. 

• Low-level lighting from the toll plaza would spill over onto a few residential backyards. 
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5 CONCLUSION 

Tolling of  the transport link would only deter a small percentage o f  potential users from 
travelling on the transport link, consequently the impacts o f  tolling on traffic volumes in the 
road network would not be significant. 

The inclusion o f  the proposed toll plazas on the transport link would not significantly increase 
the overall impacts of  the transport link. The only major impact in the area o f  the proposed 
plazas would be the loss o f  an additional six residential properties and partial acquisition o f  14 
should Variation B be built. In comparison, tolling of Variation C would result in the loss o f  an 
additional 0.35 ha o f  blue gum bushland, and four additional residences; eight more residences 
would become eligible for special acquisition. 

It can therefore be concluded that the additional impacts associated with the inclusion of  a 
tollway on the transport link would be minimal. 
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