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6 Environmental assessment 

This section of the REF provides a detailed description of the potential environmental 
impacts associated with the proposal during both construction and operation and 
provides site-specific safeguards to ameliorate the identified potential impacts. All 
aspects of the environment potentially impacted upon by the proposal have been 
considered. This includes consideration of the factors specified in the guideline Is an 
EIS required? (DUAP 1999) as required under clause 228(1)(b) of the Environmental 
Planning and Assessment Regulation 2000. The factors specified in clause 228(2) of 
the Environmental Planning and Assessment Regulation 2000 are also considered in 
Appendix A of this REF. 
 
Site-specific safeguards are provided to ameliorate the identified potential impacts for 
each environmental issue. 
 

6.1 Biodiversity 
A detailed impact assessment of the proposal has been undertaken which details the 
methods, biodiversity field survey results and assessment used to identify the extent 
and magnitude of potential ecological impacts associated with the proposal. This 
assessment is supported by Technical Paper 1 – Biodiversity (refer to Volume 2). 
A summary of this assessment is provided below. 
 
Study area 
 
In this biodiversity assessment, reference is made to the terms ‘proposal site’, ‘study 
area’ and ‘locality’. The ‘proposal site’ refers to the same definition as provided in 
Section 1.1 of this REF. The term ‘study area’ refers to the general location around 
the proposal site and includes any adjacent areas of land or waterway that may be 
potentially directly or indirectly impacted by the construction and operation of the 
proposal. Finally, the ‘locality’ is discussed in terms of the broader bioregional context 
defined by Thackway and Creswell (1995) as the Sydney Bioregion. The study 
locality is considered to be a radius of 10 kilometres from the study area. 
 

6.1.1 Methodology 

Database searches and literature review 
 
A desktop review of relevant background reports and government databases 
pertaining to the biodiversity of the bioregion and specifically the locality, comprising a 
10 kilometre radius surrounding the study area, was undertaken (refer below for 
definition). The literature and data reviewed included: 
 
 GIS data layer of the Regional Biodiversity Corridors in the Hawkesbury-

Nepean Catchment Management Authority Area (DECC 2005). 

 Vegetation types database [Biometric] (DECC 2009a). 
http://www.environment.nsw.gov.au/biobanking/vegtypedatabase.htm 

 Threatened species database. NSW Office of Environment and Heritage (DECC 
2009b). http://www.environment.nsw.gov.au/biobanking/biobankingtspd.htm 

 Native vegetation of south-east NSW: a revised classification and map for the 
coast and eastern tablelands (Tozer et al. 2010). 
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 The Vegetation of the Western Blue Mountains (DEC 2006). 

 NSW BioNet (OEH, accessed September 2012). 

 Atlas of NSW Wildlife Database (OEH, accessed October 2011). 

 EPBC Act Protected Matters Search Tool (accessed June 2012). 

 Review of Environmental Factors for Geotechnical Investigations – Flora and 
Fauna Impact Assessment (Mount Victoria to Lithgow Alliance, 2011a), 
including field surveys undertaken between 5 and 7 of April 2011. 

 Review of Environmental Factors for Geotechnical Investigations – Flora and 
Fauna Impact Assessment (Mount Victoria to Lithgow Alliance, 2011b), 
including field surveys undertaken between 10 and 13 May 2011. 

 Great Western Highway Upgrade, Mount Victoria to Lithgow Alliance: Corridor 
study – Biodiversity (Mount Victoria to Lithgow Alliance, 2011c) including field 
surveys undertaken between 8 and 10 August 2011. 

 
A review of the previous specialist reports, other available literature and scientific 
databases was also undertaken to gain an appreciation of the composition of local 
vegetation communities and flora diversity. 
 
Field investigations 
 
Field investigations were conducted to identify the biodiversity values within and in 
the vicinity of the proposal site with the objective of assembling quantitative and 
qualitative data on flora and fauna diversity and the distribution of vegetation and 
habitat associations. 
 
Field surveys were undertaken over a range of seasons for different components of 
the greater Mount Victoria to Lithgow Great Western Highway upgrade, which 
encompassed the Forty Bends study area. The field investigations undertaken as part 
of the greater Mount Victoria to Lithgow Great Western Highway upgrade were drawn 
upon for this biodiversity assessment. 
 
In addition, detailed field surveys specifically for the Forty Bends study area were 
undertaken predominantly between 31 October and 4 November 2011. Field surveys 
included: 
 
Vegetation mapping 
 
 Stratified sampling techniques were used to classify and map vegetation 

communities, threatened species habitat and develop an inventory of flora 
species specific to each vegetation association. 

 Digital mapping of vegetation community boundaries was conducted using the 
ArcGIS software package. Vegetation community boundaries were identified in 
the field using a Trimble Yuma handheld GPS with ArcPad software. A 
combination of field data, existing broad-scale vegetation mapping (Tozer et al. 
2010), aerial photograph interpretation and biophysical data such as elevation 
and soil type was used to map the boundaries of vegetation communities. 
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Flora surveys: 
 
 The following steps were implemented as part of the vegetation and flora 

surveys: 

 A thorough review of previous specialist reports, other available literature 
and scientific databases to gain an appreciation of the composition of 
local vegetation communities and flora diversity. 

 Determine threatened flora species to be targeted during surveys 
(Threatened flora species with a high-moderate potential to occur in the 
study area were targeted during the flora surveys). 

 Stratified sampling techniques to classify and map vegetation 
communities, threatened species habitat and develop an inventory of flora 
species specific to each vegetation association. 

 Targeted searches for threatened flora species in areas of suitable 
habitat. 

 Surveys were undertaken in the study area over a range of seasons including 
appropriate seasons for detecting potentially occurring cryptic orchid surveys 
(Targeted orchid surveys between 14 and 16 November 2011). 

 
Fauna survey and habitat assessment: 
 
 Targeted searches were undertaken for fauna species with a high to moderate 

potential to occur in the study area. 

 Detailed fauna surveys were conducted at four sites, while opportunistic 
observations of fauna were recorded across the entire study area during the 
field survey program. Where possible, surveys were conducted across the 
different range of floristic types associated with these habitats, in particular at 
any change in dominant tree species or unique habitat features such as 
exposed rocky boulders or waterbodies.  

 Cleared and modified agricultural landscapes were targeted for incidental fauna 
sightings during both diurnal and nocturnal surveys. Aquatic habitats (creeks 
and dams) provided opportunity for additional targeted survey effort and 
incidental data, mainly frogs and waterbirds. Targeted fish and 
macroinvertebrate surveys were not conducted. 

 Targeted surveys for Purple Copper Butterfly (Paralucia spinifera) were 
conducted during suitable weather conditions on the 21 September 2011 and 
19 October 2011. 

 
Specific details of survey effort with respect to the number of quadrats and transects 
sampled per habitat type are summarised in Table 6-1. 
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Table 6-1: Flora survey effort per habitat stratification unit 

Map 
Unit 

Vegetation Community/Habitat Area 
(ha) 

Survey Effort 

Quadrat Transects 

1 
Blaxland’s Stringybark – Monkey Gum Open 
Forest 

7.19 4 5 

2 Silvertop Ash Open Forest 0.15 1 6 

3 Ribbon Gum Grassy Woodland 0.05 1 2 

TOTAL 7.39 6 24 
 
The total fauna survey effort per technique is summarised in Table 6-2. Note that one 
habitat type occurs in the study area. 
 
Table 6-2: Summary of fauna survey effort 

Technique Fauna group Target Species Survey Effort 

Tree-traps Arboreal mammals Squirrel Glider 48 trap nights 

Ground traps 
(Elliotts) 

Small terrestrial 
mammals 

All species 120 trap nights 

Ground traps 
(cages) 

Medium terrestrial 
mammals 

Spotted-tailed Quoll 12 trap nights 

Harp-traps Microchiropteran 
bats 

Eastern False Pipistrelle 6 trap nights 

Bat call 
recording 

Microchiropteran 
bats 

All species 3 all night sessions 

Spotlighting All groups Yellow-bellied Glider, 
Squirrel Glider, large 
forest owls, Spotted-
tailed Quoll 

4 person hours 

Diurnal birds Diurnal birds Woodland birds 5 sites (each session 
minimum 20 mins) 

Call playback Nocturnal birds Large forest owls 2 sites (each session 
minimum 20 mins) 

Reptile search Reptiles Rosenberg’s Goanna 5 sites (30 min search) 

Frog search Frogs Giant Burrowing Frog 4 person hours 

Scat search Arboreal mammals Koala 2 person hours 
 
All surveys were undertaken in accordance with State and Federal Government 
survey guidelines for threatened species (DEC 2004, DEHWA 2010/2011). 
The location of flora and fauna surveys and methods is shown in Figure 6-1.  
 
A detailed description of the methodology for the biodiversity field survey and 
assessment is provided in Chapter 2 of Technical Paper 1 (refer to Volume 2). 
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Figure 6-1      Location of flora and fauna surveys

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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6.1.2 Existing environment 

The study area is located entirely within the Hawkesbury-Nepean Catchment 
Management Area (CMA) and includes the Wollemi and Burragorang (Part A) CMA 
sub-regions. The region is important for biodiversity because it provides a transition 
from the mountains to the western slopes and the plains.  
 
The dominant vegetation types in the area comprise dry and wet sclerophyll forests in 
escarpment areas and on steeper slopes and grassy woodlands dominate the lower 
elevated valleys. Areas on the northern side of the Great Western Highway 
predominantly supports vacant forested lands including private and Crown Land 
which are contiguous with Hassans Walls. Land use on the southern side of the Great 
Western Highway typically includes rural residential properties, agricultural lands 
used predominantly for cattle grazing and some smaller patches of intact forest. The 
study area also includes the road reserve of the existing Great Western Highway and 
Forty Bends Road. 
 
Vegetation communities and flora diversity 
 
Three vegetation communities were identified, these are listed in Table 6-3 along with 
the equivalent map units identified in regional vegetation community mapping projects 
and the conservation status according to information provided in Tozer et al. (2010), 
DEC (2006) and the TSC Act and EPBC Act. The distribution of vegetation 
communities in the study area is shown in Figure 6-2. About 8.4 hectares of the study 
area comprise cleared and modified vegetation with a mix of native and exotic flora 
not corresponding to the three natural vegetation communities. 
 
The flora diversity of the study area has been documented in surveys from late 
autumn 2011 to early/mid spring 2011, therefore increasing the chances of detecting 
and identifying a large majority of flora species present including threatened and 
common species. For example, autumn-flowering orchid species such as Mosquito 
Orchid (Acianthus exsertus) and Small Autumn Greenhood (Pterostylis reflexa) were 
observed as well as spring-flowering orchid species such as Tiger Orchid (Diuris 
sulphurea), Hooded Caladenia (Caladenia cucullata), Pink Fingers (Caladenia 
carnea) and Leopard Orchid (Diuris pardina). 
 
A total of 161 flora species from 57 families was recorded in the study area, of which 
28 are exotic species and two are non-indigenous native species and have been 
introduced.  
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Table 6-3: Vegetation communities in the proposal site 

Map 
Unit 

Vegetation 

Community 

Equivalent Vegetation Communities Conservation Status Area in proposal 

site (ha) 

1 Blaxland’s Stringybark 
– Monkey Gum Open 
Forest 

Biometric: No closely equivalent biometric 
vegetation types, closest match is Narrow-
leaved Peppermint - Silvertop Ash - Mountain 
Grey Gum shrubby open forest of the upper 
Blue Mountains, Sydney Basin 

DEC 2006: MU 24 Montane Slopes Stringybark 
Forest. 

Tozer et al. (2010): possibly DSF p76 Moist 
Montane Sandstone Forest and/or WSF p73 
Cool Montane Wet Forest. 

Clearing has not greatly affected the extent of 
this community given its favoured steep and 
infertile habitat (DEC 2006). Tozer et al. 
(2010) estimates there is about 70 to 90 per 
cent of the pre-clearing area of these closest 
equivalent vegetation communities (WSF p73 
and DSF p76) remaining and 35 to 55 per 
cent of the pre-clearing area is in 
conservation reserves. 

7.96 

2 Silvertop Ash Open 
Forest 

Biometric: Silvertop Ash - Narrow-leaved 
Peppermint open forest on ridges of the 
eastern tableland, South Eastern Highlands 
and South East Corner. 

Tozer et al. (2010): DSF p8 Tableland Ridge 
Forest. 

Tozer et al. (2010) estimates there is about 
80 to 90 per cent of the pre-clearing area of 
this vegetation community remaining and 40 
to 60 per cent of the pre-clearing area is in 
conservation reserves. 

0.21 

3 Ribbon Gum Grassy 
Woodland 

Biometric: Ribbon Gum - Yellow Box grassy 
woodland on undulating terrain of the eastern 
tablelands, South Eastern Highlands. 

Tozer et al. (2010): GW p420 Tableland 
Granite Grassy Woodland. 

This community is consistent with the 
Threatened Ecological Community (TEC) 
Tablelands Snow Gum, Black Sallee, 
Candlebark and Ribbon Gum Grassy 
Woodland in the South Eastern Highlands, 
Sydney Basin, South East Corner and NSW 
South Western Slopes Bioregions listed as 
Endangered under the TSC Act. This 
community is regarded as being highly 
cleared with only 20-35 per cent of the pre-
European extant estimated to remain and < 
one per cent of the pre-European extant 
estimated to occur in conservation reserves 
(Tozer et al. 2010). 

0.05 
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Figure 6-2      Vegetation communities

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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Exotic species 
 
Of the 161 flora species identified in the study area, 28 are exotic species and two are non-
indigenous native species. Noxious weed species were observed in the study area with 
some species occurring in relatively high abundance within disturbed areas such as roadside 
areas, disturbed areas of remnant vegetation and unmaintained areas on private property. 
 
The five noxious weed species recorded in the study area are listed in Table 6-4, including 
the noxious class for each species. 
 
Table 6-4: Noxious weed species present in the study area 

Species Prevalence on Site Noxious Class in the 
Upper Macquarie County 

Council control area 

Hemlock 

Conium maculatum 

Recorded in low-moderate abundance 
mainly in disturbed roadside areas. 

Class 4: The growth and 
spread of the plant must be 
controlled according to the 
measures specified in a 
management plan published 
by the local control authority 
and the plant may not be 
sold, propagated or 
knowingly distributed. 

Patterson’s Curse 

Echium plantagineum 

Recorded in low abundance mainly in 
disturbed roadside areas. 

African Lovegrass 

Eragrostis curvula 

Recorded in high abundance within road 
easements and disturbed areas of 
remnant vegetation.  

St John’s Wort 

Hypericum perforatum 

Recorded in moderate to high 
abundance in disturbed road 
easements, disturbed areas of remnant 
vegetation and agricultural areas. 

Blackberry 

Rubus fruticosus 

Recorded in moderate to high 
abundance in unmaintained road 
easements, Whites Creek and disturbed 
areas of remnant vegetation. 

Blackberry is also a Weed of National 
Significance. 

 
Threatened Ecological Communities and flora 
 
One Threatened Ecological Community (TEC), Tablelands Grassy Woodland, was identified 
in the study area. Table 6-5 describes the legal status of the Tablelands Grassy Woodland, 
which is Endangered under the TSC Act. 
 
Table 6-5: Threatened ecological communities in the study area and corresponding map 
units and legal status 

Threatened Ecological Community 
Equivalent Map 

Units 

Legal Status 

TSC Act EPBC Act 

Tablelands Snow Gum, Black Sallee, Candlebark 
and Ribbon Gum Grassy Woodland in the South-
eastern highlands, Sydney Basin, South-east 
Corner and NSW South Western Slopes 
Bioregions (Tablelands Grassy Woodland). 

Map Unit 3: 
Ribbon Gum 
Grassy Woodland 

Endangered -- 

 
A small area dominated by ribbon gum (Eucalyptus viminalis) at the western end of the 
proposal site is consistent with Tableland Grassy Woodland which occurs in a gully area on 
alluvium/metasediments in the study area and is relatively disturbed from understorey 
clearance, track formation and weed invasion. 
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On the basis of regional records, literature review and the presence of suitable habitat, a 
total of 17 threatened flora species are known to occur or potentially occur in the locality. 
The list of species considered in the study is provided in Table A-1, Appendix A of 
Technical Paper 1. An assessment of the likelihood for each species to occur was 
conducted. No threatened flora species are considered to have a high or moderate potential 
to be present within the study area. All species are considered to have a low or unlikely 
likelihood of occurrence within the study area. In addition no threatened flora species was 
recorded in the study area despite targeted searches during optimal periods.  
 
Groundwater dependent ecosystems 
 
Vegetation communities in the study area are considered to have a low-level of groundwater 
dependence considering the dry nature of these communities, the occurrence on relatively 
steep undulating terrain and the lack of any evidence of groundwater expression at the base 
of slopes and/or in drainage lines. No water was observed in drainage lines during the 
surveys. 
 
Fauna 
 
Non-flying mammals 
 
A total of 10 terrestrial mammal species was recorded through trapping, visual observation 
and secondary indications (eg scats, tracks and diggings). Ground-dwelling small mammals 
were present in low abundance in the open forest habitat on sandy soils. Two native species 
were identified, the Brown Antechinus (Antechinus stuartii) and Bush Rat (Rattus fuscipes). 
Macropods were common, with Eastern Grey Kangaroo (Macropus giganteus), Swamp 
Wallaby (Wallabia bicolour), Red-necked Wallaby (Macropus rufogriseus) and Common 
Wallaroo (Macropus robustus) recorded. The Long-nosed Bandicoot (Perameles nasuta) 
was particularly common in the open forest habitat on sandy soils. Other common species 
recorded include Common Brushtail Possum (Trichosurus vulpecula), Common Ringtail 
Possum (Pseudocheirus peregrinus) and Greater Glider (Petauroides volans) (restricted to 
the larger intact habitats on the northern side of the road). 
 
Flying mammals 
 
The use of harp traps and ultrasonic call recording identified a total of eleven 
microchiropteran bat species (Table 6-6 and Table 6-7). All species detected would likely 
use forested habitats across the entire study area for foraging. 
 
Table 6-6: Bat trapping survey results 

Species Common Name Legislative 
Status 

Total 
Captures 

Proportion of Total 
Captures (%) 

Falsistrellus 
tasmaniensis 

Eastern False 
Pipistrelle 

Vulnerable 
(TSC Act) 

5 45.4 

Nyctophilus geoffroyi Lesser Long-eared Bat - 2 18.2 

Vespadelus darlingtoni Large Forest Bat - 1 9.1 

Vespadelus vulturnus Little Forest Bat - 2 18.2 

Chalinolobus gouldii Gould’s Wattled Bat - 1 9.1 

TOTAL 11 100 
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Table 6-7: Bat species recorded by ultrasonic call recording 

Species/Species Complex TSC Act 

Status 

No. of 

calls 

Confidence Level 1 

CL1 CL2 CL3 

Long-eared Bat (Nyctophilus sp.) - 51 13 37 1 

Eastern Forest Bat (Vespadelus sp.) - 20 4  16 

Vespadelus darlingtoni/V. regulus - 39 5 34  

Falsistrellus tasmaniensis/Scotorepens 
orion/Scotorepens sp. 

Vulnerable 29  29  

Gould's Wattled Bat (Chalinolobus gouldii) - 96 54 40 2 

Chocolate Wattled Bat (Chalinolobus morio) - 86 53 33  

Freetail-bat (Mormopterus sp.2) - 7  7  

White-striped Freetail Bat (Nyctinomus australis) - 4 4   

Note 1 - Confidence Level: CL1 = Positive; CL2 = Probable, CL3 = Possible 
 
Birds 
 
A total of 60 bird species was recorded in the study area. The dominant bird groups noted 
included foliage insectivores. Also present were granivores, nectarivores, diurnal and 
nocturnal raptors and aerial foragers. Honeyeaters (Meliphagidae), Fantails/Flycatchers 
(Dicruridae) and Australasian Warblers (Acanthizidae) were particularly abundant. Common 
species included the Buff-rumped Thornbill (Acanthiza reguloides), Striated and Spotted 
Pardalote (Pardalotus striatus and P. punctatus), Yellow-faced Honeyeater (Lichenostomus 
chrysops), Black-faced Cuckoo-shrike (Coracina novaehollandiae) and Australian Magpie 
(Gymnorhina tibicen). A full list of the species recorded is provided at Appendix D of 
Technical Paper 1. 
 
Reptiles and amphibians 
 
The reptile diversity within the study area is dominated by skinks (Scincidae). Lace Monitors 
(Varanus varius) were widespread throughout all forested habitats and Eastern Water Skink 
(Eulamprus quoyii) was restricted to ephemeral creek habitats on the southern side of the 
road. Four frog species were identified in the study area, namely; the Leaf-green Tree Frog 
(Litoria phyllochroa) which occupies stream habitats, Eastern Banjo Frog (Limnodynastes 
dumerilii), Common Eastern Froglet (Crinia signifera) and Striped Marsh Frog 
(Limnodynastes peronii) which occupy dams and wetlands. No threatened frog species was 
identified in the study area. 
 
Threatened fauna 
 
Two threatened fauna species were recorded in the Forty Bends study area - Purple Copper 
Butterfly (Paralucia spinifera) listed as Endangered under the TSC Act and Vulnerable under 
the EPBC Act and Eastern False Pipistrelle (Falsistrellus tasmaniensis) listed as Vulnerable 
under the TSC Act (refer Table 6-8 and Figure 6-3). 
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Figure 6-3      Fauna habitats and threatened fauna

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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Table 6-8: Threatened fauna recorded during the targeted surveys in the study area 

Species Status Distribution and Habitat 

TSC Act/ EPBC Act 

Recorded in study area 

Purple Copper 
Butterfly 

(Paralucia spinifera) 

Endangered/Vulnerable Confirmed from three sites at Forty Bends 
and South Bowenfels. This population lies 
in an area with relatively open lower shrub 
strata with Blackthorn, within an area 
dominated generally by a denser shrubby 
sandstone vegetation type, dominated by 
Prickly Shaggy Pea; the attendant ant A. 
itinerans was also observed. 

Eastern False 
Pipistrelle 

(Falsistrellus 
tasmaniensis) 

Vulnerable Five individuals were captured in open 
forest habitat in the study area. May prefer 
steeper forests on sandstone, with higher 
elevated sandstone outcrops and tree 
hollows or dead trees for roosting. 

 
On the basis of regional records, reports and the presence of suitable habitat, a total of 
46 threatened fauna species are known to occur or potentially occur in the locality. Of these, 
a total of 28 species have a high potential to utilise habitats within the study area and four 
have a moderate potential. Details are provided in Table 6-9 below: 
 
Table 6-9: Threatened fauna recorded or considered to have a moderate to high likelihood of 
occurring 

Species 
Status Potential to 

occur in the 
study area 

EPBC 
Act 

TSC Act 

Barking Owl (Ninox connivens) - V Recorded in 
locality 

Black-chinned Honeyeater (Melithreptus g. gularis) - V Moderate 

Brown Treecreeper (Climacteris picumnus victoriae) - V Moderate 

Eastern Bent-wing Bat (Miniopterus schreibersii 
oceanensis) 

- V Recorded in 
locality 

Eastern False Pipistrelle (Falsistrellus tasmaniensis) - V Recorded 

Eastern Freetail-bat (Mormopterus norfolkensis) - V High 

Gang-gang Cockatoo (Callocephalon fimbriatum) - V Recorded in 
locality 

Glossy Black-cockatoo (Calyptorhynchus lathami) - V High 

Greater Broad-nosed Bat (Scoteanax rueppellii) - V High 

Grey-headed Flying-fox (Pteropus poliocephalus) V V Moderate 

Koala (Phascolarctos cinereus) V V Moderate 

Large-eared Pied Bat (Chalinolobus dwyeri) V V High 

Little Lorikeet (Glossopsitta pusilla) - V Moderate 

Masked Owl (Tyto novaehollandiae) - V High 

Powerful Owl (Ninox strenua) - V Recorded in 
locality 

Purple Copper Butterfly (Paralucia spinifera) V E Recorded 

Regent Honeyeater (Anthochaera phrygia) E CE Moderate 

Rosenberg's Goanna (Varanus rosenbergi) - V Moderate 
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Species 
Status Potential to 

occur in the 
study area 

EPBC 
Act 

TSC Act 

Spotted-tail Quoll (Dasyurus maculatus) E V High 

Southern Myotis (Myotis macropus) - V High 

Swift Parrot (Lathamus discolour) E E Moderate 

Varied Sittella (Daphoenositta chrysoptera) - V Recorded in 
locality 

Yellow-bellied Glider (Petaurus australis) - V High 

Yellow-bellied Sheathtail-bat (Saccolaimus 
flaviventris) 

- V High 

 
The distribution of threatened fauna records (OEH, 2012) within the locality (10 kilometre 
radius) is shown in Figure 6-4. 
 
Targeted surveys for Purple Copper Butterfly (Paralucia spinifera) were undertaken by 
Ray Mjadwesch (Director, Mjadwesch Environmental Service Support). The location of 
Purple Copper Butterfly and potential habitat in the study area are provided in Figure 6-5. 
Full details of background, methods, results and discussion for the Purple Copper Butterfly 
surveys are provided in Appendix E of Technical Paper 1. 
 
The interim referral guidelines for the koala (SEWPAC, 2012) require an assessment to 
identify whether the population in the study area is an important population or whether 
critical habitat would be removed. No evidence of a koala population was observed in the 
study area or the wider locality (including larger patches of Ribbon Gum dominated 
woodland, a known feed tree listed under SEPP 44, in the Hartley Valley area). Any koala 
population in the study area is likely to be widely dispersed over a large area which would 
extend to the north, east and south of the proposal. The evidence suggests that the 
population in the study area is not likely to constitute an important population. 
 
Migratory species 
 
The background searches revealed the potential presence of 13 migratory species which are 
known to occur or potentially occur in the locality. No migratory species are considered to 
have a high potential to utilise habitats within the study area and six have a moderate 
potential to occur. None of the migratory species potentially occurring in the locality is likely 
to have important habitat in the study area.  
 
Further details regarding the potential occurrence of migratory species in the study area are 
provided in Table A-3 of Technical Paper 1 – Biodiversity (refer to Volume 2 of this REF). 
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Figure 6-4      Threatened fauna records (OEH 2012**)

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph: 
1. High resouloution imagery: SKM AUSIMAGE 2011

2. Bing Maps Aerial - (c) 2010 Microsoft Corporation and its data suppliers

** Office of Environment and Heritage NSW 2012
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Figure 6-5      Purple Copper Butterfly Habitat

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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Fauna habitats 
 
Fauna habitat was identified from a combination of the field surveys and broad-scale 
mapping of vegetation communities in the region (Tozer et al. 2010) as well as classification 
of priority fauna habitats (Department of Environment and Climate Change 2005). The fauna 
habitats present include: 
 
 Dry open forest: Mature dry sclerophyll forest dominates the steeper slopes around the 

Forty Bends area. The sandy soils on the northern side of the road are dominated by 
Monkey Gum (Eucalyptus cypellocarpa) and Blaxland’s Stringybark (Eucalyptus 
blaxlandii) and a varied understorey of shrubs, grasses and herbs. The dry open forest 
typically has a high structural and floristic diversity with abundant evidence of 
macropods and bandicoots. Native small mammals were present consisting of Brown 
Antechinus (Antechinus stuartii) and Bush Rat (Rattus fuscipes) and arboreal 
mammals consisted of Common Brushtail Possum (Trichosurus vulpecula), Common 
Ringtail Possum (Pseudocheirus peregrinus) and Greater Glider (Petauroides volans).  

A moderate diversity of birds was identified with the most common species including 
Eastern Rosella (Platycercus eximius), Spotted Pardalote (Pardalotus punctatus), 
Sulphur-crested Cockatoo (Cacatua galerita), Yellow-faced Honeyeater 
(Lichenostomus chrysops), Black-faced Cuckoo-shrike (Coracina novaehollandiae) 
and Superb Fairy-wren (Malurus cyaneus). This habitat is likely to provide for a range 
of threatened mammals and birds, which would include, but not be limited to, Spotted-
tailed Quoll (Dasyurus maculatus) and Powerful Owl (Ninox strenua) which have been 
recorded in the locality. 

 Aquatic habitats in the study area comprise of ephemeral creeks and farm dams. 
Dams in and adjacent to the study area occur in a range of sizes and conditions. The 
dams are generally small, occur adjacent to the existing highway and typically have 
some littoral and riparian vegetation. These provide seasonal and permanent refuge 
and breeding habitat for frogs and macrophytes and a freshwater resource for a range 
of mammals, reptiles and birds. 

 Modified habitat (Agricultural land): Cleared and semi-cleared farmland is present on 
the southern side of the existing Great Western Highway. The habitat is dominated by 
cleared and modified pasture land with vegetation cover restricted to scattered mature 
paddock trees, small fragments of re-growth woodland or planted shelter rows along 
fences and driveways.  

 Hollow trees in the study area occur in moderate abundance, comprising small to 
medium sized hollows suitable for larger arboreal mammals, as well as a range of bird 
species, herpetofauna and microbats. Based on calculations using data collected in 
habitat assessment plots, the density of hollow trees in the study area is estimated to 
comprise approximately five hollow trees per hectare across all forest types.Trees 
supporting larger trunk hollows suitable for large forest owls were not observed in the 
study area. Tree hollows and logs are present although restricted to the immediate 
areas surrounding remnant trees. 

 
Fauna habitats, including the location of farm dams in the study area are mapped previously 
in Figure 6-3. 
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Critical habitat and wildlife connectivity corridors 
 
No areas of declared critical habitat are present in the study area. 
 
No priority fauna habitats and wildlife corridors have been mapped within the study area, 
however two types of priority fauna habitat have been identified within the locality comprising 
Riverflat Forests and Grassy Woodlands. The Blue Mountains Western Escarpment wildlife 
corridor has been identified by DECC (2005) as a fauna movement corridor within the region 
and crosses the Great Western Highway to the south of the study area at Victoria Pass near 
Little Hartley. 
 
The northern side of the existing Great Western Highway in the study area adjoins a very 
large patch of remnant vegetation contiguous with several state forests and national parks. 
Much of the southern side of the existing highway has been largely cleared for agricultural 
purposes, and supports several corridors of partially fragmented/disturbed vegetation along 
drainage lines and gullies which are contiguous with riparian vegetation along River Lett and 
larger patches of habitat. There are opportunities to facilitate fauna movements across the 
Great Western Highway as part of the proposal. 
 
Connectivity across the existing Great Western Highway within the study area is limited with 
underpass structures largely absent and restricted to a few small pipes at drainage lines. 
Some areas of the highway in the study area also have a concrete jersey barrier in the 
median which prevents some fauna species crossing the road, particularly smaller species 
which are unable to go over or under the structure. Larger embankments on the existing 
highway, including a large gabion wall at the south-eastern end of the proposal and several 
large cuttings limit fauna connectivity by creating a barrier which is likely to direct fauna 
crossing the highway back into traffic.  
 
Observations of road kill wildlife and aerial photograph interpretation indicate that fauna 
crossings of the highway mostly occur in the central part of the proposal between the east 
and west intersections with the Forty Bends Road and to the immediate west of Daintree 
Close. The proposed upgrade includes a combination of wildlife crossing structures, which 
would include two fauna underpasses (box culverts), canopy rope bridges at Whites Creek 
and glider poles located at Whites Creek and near the western fauna underpass (refer to 
Figure 6-6). 
 

6.1.3 Potential impacts 

Construction 
 
Loss of vegetation/habitat 
 
The potential loss of vegetation communities and habitats in the study area resulting from 
the proposal is summarised in Table 6-10. The proposal site for construction is about 22.66 
hectares of which about 7.39 hectares supports remnant forest vegetation in varying 
degrees of condition and about 15.27 hectares of cleared and highly modified habitats. 
Impacts to threatened ecological communities are limited to about 0.05 hectares of 
vegetation of moderate condition (Map Unit 3). Typical cross sections of the proposal 
showing indicative potential vegetation clearances are provided in Chapter 3 of this REF. 
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Table 6-10: Loss of vegetation communities and fauna habitats 

Vegetation 
Community 

Type 

Fauna 
Habitat Type 

Biometric 
Vegetation Type 

Conservation 
Status/Percentage 

Cleared 

Condition Area 
(ha) 

Map Unit 1: 
Blaxland’s 
Stringybark – 
Monkey Gum 
Open Forest 

Dry Open 
Forest 

Narrow-leaved 
Peppermint - Silvertop 
Ash - Mountain Grey 
Gum shrubby open 
forest of the upper 
Blue Mountains, 
Sydney Basin. 

5% of original extent 
estimated to be 
cleared. 

High 4.07 

Moderate 3.08 

Low 0.04 

Map Unit 2: 
Silvertop Ash 
Open Forest 

Dry Open 
Forest 

Silvertop Ash - 
Narrow-leaved 
Peppermint open 
forest on ridges of the 
eastern tableland, 
South Eastern 
Highlands and South 
East Corner. 

20% of original extent 
estimated to be 
cleared. 

High 0.15 

Map Unit 3: 
Ribbon Gum 
Grassy 
Woodland 

Dry Open 
Forest 

Ribbon Gum - Yellow 
Box grassy woodland 
on undulating terrain 
of the eastern 
tablelands, South 
Eastern Highlands. 

Endangered (TSC Act) 
/ 80% of original extent 
estimated to be 
cleared. 

Moderate 0.05 

SUBTOTAL (Forested) 7.39 

Map Unit 4: 
Modified 
Habitats 

Modified 
Habitat 

n/a n/a Low 0.54 

Very Low 7.69 

n/a Farm Dams n/a n/a n/a 0.02 

Other disturbed areas supporting little/no vegetation cover (ie existing road infrastructure, 
trails, stockpile areas, residential areas) 

7.02 

SUBTOTAL (Modified) 15.27 

TOTAL (Entire proposal site) 22.66 
 
The potential impact of the proposal includes the loss of approximately 0.05 hectares of 
potential foraging habitat for Koala and approximately one hectare of habitat supporting 
foraging habitat (feed-trees) for Glossy Black-cockatoo. 
 
Loss of hollow-bearing trees 
 
Hollow-bearing trees are a critical habitat feature for a number of threatened species 
(Gibbons and Lindenmayer 2002), providing breeding and/or sheltering habitat. Gibbons and 
Lindenmayer (2002) found that hollow bearing trees were more common in older stands, 
gullies, vegetation that has not been logged previously, and on flat terrain. Habitats with high 
productivity were also noted to support a higher number of hollow bearing trees. 
 
Based on calculations using data collected in habitat assessment plots, the density of hollow 
trees in the study area is estimated to comprise approximately five hollow trees per hectare 
across all forest types. This density equates to an estimated potential impact of up to 39 
hollow trees along the upgrade. Hollow-bearing trees are present in habitats to be cleared by 
the proposal. The loss of hollow-bearing trees is listed as a key threatening process under 
the TSC Act. 
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In NSW, terrestrial vertebrate species that are reliant on tree hollows for shelter and nests 
include at least 46 mammals, 81 birds, 31 reptiles and 16 frogs (Gibbons and Lindenmayer 
1997, Gibbons and Lindenmayer 2002). Of these, 15 listed threatened species (TSC Act or 
EPBC Act) have either been identified within the study area or considered likely to occur 
(Table 6-11). 
 
Table 6-11: Threatened species potentially affected by loss of hollow-bearing trees 

Common name Species TSC Act EPBC Act 

Glossy Black-cockatoo Calyptorhynchus lathami V  

Gang-gang Cockatoo Callocephalon fimbriatum V  

Brown Treecreeper (eastern subsp.) Climacteris picumnus picumnus V  

Powerful Owl Ninox strenua V  

Masked Owl Tyto novaehollandiae V  

Barking Owl Ninox connivens V  

Large-eared Pied Bat Chalinolobus dwyeri  V 

Spotted-tailed Quoll Dasyurus maculatus V V 

Eastern False Pipistrelle Falsistrellus tasmaniensis V  

Eastern Freetail-bat Mormopterus norfolkensis V  

Large-footed Myotis Myotis macropus V  

Yellow-bellied Glider Petaurus australis V  

Yellow-bellied Sheathtail-bat Saccolaimus flaviventris V  

Greater Broad-nosed Bat Scoteanax rueppellii V  
 
Wildlife connectivity and habitat fragmentation 
 
The existing Great Western Highway is typically a two-lane road, with concrete barriers 
between the lanes in some sections. The upgraded highway would incorporate a third lane, 
central median and wider shoulders. Hence, habitats in the locality would be further 
fragmented by the proposed upgrade, because it would create a wider barrier between 
habitats on either side of the Great Western Highway. 
 
Roads decrease the amount and quality of habitat available to wildlife, and can subdivide 
populations, leading to reduced genetic exchange. Smaller, more isolated populations also 
experience higher risk of local extinction from significant disturbance events such as 
bushfire. Edge effects further affect the quality of the remaining habitat for species that are 
sensitive to disturbance, and/or require particular microhabitat features found in forested 
areas. 
 
The most vulnerable species are those with poor dispersal abilities, sedentary habits, 
specialised needs, and those endemic to an area (such as the Purple Copper Butterfly) 
(Andrews 1990). The most robust species to habitat fragmentation are highly mobile 
generalists, such as some of the more common birds, and pest species such as foxes and 
cats. 
 
However, the proposed Forty Bends upgrade would include significant mitigation measures 
to facilitate wildlife connectivity through the provision of two fauna underpasses, a rope 
bridge at Whites Creek and glider poles located at Whites Creek and near the western 
underpass to encourage fauna passage. Barriers to fauna movement such as median 
barriers would not be included in the design, and existing concrete jersey barriers would be 
removed. The proposed wildlife connectivity and fauna crossing locations that have been 
incorporated into the design of the proposal are shown on Figure 6-6. 
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Figure 6-6      Wildlife connectivity

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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Edge effects  
 
There is an existing edge effect evident along the northern edge of the highway in this 
section of Forty Bends associated with increased weed abundance and areas of soil 
disturbance and erosion. The proposal would comprise an upgrade of a 2.8 kilometre section 
of road which would involve widening the road along this length and potentially increasing 
the extent of the edge effect on the northern side. Based on a nominal 50 metre disturbance 
zone for construction of the proposal (including the width of the proposed carriageway and 
including a nominal five metre edge cleared zone for construction purposes), edge effects 
could increase up to 14.5 hectares on the northern side where vegetation is currently intact. 
Edge effects are expected to be less evident of the southern side of the road. 
 
Injury and mortality 
 
Fauna injury or death can occur during the clearing phase of construction via the removal of 
habitat trees as a result of collision with vehicles and habitat fragmentation, degradation and 
loss. The most vulnerable species are those who take refuge in trees (eg hollows, under 
bark, in nests and in fallen logs) and in the ground and/or have low agility. A range of 
ground-dwelling mammals, microbats, possums, reptiles, birds (particularly fledglings) and 
frogs are likely to be affected. Macropods, larger reptiles and adult birds are least likely to be 
affected by vegetation clearing activities because they are able to flee to unaffected areas of 
suitable habitat. 
 
Weeds, pests and pathogens 
 
The invasion and establishment of weeds can be exacerbated by construction of the 
proposal. During construction, there is potential to disperse weed seeds and plant material 
into adjoining areas of remnant vegetation where weed species do not currently occur. 
The most likely causes of weed dispersal are associated with clearing of vegetation and 
stockpile of contaminated mulch and topsoil during earthworks and movement of soil and 
attachment of seed (and other propagules) to construction vehicles and machinery. 
Mitigation measures would be implemented to limit the spread and germination of noxious 
weeds (refer to Section 6.1.5). 
 
There are currently five key threatening processes listed under the TSC Act that relate to the 
invasion and establishment of pests. Each of these has potential to be exacerbated by 
construction and operation of the proposal, which includes: 
 
 Competition and grazing by the feral European rabbit. 

 Competition from feral honeybees. 

 Predation by feral cats. 

 Predation by the European Red Fox. 

 Predation by the Plague Minnow (Gambusia holbrooki). 
 
Pathogens have potential to impact on biodiversity as a result their movement and infection 
during construction of the proposal. The potential for pathogens to occur would be 
considered a high likelihood and treated as a risk during construction. The risk is especially 
high in construction areas affecting waterways. 
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Aquatic impacts 
 
Riparian vegetation and in-stream flora in the study area are largely absent and limited to 
thin strips of small sedges and rushes along drainage swales where present. Impacts to 
aquatic habitats and riparian vegetation would be very minor considering these habitats are 
largely absent. 
 
Disturbances to the drainage gully of Whites Creek would result from construction of the new 
bridge and excavation of existing road infrastructure. The proposed bridge has been 
designed to minimise impacts on the drainage line, and landscaping/restoration of this area 
is proposed to improve habitat connectivity. The light levels beneath the proposed bridge 
structure will be relatively low and may limit the growth of any plantings associated with 
landscaping activities. 
 
Construction of the bridge at White’s Creek could indirectly affect riparian and aquatic 
habitats immediately downstream. Potential impacts that could cause the decline in aquatic 
habitat value include altered hydrology and reduced water quality from nutrient and sediment 
pollution. 
 
Several farm dams would be impacted and therefore need to be drained and filled. Mitigation 
measures would be implemented to minimise injury and mortality of aquatic fauna in farm 
dams during construction and operation of the proposed upgrade. Habitats would be 
somewhat reinstated with the construction of permanent sediment basins (designed as wet 
basins) along the length of the proposed upgrade. These permanent basins would be 
landscaped with aquatic and mesic species and would have similar habitat characteristics as 
the existing farm dams. 
 
Operation 
 
Potential impacts (including positive impacts) have the potential to occur as a result of the 
operation of the proposal. These include: 
 
 Movement corridor impacts: The proposal could impact on movement corridors during 

operation by creating barriers to dispersal. These impacts would be minimised through 
the installation of fauna crossing structures such as an underpass, rope bridges and 
glider poles. A description of these structures is provided in Section 3.2. 

 Injury and mortality: As there are currently several barriers to fauna crossing the 
existing highway at Forty Bends, the implementation of the proposed wildlife 
connectivity measures may result in a reduction in the number of fauna injury and 
mortality associated with vehicle collisions during the operational phase of the 
proposal. 

 Changed hydrology: Drainage lines in the study area are highly ephemeral because 
the local terrain is steep, thereby facilitating rapid drainage during storm events. 
The existing culverts are generally small, causing water to pond and gradually drain 
after rainfall events. The introduction of larger culverts and the White Creek bridge 
structure during the upgrade would facilitate quicker passage of water and greater 
flows of water beneath the highway during storm events. Hence, local streams are 
likely to experience briefer, higher velocity flows as a result of the upgrade. This would 
result in briefer wet periods, and longer dry periods for streams, and greater potential 
for scouring of the stream bed during wet periods (refer to Section 6.5 for more details 
on potential hydrological impacts). However considering the likely low dependence of 
vegetation communities in the study area on groundwater resources, there is unlikely 
to be a significant impact to groundwater dependant ecosystems. 
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 Noise, vibration and light: Considering the existing levels of noise, vibration and light 
from the Great Western Highway it is unlikely there would be a significant increase to 
the existing levels as a result of the operation of the proposal. 

 Farm dams support limited ecological values for threatened fauna species, and are 
likely to support several common fauna species such as Long-necked Turtle 
(Chelodina longicollis). Any change to the existing hydrological regimes associated 
with these farm dams is unlikely to result in a significant impact to any threatened 
species or populations. 

 Weeds: Introduction of weeds would continue to occur along the road as part of the 
ongoing operation of the proposal. 

 
The potential for these impacts can be avoided or minimised through the implementation of 
appropriate mitigation measures as outlined in Section 6.1.5. 
 
Impact on relevant key threatening processes 
 
Key threatening processes listed under the TSC Act and EPBC Act that would be potentially 
impacted by the proposal comprise those associated with habitat degradation including 
vegetation clearing, bushrock removal and removal of hollow-bearing trees and fallen timber. 
Details of key threatening processes enacted by the proposal are listed in Table 6-12. 
 
Table 6-12: Enaction of key threatening processes 

Threatening Process Legislation Enacted by the 
proposal? 

Habitat Degradation 

Bushrock removal. TSC Act Yes 

Land clearance/Clearing of native vegetation. EPBC Act & 
TSC Act 

Yes 

Loss of hollow-bearing trees. TSC Act Yes 

Removal of dead wood and dead trees. TSC Act Yes 

Feral Invertebrate Fauna 

Competition from feral honey bees (Apis mellifera). TSC Act Potential 

Diseases 

Infection of amphibians with chytrid fungus resulting in 
chytridiomycosis/Infection of frogs by amphibian chytrid causing 
the disease chytridiomycosis. 

EPBC Act & 
TSC Act 

Potential 

Dieback caused by the root-rot fungus (Phytophthora 
cinnamomi)/Infection of native plants by Phytophthora cinnamomi. 

EPBC Act & 
TSC Act 

Potential 

Introduction and Establishment of Exotic Rust Fungi of the order 
Pucciniales pathogenic on plants of the family Myrtaceae. 

TSC Act Potential 

Weeds 

Loss and degradation of native plant and animal habitat by 
invasion of escaped garden plants, including aquatic plants. 

EPBC Act Potential 

Invasion of native plant communities by exotic perennial grasses. TSC Act Potential 

Invasion and establishment of exotic vines and scramblers. TSC Act Potential 

Invasion and establishment of Scotch broom (Cytisus scoparius). TSC Act Potential 

Climate Change 

Loss of terrestrial climatic habitat caused by anthropogenic 
emissions of greenhouse gases. 

EPBC Act Potential 

Anthropogenic climate change. TSC Act Potential 
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Impacts to threatened species and ecological communities 
 
The potential impacts from the proposal on threatened fauna subject species are discussed 
in Table 6-13. Species are discussed individually, however where a group of species share 
similar habitat requirements and life-cycle strategies, these are discussed together 
(eg hollow-roosting microchiropteran bats, large forest owls, or wetland birds). Where there 
is insufficient information on the size and extent of the population in order to make an 
informed decision regarding the significance of the impact, the potential impact is based on 
the precautionary principal. There is potential to minimise the likely impacts discussed 
through appropriate and targeted mitigation and management actions during construction 
and operation and these are listed in Table 6-15. No threatened flora species were recorded 
and are considered unlikely to be present. 
 
. 
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Table 6-13: Potential impacts to threatened species and ecological communities 

Species 

Status 

Potential Impacts 

Potential 
to occur 

in the 
study 
area  E

P
B

C
 

A
ct

 

T
S

C
 A

ct
 

Threatened ecological communities 

Tablelands Snow Gum, Black Sallee, 
Candlebark and Ribbon Gum Grassy 
Woodland in the South-eastern 
highlands, Sydney Basin, South-east 
Corner and NSW South Western 
Slopes Bioregions 

- E About 0.05 hectares of this community would be impacted. Impacts would be limited to the disturbed edges 
of this community where weed species are dominant. 

Recorded 

Mammals 

Grey-headed Flying-fox 

(Pteropus poliocephalus) 

V V Removal of about 7.39 hectares of potential foraging habitat. There are no records of this species (OEH, 
2012) or roost camps within the locality. However the dry sclerophyll forests provide potential foraging 
habitat for this species at different times of the year. Flying-foxes are found in a variety of habitats, including 
rainforest, mangroves, paperbark swamps, wet and dry sclerophyll forests and cultivated areas. Potential 
foraging habitat is common and widespread. 

Moderate 

Koala 

(Phascolarctos cinereus) 

V V Removal of about 0.05 hectares of forest dominated by Ribbon Gum (Eucalyptus viminalis) a known feed 
tree listed under SEPP 44 and an additional 7.3 hectares of marginal habitat which may provide some 
foraging opportunities as Monkey Gum (Eucalyptus cypellocarpa) and Blaxland’s Stringybark (Eucalyptus 
blaxlandii) are identified as providing secondary/supplementary food sources (DECC, 2008b). There are 
three historical records of Koalas in the locality surrounding the upgrade (Atlas of NSW Wildlife OEH, 2012) 
located between 4.2 and 7.6 kilometres from the study area. 

Koalas occur in a variety of forest and woodland types that contain appropriate tree species. Potential 
impacts to the species include permanent loss, modification and fragmentation of habitat, increased 
incidence of fires, road kill and predation by feral and domestic dogs. Currently connectivity for Koala is 
highly limited in the study area with no suitable underpasses and concrete barriers in the median. The 
proposal would improve connectivity for larger fauna including Koala with suitable underpasses, including a 
large bridge structure and fauna fencing to guide fauna into underpasses. 

No evidence of Koala was observed in the study area or the wider locality (including larger patches of 
Ribbon Gum dominated woodland in the Hartley Valley area) despite targeted searches for scats. 

Moderate 
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Species 

Status 

Potential Impacts 

Potential 
to occur 

in the 
study 
area  E

P
B

C
 

A
ct

 

T
S

C
 A

ct
 

Spotted-tail Quoll 

(Dasyurus maculatus) 

E V Removal of about 7.39 hectares of potential foraging habitat with some potential sheltering opportunities. 
There is a high potential for Spotted-tail Quoll to forage in habitats within and surrounding the proposal site. 
Potential shelter sites are also present including large fallen hollow tree trunks and rocky outcrops/boulders 
which may be relocated to accommodate the proposal. There are 15 records for Spotted-tail Quoll in the 
locality (OEH 2012). 

Spotted-tailed Quolls occur in a variety of habitats including rainforests, open woodlands, coastal heath and 
inland riparian forests. The species is known to den in hollow logs, caves and rocky ledges. Females 
occupy home ranges up to about 750 hectares and males up to 3500 hectares. They usually traverse their 
ranges along densely vegetated creek lines. Likely impacts include permanent loss, fragmentation and 
degradation of habitat and increased risk of road kill. 

The proposal would remove only a very small portion of potential habitat for this species. The quality of the 
habitat increases with increasing distance from the existing road, including higher quality habitat structure, 
feeding resources and potential denning habitat. The habitat along the road edge is unlikely to be critical for 
this species and the provision of a fauna underpass structure would in fact improve the current connectivity. 

High 

Yellow-bellied Glider  

(Petaurus australis) 

- V Removal of about 7.39 hectares of potential foraging habitat with some potential sheltering opportunities. 
This species potentially occupies forested habitats in the Forty Bends area. There is a single record for 
Yellow-bellied Glider in the locality at Clarence (OEH 2012) approximately 8.5 kilometres from the study 
area. Yellow-bellied Glider occurs in tall mature eucalypt forest generally in areas with high rainfall and 
nutrient rich soils. They feed primarily on plant and insect exudates, including nectar, sap, honeydew and 
manna with pollen and insects providing protein. There is potential habitat on the northern side of the 
highway only in this location, although it is considered likely that only marginal populations exist. Potential 
impacts may include permanent loss of hollow-bearing trees and loss of feed trees if available however 
impacts on movements and dispersal are not expected. 

Moderate 
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Species 

Status 

Potential Impacts 

Potential 
to occur 

in the 
study 
area  E

P
B

C
 

A
ct

 

T
S

C
 A

ct
 

Cave-dwelling Microbats 

Eastern Bent-wing Bat 

(Miniopterus schreibersii oceanensis) 

- V Removal of potential foraging habitat including about 7.4 hectares of forest, 8.25 hectares of modified 
habitats including paddock areas, roadside verges and farm dams. Roost sites are limited in and 
surrounding the proposal footprint to larger rock outcrops and existing culverts. Better quality cave habitats 
for roosting and nesting are present to the north and east of the proposal footprint in the escarpment area 
at Hassans Wall. There are four records of both Eastern Bent-wing Bat and Southern Myotis in the locality 
(OEH 2012) with the closest record approximately 5.5 kilometres from the study area.  

These bats inhabit a range of habitats from tropical mixed woodland and wet sclerophyll forest, and 
Melaleuca swamps to drier forests, and woodlands. All roost in domes in the roofs of caves as well as in 
cracks and crevices, and in mines. Some also roost in culverts and under bridges and occasionally tree 
hollows. 

Clearing of foraging habitats and loss of roosting areas is a threat. The likely impact of the proposal would 
include disturbance to foraging habitat only, some of which will be reinstated through the proposed 
landscaping activities. There are no caves or potential roosting locations within the actual proposal 
footprint. The disturbance would be temporary only, and long-term impacts on prey availability of 
movements are not expected.

Recorded 
in locality 

Large-eared Pied Bat 

(Chalinolobus dwyeri) 

V V High 

Southern Myotis 

(Myotis macropus) 

- V 

 
High 

Tree-dwelling Microbats 

Eastern False Pipistrelle 

(Falsistrellus tasmaniensis) 

- V Removal of potential foraging habitat including about 7.39 hectares of forest and disturbance to 8.25 
hectares of modified habitats including paddock areas, roadside verges and farm dams. Eastern False 
Pipistrelle was recorded in the proposal site in areas of dry open forest. There 1-2 records of each of these 
species in the locality (OEH 2012). 

These bats occupy a wide range of habitats from rainforest, floodplains, tall open forest, savannah 
woodlands and grasslands. Some exhibit preferences for riparian zones, others are known to frequent 
coastal scrub and sand dunes. However, all rely on the presence of mature trees with hollows, or other 
fissures, cracks and crevices in living or dead vegetation for roosting. Clearing of roosting and foraging 
habitats is a threat. 

Likely impacts from the proposal include permanent loss of a small area of habitat containing potential roost 
trees and temporary disturbance to foraging habitat and habitat for insect prey species in the study area, 
potentially leading to a short- term reduction in habitat and feeding resources across the study area for 
these species. 

Recorded 

Eastern Freetail-bat 

(Mormopterus norfolkensis) 

- V High 

Greater Broad-nosed Bat 

(Scoteanax rueppellii) 

- V High 

Yellow-bellied Sheathtail-bat 

(Saccolaimus flaviventris) 

- V Moderate 
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Species 

Status 

Potential Impacts 

Potential 
to occur 

in the 
study 
area  E

P
B

C
 

A
ct

 

T
S

C
 A

ct
 

Birds 

Glossy Black-cockatoo 

(Calyptorhynchus lathami) 

- V Removal of about 7.39 hectares of foraging habitat of which only a small proportion supports suitable feed 
tree species. Tree hollows potentially suitable as nesting habitat are present. There is a single record for 
this species in the locality (OEH 2012). 

High 

Gang-gang Cockatoo 

(Callocephalon fimbriatum) 

- V Removal of about 7.39 hectares of foraging habitat with tree hollows potentially suitable as nesting habitat. 
There eight records of this species in the locality (OEH 2012). 

Recorded 
in locality 

Regent Honeyeater 

(Anthochaera phrygia) 

EM CE The species is an occasional visitor to the region during peak flowering events of the dominant trees, 
particularly winter flowering species. There are no resident populations known from the actual proposal site 
or immediately surrounding lands and the habitat on site would constitute a small percentage of the 
available non-breeding habitat for transient populations. The current potential for this species to occur 
based on the presence of potential foraging habitat is expected to remain after completion of the proposal 
such that foraging, movement and other life-cycle attributes would not be impacted. This suggests that the 
proposal would not lead to a long-term decrease in the size of regional populations. 

Moderate 

Swift Parrot 

(Lathamus discolour) 

EM E The Swift Parrot migrates to mainland Australia from Tasmania in winter and is an occasional visitor to the 
region during peak flowering events of the dominant trees, particularly winter flowering eucalypt species. 
There are no resident populations known from the actual proposal site or immediately surrounding lands 
and the habitat on site would constitute a small percentage of the available non-breeding foraging habitat 
for a small portion of the known population. The current potential for this species to occur based on the 
presence of potential foraging habitat is expected to remain after completion of the proposal such that 
foraging, movement and other life-cycle attributes would not be impacted. This suggests that the proposal 
would not lead to a long-term decrease in the size of the known population. 

Moderate 
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Species 

Status 

Potential Impacts 

Potential 
to occur 

in the 
study 
area  E

P
B

C
 

A
ct

 

T
S

C
 A

ct
 

Little Lorikeet (Glossopsitta pusilla) - V Little lorikeets are known to occupy a diversity of forest and woodland habitats, including old-growth and 
logged forests and remnant woodland patches and roadside vegetation. The species is generally 
considered to be nomadic, with irregular large or small influxes of individuals occurring at any time of year, 
apparently related to food availability (DECC, 2008). However, they do exhibit some site fidelity, with 
breeding pairs resident from April to December and even during their non-resident period some individuals 
would return to the nest area for short periods if there is some tree-flowering in the vicinity. No individuals 
were reported during the survey on the site, however could potentially visit. 

They feed in small flocks, often with other species of lorikeet, primarily on nectar and pollen in the tree 
canopy. They prefer profusely flowering eucalypts but would also feed in other species such as melaleucas 
and mistletoes. The species breeds in tree hollows in living trees (DECC, 2008). Major threats to little 
lorikeets are loss of breeding sites and food resources from ongoing land clearing. The study area would 
constitute potential breeding and non-breeding habitat for the little lorikeet. The loss of hollow-bearing and 
feed trees would directly affect the species opportunity to feed and breed in the area. However the study 
area is not considered a critical breeding area for the little lorikeet as extensive areas of suitable habitat 
occur elsewhere in the region. The current potential for the species to occur based on the presence of 
potential foraging and breeding habitat is expected to remain after completion of the proposal such that 
foraging, movement and other life-cycle attributes would not be impacted.  

Moderate 

Large Forest Owls 

Barking Owl 

(Ninox connivens) 

- V Removal of about 7.39 hectares of habitat which may be used for hunting and roosting. A Powerful Owl 
was recorded to the south of the proposal site about two to three kilometres from the proposal and a 
Barking Owl was tentatively recorded near Jenolan Caves Road, also two to three kilometres south east of 
the proposal. Both species could potentially utilise habitat along the road edge for hunting prey but are 
unlikely to roost or nest in these locations. 

Several potential prey species were recorded in the study area (Possums, Gliders) and Powerful Owls are 
likely to forage in the forested habitats in the proposal site. There are four records for this species in the 
locality (OEH 2012). Large forest owls are threatened by loss of habitat for prey species in particular large 
tree hollows which provide potential roost and nest locations. 

Large tree hollows potentially suitable as nesting sites were not identified from the survey of the proposal 
site, although can’t be discounted. The small area of habitat removal associated with the proposal is 
considered unlikely to be a significant loss for these species in terms of reducing habitat for prey and 
significant reduction in potential nest hollows.  

Recorded 
in locality 

Masked Owl 

(Tyto novaehollandiae) 

- V High 

Powerful Owl 

(Ninox strenua) 

- V Recorded 
in locality 
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Species 

Status 

Potential Impacts 

Potential 
to occur 

in the 
study 
area  E

P
B
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A
ct
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Woodland Birds 

Black-chinned Honeyeater 

(Melithreptus g. gularis) 

- V Removal of about 7.39 hectares of foraging habitat including potential nesting opportunities. Typically 
woodland bird species that favour open understorey or open forests with sparse understorey and scattered 
shrubs the northern side of the proposal. 

For Varied Sittella, feeding territories and movements are large making the species locally nomadic. Recent 
studies have found that the Black-chinned Honeyeater tends to occur in the largest woodland patches in 
the landscape as birds forage over large home ranges of at least five hectares. The species is susceptible 
to clearing of remnant open forest and woodland habitats. 

The proposal would involve the clearing of around 7.39 hectares of open forest habitats however this is a 
very small percentage of the area of available habitat for these species.  

Brown Treecreepers are hollow-dependent and sedentary. The species also has preferred foraging sites 
rather than randomly foraging throughout their range. The species was not recorded in the study area 
despite targeted surveys and the habitat is only considered marginal. The habitat to be removed is not 
expected to present critical or important habitat for local populations and the current potential to occur in the 
study area is considered to remain post-construction.

Moderate 

Brown Treecreeper 

(Climacteris picumnus victoriae) 

- V Moderate 

Varied Sittella 

(Daphoenositta chrysoptera) 

- E Recorded 
in locality 
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Species 

Status 

Potential Impacts 

Potential 
to occur 

in the 
study 
area  E
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B
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Reptiles 

Rosenberg's Goanna 

(Varanus rosenbergi) 

- V Removal of about 7.39 hectares of potential habitat. Not recorded in the locality (OEH 2012). Moderate 

Invertebrates 

Purple Copper Butterfly 

(Paralucia spinifera) 

V E There would be impacts to potential habitat for Purple Copper Butterfly, however all known active locations 
(Occupied Habitat) would be avoided. Potential habitat has been identified as Occupied Habitat, High 
Potential Habitat and Potential Habitat. Potential impacts to habitat comprises: 

 0 hectares of Occupied Habitat. 

 2.01 hectares of High Potential Habitat. 

 4.62 hectares of Potential Habitat. 

There are 37 records for this species in the locality (OEH, 2012). 

The proposal has been designed to avoid areas of occupied habitat and minimise impacts to areas of 
potential habitat in particular areas of high potential habitat. Retaining these areas of potential habitat 
where possible will reduce the capacity for lost habitat to limit the species potential to disperse or colonise 
un-utilised habitats. To this effect the final design has minimised the footprint of the proposed works. 

Suitable habitat for the species does not only consist of the presence of Blackthorn (Bursaria spinosa 
subsp. lasiophylla), habitat has a range of components, including an attendant ant species which tends to 
larvae, and suitable conditions with regard to incident sunlight and structural characteristics of the 
vegetation (both canopy and groundcover).  

Blackthorn plants which will be removed by the proposal are considered to be of moderate importance 
locally, and could potentially support populations under changed or more optimal habitat conditions (for 
example after a fire).  

However while having high value as potential habitat, the importance of these areas to the species, given 
the wide occurrence of the host plant (Blackthorn) locally, non-use in 2011, and a tendency for the species 
to be dependent on often small and discrete habitat areas, potential habitat which will be lost is not 
considered to be likely to be significant for the long term survival of the species at this locality. 
Notwithstanding, the RMS has submitted a referral to SEWPAC to determine whether or not the proposal 
constitutes a controlled action due to potential impacts on the Purple Copper Butterfly within the study area. 

Recorded 
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6.1.4 Significance assessment 

An assessment of significance pursuant to Section 5A of the EP&A Act was prepared for one 
threatened vegetation community and 24 fauna species listed under the TSC Act, with 
potential to occur on site. 
 
Assessments of significance in accordance with the Significant Impact Guidelines 1.1: 
Matters of National Environmental Significance (DEWHA, 2009) have also been completed 
for six threatened fauna species and 11 migratory fauna species listed under the EPBC Act. 
 
The significance assessments are summarised in Table 6-14 and the full assessments are 
provided in Appendix F and Appendix G (Purple Copper Butterfly) of Technical Paper 1. 
 
The assessments concluded that provided the mitigation measures detailed in Table 6-15 
are adequately implemented, the proposal is unlikely to have a significant impact to any 
threatened species or ecological communities listed under the TSC Act and EPBC Act. 
Therefore a Species Impact Statement (SIS) is not required however a referral will be 
submitted to the Commonwealth Minister for Sustainability, Environment, Water, Populations 
and Communities as a precautionary measure. 
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Table 6-14: Assessments of significance summary 

Species/Ecological Community Status *Assessment of significance questions (TSC Act) 1

Important Population 2 (ip) 

EPBC Act assessment of significance 3 

Likely 

Significant 

Impact 

Potential to occur 

in the study area 

No. of records in the 

locality (OEH Atlas 

2012) 

E
P

B
C

 

A
ct

 

T
S

C
 A

ct
 

a b c d e f g ip

Threatened ecological communities 

Tablelands Snow Gum, Black Sallee, 
Candlebark and Ribbon Gum Grassy 
Woodland in the South-eastern 
highlands, Sydney Basin, South-east 
Corner and NSW South Western 
Slopes Bioregions 

- E X X N N X X Y X No Recorded n/a 

Mammals 

Grey-headed Flying-fox 

(Pteropus poliocephalus) 

V V N X X Y X Y Y N No Moderate 0 

Koala 

(Phascolarctos cinereus) 

V V N X X Y X Y Y ? No Moderate 3 

Spotted-tail Quoll 

(Dasyurus maculatus) 

E V N X X Y X X Y ? No High 15 

Yellow-bellied Glider  

(Petaurus australis) 

- V N X X Y X Y Y X No Moderate 1 

Cave-dwelling Microbats 

Eastern Bent-wing Bat 

(Miniopterus schreibersii oceanensis) 

- V N X X Y X X Y X No Recorded in locality 4 

Large-eared Pied Bat 

(Chalinolobus dwyeri) 

V V N X X Y X X Y X No High 0 

Southern Myotis 

(Myotis macropus) 

- V N X X Y X X Y X No High 4 

Tree-dwelling Microbats 

Eastern False Pipistrelle 

(Falsistrellus tasmaniensis) 

- V N X X Y X X Y X No Recorded 2 

Eastern Freetail-bat 

(Mormopterus norfolkensis) 

- V No High 1 
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Species/Ecological Community Status *Assessment of significance questions (TSC Act) 1

Important Population 2 (ip) 

EPBC Act assessment of significance 3 

Likely 

Significant 

Impact 

Potential to occur 

in the study area 

No. of records in the 

locality (OEH Atlas 

2012) 

E
P

B
C

 

A
ct

 

T
S

C
 A

ct
 

a b c d e f g ip

Greater Broad-nosed Bat 

(Scoteanax rueppellii) 

- V No High 2 

Yellow-bellied Sheathtail-bat 

(Saccolaimus flaviventris) 

- V No High 1 

Birds 

Glossy Black-cockatoo 

(Calyptorhynchus lathami) 

- V N X X Y X X Y X No High 1 

Gang-gang Cockatoo 

(Callocephalon fimbriatum) 

- V N X X Y X X Y X No Recorded in locality 8 

Little Lorikeet ((Glossopsitta pusilla) - V N X X Y X X Y X No Moderate 1 

Swift Parrot 

(Lathamus discolour)  

E E N X X Y X X Y N No Moderate 0 

Regent Honeyeater 

(Anthochaera phrygia) 

E CE         No Moderate 0 

Large Forest Owls 

Barking Owl 

(Ninox connivens) 

- V         No Recorded in locality 0 

Masked Owl 

(Tyto novaehollandiae) 

- V No High 0 

Powerful Owl 

(Ninox strenua) 

- V No Recorded in locality 4 

Woodland Birds 

Black-chinned Honeyeater 

(Melithreptus g. gularis) 

- V          Moderate 0 

Brown Treecreeper 

(Climacteris picumnus victoriae) 

- V 
 

Moderate 1 

Varied Sittella 

(Daphoenositta chrysoptera) 

- V  Recorded in locality 0 
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Species/Ecological Community Status *Assessment of significance questions (TSC Act) 1

Important Population 2 (ip) 

EPBC Act assessment of significance 3 

Likely 

Significant 

Impact 

Potential to occur 

in the study area 

No. of records in the 

locality (OEH Atlas 

2012) 

E
P

B
C

 

A
ct

 

T
S

C
 A

ct
 

a b c d e f g ip

Reptiles 

Rosenberg's Goanna 

(Varanus rosenbergi) 

- V N X X Y X X Y X  Moderate 0 

Invertebrates 

Purple Copper Butterfly 

(Paralucia spinifera) 

V E N X X Y X Y Y Y  Recorded 37 

* Y= Yes (negative impact), N = No (no or positive impact), X = not applicable, ? = unknown impact. 
1. Significance Assessment Questions as set out in the Threatened Species Conservation Act 1995/ Environmental Planning and Assessment Act 1979. 

a in the case of a threatened species, whether the action proposed is likely to have an adverse effect on the life cycle of the species such that a viable 
local population of the species is likely to be placed at risk of extinction, 

b in the case of an endangered population, whether the action proposed is likely to have an adverse effect on the life cycle of the species that 
constitutes the endangered population such that a viable local population of the species is likely to be placed at risk of extinction, 

c in the case of an endangered ecological community or critically endangered ecological community, whether the action proposed: 
(i) is likely to have an adverse effect on the extent of the ecological community such that its local occurrence is likely to be placed at risk of 

extinction, or 
(ii) is likely to substantially and adversely modify the composition of the ecological community such that its local occurrence is likely to be placed 

at risk of extinction, 
d in relation to the habitat of a threatened species, population or ecological community: 

(i) the extent to which habitat is likely to be removed or modified as a result of the action proposed and 
(ii) whether an area of habitat is likely to become fragmented or isolated from other areas of habitat as a result of the proposed action and 
(iii) the importance of the habitat to be removed, modified, fragmented or isolated to the long-term survival of the species, population or 

ecological community in the locality, 
e whether the action proposed is likely to have an adverse effect on critical habitat (either directly or indirectly), 
f whether the action proposed is consistent with the objectives or actions of a recovery plan or threat abatement plan, 
g whether the action proposed constitutes or is part of a key threatening process or is likely to result in the operation of, or increase the impact of, a key 

threatening process. 
 
2. Important Population as determined by the Environment Protection and Biodiversity Conservation Act 1999, is one that for a vulnerable species: 

a is likely to be key source populations either for breeding or dispersal 
b is likely to be necessary for maintaining genetic diversity 
c is at or near the limit of the species range. 

3. Refer to Appendix F for full assessments including questions for EPBC Act assessment of significance 
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6.1.5 Safeguards and management measures 

Table 6-15 identifies safeguards and management measures that would be implemented to 
address potential impacts to biodiversity as a result of the proposal. 
 
The proposed safeguards and management measures would aim to avoid and minimise 
potential impacts through the following broad commitments: 
 
 Avoiding identified areas of habitat occupied by threatened species. 

 Minimising impacts to areas of high quality habitat for threatened species where 
possible. 

 Minimising vegetation/habitat clearing, including hollow bearing trees, where possible 
to minimise impacts to numerous threatened fauna species which potentially utilise 
these habitats. 

 Minimising impacts to the threatened ecological communities. 

 
These measures would be implemented as part of the overall Contractor Environmental 
Management Plan (CEMP) for the construction of the proposal. 
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Table 6-15: Biodiversity environmental safeguards and management measures 

Ref # Impact Environmental safeguards Responsibility Timing 

BI-1 Vegetation and 
habitat removal 

Undertake a pre-clearing survey as follows to determine the presence of flora and fauna species 
and habitats within the proposal site: 

 Surveys would be undertaken by an experienced ecologist to identify the location and extent 
of important habitats in the proposal site to be salvaged for reuse/relocation, such as 
bushrock, hollow trees and woody debris. 

 Surveys would be conducted for Purple Copper Butterfly by a suitably qualified expert during 
the adult flying and juvenile larval seasons (September and October-November, respectively) 
and appropriate protection/management measures would be implemented if the species is 
present in or directly adjacent to the proposal site.  

 Habitat features to be protected during construction would be identified and recorded in the 
Vegetation Management Plan. 

 The project ecologist would identify areas for releasing animals encountered during the pre-
clearing process or habitat removal process. The areas would be clearly identified in the Flora 
and Fauna Management Plan before clearing commences. 

 Determine the need, number and type of nest boxes required post construction based on the 
number, quality and size of the hollows that would be removed from the proposal site and the 
availability of habitat within the adjoining areas. 

 Confirm planning and procedures for the staged habitat removal process in accordance with 
RMS Biodiversity Guidelines (RTA 2011). 

Construction 
contractor 

Pre-construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

BI-2 Vegetation and 
habitat removal 

Include the following safeguards in the CEMP: 

 Maps identifying the location of threatened ecological communities, habitat and fauna species 
on sensitive area maps. 

 An unexpected threatened species finds procedure as specified in the RMS Biodiversity 
Guidelines (RTA 2011). 

 The location of exclusion zones , where practical installed prior to clearing, to avoid damage to 
native vegetation and fauna habitats and prevent the distribution of pests, weeds and disease. 
Temporary fencing would be installed to indicate the limits of clearing. The location and type of 
exclusion fencing to be installed would be identified on plans in the CEMP. A staged habitat 
removal process would be implemented consistent with the procedures identified in the RMS 
Biodiversity Guidelines (RTA 2011). The staged habitat removal process would be 
incorporated into the CEMP and communicated to construction personnel. 

 Topsoil within areas of native vegetation would be retained and stockpiled for use in 
rehabilitation activities. 

Construction 
contractor 

Pre-construction, 
construction 

BI-3 Vegetation and 
habitat removal 

 A Vegetation Management Plan would be developed which provides specific details for the re-
establishment of native vegetation on batters, cut faces, surrounding sediment basins and 
other areas disturbed during construction. 

 Opportunities would be sought within the Vegetation Management Plan to include vegetation 
sympathetic to the habitat requirements of the r Purple Copper Butterfly, by incorporating the 
larvae-feed species Blackthorn (Bursaria spinosa subsp. lasiophylla) and creating and 
maintaining open sunny habitats. 

Construction 
contractor 

Pre-construction, 
construction and 

operation 

BI-4 Vegetation and 
habitat removal 

Re-use of woody debris and bushrock. 

 The Vegetation Management Plan in accordance with RMS Biodiversity Guidelines (RTA 
2011) would outline the details of potential re-use of woody debris and bushrock on site for 
habitat improvement. 

Construction 
contractor 

Pre-construction, 
Construction 

BI-5 Vegetation and 
habitat removal 

Nest boxes would be installed to compensate for loss of hollow-bearing trees from the proposal 
site. 

 A nest box management strategy would be developed as part of a Fauna Management Plan. 
The need, number and type of nest boxes required would be determined during the pre-
clearance surveys based on the number, quality and size of the hollows that would be 
removed. 

Construction 
contractor 

Pre-construction, 
construction, 

operation 
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Ref # Impact Environmental safeguards Responsibility Timing 

BI-6 Injury and 
mortality of fauna 
during the 
clearing of 
vegetation and 
drainage of farm 
dams 

An experienced and licensed wildlife carer and/or ecologist would be present to supervise 
vegetation clearing and capture and relocate fauna where required. Fauna handling and 
vegetation clearing would be undertaken in accordance with the procedures provided in the RMS 
Biodiversity Guidelines (RTA 2011). 

RMS / 
Construction 

contractor 

Pre-construction, 
Construction 

BI-7 Spread of weeds Actions for weed management would be developed as part of the Vegetation Management Plan. 
The plan would include, but not be limited to, the following measures for weed management: 

 Taxa and potential sources of the weed species.  

 Weed management priorities and objectives.  

 Sensitive environmental areas within or adjacent to the site.  

 Location of weed infested areas.  

 Mechanical weed control methods such as slashing or mowing, as well as a range of 
herbicides to avoid the development of herbicide resistance.  

 Measures to prevent the spread of weeds. 

 A monitoring program to measure the success of weed management.  

 Communication strategies to improve contractor awareness of weeds and weed management. 

Construction 
contractor 

Pre-construction 

BI-8 The introduction 
and/or spread of 
pests and disease 
causing agents 
such as bacteria 
and fungi 

Measures would be implemented to prevent the introduction and/or spread of pests and disease 
causing agents such as bacteria and fungi. 

As provided in the RMS Biodiversity Guidelines (RTA 2011), methods to be implemented for this 
proposal include: 

 Provide vehicle and boot wash down facilities and ensure vehicles and footwear is free of 
soil before entering or exiting the site. 

 The risk of spreading pathogens and the mitigation measures required on site should be 
regularly communicated to staff and contractors during inductions and toolbox talks. 

 Construction works would be programmed to move from uninfected areas to any known 
infected areas. 

 Restrict vehicles to designated tracks, trails and parking areas. 

 The above pathogen management measures need to be implemented throughout the 
entire construction period. 

Construction 
contractor 

Pre-construction, 
construction. 

operation 
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Ref # Impact Environmental safeguards Responsibility Timing 

BI-9 Loss of wildlife 
connectivity 

The bridge structure over Whites Creek would include the following ecologically sensitive design 
principles during development of detailed design, where practicable,  

 The bridge would be designed with a natural substrate at the abutment, such as sediment or 
vegetation. 

 The bridge would be designed to allow unimpeded water flow, stream bank and riparian 
vegetation on both sides of the water course. 

 Large woody debris is to be retained within watercourses and/or re-use of salvaged woody 
debris, where possible. 

 The bridge would be designed, (height, carriageway separation) to allow sufficient light and 
moisture to encourage growth of vegetation under the structures. 

RMS Pre-construction, 
construction 

BI-10 Loss of wildlife 
connectivity 

Ecologically sensitive design of underpass structures would include: 

 Two culverts to maintain north-south connectivity across the landscape (refer to Figure 6-6). 

 Habitat within a culvert is to be as natural as possible (eg allow rocks and bed materials to 
infill the culvert base).  

 Provision of appropriate shelter for wildlife to encourage use and reduce risk of predation. 

 Native vegetation is to be provided at the entrances to provide shelter for wildlife and to 
encourage use. 

 Glider poles to be installed as part of the western fauna underpass. 

RMS Pre-construction, 
construction 

BI-11 Use of wildlife 
connectivity 
structures 

Installation of fauna fencing. 

 Fencing would be integrated with the crossing structures (underpasses) by guiding animals 
towards the crossing structure and preventing access to the road. 

 Fencing would be constructed about 100 m each side of the fauna crossing on both sides of 
the road 

 Fencing would be continuous and at their ends have a ‘return area’ to guide animals back into 
habitat rather than onto the road. 

 The size of the mesh must prevent the target species from climbing through.  

 The fence would prevent animals from digging underneath. 

 Fencing would be a floppy-top style to prevent animals from climbing or jumping over.  

 Fauna fencing would not endanger wildlife (eg barbed wire must not be used as birds, bats 
and gliders become entangled and die).  

Construction 
contractor 

Pre-construction, 
construction, 

operation 
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Ref # Impact Environmental safeguards Responsibility Timing 

 Escape mechanisms would be provided to allow animals to exit the fenced area. 

 Maintenance of fencing is critical to identify and repair breaches, periodic inspections are likely 
to be required. 

BI-12 Loss of wildlife 
connectivity 

Prior to construction, as part of the development of the detailed design for the proposal the 
following would be confirmed: 

 Locations for all crossing structures would be confirmed during detailed design. 

 The locations of trees that would need to be retained to install crossing structures. 

RMS Pre-construction 

BI13 Loss of wildlife 
connectivity 

Construction of canopy bridges and glider poles. 

 A canopy bridge is proposed to be constructed beneath the proposed Whites Creek bridge 
structure, which would be constructed to below parameters (refer to Figure 6-6). 

 Minimum 6.0 metres above the ground.  

 The canopy bridge is to be attached to suitable poles. The exact location of the poles is to 
be determined at the final design stage and should consider the use of targeted nocturnal 
glider surveys and habitat trees surveys in the area. 

 Canopy bridges must be linked to adjacent habitat for target species (eg habitat trees) via 
ropes or ladders tied off from the poles into surrounding trees. Nearby trees are essential 
to link the canopy bridge into the surrounding vegetation. 

 Glider poles would also be installed at this location. 

Construction 
contractor 

Pre-construction, 
construction 

BI-14 Loss of wildlife 
connectivity 

Rehabilitation strategies would be included in the Vegetation Management Plan for the proposal 
and include: 

 The protection of riparian corridors during construction works and the rehabilitation of any 
areas of riparian vegetation impacted by construction. 

 Consideration of the height and density of re-planted vegetation so as not to screen crossing 
structures from view, while also providing some cover for fauna approaching and exiting the 
structure. 

Construction 
contractor 

Construction, 
operation 

BI-15 Biodiversity offset 
strategy 

A biodiversity offset strategy would be developed to compensate for the proposed impacts from 
the proposal. One potential offset location has been identified at South Bowenfels which supports 
a population of Purple Copper Butterfly. Further assessment and negotiation would be required to 
establish an appropriate biodiversity offset. This assessment and negotiation would occur during 
development of the detailed design. 

RMS Pre-construction 
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6.2 Aboriginal heritage 
A detailed assessment of Aboriginal heritage impacts on the proposal has been undertaken 
which details the methods, Aboriginal heritage field testing results and assessment used to 
identify the extent and magnitude of potential Aboriginal heritage impacts associated with the 
proposal. This assessment is supported by Technical Paper 2 – Aboriginal Heritage 
Archaeological Excavation Report and Technical Paper 3 – Cultural Heritage Assessment 
Report prepared by Comber Consultants (2012) (refer to Volume 2). A summary of these 
assessments is provided below. 
 

6.2.1 Methodology 

To date, archaeological investigation within the Blue Mountains area has been limited, with 
little systematic research or fully comprehensive archaeological site survey work being 
conducted. The few surveys that have been carried out have been site selective, having 
been conducted prior to development, such as for housing and infrastructure. In identifying 
these values, preliminary assessment included a high level predictive model, database 
searches and preliminary stakeholder consultation. 
 
In 2009, an archaeological predictive occupation model was developed for the wider study 
area (from Mount Victoria to Lithgow, including the area north of Hartley Vale to the east of 
the proposal) to identify areas of high, medium or low Aboriginal archaeological sensitivities. 
A search of the Office of Environment and Heritage (OEH) Aboriginal Heritage Information 
Management System (AHIMS) was undertaken on 10 March 2011 (refer to Section 6.2.3 for 
details). 
 
Detailed field surveys within the vicinity of the greater Mount Victoria to Lithgow concept 
design were undertaken between March and August 2011 as part of the environmental 
assessment for geotechnical investigations and concept design corridor study (Comber 
Consultants Pty Ltd 2011). 
 
Following the detailed field surveys between March and August 2011, additional detailed 
surveys of the Forty Bends section were undertaken as part of the environmental 
assessment of this section of the future upgrade. Archaeological test excavations of the 
proposal site were undertaken in December 2011 and January 2012 by Comber Consultants 
in accordance with Code of Practice for Archaeological Investigation of Aboriginal Objects in 
New South Wales. Therefore an Aboriginal Heritage Impact Permit (AHIP) was not required. 
A research design (Comber 2011b) was prepared and a copy submitted to the OEH 14 days 
prior to commencement of the program of testing. 
 
The test excavations were undertaken in accordance with the methodology outlined in the 
Research Design Aboriginal Archaeological Testing: Forty Bends Great Western Highway 
(Comber 2011b), which is attached as Appendix B of Archaeological Excavations – 
Great Western Highway Upgrade Forty Bends May 2012 (refer to Technical Paper 2). 
 
The testing of eight PAD sites was undertaken in association with the Bathurst Local 
Aboriginal Land Council, Darug Aboriginal Cultural Heritage Assessments, Darug Land 
Observations, the Gundungurra Tribal Council Aboriginal Corporation, Gundungurra 
Aboriginal Heritage Association Inc. and Yarrawalk. Across the eight PADs, a total of 70 test 
trenches were undertaken. 
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Comber Consultants also undertook consultation with local Aboriginal stakeholders in 
accordance with the Procedure for Aboriginal Cultural Heritage Consultation and 
Investigation (RTA, 2011a) and the Aboriginal Cultural Heritage Consultation Requirements 
for Proponents (DECCW, 2010a). Section 5.3 provides more detailed information regarding 
the consultation with the Aboriginal community that has been undertaken as part of the 
proposal. 
 
Information regarding cultural heritage was also gathered through the AFG process and 
through oral histories provided by a number of AFG representatives. The details of the AFG 
process were provided previously in Section 5.3 of this REF. 
 

6.2.2 Existing environment 

Landscape Context 
 
Forty Bends is located within the area known locally as the Upper Blue Mountains. 
The natural environment of the Upper Blue Mountains, though having some similarities to 
the lower elevations, is a distinct assemblage of features. Valleys have been incised by 
tributaries of the Grose River into Middle Triassic sedimentary rocks. This has led to the 
formation of escarpments with talus slopes rising above an undulating plain. The steep 
escarpments include the Newnes Plateau to the north, Mount Victoria, Mount York and 
Sugarloaf Mountain to the east and Hassans Walls to the north-west. 
 
The general drainage in the Blue Mountains is from west to east by way of the Grose River, 
which flows through the Grose Canyon. The Coxs River, which flows to the south-west of the 
study area, forms part of the catchment for Warragamba Dam. The River Lett, a major 
tributary of the Coxs River flows to the east of the proposal site. As well as providing 
excellent water resources and ecological diversity, particularly in the drier months, these well 
watered valleys, drainage basins and mountain passes would have facilitated inter and intra-
territory movement, for the local and visiting Aboriginal groups. 
 
Geology and soils 
 
Forty Bends and South Bowenfels are largely underlain by the Shoalhaven Group, which 
overlies the Kanimbla Batholith. Throughout the Forty Bends area, colluvial channels are 
exposed in existing cuttings. The channels are about 30 to 80 metres wide and can be two to 
six metres deep. The colluvium has been cemented in part by calcite from Berry Siltstone 
and some solution features (small columns about 100 millimetres high) are present. 
The colluvium comprises a sand matrix with fine to coarse gravels, cobbles and boulders of 
sandstone, quartzite and siltstones. 
 
The cobbles, quartzites, granites and igneous rocks provide material suitable for the 
manufacture of stone tools. The igneous rocks, the result of past volcanic activity, provide 
fine grained material such as tuff, rhyolite and chert. Such material is suitable for the 
manufacture of small tools, whilst the granites provide coarser grained material suitable for 
the manufacture of ground edge axes. 
 
There are two separate soil landscapes present within the proposal site; the Hassans Walls 
(hw) formation (the Hassans Walls formation occurs in Forty Bends to the north of the 
existing Great Western Highway, beneath the escarpment and Hassans Walls) and the 
Cullen Bullen (cb) formation (the Cullen Bullen formation is located in Forty Bends to the 
south of the existing Great Western Highway).  
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As a general guide, fertile soils would have provided vegetation rich areas contributing to the 
attractiveness of an area for occupation. Within the vicinity of the proposal site, neither the 
Hassans Walls nor Cullen Bullen formations provide rich fertile soils. The Cullen Bullen soil 
material fertility is low to very low with low to very low nutrient status. Deep root development 
for plants is limited by the shallow soils (King 1994:84). The Hassans Walls soil material 
fertility is also low to very low with shallow soils which would restrict deep rooting plants 
(King 1994:55). These two soil formations only allow grasses, low shrubs and shallow 
rooting trees to grow, providing limited nutritional value and limited protection from the wind, 
which would not make them attractive areas for camping during windy weather. 
This vegetation would have supported a limited variety of animal life associated with 
Aboriginal diet, such as possums, wallabies and other small marsupials as well as birds and 
lizards. In addition, the gullies and nearby creeks (when flowing) would have provided some 
habitat for swamp wallabies, antechinus and yabbies. 
 
Due to the nature of the soils and vegetation the proposal site and surrounding area would 
not have been able to support large groups of people. Rather, the study area would cater to 
people passing through the landscape and camping intermittently. 
 
History of the People 
 
The Forty Bends proposal site is located close to the traditional boundaries of the Wiradjuri, 
Gundungurra and Darug people and within the boundaries of the Bathurst Local Aboriginal 
Land Council (LALC). The exact boundaries are not known and Bowdler argues that the 
boundary was actually a ‘zone of interaction’ between the Wiradjuri, the Darug and the 
Gundungurra people (Bowdler cited in Cardno, 2008). The Wiradjuri, Gundungurra and 
Darug all had their own language although the three nations could communicate with each 
other. They each had their own distinct spiritual beliefs and creation stories. Each nation 
moved within their defined territories according to the seasons, along well established 
pathways. 
 
Further details regarding the history the Wiradjuri, Gundungurra and Darug people is 
provided within the Cultural Heritage Assessment Report (refer to Technical Paper 3 in 
Volume 2 of this REF). 
 
Sites and places 
 
A search of the OEH’s AHIMS database, dated 10 March 2011 (AHIMS No. 395681), 
the National Heritage List, Commonwealth Heritage List, the Australian Heritage Places List, 
the Register of the National Estate and the National Trust Register did not detail any sites 
within the proposal site. One AHIMS site, a burial site, was recorded about 600 metres to the 
south of the proposal site. 
 
The fieldwork undertaken between March and August 2011 identified 36 Aboriginal heritage 
sites within the vicinity of the greater Mount Victoria to Lithgow concept design, including one 
within the Forty Bends area (categorised with the identifier GWH36). GWH36 is an open 
artefact scatter containing three artefacts. GWH 36 is located outside of the proposal site 
approximately 100 metres to the north (refer to Figure 6-9). 
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Archaeological potential 
 
Landform mapping combined with archaeological data can provide a tool for modelling the 
regional cultural heritage landscape (Guilfoyle 2006:47). The background archaeological and 
environmental data have been used to determine the regional character of the Upper Blue 
Mountains (which includes the present study area). This indicates that different landforms 
were utilised for different activities. In addition, Aboriginal people traditionally used 
ridgelines, creek lines and valley corridors for travel and sites and Aboriginal occupation 
would often be located in such areas. 
 
By combining information about known sites in the study area and existing landforms, it is 
possible to tentatively identify the variation of archaeological potential within and between 
landforms across the study area. This archaeological potential was modelled using 
information extracted from wider modelling undertaken for the Upper Blue Mountains area 
This can be further refined into graded areas of high, medium and low sensitivity as defined 
in Table 6-16. 
 
Figure 6-7 also shows the results of the predictive Aboriginal archaeological modelling 
within the proposal site and surrounding vicinity. 
 
Table 6-16: Predictive Aboriginal archaeological modelling within the study area as 
illustrated in Figure 6-7 

Sensitivity Landscape Features 

High 

areas predicted to contain 
the greater number of 
sites 

 Ridge Crests 

 Spur Crests and saddles 

 Alluvial terraces and associated alluvial channels 

 Second and Third Order Streams 

 Creek lines 

Medium 

to contain sites but in a 
smaller concentration to 
the high sensitivity areas 

 Footslopes 

 Undulating mid slope 

 Steep slopes/colluvial 

 First order streams 

 Floodplain/flat 

 Dissected Gorges 

Low 

areas that are predicted 
to contain a minimum 
number of sites 

 Towns 

 Villages 

 Road Reserves 

 
Aboriginal Archaeological Testing 
 
Nine Potential Archaeological Deposits (PADs) were identified within the proposal site as a 
result of predictive landscape modelling and ground truthing. Figure 6-8 shows the location 
of the identified PADs. Table 6-17 provides additional details of each of the PADs. 
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Figure 6-7 Predictive Aboriginal Archaelogical modelling 
of the proposal site and surrounding area

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011

Predictive modelling of areas
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Figure 6-8      Aboriginal PAD sites

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011



 

Great Western Highway – Forty Bends upgrade 156 
Review of Environmental Factors 

Table 6-17: Details of the nine PADs identified in the Forty Bends study area 

PAD 
No. 

Landform Unit 
Archaeological 

sensitivity 
Approximate size 
of PAD (in metres) 

Landform feature 
within the landform 

unit 

10c 
Undulating mid 

slope 
Medium 10c: 100 x 40 

Plateau and associated 
slope 

12 
Undulating mid 

slope 
Medium 100 x 50 Undulating mid slope 

13 
Undulating mid 

slope 
Medium 100 x 50 Basin and lower slope 

14 
Undulating mid 

slope 
Medium 70 x 50 Spur 

15 
Undulating mid 

slope 
Medium 

15a: 75 x 50 

15b: 50 x 30 

Spur 

Spur 

16 
Undulating mid 

slope 
Medium 75 x 50 Creek line 

17 
Undulating mid 

slope 
Medium 80 x 20 Footslope 

18 
Undulating mid 

slope 
Medium 75 x 20 Footslope 

19 
Undulating mid 

slope 
Medium 80 x 20 Footslope 

 
When the archaeological testing program commenced on site, Comber Consultants 
identified the need to vary or refine some of the test locations to avoid constraints and 
disturbances of which they were previously unaware, and also resulting from reinterpretation 
of the extent of PADs in the field. In consultation with the Aboriginal Site Officers present, 
alternative test pit locations were subsequently identified for five of the nine PADs (PAD 12, 
PAD 14, PAD 16, PAD 17 and PAD 19) (refer to Figure 6-8 for the PAD and amended 
PAD sites). 
 
The methodology and process undertaken to amend the PADs was also presented to the 
AFG held on 23 July 2012. At this AFG, all stakeholders and AFG members agreed that the 
approach undertaken was considered to be acceptable. 
 
Excavation was initially planned for all nine of the PADs, however during the planning 
process, PAD 15 was not able to be tested due to unforeseen circumstances.  
 
The eight PADs within the proposal site were excavated using seventy two 50 centimetres x 
50 centimetre trenches. A total of three artefacts were collected from one single trench 
across all of the excavated PADs (1.39 per cent). These three artefacts were collected from 
PAD 12, Trench 1, which was renamed site Forty Bends 1 (FB 1). The material found 
consisted of an igneous chert which would have been locally available in cobbles or shallow 
outcrops. The location of site FB 1 is shown on Figure 6-9. 
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Figure 6-9 Aboriginal recorded artefact sites 
 
 
 
 
This Figure has been removed for confidentiality purposes 
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The three artefacts were all flaked pieces and bearing no cortex. The measurements of the 
artefacts are: 
 
 26 x 16 x 3 millimetres. 

 10 x 7 x 4 millimetres. 

 12 x 10 x 4 millimetres. 
 
None of the remaining seven PADs contained any Aboriginal artefacts. The results of the 
excavation produced an average subsurface artefact density of 0.167 artefacts per square 
metre. It was concluded that site FB 1 (PAD 12) did not represent a camp site or a place of 
occupation, but rather these artefacts are most likely the result of tool maintenance, loss or 
discard, as people walked across the landscape. 
 
PAD 15 (site not tested) was located about 50 metres to the west of PAD 16. No artefacts 
were found at PAD 16. However, sufficient information was gained from testing all of the 
remaining PADs and particularly PAD 16, to determine that it is unlikely that artefacts would 
be located at PAD 15. Both PADs were on the same rise overlooking a small creek. It was 
therefore concluded that due to PAD 15’s smaller size, the more likely location of people 
camping would have been at PAD 16 as it would have supported a larger number of people. 
 
Site FB 1 is located on a rise about 600 metres from an unnamed tributary of Whites Creek 
and about 1.5 kilometres from Whites Creek, conforming to the predictive model 
(Comber and Stening 2011b) which indicated that smaller sites, such as FB 1, may be 
located above tributaries. The small number of artefacts found confirms that the Forty Bends 
area was only used intermittently, possibly seasonally, by small groups of people, passing 
through to more resource rich areas. 
 
Statement of Significance of site FB 1 
 
Whilst all sites and artefacts are important to the Aboriginal community, the integrity of the 
site and the value to the Aboriginal community is compromised by its very small size. Due to 
the small size of the site and the disturbed nature this site, the artefacts do not contain 
scientific or aesthetic significance. Site FB 1 is not a good representative example of an 
artefact scatter and it is not a rare site type. As this site does not contain scientific values 
and is not a rare site or a good representative example and does not contain educational 
value, the overall significance of the site is graded low. As the site FB 1 is a small disturbed 
site, it has been assessed as being of low archaeological significance. 
 
A summary of the significance of site FB 1 is provided in Table 6-18. 
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Table 6-18: Summary of the significance of site FB 1 

Values Historic Scientific Aesthetic Representative Rarity Education 

Results From discussions with the 
Aboriginal stakeholders site 
FB 1 is considered significant 
because it represent an 
aspect of Aboriginal history 
demonstrating the pre-contact 
land use practices prior to 
European occupation. 

However, the integrity of the 
site and the value to the 
Aboriginal community is 
compromised by its very 
small size and disturbed 
nature. 

Due to the small size 
of this site and lack of 
rare or unusual 
characteristics this site 
does not contain the 
potential for further 
research and are not 
of scientific 
significance. 

This site and the 
three small artefacts 
found are not 
considered to have 
aesthetic value. 

This site is not a good 
representative 
example of its site 
type. 

This site and the 
artefacts found 
are not rare or 
uncommon. 

As this site is not 
a good 
representative 
example of its 
site type it does 
not contain 
educational 
potential. 

Grade Medium Low Low Low Low Low 
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6.2.3 Potential impacts 

Site FB 1 is within the proposal site and would be directly impacted upon by the proposal, as 
summarised in the statement of impact below (Table 6-19). 
 
Table 6-19: Details of impact assessment 

Site number Type of harm Degree of harm Consequence of harm 

FB 1 Direct Total  Total loss of value 

 
Notwithstanding the direct impact of the proposal on site FB 1, the site has been assessed 
as being of low significance. Furthermore, the Hartley Valley is considered to be of high 
archaeological significance and contains a suite of sites which provide better examples of 
Aboriginal occupation activities. Directly impacting upon this site therefore would not 
contribute to a cumulative impact on the loss of Aboriginal cultural heritage within the 
Blue Mountains. The cultural significance of the site FB 1 to the Aboriginal community is 
considered to be able to be maintained by ensuring that the artefacts are protected and 
managed appropriately (refer to Section 6.2.4). 
 
The proposal would also alter the landscape and landforms of the Forty Bends area. 
However, the extent of the proposal is limited to Forty Bends, an area which is of low 
archaeological and cultural significance, as it was not a favoured camping area and does not 
contain known pathways. The project would not disturb significant waterways or pathways. 
The proposal is close to Hassans Walls, however, would not alter or physically impact upon 
Hassans Walls or the associated song line within this area. 
 
With respect to site GWH 36, this site is located approximately 100 metres to the north of the 
proposal site and would not be impacted by the proposal. 
 
The Aboriginal heritage assessment determined that the proposal is unlikely to harm any 
known Aboriginal object or cultural heritage values. It is considered highly unlikely that any 
further surface or subsurface Aboriginal ‘objects’ would be located within the area of the 
proposal. Therefore, no further archaeological survey or testing is proposed. As the site FB1 
was not considered significant and would be impacted by the proposal, an Aboriginal 
Heritage Impact Permit (AHIP) would be applied for in respect of the proposal (refer to 
Section 6.2.4 below). 
 

6.2.4 Safeguards and management measures 

Table 6-20 identifies safeguards and management measures that would be implemented to 
address potential impacts to Aboriginal heritage as a result of the proposal. 
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Table 6-20: Aboriginal environmental safeguards and management measures 

Ref # Impact Environmental safeguards Responsibility Timing 

AH-1 Impact to artefacts  An application for an Aboriginal Heritage Impact Permit (AHIP) to ‘harm’ Site 
FB 1 and the surrounding area would be applied for prior to construction. In 
accordance with s90(3) of the National Parks and Wildlife Act 1974 the RMS 
would need to apply for an ‘area based’ permit for the whole of the area 
proposed for the proposal. 

RMS Pre-construction 

AH-2 Impact to artefacts  The artefacts which are located in a container (on site) have been assessed as 
containing low significance. The container containing the artefacts was buried at 
a location outside of the proposal site. This site would be marked as no-go area 
on all relevant site plans, work instructions and fenced off on site. 

RMS Pre-construction 

AH-3 Impact to artefacts  The locations of the Aboriginal site GWH 36 would be marked as no-go area on 
all relevant site plans, work instructions and fenced off on site. 

Construction 
contractor 

Construction 

AH-4 Unexpected artefacts  In the event of an unexpected find of an Aboriginal heritage item (or suspected 
item), work would cease in the affected area and RMS’s Environmental Officer, 
Western Region and the RMS Senior Environmental Specialist (Aboriginal 
heritage), would be contacted for advice on how to proceed. 

 The Draft Unexpected Finds Procedure (RTA, 2011b) would be followed in the 
event of the uncovering of a potential item. 

Construction 
contractor 

Construction 
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6.3 Non-Aboriginal heritage 
A non-Aboriginal heritage assessment has been prepared which details the methods, non-
Aboriginal heritage field testing results and assessment used to identify the extent and 
magnitude of potential non-Aboriginal heritage impacts associated with the proposal. 
This assessment is supported by Technical Paper 4 – Non-Aboriginal Heritage (refer to 
Volume 3). A summary of this assessment is provided below. 
 

6.3.1 Methodology 

The potential and identified non-Aboriginal heritage items within and adjacent to the proposal 
site were identified by employing a variety of methods including: 
 
 A review of background information, historical data and previous report prepared as 

part of the greater Mount Victoria to Lithgow Concept design between October 2008 
and August 2012. 

 A review of heritage curtilages as identified on relevant heritage inventory sheets and 
as proposed by heritage consultant Mayne-Wilson & Associates. 

 A number of field surveys and visual inspections across the proposal site. 

 Consultation with the Office of Environment and Heritage (Heritage Branch). 

 Field testing of a potentially State-significant site within the proposal site undertaken in 
accordance with an approved Section 140 excavation permit (OEH reference 
09/03087). Field testing included archaeological testing on parts of the road/bridge 
party site in addition to metal detection surveys. 

 An assessment of the physical condition, curtilage (surrounding land) and context of 
identified and potential heritage items. 

 Heritage database searches of all relevant statutory and non-statutory heritage 
registers including: 

 Australian Heritage database. 

 NSW State Heritage Register. 

 NSW State Heritage Inventory. 

 National Trust Register. 

 Lithgow LEP 1994  

 Lithgow City Council Draft Land Use Study 2010-2030. 

 RMS S170 Heritage and Conservation Register. 
 
The historic heritage assessment was undertaken in accordance with the principles and 
guidelines of the Burra Charter, the NSW Heritage Manual (NSW Heritage Office 1996) and 
Assessing Heritage Significance (NSW Heritage Office 2001). 
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6.3.2 Existing environment 

There is a rich and highly valued history throughout the Hartley valley and surrounding area. 
The historical development in the vicinity of this region largely coincides with the numerous 
attempts to cross the western escarpment that traverses the region. The arrival of 
Europeans to the Blue Mountains was closely followed by the building of the first road in 
1814-5. The building of the first road across the Mountains in 1814-1815 by William Cox’s 
convicts and the unlocking of inland Australia was a necessary step in the transition from 
penal settlement to a free colony. This first road also opened up the valley for grazing and 
agriculture. Once the Blue Mountains were successfully crossed, the Central West of NSW 
was opened up for further development. 
 
Following William Cox’s first attempt to cross the Blue Mountains, additional attempts to find 
a route down from Mount Victoria, Mount York and the Darling Causeway have resulted in 
numerous other attempts including Cox’s Road (1814-1815), Lawsons Long Alley (1822), 
Bells Line of Road (1823), Lockyer’s Road (1828), Mitchells Road (1830s), and Berghofers 
Pass (1907 to 1912). Many of these routes extended beyond just the initial crossing of 
Mount Victoria Pass as far as the area currently known as Forty Bends (and beyond). 
 
The use of these transport routes, in conjunction with the establishment of the oil shale 
mines and accompanying growth in population, encouraged the development of inns and 
other service centres within the region from the 1820’s onwards. As a result, Hartley Valley, 
with attractive grazing potential, was more densely populated in the early Victorian period 
than the Blue Mountains plateau above. The plateau became a holiday ground for ‘city-folk’ 
with a dozen village service centres only after the western railway was fully functioning in the 
1870s.  
 
With the coming of the two world wars, the decline of the oil shale mines in the valley and 
the increasing use of the motor vehicle, a series of changes continued to occur within the 
Hartley Valley throughout the twentieth century. The result of all this sporadic change was a 
remarkable concentration of over a 100 significant heritage items (across the greater Hartley 
Valley), as well as roads and railways within and adjacent to this region. More than half of 
these sites are in the urban area of Mount Victoria (to the west of the proposal site), which 
was the gateway to the west both by road and by rail. Over 10 heritage items and historic 
road alignments lie along the section of the Great Western Highway proposed to be 
upgraded by the proposal. These items include cottages, historic culverts and retaining walls 
in addition to a potential bridge party/convict encampment site. 
 
Heritage items, Forty Bends 
 
A list of all heritage items and potential archaeological sites within or close to the proposal 
site is located in Table 6-21 and illustrated in Figure 6-10 to Figure 6-12. Six items or sites 
are partially within the proposal site and two are adjacent to the proposal site. These items 
are discussed in detail below. 
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Table 6-21: List of heritage items within and adjacent to the proposal site.  

Mapping/ SHI No 
LCC LEP No 

Item name No. Locality Significance Date LEP SHR S170 NT RNE Relationship to the 
proposal site 

- Bridge/Road party 
encampment  

- South 
Bowenfels 

Potentially 
State 

1832/ 

34 

- - - - - Partially within the 
proposal site 

- Forty Bends Road, 
Mitchell’s line of road 
and culverts 

- South 
Bowenfels 

Local 1830s - - - - - Partially within the 
proposal site 

- Old line of road and 
potential culverts 
associated with existing 
highway. 

- North of Forty 
Bends Road 

None to 
Local 

Not 
known 

- - - - - Partially within the 
proposal site 

1960119 

BO48 

Daintree Cottage 31 South 
Bowenfels 

Local 1900 draft - - - - Partially within the 
proposal site 

1960162 

B051 

Emoh (Emu 
Store/Corderoy’s Store) 

3431 South 
Bowenfels 

State 1834 1994 - - yes - Partially within the 
proposal site 

1960795 

A027 

Road culvert & retaining 
Wall (Emoh culvert) 

- South 
Bowenfels 

Local 1860 1994 - RMS - - Partially within the 
proposal site 

1960116 

B045 

Cottage 24 South 
Bowenfels 

Local 1840 draft - - - - Directly adjacent to the 
proposal site (within five 
metres)  

1960120 

B049 

Cottage 3357 South 
Bowenfels 

Local 1890s draft - - - - Adjacent to the proposal 
site (within about 80 
metres) 

LEP = Local Environmental Plan, SHR = State Heritage Register, NT = National Trust, RNE = Register of the National Estate, Reg = Registered, Ind = Indicative. 
 



LIM
IT O

F W
ORKS

TO SYDNEY


30

65
2.

23
2

30
70

0

30
800

30
900

31
000

31
100

31
200

31
300

31
40

0

Fernhill

M
itc

he
ll'

s 
R

o
a

d

Lockyer's Road

Lockyer's Road

Hassans Walls
Convict
Barracks

Cottage
1960116

Former
Eagle &
Child Inn

Forty Bends
Cemetery/Monte
Vista graves

Monte
Vista

Forty
Bends
Cottage

Hassans Walls
Convict

Stockade

GREAT WESTERN HIGHWAY

FORTY BENDS ROAD

Culvert 1

Culvert 2

Culvert 3

Culvert 4

BO
XE

S 
CR

EE
K

WH
ITE

S C
RE

EK
FORTY
BENDS

°
0 200

Metres

I:\N
BIF

\Pro
jec

ts\N
B11

343
\Te

chn
ica

l\GI
S\S

pat
ial_

Dire
cto

ry\A
rcG

IS\S
ect

ion
 5\R

EF\
MV

2L_
Sec

tion
5_R

EF_
Non

AbH
erit

age
_FI

G6.
mx

d a
arc

ot 2
1/0

9/2
012

LEGEND
Chainage

Proposal

Proposal site

Existing highway

Waterways

Property boundary

Permanent sedimentation basins

Temporary sedimentation basins

Compound site and stockpile locations

Potential compound

Potential stockpile

Potential stockpile and compound

Potential heritage locations

Heritage locations

Original section of Mitchell's Road

Rebuilt section of Mitchell's Road

Heritage pass

Potential heritage areas

Potential heritage items

Heritage areas

Heritage curtilage

31300

GDA 94  |  MGA 56

MV2L Alliance does not warrant that this
document is definitive nor free of error and does
not accept liability for any loss caused or arising

from reliance upon information provided herein.

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 
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Figure 6-10 - Non-Aboriginal heritage sites - 
                      Eastern section
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Aerial Photograph:AUSIMAGE/SKM 2011

Figure 6-11 - Non-Aboriginal heritage sites - 
                      Middle section

* Please note the Bridge/Road Party site has been removed for confidentialty
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Aerial Photograph:AUSIMAGE/SKM 2011

Figure 6-12 - Non-Aboriginal heritage sites - 
                      Western section
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A summary description of each of the listed and potential heritage items within or directly 
adjacent to the proposal site is provided below. 
 
Bridge/Road party encampment  
 
A convict bridge/road party is known to have operated in the area of Hassans Walls between 
1832 and 1834. It is anticipated to have been used to construct the Forty Bends section of 
Mitchell’s Road and build culverts associated with Forty Bends and the numerous creeks 
running down off Hassans Walls and cutting through the foot slopes. This potential site 
provided accommodation for the work party consisting of huts for the convict bridge party 
(for up to about 83 men), and superintendent’s huts and garden (refer to Photo 6-1). 
 
A preliminary assessment and research design identified the possibility that relics associated 
with this site may survive within the existing road reserve on the southern side of the 
highway, and on the northern side of the highway above the modern cutting. Archaeological 
testing and metal detection testing on 12 and 13 June 2012 identified that twentieth century 
impacts appeared to have removed potential archaeological remains in the road reserve. 
 
The area of the existing road reserve on the southern side and on the northern of the 
highway (the area that was tested) is considered to have no or little archaeological potential 
to contain substantial nineteenth century archaeological deposits and therefore has no 
potential archaeological significance. However, as no testing was undertaken within the main 
portion of the property (due to unforeseen circumstances), the site is still considered to have 
a high level of archaeological potential to contain relics of potential State significance. 
 
 
 
 
 
 
 
 
 
 
This photo has been removed for confidentiality purposes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 6-1: View of the existing weatherboard cottage (right) and garage on the former 
bridge/road party site with overgrowth to the east 
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Forty Bends Road, Mitchell’s line of road and culverts 
 
A number of examples of the existing alignment of Mitchell’s line of road are present within 
the proposal site developed within the Hartley Valley. Forty Bends Road is a bypassed 
section of Mitchell’s 1830s road which also contains the remains of five culverts and cuttings 
where the road was terraced into the foothills of Hassans Walls (refer to Figure 6-10). 
The intact section of Forty Bends Road is approximately 1.6 kilometres in length and four of 
the five culverts are partially intact, with sandstone retaining walls or construction, on the 
upslope side of the road. All culverts on the downslope of Forty Bends Road appear to have 
been modernised. 
 
This section of Forty Bends Road/Mitchell’s Road is expected to have significance to the 
local community. The identification of a level of significance for Forty Bends Road is difficult 
without broader research. It has at a minimum a local level of significance and depending 
upon overviews of it within the context of other elements of Mitchell’s Road, it may reach the 
State significance threshold. 
 
Examples of some of the culverts present along Forty Bends Road are shown in Photo 6-2 
below.  
 

  
 

  
Source: Casey & Lowe, 2012 

Photo 6-2: Examples of culverts along Forty Bends Road 

 
Further details of the culverts associated with Forty Bends Road is provided in Technical 
Paper 4 (refer to Volume 3). 
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Old line of road and potential culverts associated with existing highway 
 
Site inspections within the proposal site to the north of the intersection of the current 
highway with Daintree Close found evidence of additional surviving sections of Mitchell’s 
Road. These sections of road are terraced into the hillside and follow the undulating 
topography of the landscape. Some of these road sections appear to have been preserved 
as property access routes and bush tracks. These types of tracks are common throughout 
the Blue Mountains. As these service tracks are found throughout the Blue Mountains to 
provide access to electrical and Telstra easements they are not considered to be of 
significance. 
 
Daintree Cottage 
 
Daintree cottage is four-roomed weatherboard cottage with hipped roof built c1900 as the 
residence for Pierce’s orchard (refer to Photo 6-3). It has a long, formal driveway and 
contains a landmark Cedar planting at the front gate, supported by mature Pine trees, some 
of them also close to the northern boundary, and some set back from it as well as some 
more recent plantings. The cottage is located on a prominent ridge but looks northwards 
towards Hassans Walls rather than down the valley to the south. The style of the house is 
Victorian-Georgian in timber form. These three main elements (the cottage, driveway and 
plantings) provide the elements of the heritage significance for the property. 
 
Daintree Cottage is identified as being of local heritage significance and has been identified 
as an item of local heritage significance on the current draft Lithgow City Council LEP. 
 

 
Source: Casey & Lowe, 2012 

Photo 6-3: Daintree Cottage from the north 
 



 

Great Western Highway – Forty Bends upgrade 171 
Review of Environmental Factors 

Emoh (Emu Store/ Corderoy’s Store) 
 
Emoh, a former store and inn dating to the 1830s and 1840s, and a nearby large stone 
culvert dating to 1860, are both listed as being of State significance on the LEP. In addition, 
the culvert is listed on the RMS’s Section 170 register. They are located on the southern side 
of the existing highway approximately 200 metres west of McKanes Falls Road (refer to 
Photo 6-4). Due to the height of the road in relation to Emoh, there is no surviving view from 
the house to the north. Emoh is currently on the Lithgow City Council LEP 1994 and will be 
retained in the Lithgow City Council Draft Land Use Study. 
 

 
Source: Casey & Lowe, 2012 

Photo 6-4: Emoh, a former inn, at left, is located on the southern side and below the level of 
the existing highway 
 
Road culvert and retaining Wall (Emoh culvert) 
 
As part of the overall Emoh property, a historic road culvert and retaining wall is located to 
the east of the Emoh buildings. The retaining wall and culvert is a substantial stone structure 
comprising a culvert that is 22 metres in length at the top and its walling is six courses above 
the circular culvert with keystone (refer to Photo 6-5). Part of this wall appears to have been 
reconstructed. 
 
The RMS S170 listing has identified this culvert and wall as being of State significance. If it 
were assessed under current criteria it is unlikely to meet the State significance listing. 
 

 
Source: Casey & Lowe, 2012 

Photo 6-5: Culvert adjacent to the Emoh property 
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Cottage (1960116) 
 
This run down stone and timber cottage is of local significance and is proposed to be listed 
on a new Lithgow LEP as part of the Lithgow City Council Draft Land Use Study. It is at the 
eastern end of the study area and possibly dates to the 1840s. It is one of the older buildings 
along this section (refer to Photo 6-6). This cottage forms an early part of the community 
that developed around Forty Bends Road and later in the nineteenth century, it was the 
house of a local doctor. 
 

 
Source: Casey & Lowe, 2012 

Photo 6-6: Lithgow LEP heritage item no. 1960116, to the northeast of Forty Bends Road 
 
Cottage (1960120) 
 
This 1890-century cottage is a four-roomed timber cottage with sandstone foundations and a 
hipped roof with rear skillion and enclosed skillion verandah at the front. It has a hipped roof 
over the central section of the house. There is a modern garage to the east and a tank stand 
down the hillside. It is described a Victorian Georgian. 
 
The cottage is located immediately adjacent to the existing highway (refer to Photo 6-7). 
While currently not listed on the LCC LEP 1994, it is proposed to be listed on a new LEP as 
part of the Lithgow City Council Draft Land Use Study. The cottage has local significance as 
the replacement homestead on one of the early grants along Mitchell’s highway in the 1830s 
and as the centre of activity of a well-known bush carpenter’s business in the period 
between the world wars. 
 



 

Great Western Highway – Forty Bends upgrade 173 
Review of Environmental Factors 

 
Source: Casey & Lowe, 2012 

Photo 6-7: Lithgow Heritage Study item no. 1960120, viewed from the east 
 

6.3.3 Potential impacts 

Construction 
 
Table 6-22 outlines the heritage significance of each of the heritage items identified in 
section 6.3.2 above. An outline of the potential impacts to each of these items during 
construction of the proposal is also included. 
 
The compound sites are not located within any known heritage sites as they are all outside 
identified curtilages. It is noted that the proposed main compound site is close to two 
identified heritage culverts along Forty Bends Road. It is also possible that these areas may 
have unidentified features exposed by the proposed limited clearance. These may include 
remnants of stone quarrying, very little of which has been identified within the proposal. It is 
noted that access to the compounds for site establishment and trucks for spoil shipment 
would involve Forty Bends Road. It is possible that there may be inadvertent impacts on the 
remnants of the 1830s road from this increased transport due to vibration (refer to 
Section 6.4 of this REF). 
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Table 6-22: List of heritage items and sites and impacts on their heritage significance 

SHI No/ 

LCC LEP No. 
Item name No. Locality Significance 

Potential impact  Potential impact on 
Significance by proposal 

- 
Bridge/Road party 

encampment 
- 

South 
Bowenfels 

Potentially 
State 

It is considered likely that some potential 
archaeological remains associated with this site 
of potential State significance are within the 
areas of impact within the private property and 
the fenced area of the road reserve. 

Potential disturbance or uncovering of 
archaeological remains may be discovered by 
the construction of the proposal.  

Minor 

- 
Forty Bends Road, 

Mitchell’s line of road 
and culverts 

- 
South 

Bowenfels 
Local 

There would be some impact on the bypassed 
section of early road, Forty Bends Road. In the 
eastern area there would be a cul-de-sac which 
is to be located within the original line of 
Mitchell’s road. The cul-de-sac would terminate 
the through access along the old line of road. 
The design of the cul-de-sac requires some 
minimal construction of kerb and guttering. 
Therefore this cul-de-sac is unlikely to impact 
on heritage significance. 

The western section of Daintree Close, near 
Daintree Cottage, is part of Mitchell’s 1830s 
road. The proposal would incorporate a new 
turning bay in this location and raise the road 
level. Therefore, the construction of the 
proposal would impact on this disconnected 
section of Mitchell’s 1830s road by burying it 
beneath fill at this location. 

Minor 
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SHI No/ 

LCC LEP No. 
Item name No. Locality Significance 

Potential impact  Potential impact on 
Significance by proposal 

- 

Old line of road and 
potential culverts 
associated with 

existing highway. 

- 
North of 

Forty Bends 
Road 

None to Local 

Originally four culverts were built along the 
section of the highway west of Forty Bends 
Road and McKanes Falls Road. While none of 
these original culverts are visible there is a 
possibility that remnants of these culverts may 
have survived twentieth century road building 
and therefore the potential exists for culvert 
remnants to be affected during construction of 
the proposal. 

The remains of the two bends of the old line of 
road, (located at about chainage 32,900 and 
chainage 32,500, refer to Figure 3-1), which 
currently survive between Forty Bends Road 
and McKanes Falls Road are likely to be 
removed by the construction of the proposal. 

Minor 

1960119 

BO48 
Daintree Cottage 31 

South 
Bowenfels 

Local 

The construction works associated with the 
turning bay immediately north of Daintree 
Cottage will impact the curtilage of this property. 
The proposal would involve an earthworks 
embankment to the north of the property at 
about a 2:1 slope. There would be a level 
difference of approximately 5.5 metres 
(maximum) between the existing lane and the 
proposed earthworks. 

The construction of the proposal would affect 
about 955 square metres of the identified 
curtilage. About 4300 square metres of the 
identified curtilage would be unaffected. 

There would be moderate impacts on the 
significance of this item due to the loss of 
plantings and association with the early line of 
road. 

Moderate 
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SHI No/ 

LCC LEP No. 
Item name No. Locality Significance 

Potential impact  Potential impact on 
Significance by proposal 

1960162 

B051 
Emoh (Emu Store/ 
Corderoy’s Store) 

3431 
South 

Bowenfels 
State 

The Emoh residence and home yard would not 
be impacted by the construction of the proposal 
and the existing road level would be maintained 
at this point. 

The land containing the water quality basin, 
approximately 40 metres to the east, is located 
within the same historic property as Emoh and 
therefore has some limited archaeological 
potential which may be impacted by the 
proposal. 

None 

1960795 

A027 

Road culvert & 
retaining Wall (Emoh 

culvert) 
- 

South 
Bowenfels 

Local 

The retaining wall of the culvert adjacent to 
Emoh is outside the proposal site. It is possible 
that remains of this culvert survive, but are 
buried, on the northern side of the existing 
highway, however major road works would not 
occur in this area as part of the proposal. 

The proposed upgrading of stormwater on the 
northern side of the road would have no impact 
on the southern side of the highway in this area. 
There would be no impact on the visible fabric 
or the possibly buried culvert from the 
construction of the proposal. 

None 

1960120 

B049 
Cottage 3357 

South 
Bowenfels 

Local 

This cottage is outside the proposal site and the 
road would be located at the existing level and 
in the same location in relation to the cottage. 
There would be no impacts from the proposal 
on the heritage significance of this property. 

None 

1960116 

B045 
Cottage 24 

South 
Bowenfels 

Local 

The proposal would be about 80 metres to the 
north of cottage 1960116 and would not be 
directly impacted. The proposed water quality 
basin to the east is sufficiently distant to have 
no adverse impact on the curtilage of the 
cottage. 

None 
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Other potential impacts to heritage items that could occur during construction of the proposal 
include:  
 
 The potential to uncover previously unidentified artefacts in disturbed areas such as 

cuttings or sedimentation basin locations. 

 The potential to impact heritage buildings and heritage culverts from vibration due to 
the use of plant and machinery. 

 
Operation 
 
The operation of the proposal is unlikely to impact any historic heritage items discussed in 
this section of the REF. Table 6-22 summarises the potential impact on the significance of 
each non-Aboriginal heritage item identified within the proposal site as a result of the 
proposal. 
 

6.3.4 Safeguards and management measures 

Table 6-23 identifies safeguards and management measures that would be implemented to 
address potential impacts to non-Aboriginal heritage as a result of the proposal. 
 
As part of ongoing development of the proposal, a heritage management plan (HMP) would 
be prepared and included as part of the overall CEMP. 
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Table 6-23: Non-Aboriginal environmental safeguards and management measures 

Ref # Impact Environmental safeguards Responsibility Timing 

NH-1 Unexpected heritage 
found 

 If an item (or suspected item) of non-Aboriginal heritage is discovered, RMS 
Unexpected Finds Procedure (RMS, 2012c) would be implemented including 
that all work in the area of the find would cease immediately and would not 
recommence until the heritage value and associated protection and any 
approval requirements have been determined. RMS would notify OEH if any 
item (or suspected item) of non-Aboriginal heritage is found during construction 
to determine the appropriate course of action. 

RMS and 
construction 
contractor 

Construction 

NH-2 General impact to all 
heritage items 

 Mapping of exclusion zones and fencing of all areas requiring protection during 
the construction of the proposal would be undertaken prior to commencement of 
works. Maps would be included in the non-Aboriginal heritage sub-plan of the 
overall CEMP. 

 The project induction would include details on the location and significance of 
heritage items and be provided to construction workers prior to commencement 
of construction works. 

 Measures to minimise impacts from construction activities and truck movements 
and would be included in the non-Aboriginal heritage sub-plan of the overall 
CEMP. 

 Management measures would be determined during detailed design to minimise 
impacts from construction compounds and increased traffic movements on all 
identified heritage items 

RMS and 
construction 
contractor 

Detailed 
design and 
construction 

NH-3 Impact to bridge/road 
party encampment 

 Testing in northern areas would be undertaken prior to construction. Detailed 
archaeological recording and site interpretation would be undertaken if remains 
are found. 

RMS Detailed 
design 

NH-4 Impact to bridge/road 
party encampment 

 Works would be undertaken in accordance with a Section 140 approval 
(obtained prior to commencement of construction). 

Construction 
contractor 

Construction 

NH-5 Impact to Forty Bends 
Road, Mitchell’s line of 
road and culverts 

 A condition assessment survey of the pavement and culverts would be 
undertaken prior to the commencement of construction works. Key areas of this 
road, especially along the original or early sections of Forty Bends Road, would 
be avoided wherever possible. 

RMS Pre 
construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

NH-6 Impact to old line of road 
and potential culverts 
associated with existing 
highway. 

 Archaeological monitoring of construction works in areas of potential culverts 
would be undertaken during construction. Reburying remains of earlier culverts 
with appropriate protection may be considered as works progress and would be 
undertaken in accordance with the RMS Unexpected Finds Procedure (RMS, 
2012c). 

 Works would be undertaken in accordance with a Section 140 approval 
(obtained prior to commencement of construction). 

Construction 
contractor 

Construction 

NH-7 Impact to Daintree 
Cottage 

 Consultation with Lithgow City Council would be undertaken during detailed 
design, to further avoid or minimise impacts including maintaining plantings 
where possible. In the event that the identified cedar trees cannot be retained 
through further refinement of the design, appropriate landscaping to mitigate the 
impacts on this item would be investigated in consultation with the property 
owner. 

RMS  Detailed 
design 

NH-8 Impact to Daintree 
Cottage 

 The strategies developed in consultation with Lithgow City Council would be 
implemented during construction. 

Construction 
contractor 

Construction 

NH-9 Impact to Emoh (Emu 
Store/Corderoy’s Store) 

 A building condition survey would be undertaken prior to commencement of 
works by a qualified contractor (in accordance with noise and vibration 
safeguard NV-17 – refer to Section 6.4.5). 

Construction 
contractor 

Pre 
construction 

NH-10 Impact to Cottage 
1960120 

 A building condition survey would be undertaken prior to commencement of 
works by a qualified contractor (in accordance with noise and vibration 
safeguard NV-17 – refer to Section 6.4.5). 

Construction 
contractor 

Pre 
construction 

NH-11 Impact to unknown 
relics in compound 
areas 

 A survey of all proposed compound areas would be undertaken prior to 
construction to identify any constraints or areas to be avoided. 

 Appropriate management strategies would be put in place to safeguard against 
any potential impacts to heritage items as a result of proposed compound 
and/or stockpile sites. 

RMS Pre 
construction  

NH-12 Potential impacts to 
unidentified relics in 
water quality basins 
near Emoh and Cottage 
1960116 

 Works would be undertaken in accordance with a Section 140 approval 
(obtained prior to commencement of construction) with respect to the location of 
the proposed sedimentation basin. 

Construction 
contractor 

Construction 
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6.4 Noise and vibration 
A noise and vibration assessment was undertaken to assess the potential impacts from the 
construction and operation of the proposal. This assessment is supported by Technical 
Paper 5 – Noise and Vibration Assessment (refer to Volume 3). A summary of this 
assessment is provided below. 
 

6.4.1 Methodology 

The noise and vibration assessment has been prepared with consideration to RMS 
Environmental Noise Management Manual (RTA, 2001) and the following OEH publications: 
 
 Road Noise Policy 2011. 

 Interim Construction Noise Guideline 2009. 

 Assessing Vibration: A Technical Guideline, 2006. 

 
Study area 
 
The noise and vibration assessment involved identifying all receivers within 600 metres of 
the proposal centreline to determine whether they would be affected by the construction or 
operation of the proposal. This area is referred to within this section as the study area. 
 
Noise monitoring 
 
Unattended noise monitoring was undertaken between 8 and 26 February 2012 using ARL 
noise type 316 noise loggers. The locations accessed for the unattended noise monitoring 
are listed in Table 6-24 and are shown in Figure 6-13. These locations were used for both 
calibration of the noise model and establishing the background noise levels. The time of year 
sampled was considered to be a reasonable approximation of standard traffic flows in the 
area and did not fall in public holiday or school holiday periods. 
 
Table 6-24: Monitoring locations – unattended noise survey 

Description ID Monitoring location Distance from existing highway centreline 

Location 1 L21 McKanes Falls Road 39 metres 

Location 2 L3 Forty Bends Road 210 metres 
 
The measured noise levels were statistically analysed to provide more detail of the character 
of the noise environment over the long term. Statistical descriptors were used in the 
assessment of impacts for both traffic noise and environmental noise for the proposal and 
were categorised by day, evening or night time periods. For road traffic noise these were 
classified for daytime (7:00 am to 10:00 pm) and night time (10:00 pm to 7:00 am) periods. 
For environmental noise, the assessment period for night time was the same, while day time 
was further split into day (7:00 am to 6:00 pm) and evening (6:00 pm to 10:00 pm) periods. 
 
The 2011 annual average daily traffic (AADT) volumes for the Great Western Highway at 
Forty Bends that are used to assess construction traffic noise are provided in Table 6-49 in 
Section 6.7.2. 
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6.4.2 Existing environment 

The study area is located in a rural environment with existing road traffic noise from the 
Great Western Highway. The highway is generally bordered by the Hassans Walls Reserve 
to the north and rural residential receivers to the south (refer below). 
 
Receiver locations 
 
A total of 25 residences were identified in the study area aerial photography (refer to 
Figure 3-1) (January 2011). The structures in the study area were categorised as either 
residential (ie a dwelling) or non-residential (ie shed or other structure) buildings. A series of 
heritage buildings and heritage culverts were also identified within the proposal site and 
adjacent locations.  
 
The nearest residential receivers to construction activities would be the residences at 
receivers L13 and L23 (refer to Figure 6-13) which would be located immediately adjacent to 
the proposal. The estimated distance from each of the residences to the proposal are 
provided in Table 6-33 below. 
 
Background noise levels 
 
The daily environmental noise measurement profiles for each monitoring location are shown 
in Table 6-25. The rating background level (RBL) in the table is the median of the 
background noise levels for the site and is used when determining the construction noise 
management level while the Lmax and LAeq levels provide information on the existing 
environment. 
 
Table 6-25: Summary of monitoring results – environmental noise descriptors (db(A)) 

Location 
ID 

Day (db(A)) 
(7:00 am to 6:00 pm) 

Evening (db(A)) 
(6:00 pm to 10:00 pm) 

Night (db(A)) 
(10:00 pm to 7:00 am) 

LAmax LAeq RBL LAmax LAeq RBL LAmax LAeq RBL 

L3 66 50 41 63 51 41 60 46 36 

L21 74 57 45 73 56 41 73 54 29 
 
At Location 3, the road traffic is approximately 200 metres to the west at the closest point 
resulting in quieter noise levels than at Location 21. Due to the alignment of the existing 
road, which curves around the receivers in this location, the duration of a single vehicle 
passby was subjectively longer than at Location 21. The night time RBL at Location 3 was 
higher than that near the road, and this is expected to be due to the night time noise 
influence of the local wildlife and not as a result of road traffic. 
 
At Location 21, observations of the noise environment included frequent truck movements 
with some wildlife such as crickets and birds audible during breaks in traffic. Dominant traffic 
noise was mostly from truck engine with some tyre/road noise and only occasional engine 
brake noise. 
 
Traffic noise descriptors 
 
In analysing the same noise monitoring data using different parameters, an indication of the 
traffic noise levels adjacent to the existing alignment was also determined for each of the 
sites. The LAeq 15 hour and LAeq 9 hour data was used to correlate traffic noise levels against 
the noise modelling predictions (refer to Section 6.4.4). The results of the traffic noise 
monitoring for the existing highway are provided in Table 6-26. 
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Table 6-26: Summary of monitoring results – traffic noise descriptors (db(A)) 

Location  ID LA10 18 hour LAeq  

15 hour
 

LAeq  

9 hour
 

LAmax  
Day 

LAmax  

Night 

L3 50.5 50.9 46.0 65.6 60.3 

L21 58.7 56.9 54.0 73.4 72.6 
 
The maximum noise levels reported for Location 21 for the daytime and the night time 
periods were shown to be similar and are expected to be caused by noise emissions from 
heavy vehicles engines and exhausts. At Location 3 the maximum day time levels were 
likely to be the result of wildlife, mostly birds, which inhabit a small wooded area along 
Forty Bends Road, adjacent to the monitoring location. 
 

6.4.3 Criteria 

Construction noise criteria 
 
The OEH identifies construction noise goals and suggested construction noise management 
strategies in the Interim Construction Noise Guideline (ICNG) (DECC, 2009). The guideline 
has been developed to assist with the management of noise impacts and provides 
recommendations for project noise goals for construction activities. The ICNG recommends 
standard hours for construction work as: 
 
 Monday to Friday  7.00am to 6.00pm. 

 Saturday   8.00am to 1.00pm. 

 Sunday and public holidays No work. 
 
For construction work outside of these hours, a strong justification is typically required and 
additional noise mitigation and management measures would be applied as necessary. 
 
Construction noise management levels (CNML) are identified in the guideline for noise 
affected residential receivers as the background noise level plus 10 dB(A) during 
recommended standard hours and the background noise level plus 5 dB(A) outside of 
recommended standard hours. The noise management levels apply at any property 
boundary that is exposed to construction noise, at a height of 1.5 metres above ground level. 
In cases where the property boundary is more than 30 metres from the residence, the 
location for measuring or predicting noise levels is at the most noise-affected point within 
30 metres of the residence. 
 
The CNML determined for the proposal have been set based on the monitoring data in 
Table 6-25. Table 6-27 provides the CNML goals having regard to the measured 
background noise levels. 
 
Table 6-27: Calculated noise level goals for construction work 

Distance 
from works 

Day Evening Night 

RBL NML RBL NML RBL NML 

Within 200 
metres 

45 55 41 46 29 35 1 

Over 200 
metres 

41 51 41 46 36 41 

Note 1: Based on the minimum RBL of 30 dB(A) 
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Construction vibration criteria for human comfort 
 
Assessing Vibration - a technical guideline (DECC, 2006) provides guidance on disturbance 
to human occupants of buildings as a result of vibration. This document provides criteria 
which are based on the British Standard BS 6472-1992, Evaluation of human exposure to 
vibration in buildings (1-80Hz), and is recognised by OEH as the preferred standard for 
assessing the ‘human comfort’. For the purpose of this REF, vibration can be defined as 
follows: 
 
 Continuous – where vibration occurs uninterrupted for a defined period. This can 

include sources such as machinery and steady road traffic. 

 Impulsive – where vibration occurs as a rapid build up of the vibration energy to a peak 
followed by a decay. It can also consist of a sudden application of several cycles at 
approximately the same amplitude, provided that the duration is short, typically less 
than two seconds. This may include activities such as occasional dropping of heavy 
equipment or loading/unloading activities.  

 Intermittent – where continuous vibration activities are regularly interrupted, or where 
impulsive activities recur. This may include activities such as rock hammering, drilling, 
pile driving and passing heavy vehicles or trains. 

 
Preferred and maximum values for continuous and impulsive vibration are defined in 
Table 6-28. 
 
Table 6-28: Preferred and maximum weighted rms values for continuous and impulsive 
vibration acceleration (m/s2) 1-80Hz 

Location Assessment 
period 1 

Preferred values Maximum values 

z-axis x- and y-axis z-axis x- and y-axis 

Continuous vibration 

Residences Daytime 0.010 0.0071 0.020 0.014 

Night-time 0.007 0.005 0.014 0.010 

Workshops Day or night-
time 

0.04 0.029 0.080 0.058 

Impulsive vibration 

Residences Daytime 0.30 0.21 0.60 0.42 

Night-time 0.10 0.071 0.20 0.14 

Workshops Day or night-
time 

0.64 0.46 1.28 0.92 

Note 1: Daytime is 7.00 am to 10.00 pm and night-time is 10.00 pm to 7.00 am 
 
Construction vibration criteria for structural damage 
 
The Australian Standard AS2187.2-2006 Explosives – Storage, Transport and Use provides 
guidance for the assessment of structural damage to buildings caused by vibration. This part 
of the standard is based on the British Standard 7385: Part 2 “Evaluation and measurement 
of vibration in buildings” and is used as a guide to assess the likelihood of building damage 
on commercial or residential properties from ground borne vibration including piling, 
compaction or other construction equipment. Table 6-29 presents the vibration criteria levels 
from BS 7385 above which cosmetic damage might occur for residential and commercial 
structures. 
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Table 6-29: BS 7385 Structural damage criteria 

Group Type of structure Peak Component Particle Velocity 1, mms -1 

  4Hz to 15Hz 15Hz to 40Hz 40Hz and above 

1 
Reinforced or framed 
structures, industrial and 
heavy commercial buildings 

50 

2 
Un-reinforced or light framed 
structures, residential or light 
commercial type buildings 

15 to 20 20 to 50 50 

Note 1: Peak Particle Velocity in any axis 
 
The levels set by this standard are considered ‘safe limits’ up to which no damage due to 
vibration effects has been observed for certain types of buildings. These values relate to 
intermittent vibrations. Continuous vibration can give rise to magnifications due to 
resonances and may need to be reduced by up to 50 per cent. 
 
The German DIN Standard identifies more stringent vibration levels for building damage and 
includes a category specifically for heritage buildings. The Structural Vibration, Part 3: 
Effects of Vibration on Structures (DIN 4150-3) recommends frequency dependent values for 
Peak Particle Velocity (PPV) for different building categories, which have been reproduced in 
Table 6-30. DIN 4150-3 is to be used to assess potential vibration impacts at heritage 
building locations, or other sensitive heritage structures for the project. 
 
Table 6-30: DIN 4150-3 Vibration Guidelines for Heritage Buildings 

Type of 
structure 

Guideline Values for Velocity (mm/sec) 
Vibration at the foundation at a frequency of 

 1Hz to 10Hz 10Hz to 50Hz 50Hz to 100Hz Vibration at the horizontal 
plane of the highest floor 

at all frequencies 

Heritage 
buildings 

3 3 to 8 8 to 10 8 

 
Operational noise criteria 
 
The assessment of noise impacts for road projects is guided by the OEH New South Wales 
Road Noise Policy (RNP) (DECCW, 2011). The RMS provides additional information in the 
Environmental Noise Management Manual (ENMM) (RTA, 2001) to assist in the application 
of the criteria and the development of noise mitigation measures where required. 
 
The base criteria for operational noise are absolute values that consider noise emissions 
from traffic on new or upgraded sections of road. The criteria for the assessment of road 
traffic noise outlined in the RNP are supplemented with ‘interim approaches’ developed by 
RMS to implement the new policy provisions. These interim approaches outline how the 
provisions in the ENMM apply to the requirements of the RNP. 
 
Under the RNP, road development is either classified as ‘new road’ or ‘redevelopment of an 
existing road’. Each road classification has a base criteria for both day and night time 
assessment periods. The consideration of a lower set of criteria for night time in both cases 
is in recognition of the quality of the noise environment necessary for restful sleep. 
The specific criteria adopted for the proposal are listed in Table 6-31. 
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Table 6-31: Road traffic noise base criteria 

Road 
category 

Type of project/land use Daytime noise 
criteria 

Night-time 
noise criteria 

Freeway/ 
arterial/ 

sub-arterial 
roads 

1. Existing residences affected by noise from 
new freeway/arterial/sub-arterial road corridors 

LAeq (15hour) 
55 dB (A) 

LAeq (9hour) 
50 dB (A) 

2. Existing residences affected by noise from 
redevelopment of existing 
freeway/arterial/sub-arterial roads 

LAeq (15hour) 
60 dB (A) 

LAeq (9hour) 
55 dB (A) 

 
In areas of new or existing impact, the RNP recommends that a relative increase in total 
traffic noise levels of more than 12 dB(A) should be considered for mitigation. This relative 
increase criterion does not apply for open spaces or where the road to be assessed is a 
local road. Table 6-32 presents a summary of the relative increase criterion to be adopted 
for the proposal. 
 
Table 6-32: Relative increase criteria for residential land use 

Road 
category 

Type of project/land use Total traffic noise level increase – 
dB(A) 

Daytime noise 
criteria 

Night-time noise 
criteria 

Freeway/ 
arterial/ 

sub-arterial 
roads 

New road corridor/redevelopment of 
existing road/land use development 
with the potential to generate 
additional traffic on existing road 

Existing traffic 
LAeq,(15hour) + 12 dB 

(external) 

Existing traffic 
LAeq,(9hour) + 12 dB 

(external) 

 
The ENMM also identifies a category of highly affected noise sensitive receivers referred to 
as ‘acute’ that would experience noise levels greater than or equal to a daytime level of 
65dB(A) and and/or a night time level of 60 dB(A). 
 
Maximum noise level 
 
The ENMM identifies the purpose of the maximum noise assessment as a method to 
prioritise and rank mitigation strategies, but states that it should not be applied as a decisive 
criterion in itself. The ENMM employs a methodology to assess these impacts based on the 
emergence of the LAmax over the LAeq (1hr) noise level. A maximum noise pass-by event is 
defined as the emergence of the LAmax level above the LAeq (1hr) noise level by 15 dB(A) or 
more. 
 

6.4.4 Potential impacts 

Construction 
 
Construction noise assessment 
 
Plant and equipment needed for the proposal would be determined during the construction 
planning phase. Based on the activities outlined in Section 3.3 of this REF, an anticipated 
equipment list with specific sound power levels has been developed for the proposal and 
presented in Table 5-2 of Technical Paper 5. 
 
The total sound power of equipment modelled for any of the above activities is 119 dB(A). 
Noise emissions from these activities have been predicted at all receiver locations to 
determine the potential for exceedances of the noise goals. 
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The actual noise levels at receiver locations due to the associated construction activities and 
works in general would vary throughout the day as plant and equipment moves through the 
proposal site. The assessment of construction noise impacts for the proposal are based on 
typical construction activities, plant noise and working methods. A summary of the 
construction noise predictions is presented in Table 6-33, alongside the adopted daytime 
CNML. 
 
For standard daytime construction hours, the majority of receiver locations are expected to 
have exceedances of the CNML of more than 5 dB(A), based on the predicted noise levels. 
For evening and night time hours, exceedances of the noise goals are expected to occur at 
all locations. Of these, the locations shaded grey in the table are expected to exceed the 
daytime CNML by more than 10 dB(A) while noise levels shown in red would exceed the 
highly affected noise criterion. 
 
Table 6-33: Predicted noise levels from construction activities 

Receiver 
ID 

Distance 
from works 

Daytime 
NML 

Evening  

NML 

Night 
NML 

Predicted  
levels 

Bridgeworks
(bored piles) 

 (m) dB(A)   dB(A) dB(A) 

1 96 55 46 35 69 - 

2 260 51 46 41 57 - 

3 190 55 46 35 62 51 

4 305 51 46 41 55 43 

5 160 55 46 35 63 - 

6 641 51 46 41 45 - 

7 562 51 46 41 47 - 

8 682 51 46 41 44 - 

9 168 55 46 35 63 - 

10 610 51 46 41 50 - 

11 276 51 46 41 56 - 

12 401 51 46 41 51 - 

13 21 55 46 35 84 - 

14 90 55 46 35 67 - 

15 552 51 46 41 49 - 

16 32 55 46 35 78 - 

17 428 51 46 41 49 - 

18 570 51 46 41 48 - 

19 262 51 46 41 57 - 

20 257 51 46 41 57 - 

21 34 55 46 35 80 - 

22 122 55 46 35 67 - 

23 63 55 46 35 73 - 

24 70 55 46 35 74 - 

25 33 55 46 35 81 - 

Note: Predicted levels are for general activities related to clearing, earthworks, and or paving 
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Expected exceedances are due to the proximity of these receivers to the proposed works 
and the lack of shielding in the intervening topography. In order to mitigate the impacts at 
affected locations, general construction noise management measures would be 
implemented (refer to Section 6.4.5). 
 
Construction compounds and stockpiles 
 
Noise impacts from construction compounds, maintenance areas and stockpiles may 
generate noise during day to day activities. The main proposed compound location for the 
proposal has been identified at the western end of the proposed bridge north of Forty Bends 
Road (refer to Figure 3-1). The closest receiver at this point would be about 250 metres 
away. Stockpile sites are also currently proposed to be located at either end of the proposal. 
Typical impacts at these sites may include: 
 
 Site compounds: These sites would house the administrative functions for the proposal 

and would include offices, toilet and shower facilities, repair and maintenance facilities, 
equipment lay-down areas, refuelling stations and stores. As there are no construction 
activities associated with these areas, general noise emissions would be low and 
would not be expected to generate noise impacts at the nearest receiver 
approximately 50 metres away. 

 Stockpiles: These locations would provide holding areas for raw materials such as 
road base, aggregate, sand and spoil. These sites would typically be located away 
from residences (refer to Figure 3-1) to minimise noise impacts and are used on an 
intermittent basis which would not have a substantial influence on noise levels in the 
study area. 

 
The final locations for the construction compound(s) and stockpile sites would be determined 
during the detailed design f the proposal. 
 
Construction traffic 
 
Truck and heavy vehicle access to and from the proposal site is anticipated to be generally 
from the Great Western Highway and McKanes Falls Road. A mixture of light vehicles, 
trucks and earthmoving equipment would access the site using these roads. It is estimated 
that there would be between 200 to 500 light vehicle movements and up to 400 heavy 
vehicle movements internally and externally each day during the peak of construction 
activities. This level of additional traffic would not significantly increase noise from the 
existing highway however, where haul routes and access roads are located near residences 
along local roads, there would be potential for impacts from additional movements on these 
roads. 
 
Based on a passby sound power level of 101dB(A), the worst case of heavy vehicle 
movements along the local roads (McKanes Falls Road and Forty Bends Roads) of 
130 vehicles during standard construction hours, would be expected to have a 15 minute 
LAeq noise level of 58 dB(A). The predicted noise levels are expected to exceed the RNP 
noise criteria for local roads of 55 dB(A) for the 15 hour daytime period and therefore 
management of construction road traffic would be required to minimise noise impacts at 
residential receivers located on these roads. 
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Construction vibration impacts 
 
While the specific geological characteristics of the area might vary from location to location, 
typical vibration levels for the proposal have been predicted based on assumed ground 
conditions. The predicted levels in Table 6-34 provide an indication of the expected vibration 
impacts for the works, which are indicative only at this stage. 
 
Table 6-34: Estimated vibration impacts – vertical axis 

Activity  
Distance from activity (m) 

5 10 20 30 40 50 

Structural damage (PPV) (mm/s) 

High impact vibratory roller 10 6 2.5 1 0.5 0.2 

Heavy rock hammer (1.5 t) 4.5 3 1.5 0.4 0.35 0.3 

Medium rock hammer (0.6 t) 0.2 0.06 0.02 0.01 - - 

Human Comfort 1 (m/s2) 

High impact vibratory roller 8.2 4.9 2.05 0.82 0.4 0.16 

Heavy rock hammer 2.9 1.9 1.0 0.3 0.2 0.2 

Medium rock hammer 0.1 - - - - - 

Note 1: Based on an equivalent 2 hour exposure time. 
 
The grey shaded areas indicate exceedance of the maximum project criteria for daytime 
impacts related to heritage structures and human comfort. This assessment reflects the 
potential for different equipment to operate at any distance and predicted levels may 
therefore be used to identify areas of potential risk from construction vibration for the initial 
assessment of impacts. However, this may not reflect actual impacts from construction 
methodologies or equipment ultimately selected for this proposal. 
 
Vibration impacts for the proposal are assessed for the closest receivers, which are 
generally between 20 to 30 metres from the alignment and therefore consideration of 
impacts at these locations would include a building condition survey and initial vibration 
monitoring of construction activities to determine the site specific vibration propagation 
characteristics. 
 
Two of the identified sensitive receivers located between 10 and 20 metres from the 
proposed upgrade are listed as being of heritage significance. These are as follows: 
 
 Sensitive receiver L16; a cottage of local heritage significance located 10 metres from 

the proposal. 

 Sensitive receiver L25, ‘Emoh’ a building of State significance (heritage register of the 
Lithgow LEP) located approximately 15 metres west of the proposal. 

 
There is also the potential for the proposal to impact on a series of heritage sandstone 
culverts identified within and adjacent to the proposal site (refer to Section 6.3 of this REF). 
 
Factors that would affect the estimated vibration levels would include the type of activity that 
needs to be undertaken in some areas, the actual equipment used to undertake the work 
and the site specific geology, which has the greatest influence on ground borne vibration 
levels. Notwithstanding, the predicted levels indicate that human comfort vibration criteria 
would be the first to be exceeded although these levels are well below that which would 
cause any damage to a building structure. 
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Out of hours work 
 
Work would typically be conducted during standard construction hours as outlined in 
Section 6.4.3 above. Out of hours work is not currently anticipated for the construction period 
of the proposal. Should any out of hours work be required, works would be undertaken in 
line with procedures contained in the RMS ENMM, and Practice Notes vii – Roadworks 
Outside of Normal Working Hours (RTA, 2001a). This would include notifying the local 
community of any works planned to be undertaken outside the standard hours. 
 
However, extended hours may be required from time to time. Typical out of hours works may 
include: 
 
 Bridge Works – including certain activities such as deliveries of oversized components 

would need to be undertaken outside the standard hours. 

 Road tie-in works – including the tie-in of the new alignment with the existing road 
network which may be required outside standard hours to minimise traffic disruption. 

 The delivery of oversize elements of plant and large construction equipment. 

 Emergency works. 

 Public infrastructure works associated with the proposal. 

 
Operation 
 
Modelling of traffic noise impacts included a detailed study of the ‘build’ and ‘no build’ 
options for both the year of opening and 10 years after opening, 2015 and 2025 respectively 
for the proposal. This provides a comparison of noise impacts for the proposal and the 
‘do nothing’ option and includes natural growth in traffic volumes over this time. 
The comparison does not consider the effects of noise mitigation potentially associated with 
the proposal. 
 
The results of the noise modelling are given as point predictions for each of the 25 identified 
receivers in Table 6-35 below. The predicted noise contours for the year of proposed 
opening (2015) and 2025 are provided in Appendix A of Technical Paper 5 – Noise and 
Vibration. 
 
The results indicate a general reduction in noise levels at receivers for the proposed 
alignment when compared to the existing alignment. The overall reductions are due in part to 
the vertical and horizontal realignment of the carriageways but also has the potential to 
result from improved surfacing of the new alignment with a ‘neutral’ pavement which is 
quieter than the existing surface from the start of the proposal east of Forty Bends Road up 
to McKanes Falls Road. 
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Table 6-35: Predicted noise levels 

ID 

Year opening 
‘no build’ 
scenario 

dB(A) 

Year 
opening 
‘build’ 

scenario 
dB(A) 

Design year 
‘no build’ 
scenario 

dB(A) 

Design year 
‘build’ 

scenario 
dB(A) 

RNP criteria, 
dB(A) 

Are the RNP 
Criteria 

exceeded? 

Change in noise level
dB(A) 

Acute level of 
noise Consider 

mitigation? 
Opening 

year 
Design 

year 

Day Night Day Night Day Night Day Night Day Night Day Night Day Night Day Night Day Night

1 56 53 56 52 57 53 57 52 60 55 NO NO -0.8 -0.9 -0.4 -0.4 NO NO NO 

2 52 48 51 47 53 48 52 47 60 55 NO NO -1.4 -1.6 -1.1 -1.0 NO NO NO 

3 53 49 51 47 54 49 52 48 60 55 NO NO -1.9 -1.8 -1.4 -1.2 NO NO NO 

4 52 48 50 46 53 48 51 47 60 55 NO NO -1.9 -2.1 -1.5 -1.4 NO NO NO 

5 51 48 48 44 52 48 49 45 60 55 NO NO -3.5 -3.7 -3.2 -3.4 NO NO NO 

6 48 44 46 42 49 44 47 43 60 55 NO NO -2.3 -2.3 -1.6 -1.7 NO NO NO 

7 50 46 48 44 51 46 50 45 60 55 NO NO -1.8 -1.8 -1.1 -1.3 NO NO NO 

8 49 46 48 44 50 46 49 45 60 55 NO NO -1.5 -1.4 -0.7 -0.9 NO NO NO 

9 57 53 55 51 58 53 56 52 60 55 NO NO -1.9 -2.1 -1.5 -1.6 NO NO NO 

10 50 46 48 44 51 46 50 45 60 55 NO NO -1.6 -1.7 -1.1 -1.1 NO NO NO 

11 54 50 52 48 55 50 53 48 60 55 NO NO -2.1 -2.3 -1.8 -1.6 NO NO NO 

12 51 47 49 45 52 47 50 46 60 55 NO NO -2 -2.1 -1.6 -1.6 NO NO NO 

13 65 61 64 60 66 62 65 61 60 55 YES YES -1.2 -1 -0.9 -0.5 YES YES YES 

14 59 55 56 52 60 55 57 53 60 55 NO NO -3.1 -3 -2.7 -2.6 NO NO NO 

15 49 45 47 44 50 45 49 44 60 55 NO NO -1.5 -1.4 -0.7 -0.9 NO NO NO 

16 67 63 60 56 67 64 61 57 60 55 YES YES -7.1 -7.3 -6.8 -7.1 NO NO NO 

17 49 46 48 44 50 46 49 45 60 55 NO NO -1.4 -1.4 -0.7 -0.8 NO NO NO 

18 46 42 44 41 47 42 46 41 60 55 NO NO -1.9 -1.4 -0.8 -0.9 NO NO NO 

19 54 50 52 48 54 50 53 49 60 55 NO NO -1.6 -1.6 -1.2 -1.0 NO NO NO 

20 52 49 51 47 53 49 52 48 60 55 NO NO -1 -1.1 -0.6 -0.6 NO NO NO 

21 59 55 59 56 59 55 60 56 60 55 NO YES 0.3 0.5 0.6 0.9 NO NO NO 

22 52 49 52 49 53 49 53 49 60 55 NO NO -0.3 0 0.1 0.3 NO NO NO 

23 54 50 55 52 54 50 56 52 60 55 NO NO 1.3 1.3 1.5 1.6 NO NO NO 

24 57 53 58 55 57 53 59 55 60 55 NO NO 1.6 1.3 1.8 1.6 NO NO NO 

25 60 57 61 58 60 57 62 59 60 55 YES YES 1.6 1.6 1.8 1.7 NO NO NO 
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The modelling indicates that there are no receivers that exceed the relative increase criteria. 
However, receivers at locations 13, 16 and 21 and 25 are predicted to exceed the base 
noise criteria and have been further assessed against a change in noise level of more than 
2 dB(A) between the no build and build scenarios. The results of the calculations indicate 
that the overall increase in noise levels between these scenarios is less than two dB(A) and 
therefore further consideration of mitigation is not required. 
 
Receiver 13 is also classified as having an acute noise level impact and would therefore be 
considered for noise mitigation. A reduction of approximately one dB(A) at this location is 
expected as the result of the design of the proposal, however, additional mitigation would be 
considered during detailed design for the property to reduce exceedences of the proposals 
noise goals. 
 
Maximum noise level assessment and sleep disturbance 
 
An analysis of the measured maximum noise events at receiver L21 was undertaken for the 
period of February 2012 to 2013 to further examine the noise impacts for the existing 
alignment. This assessment is generalised and is expected to represent the typical case for 
receivers adjacent to the highway. As the distance between the highway and a receiver 
increases, the effects of a maximum noise level event would reduce. For the single 
residence identified for mitigation for the proposal, the maximum level assessment is used to 
rank and prioritise the mitigation options in accordance with the ENMM. 
 
This period of assessment was chosen to be representative of the closest receivers and had 
no adverse weather recorded for this night time hours. 
 
The maximum noise level events are relatively evenly distributed throughout the night time 
period and therefore do not specifically correlate with trends in commuter vehicle 
movements. It is expected that this pattern of events would be generated by heavy vehicle 
movements which utilise the road throughout the night. 
 
Allowing for a partially open window for ventilation, internal noise levels would be expected 
to range between 55 and 60 dB(A) for as many as 97 noise events during the night. 
These levels would be in excess of the 50-55 dB(A) range that may cause an awakening 
from sleep but indicate a noise range lower than the 65-70 dB(A) range for one or two 
maximum internal noise level events. 
 
Based on the information at this site, it is apparent that the generation of a maximum noise 
level event may occur at any time during the night and would exceed the range for maximum 
internal noise levels. For the receiver (L13) located adjacent to the highway, where 
architectural mitigation is recommended, treatments that allow windows to remain closed 
and reduce the transmission of external noise impacts would be considered as a priority. 
 

6.4.5 Safeguards and management measures 

Table 6-36 identifies safeguards and management measures that would be implemented to 
address potential noise and vibration impacts as a result of the proposal. These measures 
would be implemented as part of a Construction Noise and Vibration Management Plan 
(CNVMP) included as part of the overall CEMP. 
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Table 6-36: Noise and vibration environmental safeguards and management measures 

Ref # Impact Environmental safeguards Responsibility Timing 

NV-1 General  Prior to construction commencing, a Construction Noise and Vibration Management 
Plan (CNVMP) would be prepared. This document would detail how work is to be 
carried out to minimise the impact of noise and vibration from construction operations 
on adjacent properties. 

Construction 
contractor 

Prior to 
construction 

NV-2 Noise affected 
residences 

 During the detailed design stage of the proposal, investigations of all feasible and 
reasonable mitigation treatments would be considered for the affected receivers 
during operation of the proposal. 

RMS Prior to 
construction 

NV-3 Construction 
equipment impacts 

 Construction equipment and methodology would also be assessed during detailed 
design and construction in regards to minimising impacts to heritage buildings. 

Construction 
contractor 

Prior to 
construction 

NV-4 Out of hours work  Works would be carried out during standard working hours (ie 7am–6pm Monday to 
Friday, 8am–1pm Saturdays). Any work that is performed outside normal work hours 
or on a Sunday or public holiday is to minimise noise impacts in accordance with 
RMS’s Environmental Noise Management Manual (RTA 2001), Practice Note vii – 
Roadworks Outside of Normal Working Hours and the Interim Construction Noise 
Guidelines (DECC 2009). This would include notifying the local community of any 
works planned to be undertaken outside standard construction hours. 

Construction 
contractor 

Construction 

NV-5  Contact with the local community and those receivers potentially affected by the 
proposed works (outside of recommended construction hours) would be made prior 
to out of hours work and would include informing them by letter of the proposed work, 
location, type of work days and dates of work and hours involved. The contact would 
be made no less than five days prior to commencement of works. 

Construction 
contractor 

Construction 

NV-6  A suitable advertisement should be placed in local papers including a reference to 
night-time noise impacts. 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

NV-7 General noise 
mitigation measures 
during construction 

 Equipment would be operated and maintained so that noise emissions are 
minimised. The selection of plant and equipment would be based on noise emission 
levels. This equipment would be operated and maintained so that noise emissions 
are minimised 

Construction 
contractor 

Construction 

NV-8   Equipment and work sites would be orientated where possible to reduce noise 
emissions to sensitive receivers. 

Construction 
contractor 

Construction 

NV-9   Where possible, using noisy plant simultaneously and/or close together would be 
avoided. 

Construction 
contractor 

Construction 

NV-10 General noise 
mitigation measures 
during construction 

 The use of quieter construction methods where required and where considered 
reasonable and feasible. This may include grinding, rock splitting or terrain levelling 
instead of hydraulic rock breaking. 

Construction 
contractor 

Construction 

NV-11   Where Work Health & Safety issues can be safely managed, the use of alternatives 
to reversing alarms such as spotters, closed circuit television monitors and ‘smart’ 
reversing alarms, particularly during night time activities would be used on site. 

Construction 
contractor 

Construction 

NV-12   Machinery would not be turned on prior to the normal work hours. This would include 
the daily maintenance activities and/or ‘warming up’ of engines. 

Construction 
contractor 

Construction 

NV-13   After community consultation, the use of temporary noise shielding would be 
implemented at locations where substantial exceedances of construction noise goals 
are predicted. 

Construction 
contractor 

Construction 

NV-14   Concentrated noise sources, such as site compounds would be located as far as 
possible from sensitive receivers. 

Construction 
contractor 

Construction 

NV-15   A Construction Traffic Management Plan would be developed for the proposal and 
where feasible and reasonable, haulage routes would be designed to minimise 
impacts on residential receivers (refer to Section 6.7.4). 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

NV-16 General vibration 
mitigation measures 
during construction 

 Where hydraulic hammering or dynamic compaction is proposed within 50 metres of 
any structure (residential or commercial) or utility/service, a building condition survey 
would be conducted and preliminary vibration monitoring undertaken by a qualified 
contractor. Where pile driving is to be undertaken within 200 metres of a residential 
dwelling, additional surveys would be undertaken. 

Construction 
contractor 

Construction 

NV-17   Non building structures such as culverts and walls may not be adequately addressed 
by the building vibration criteria outlined in this report. Where these structures are 
identified, a condition assessment survey is required to assess and identify 
appropriate construction vibration levels and mitigation measures. 

Construction 
contractor 

Construction 

NV-18   Appropriately sized equipment would be selected in order to minimise vibration 
emissions where required. 

Construction 
contractor 

Construction 

NV-19   Vibratory compacters would be replaced with normal compactors where vibration 
issues have been identified, and it is considered feasible and reasonable. 

Construction 
contractor 

Construction 

NV-20 General vibration 
mitigation measures 
during construction 

 A management procedure would be implemented in combination with a CNVMP to 
manage vibration complaints. 

Construction 
contractor 

Construction 

NV-21   Vibration testing would be undertaken on high risk plant to determine site specific 
buffer distances. 

Construction 
contractor 

Construction 

NV-22   Where vibration is found to exceed project criteria, management measures would be 
implemented to control vibration. In terms of human comfort criteria, measures would 
include modifications of construction methods and respite periods. For potential 
structural damage impacts, modification of construction methods would be 
necessary. 

Construction 
contractor 

Construction 

NV-23   Building condition surveys for all buildings (including heritage buildings) and heritage 
culverts within 50 metres of the construction works would be prepared before and 
after construction in accordance with the CNVMP. Building condition surveys would 
also be undertaken at receivers with specified distances of certain construction 
activities and plant, as below: 

 Driven piling – 200 metres 

 Vibratory compaction – 25 metres to 50 metres 

 Demolition works – 50 metres 

 Excavation works – 10 metres 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

NV-24 Noise complaints  A community liaison phone number and permanent site contact would be provided so 
that complaints can be received and addressed in a timely manner. 

 Upon receipt of a noise complaint monitoring would be undertaken and reported as 
soon as possible. If exceedances are detected, the situation would be reviewed in 
order to identify means to attempt to reduce the impact to acceptable levels. 

Construction 
contractor 

Construction 

NV-25 Noise and vibration 
impacts to highly 
affected receivers 

 Highly noise affected receivers would require additional measures to minimise noise 
impacts which are likely to include consultation with residents, substitution of noisy 
plant, provision of temporary barriers, potential reduced hours of work and the 
provision of respite periods. Details of these considerations are as follows: 

 Temporary relocations: Where short term works are predicted to have a 
significant impact upon a small number of receivers, temporary relocation of 
residents would form part of the measures considered for noise control. This 
would be considered during the detailed design and as required during 
construction in accordance with any onsite monitoring undertaken. 

 Equipment selection: The selection of plant and equipment will have a significant 
bearing on the noise associated with construction activities. Where alternate plant 
is available, the plant emitting the lowest noise levels should be selected for use. 
Similarly, where an alternate method for undertaking a process or activity would 
result in reduced noise emissions, this should be considered where practicable. 

 Distance: Throughout each construction activity, stationary plant items should be 
located as far from receivers as practical. 

 Screening: The erection of temporary hoarding/screens may prove to be suitable 
for some activities depending on location of works and proximity to residences. 

 Enclosures: Enclosures can form a successful method for reducing noise at 
source, however enclosures are only suitable for certain types of plant. 
Enclosures do not work for plant items that are mobile, such as excavators, 
dozers etc. 

 Engine silencers: Mobile plant and equipment should be chosen to include 
exhaust silencers or be suitable for fitting mufflers. 

 Reversing alarms: Where acceptable safety standards can be met, alternatives to 
“beeping” reversing alarms (such as spotters, closed circuit television monitors 
and ‘smart’ reversing alarms), particularly during night time activities, would be 
considered.  

Construction 
contractor 

Construction 
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6.5 Water and soils 

6.5.1 Methodology 

Hydrology and drainage 
 
A hydrology assessment has been undertaken for the proposal including flood modelling of 
Whites Creek to evaluate the impacts of the proposal on the existing flow regime and on 
flood levels in the Whites Creek catchment. An XP-RAFTS hydrologic model has been 
developed for the Whites Creek catchment. The assessment included: 
 
 Comparative assessment of modelled existing and future flood events and prediction 

of afflux as a result of the proposal. 

 Local catchment survey to identify assesses the potential impacts of the proposal on 
water bodies and drainage lines. 

 A water supply analysis including impacts on farm dams. 
 
Water quality 
 
A water quality assessment has been undertaken to assess the potential water quality 
impacts associated with the proposal. This assessment is supported by Technical Paper 6 – 
Water Quality Assessment (refer to Volume 3). The technical paper documents the water 
quality investigations that have been undertaken as part of the concept design for the 
proposal and includes:  
 
 A review of existing water quality and assessment of relevant criteria. 

 An assessment of potential impacts from the construction and operation of the 
proposal on water quality within the proposal site. 

 Description of a conceptual erosion and sediment control design strategy to indicate 
key water quality control requirements for the construction phase. 

 Nominated locations for sediment basins during the construction and operation 
phases. 

 Description of a water quality management design strategy for the operational road. 

 A figure of locations where operational water quality controls would be provided.  

 A qualitative Neutral or Beneficial Effects (NorBE) assessment. 
 
The assessment of the existing environment (with respect to geology and soils) is based on 
the information sourced from the following reports: 
 
 Mount Victoria to Lithgow Alliance (2012) Geotechnical Investigation Report for 

Concept Design, 29 February 2012. 

 Mount Victoria to Lithgow Alliance (2012) Geotechnical Design Report for Concept 
Design, 27 March 2012. 

 Mount Victoria to Lithgow Alliance (2011) Contaminated Land Corridor Study, 
13 October 2011. 
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Soils 
 
The soils assessment included the following: 
 
 A desk-based soils assessment to gain an understanding of the soils conditions, the 

erosion and sedimentation potential of the soil, to identify risks and constraints and 
appropriate erosion and sedimentation control. 

 A review of available geotechnical information within the study area. 
 
Geomorphology 
 
A geomorphological assessment was undertaken for a tributary of Whites Creek located 
between the western end of Forty Bends Road and Daintree Close. The assessment was 
undertaken in order to classify the baseline geomorphological condition, assess the potential 
changes to its condition and to recommend mitigation measures to address any changes as 
required.  
 
The objectives of the assessment were to: 
 
 Describe the current physical processes driving channel form. 

 Summarise pressures on channel integrity as a result of the proposal. 

 Identify the most sensitive stretches to geomorphological change. 

 Outline management measures to mitigate these potential changes. 
 
The geomorphological assessment of the tributary was undertaken as a desktop review of 
physical environmental features. A site investigation of the creek line and subsequent data 
analysis to verify the findings of the desktop analysis could not be undertaken at this stage. 
 
The desktop review has utilised available soil data collected near the location of the tributary 
to predict the erosion potential and the longitudinal profile of the creek, and to identify 
channel stretches where erosion may be already occurring. Hydrological modelling was 
undertaken to summarise the forecast flow condition changes resulting from the proposal. 
 

6.5.2 Policy setting 

State environmental planning policies 
 
The proposal site falls within the hydrological catchment defined by State Environmental 
Planning Policy (Sydney Drinking Water Catchment) 2011 (SEPP Sydney Drinking Water 
Catchment). The central aim of the SEPP Sydney Drinking Water Catchment is to provide 
for healthy water catchments within the Sydney Drinking Water Catchment. Clause 12 of 
SEPP Sydney Drinking Water Catchment states that any development assessed under 
Part 5 of the Environmental Planning and Assessment Act must consider whether the activity 
would have a neutral or beneficial effect on water quality.  
 
While SEPP Sydney Drinking Water Catchment does not affect the permissibility of the 
proposal, consideration would be required regarding the proposal’s impact on water quality. 
A qualitative Neutral or Beneficial Effect (NorBE) water quality assessment has been 
undertaken and is attached as Appendix G of Technical Paper 6 – Water Quality (refer to 
Volume 3 of this REF). 
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Water quality criteria 
 
Recommended water quality objectives, based on concentration, applicable to waterways in 
the wider region of the proposal have been established by the NSW Healthy Rivers 
Commission (HRC, 1998) and ANZECC (2000). In accordance with the HRC and ANZECC 
guidelines, the assessment of water quality in this REF is made in accordance with chemical 
and physical stressor trigger values for slightly disturbed upland river aquatic ecosystems. 
The HRC recommendations and the ANZECC guideline trigger values for water quality 
parameters that have been used are shown in Table 6-37. 
 
Table 6-37: Recommended water quality objectives for the proposed highway upgrade 
based on sensitive environments 

Factor HRC Recommendation (Mixed 
use rural areas and sandstone 

plateau) 

ANZECC (2000) Trigger Value for 
Aquatic Ecosystems (upland river) 

Temperature (C)  N/A 

Turbidity (NTU)  2-25 NTU 

Dissolved Oxygen (% 
saturation) 

 90 – 110% saturation 

Electrical Conductivity 
(µS/cm) 

 30 – 350 µS/cm 

pH  6.5 – 8.0 

Ammonia (mg/L)  0.013 mg/L 

Oxidised Nitrogen (mg/L)  0.015 mg/L 

Total Nitrogen (mg/L) 0.7 mg/L 0.25 mg/L 

Orthophosphate (mg/L)  0.015 mg/L 

Total Phosphorus (mg/L) 0.035 mg/L 0.02 mg/L 

Chlorophyll-α (µg/L) 2 - 7 N/A 

 
These objectives are applicable prior to construction and would be applicable during 
construction and during operation of the proposal. The primary objective in managing 
potential water quality impacts associated with the proposal is to minimise the likelihood of 
potential impacts from surface runoff generated from the proposal, during construction and 
operational phases, on downstream waterways. 
 

6.5.3 Existing environment 

Hydrology and drainage 
 
One main ephemeral drainage line, Whites Creek, crosses through the proposal site in 
addition to a number of other ephemeral drainage lines that occur off Hassans Walls 
escarpment (refer to Figure 6-14). Whites Creek and the other drainage lines are part of the 
Whites Creek catchment, a sub-catchment of Sydney’s drinking water supply hydrologic 
catchment that flows to Warragamba Dam. Whites Creek is the main water course flowing 
through the proposal site whose junction with the Coxs River is approximately 3.5 kilometres 
downstream of the Great Western Highway.  
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There are also about 21 farm dams typically used for domestic stock purposes within and in 
the vicinity of the proposal site (refer to Figure 6-14 below). 
 
Whites Creek has a catchment of about 58.8 hectares. The catchment areas have been 
identified within a digital terrain model (DTM). This model incorporates several survey 
sources as follows: 
 
 Highway corridor survey (physical survey, about 15 metre grid and features). 

 LiDAR digital aerial survey or Airborne Laser Survey (ALS). 

 New South Wales (NSW) Department of Lands, two metre and 10 metre contours. 
 
Whites Creek channel passes through woodland in the vicinity of the existing highway 
crossing and cleared pastoral land with a wooded creek line in the vicinity of the proposed 
highway crossing, this drainage line receives runoff from the headwater of the catchment 
(Hassans Walls escarpment) which is very steep and heavily wooded. 
 
The proposed highway alignment crosses Whites Creek about 40 metres downstream of the 
existing crossing which consists of a twin 1.2 metre diameter pipe culvert arrangement. 
An additional 0.6 meter diameter pipe culvert is located approximately 20 metres 
downstream on Forty Bends Road. 
 
HEC-RAS hydraulic modelling 
 
HEC-RAS is a hydraulic model which can be used to predict flood behaviour in rivers and 
open channels. The river channel and floodplain is represented in HEC-RAS as a series of 
cross sections. The model has the capacity to assess the effects of various obstructions 
such as bridges, culverts, weirs and structures in the floodplain. 
 
A HEC-RAS model has been developed for Whites Creek extending about 200 metres 
upstream and 120 metres downstream of the proposed highway crossing and incorporates 
the existing culverts. Peak design flows for Whites Creek were estimated for the 2, 10, 20, 
100, 200 and 2000 year annual recurrence interval (ARI) events. 
 
The hydraulic assessment indicated that the existing Great Western Highway carriageway 
would be marginally overtopped (130 millimetres) during a 100 ARI year flood event. It is 
assessed that the highway would be overtopped for a period of less than two hours in such 
an event. The velocities immediately downstream of the culvert are extremely high (greater 
than seven metres per second) and locally erosive as flows from the culverts discharge 
down the Great Western Highway fill embankment. Due to the steep terrain no properties 
are currently flood affected. 
 
Surface water use 
 
The access and taking of water is managed under the Water Act 1912 and the Water 
Management Act 2000. In relation to Water Management Act 2000 it only applies where a 
water sharing plan has commenced. No water sharing plans apply to Forty Bends upgrade 
proposal. Therefore, the Water Act 1912 is the main water licensing legislation. 
 



 

Great Western Highway – Forty Bends upgrade 201 
Review of Environmental Factors 

There are no water licences granted within the within the Forty Bends proposal site. 
The proposal site supports some unlicensed domestic and stock users, which access water 
under domestic and stock rights. Local dams provide a source of water for landowners.  
 
Water quality 
 
The region is characterised by its natural features including the Hassans Walls Reserve to 
the north of the proposal and the Blue Mountains National Park and the Blue Mountains 
World Heritage Area about 14 kilometres to the east. 
 
Surface water context 
 
As described previously, Whites Creek is the main water course flowing through the 
proposal site whose junction with the Coxs River is approximately 3.5 kilometres 
downstream of the Great Western Highway. A number of other ephemeral drainage lines 
occur off Hassans Walls escarpment. 
 
The northern section of the proposal site is characterised by the steep escarpment of 
Hassans Walls. Runoff from the densely forested areas flows towards the highway, passing 
through numerous culverts and eventually feeding to Whites creek.  
 
The lower lying areas of the proposal site, to the south of the escarpment and the highway, 
are predominantly lands cleared for agricultural purposes, owned by private occupants.  
 
Environmental values 
 
Existing environmental values of the surface waters within the wider region were obtained 
from literature prepared by the Healthy Rivers Commission (HRC) (1998), 
Sydney Catchment Authority (SCA) (2007), the Hawkesbury Nepean Catchment 
Management Authority (2007), Lithgow City Council and Blue Mountains City Council. 
Values within and adjacent to the proposal site include: 
 
 Protection of aquatic ecosystems. 

 Secondary contact recreation (boating, wading, fishing etc). 

 Visual amenity. 
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Figure 6-14 Drainage lines and farm dams 
within the vicinity of the proposal site

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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Existing water quality data 
 
Existing water quality data has been assessed against default trigger values for chemical 
and physical stressors for the protection of aquatic ecosystems (specifically slightly disturbed 
estuarine and upland river ecosystems) for south-east Australia, as outlined in the National 
Water Quality Management Strategy (ANZECC/ ARMCANZ 2000). Factors affecting water 
quality in the catchment include: 
 
 Atmospheric deposition. 

 Land use activities in the catchment, such as agriculture and livestock farming. 

 Climatic conditions. 

 Topography and soil conditions. 

 Vegetation cover. 
 
Water quality data for Whites Creek was unavailable at the time of assessment. 
Therefore water quality data was obtained from the SCA for samples collected in River Lett 
at the intersection of the Great Western Highway, about 4.7 kilometres east of Whites Creek.  
 
Water quality data was collected for five samples by Lithgow Environment Group, as part of 
SCA’s Streamwatch program, for the River Lett, near the Great Western Highway, between 
April and October in 2008. The results of this monitoring program are summarised in 
Table 6-38. 
 
Table 6-38: Existing water quality test results – River Lett at Great Western Highway 

Sample Details Water Quality Parameters 

No. Date 
Collected 

Dry 
/ 

Wet 

Temp 
(ºC) 

Turbidity 
(NTU) 

Ortho-
phosphate 

(mg/L) 

Electrical 
Conductivity 

(µS/cm) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen (% 
saturation)

pH

1 1/04/08 Dry 11.5 - 0.01 140 4.3 39 7 

2 31/05/08 Dry 7.5 - 0.12 200 7.3 61 7 

3 31/07/08 Wet 5 10 - 190 7.4 58 7 

4 30/09/08 Wet 13 10 0.04 140 6.5 62 7 

5 31/10/08 Dry 19 10 0.07 130 6.4 69 7 

 
When compared against the ANZECC trigger values the available monitoring data for 
River Lett indicates: 
 
 All available sampling data for turbidity, electrical conductivity and pH are within the 

ANZECC recommended ranges. 

 One result for orthophosphate is below the ANZECC recommendation of 0.015 mg/L. 
The remaining three available results exceed the orthophosphate trigger value. 

 All results for percentage saturation of dissolved oxygen are below the recommended 
ANZECC range of 90-110 per cent saturation. 

 
There are no data available for total nitrogen, total phosphorus and chlorophyll-α to allow an 
assessment against ANZECC guidelines, as this information was not included in the SCA 
collected data. 
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Sensitivity of receiving environments 
 
Table 6.1 of The Blue Book – Managing Urban Stormwater: Soils and Construction 
(‘the Blue Book) (Landcom, 2006) states that a sensitive receiving environment is one that 
has a high conservation value, or supports human uses of water that are particularly 
sensitive to degraded water quality. Whites Creek is an ephemeral creek without sensitive 
aquatic habitats; however it lies within a drinking water catchment and therefore is 
considered to be a sensitive receiving environment. 
 
Geology and soils 
 
Regional geology 
 
The proposal site is located near the western margin of the Sydney Sedimentary Basin, 
where Triassic age (230 million years age) sediments of the Narrabeen Group overlie the 
Permian age (270 million years age) sedimentary rocks of the Illawarra Coal Measures and 
Shoalhaven Group. These strata dip at about 1 to 2 degrees to the east. These rocks 
unconformably overlie granites of Carboniferous age and Devonian met-sedimentary rocks 
belonging to the Lachlan Fold Belt, which are intruded by Tertiary mafic dykes. 
 
The geological sequence of the area is described from the youngest to oldest as follows: 
 
 Early Triassic, Grose Subgroup of the Narrabeen Group which comprise; Banks Wall 

Sandstone, underlain by Mount York Claystone, underlain by Burra Moko Head 
Sandstone. 

 Late Permian to Early Triassic, Narrabeen Group, Caley Formation. 

 Late Permian, Illawarra Coal Measures. 

 Permian, Shoalhaven Group: Berry Siltstone and Snapper Point Formation. 

 Carboniferous igneous rocks are Adamellite, Granite and Granodiorite. 

 Devonian met-sedimentary rock and felsite. 
 
The higher strength Burra-Moko Head Sandstone and underlying Caley Formation form near 
vertical escarpments and cliff faces with instability controlled by the regionally prominent 
orthogonal east to west and north to south joint sets in combination with bedding to form 
blocks and sheets of rock that detach from the escarpment faces over time. 
 
Typically the Illawarra Coal Measures comprise of shales, mudstones and siltstones. 
Rocks are much less resistant to weathering and are thus more deeply weathered and 
produce a variable mantle of colluvial (transported) soils and underlying residual soils. The 
Shoalhaven Group rocks are typically characterised by more resistant rocks comprised of 
lithic sandstones, siltstones conglomerates in a mudstone matrix and thus tend to exhibit a 
reduced thickness of residual soils and a shallower weathering profile compared to the 
Illawarra Coal Measure rocks. 
 
Rock Units in Forty Bends area 
 
Regionally the uppermost geological unit that outcrops in plateau areas above the 
escarpments is the Banks Wall Sandstone. This is a generally low to very low strength 
sandstone with occasional claystone interbeds. This unit is generally massive with joints 
generally very widely spaced. This is underlain by the Mount York Claystone which is about 
10 metres thick in the Victoria Pass area (to the east of the proposal site). None of the above 
units are present in the Forty Bends area. 
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Below the Mount York Claystone is the Burra-Moko Head Sandstone, which is approximately 
55 metres thick in the region. This unit generally forms the escarpments and cliffs of the 
Western Blue Mountains. The unit comprises medium to coarse grained, medium to high 
strength sandstone with thin, shaley interbeds in the upper half and occasional red brown 
claystone beds that are about two to five metres thick. In the Forty Bends area at Hassans 
Wall Lookout it forms 40 metre high escarpment faces which are actively undergoing cliff line 
collapse in part initiated by previous coal mining in the area. 
 
The Caley Formation outcrops below Burra-Moko Head Sandstone. This group is 
approximately 30 metres thick and forms very steep slopes at 40 degrees and steeper. 
The unit comprises of medium to high strength, fine-grained sandstone interbedded with 
shale, coarse lithic sandstone and claystones/siltstones seams up to three metres thick. 
 
Below the Caley Formation at elevation of 950 metres, are the Illawarra Coal Measures 
which are approximately 100 metres thick in the area. The Illawarra Coal Measures are 
mostly buried below colluvium/talus slopes (a mixture of transported soils and boulders fallen 
from the escarpments above). The unit comprises interbedded claystone, siltstone, 
sandstone and coal. The unit has numerous, generally close to medium spaced rock defects 
and is mostly deeply weathered in the existing road cuttings on Victoria Pass. The Katoomba 
(Bulli) coal seam and the Wongawilli seam is towards the top of the unit and, the Lithgow 
seam outcrops at an elevation of 870 metres at Forty Bends. 
 
The Shoalhaven Group outcrops at an elevation of about 920 metres at Forty Bends. It has 
an approximate thickness of 100 metres in the area. The uppermost unit is the Berry 
Siltstone underlain by the Snapper Point Formation with a combined thickness of about 100 
metres.  
 
The Berry Siltstone is dominated by sandy grey micaceous siltstones. Thin sandy beds are 
more common in the upper portion of this unit, while in the upper three metres, massive 
limestones occur as this lenticular horizons and concretions. Bioturbation is present 
throughout the unit, almost completely obliterating all traces of bedding.  
 
The Snapper Point Formation consists of pebbly, quartzose sandstone with sporadic 
massive conglomerate at the base. The basal conglomerates within a fine matrix were 
probably deposited by fluvial (possibly fluvioglacial) systems which eroded channel like 
features into the basement rocks. Large angular blocks and pebbles also occur within the 
lower part of the Berry Siltstone Unit that have been suggested to also be of glacial 
(dropstones) origin. 
 
Below the Shoalhaven Group, are the older, basement rocks of Carboniferous age. 
The basement rocks are mostly granite which outcrops in the area around Hartley and 
River Lett Hill outside the Forty Bends area. The existing geological units within the vicinity 
of the proposal site are presented in Figure 6-15. 
 
Geomorphology 
 
The geomorphological study area for the proposal incorporates a tributary that flows into 
Whites Creek. The headwaters of the tributary begins just north of the existing Great 
Western Highway in a highly vegetated area before crossing beneath the highway and 
flowing through cleared land. The cleared land is used for agricultural and residential use. 
For the purposes of the desktop geomorphology study, the Whites Creek creekline has been 
divided into four sections; the existing catchment above the existing Great Western Highway 
culverts, Catchment A, Catchment B and Catchment C as shown on Figure 6-16. 
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Figure 6-15      Existing geology

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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Figure 6-16 Whites Creek tributary catchments

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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The longitudinal profile of the creek indicates a 170 metre drop in elevation over the course 
of the 1250 metre long creek, an average 1:7 gradient. The headwaters in Catchment A and 
the bottom reach in Catchment C have a steeper gradient than the middle reaches. This may 
be due to the resistant ironstone in the bedrock that facilitates a decrease in the upper 
slopes while allowing the lower slopes to steepen by slowing the rate of horizontal retreat of 
the knickpoint (a point where there is a sharp increase in channel gradient). These locations 
typically have the highest erosion potential. 
 
Figure 6-17 highlights multiple knickpoints as indicated by the circles. 
 

  

O – Knickpoint 

Figure 6-17: Longitudinal profile of Whites Creek tributary 
 
It has been reported previously that slopes in this geological area facing slightly east or north 
tend to be less steep than facing west or south (Holland et al, 1992). The tributary is facing 
south. There is some evidence that soils are shallower and more compact on these south 
facing slopes (Holland et al, 1992) which would lead to faster runoff rates and higher erosion 
potential during a large storm event. 
 
Soil data taken from a trial pit (TP151) in the study area shows that the erodibility of the soil 
is moderate (k factor of 0.034) (Mount Victoria to Lithgow, 2012). However, it is noted that 
the trial pit is located in a heavily vegetated area, approximately 600 metres from the creek 
line and cleared land around the site may have very different soil properties. 
 
Borehole data obtained from about 200 metres north-east of the headwater of the creek line 
is located in cleared land. The top soil was found to be sandy silt brown in colour and was 
made of fine to coarse grained material. Residual soil was found to be silty clay, orange 
brown in colour, with low plasticity with some fine to coarse sub-rounded gravel. 
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The sinuosity was calculated for each sub-catchment. Sinuosity is a measure of how active 
the channel is and the potential for lateral migration due to erosion of fine sediments. 
Typically lower sinuosities are noted at the headwaters of a channel due to deeper gradients 
transporting fine sediments through the reach, compared to the valley. Whites Creek was 
found to have a higher sinuosity at the head of the channel compared to the valley. 
This could be an arbitrary mapping error due to the creek channel being less well defined in 
the headwaters. The actual line of the channel would be verified during a future investigation 
survey. The sinuosity for each of the sub-catchments is provided in Table 6-39. 
 
Table 6-39 Sinuosity for the sub-catchments 

Sub-catchment Sinuosity 

Existing catchment to culverts 1.18 

Catchment A 1.18 

Catchment B 1.06 

Catchment C 1.06 
 

6.5.4 Potential impacts 

Construction 
 
Hydrology and drainage 
 
The proposal would cross several local drainage lines. During construction there is a 
potential for drainage lines to be temporarily blocked or diverted. Blocking or diversion of 
drainage lines may result in localised areas of flooding on the upstream side of the proposal 
and may prevent flows from reaching downstream receiving waters or dams. Diversion of 
drainage lines may also create localised areas of flooding and scour. These temporary 
impacts are expected to be minor and would be managed through the implementation of 
standard construction techniques. 
 
Surface water and water quality 
 
The highest risks to water quality would occur through the following construction activities: 
 
 General earthworks, including stripping of topsoil, excavation or raising. 

 Construction of drainage devices. 

 Stockpiling of topsoil and vegetation. 

 Transportation of cut and/or fill materials. 

 Movement of heavy vehicles across exposed earth. 

 Removal of riparian vegetation. 

 Construction in steep areas. 

 Construction in areas upstream of sensitive receiving environments. 

 Construction in erodible areas, currently assessed as being moderately erodible. 

 Construction in acid sulfate rock, if present (to be determined during detailed design).  

 Leaks or spills from chemicals or fuels used during the construction of the proposal. 

 Construction of in-stream structures in waterways (for example new culverts in addition 
to decommissioning exiting culverts). 
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 Construction of the Whites Creek bridge: 

 Construction of abutments and piles and backfilling behind abutments. 
This could lead to the run-off of spoil material from the pier auguring process. 

 Constructing deck and kerbs. The construction of the decking and kerbing for the 
bridges would require the pouring of concrete. There is the potential for some 
concrete that may be spilled from the pouring process to reach the waterway. 

 Other components of the bridge construction (such as vehicle/crane 
movement/placement) have the potential to result in soil and streambank 
erosion, leading to high volumes of sediment entering and polluting the 
waterways. Construction of the structures may also impact on aquatic plants and 
habitats in the vicinity of the works. 

 
Construction activities for the proposed highway upgrade would result in considerable 
disturbance to soils, which have the potential to impact water quality unless appropriately 
managed through erosion and sediment control measures (refer to Section 6.5.5). 
 
The surface waters of Whites Creek and all ephemeral water courses are at the greatest risk 
of pollution during construction due to the close proximity to the proposed road construction 
works. The proposal has the potential to impact upon Sydney’s drinking water supply 
catchment which is considered an environmentally sensitive receiving environment. 
Potential impacts include: 
 
 Increased sediment loads from exposed soil during rainfall events and dust blown off 

site causing high sediment loads to be washed or deposited into nearby creeks. 

 Increased sedimentation of downstream watercourses smothering aquatic life and 
affecting the ecosystems of downstream sensitive waterways, wetlands and 
floodplains.  

 Increased levels of nutrients, metals and other pollutants, transported via sediment to 
downstream water courses. 

 Chemical, heavy metal, oil and grease and petroleum hydrocarbon spills from 
construction machinery directly polluting downstream waterways. 

 Increased levels of litter from construction activities polluting downstream 
watercourses. 

 Tannin leachate from clearing and mulching of vegetation. However, stockpiling 
vegetation from cutting of trees and slashing of shrubs is not expected to cause a risk 
of tannins leaching into waterways as the type of vegetation in the proposal area is not 
likely to generate excessive tannins. 

 
The surface waters of Whites Creek are at the greatest risk of pollution during bridge 
construction and road construction due to the close proximity to the proposed road 
construction works. 
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Existing dams 
 
Construction of the proposal could change the proportion of pervious areas in a catchment, 
altering the flow patterns of the catchment, depending on the construction staging adopted 
by the contractor. Temporary diversions of offsite flow, excavations and embankments could 
also alter flow patterns, change the shape of the catchment and change the amount of water 
flowing to existing farm dams. 
 
Changes to flow regimes have the potential to impact water quality in waterways and dams 
by changing the volumes and flow rates of water. A reduction in flow and volume of water 
could lead to stagnation of a waterway. It may also lead to changes in levels of turbidity, 
nitrogen and phosphorus. A reduction in flow and volume of water could lead to stagnation of 
a waterway. It may also lead to changes in levels of turbidity, nitrogen and phosphorus. In 
this case, flows to existing dams are primarily derived from upstream catchments. 
The proposal has been designed to minimise any impacts to surface water flows that feed 
these dams. Changes in flow regimes from the road construction are not considered to be 
substantial (refer to Technical Paper 6 – Water Quality, Appendix H). 
 
During construction, an emphasis would also be placed on clearly delineating clean water 
flows to enable unimpeded flow through the construction area. This would assist in 
preventing any negative water quality impacts on existing dams downslope of the 
construction area. 
 
Large excavations and fills 
 
Construction of large excavations and embankments, exceeding a single bench (about 
seven to ten metres in height), pose an elevated risk to water quality in downstream 
waterways through the increased likelihood of movement of sediment off steep slopes.  
 
Acid sulfate soils and acid sulfate rock 
 
Construction activities such as drainage, excavation, dewatering and land clearing pose an 
environmental risk when they are carried out in areas of actual or potential acid sulfate soils 
(ASS) (soils and sediments containing iron sulphides). The activities could disturb and 
expose ASS to oxygen, which could generate sulphuric acid and toxic quantities of 
aluminium and other heavy metals. These could be readily released into the surrounding 
environment, polluting surface water and groundwater.  
 
However, there are currently no known areas of ASS along the proposal. Notwithstanding 
this, the proposal site is underlain by Berry Siltstone, which can have acid sulfate rock (ASR) 
potential. ASR contains sulfide and sulfate minerals which result in acid formation and acid 
rock drainage when exposed to oxygen and water, such as in cuttings. Runoff from these 
areas could pollute waterways. Confirmation of the presence of ASR would form part of the 
geotechnical investigation component of the detailed design development. 
 
Stockpiles and site compounds 
 
Large amounts of sediments from the stockpiles could wash into waterways, increasing 
levels of turbidity if no controls are in place. Stockpiling vegetation from cutting of trees and 
slashing of shrubs would have the potential to cause a risk of tannins leaching into 
waterways and increased loads of organics in waterways. According to RMS’ Environmental 
Direction: Management of Tannins from Vegetation Mulch (Environmental Direction), the 
main concern with the discharge of water that is high in tannins is that it may increase the 
biological oxygen demand (BOD) of the receiving environment, resulting in a decrease in 
available dissolved oxygen. Once discharged to the environment, tannins may also reduce 
visibility and light penetration and change the pH of receiving waters. 
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The potential locations of stockpiles sites would be finalised during the detailed design 
process. Once the contractor has a preferred location for the stockpile areas, consultation 
with RMS’s Senior Regional Environmental Officer would be undertaken prior to any 
stockpile works in those locations to determine suitability of the location and if any additional 
environmental assessment is required.  
 
Site compounds are likely to include sites and activities that have a high potential to impact 
downstream water quality, if unmitigated, through spills of pollutants flowing to downstream 
watercourses. These include: 
 
 Storage of chemicals.  

 Vehicle washdown areas. 

 Vehicle refuelling areas. 

 High frequency of vehicle movements. 
 
Figure 3-1 and Table 6-40 provides information on the indicative locations of potential site 
compounds. 
 
Table 6-40: Locations of potential compound sites (chainage in metres) 

Compound location 
(approx. chainage in 

metres) 

Vegetation 
clearance 
required? 

Ground 
slope 

Impact on overland flow 
paths 

Downstream 
watercourse 

31650 Some 1:7 No issues Whites Creek 

31750 – 32000 N 1:4 Temporary diversion would be 
required in location of 
permanent diversion. 

Whites Creek 

32400 N 1:6 No issues Ephemeral tributary 
of Whites Creek 

 
Geology and soils 
 
One of the potential impacts of the proposal to geology and soils is the geotechnical risk 
associated with the escarpment to the north of the proposal (Hassans Walls). This 
escarpment poses a potential risk for rock-fall to the areas down slope (including the 
proposal). 
 
The talus slopes adjacent to the escarpment are typically very steep, being at an angle of 
35 to 40 degrees near the top of the slope. These areas are also potentially unstable due to 
the composition of the material that makes up the talus slopes. Boulders and landslips from 
previous escarpment failures have travelled as far as 200 to 300 metres and include large 
boulders with dimensions of between five to eight metres. 
 
Another potential soil impact that may arise during the construction of the proposal includes 
erosion and loss of topsoil. Earth moving activities during construction works would have the 
potential to expose loose soils and mobilise these materials. 
 
The proposal also proposes a series of cuttings, including some through potentially acid 
sulfate rocks within the Shoalhaven Group (as described in above). The exposure of acid 
sulfate rock has the potential to result in environmental impacts to the surrounding 
environment, including acidification of waterways such as Whites Creek, loss of agricultural 
productivity, geotechnical instability and corrosion of concrete and steel structures such as 
the Whites Creek bridge. 
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Operation  
 
Hydrology and drainage 
 
The hydrology assessment undertaken for the proposal has identified that while the 
proposed road drainage would not increase the overall catchment area discharging to 
receiving watercourses it would change the distribution of flows from the sub-catchments. 
The consequences of the altered hydrology from the proposal would be an increase in peak 
flows being discharged into Whites Creek, including a substantial increase in peak flows in 
one tributary of Whites Creek immediately west of the main creek line.  
 
As with the construction stage, the drainage lines have the potential to be impacted by 
blockage (eg debris). Blockage of flow has potential to increase inflows, which may cause 
localised flooding both upstream and downstream of the proposal. An increase in impervious 
surface would potentially generate more runoff. Concentrated runoff may generate increased 
velocities resulting in potential scour and sedimentation with downstream impacts to 
receiving surface waters. 
 
Potential impacts would be mitigated through the longitudinal drainage system for the 
proposal and the measures outlined in Table 6-44. 
 
Flooding impacts 
 
The proposal includes the removal of the existing Great Western Highway and twin 
1.2 metre diameter box culverts in the vicinity of Whites Creek and the construction of a new 
five span twin bridge of about 150 metres in length. Stormwater would flow underneath the 
proposed twin bridges over Whites Creek and would not be detained behind the existing 
embankment. The proposal would remove the existing twin culvert hydraulic control on the 
creek. The proposal also includes the removal and replacement of a number of minor 
existing crossing drainage structures. 
 
Changes in velocity as a result of the proposal would have the potential to lead to scour 
and/or sediment movement within waterways and around structures such as bridge piers 
and abutments. Scouring at structures can lead to undermining and failure of structures. 
High velocities have the potential to move structures in a downstream direction if not 
properly designed. Sedimentation can potentially lead to a reduction in flow conveyance 
area within a waterway or through a bridge structure by filling of the channel, raising inverts 
and vegetation growth. This reduction in conveyance can potentially lead to increases in 
water levels during storm events. 
 
The proposal would also seek to minimise changes in afflux. Afflux is the localised increase 
in water surface level that occurs in the vicinity of a drainage structure (ie bridge or structure) 
Hydraulic modelling indicates afflux increases are generally predicted to remain within the 
road reserve boundary. In the event that the afflux resulting from the proposal extends 
beyond the road reserve boundary, further flood modelling including a detailed afflux 
assessment would be undertaken. 
 
Analysis of the hydraulic assessment concluded that localised impacts would occur as a 
result of the proposal, immediately upstream of the existing Whites Creek twin culverts. 
Due to the removal of the twin culverts, the velocities would be increased upstream during 
flood events. There are no habitable properties in this vicinity. Impacts on the local 
catchment during operation of the proposal are therefore unlikely as the local impacts 
dissipate immediately downstream of the proposal. 
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Changes to peak velocities at the Whites Creek crossing are summarised in Table 6-41 
below. 
 
Table 6-41: Changes to peak velocities at key structures 

Location  Event 
(ARI) 

Existing peak 
flow velocities 

(m/s) 

Proposed peak 
flow velocities 

(m/s) 

Flow velocity change 

(metres per second) 

Whites Creek twin culverts 
immediately upstream of the 
existing Great Western 
Highway at Forty Bends 

100 year 
ARI 

0.17 2.91 2.74 

Proposed Whites Creek 
Bridge immediately upstream 
of Whites Creek Bridge 

100 year 
ARI 

1.90 1.64 -0.26 

 
These changes to velocities above would not pose a major risk to the operation of the 
proposal or to the main channel of Whites Creek as the velocity predicted in the vicinity of 
the proposed bridge represents the normal velocity regime in the channel. 
 
There are two minor culvert locations where headwaters at culverts are expected to extend 
beyond the proposal boundary. Afflux impacts are 0.81 metres and 0.42 metres respectively 
and extend into upstream open channels by 2.84 metres and 1.0 metre respectively. 
The extent of additional inundation resulting from the afflux is limited due to the steep 
topography of the surrounding area. There are no habitable properties that would be 
affected. 
 
Surface water and water quality 
 
Once the highway upgrade is complete and the new highway becomes operational, the main 
risk to water quality is surface runoff from impervious surfaces and concentration of runoff by 
drains and kerbs. This can result in the build up of contaminants on road surfaces, median 
areas, rest areas and roadside corridors in dry weather which, during rainfall events, can be 
transported to surrounding watercourses or infiltrate into the groundwater system. 
 
The contaminants of most concern relating to road runoff are:  
 
 Suspended sediment from the paved surface and landscaped batters during the 

establishment period. 

 Heavy metals attached to particles washed off the paved surface. 

 Oil, grease and other hydrocarbon products. 

 Litter from the road corridor. 

 Nutrients from biological matter. 
 
In addition, nutrients such as nitrogen and phosphorus are also found in road runoff due to 
natural atmospheric deposition of fine soil particles.  
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The water quality of nearby creeks and streams during the operation of the highway has the 
potential to be affected and could result in: 
 
 Increased sediment loads reducing light penetration through the water column, 

impacting aquatic flora and fauna. 

 Decay of organic matter and some hydrocarbons which can decrease dissolved 
oxygen levels affecting fish and aquatic life. 

 Increased nutrients (nitrogen and phosphorus) stimulating the excessive growth of 
algae and aquatic plants leading to toxic conditions. 

 Increased levels of heavy metals (including aluminium and iron) which are toxic to 
aquatic biota and fish. 

 Silting of waterways and associated smothering of aquatic flora and fauna. 

 Increased levels of litter, oils and grease. 
 
Other potential effects of the new road on water quality include: 
 
 Increased volume of highway runoff associated with the introduction of additional 

impervious surfaces, which would potential increase scouring and therefore impacting 
water quality. 

 Alteration of the water table and changes to local hydrology, potential leading to 
stagnation of a waterway or changes in levels of turbidity, nitrogen and phosphorus. 

 Impacts associated with maintenance practices such as herbicide use, mowing, road 
surface cleaning and reparation. 

 Impacts associated with the use of sodium chloride and potential run-off effects as part 
of the black ice mitigation strategy. 

 
Accidental spills 
 
There is potential for accidental spillage of hazardous materials during the operational stage 
of the proposal. Without satisfactory means of containment, the spillage of contaminants 
could pass rapidly into the drainage system and impact downstream ecosystems. Spills of 
chemicals or petrol in accidents can impact the ecology of waterways and terrestrial 
ecosystems. 
 
The likelihood of a potential spill of hazardous substances would be reduced as a result of 
the highway upgrade and the higher road design standards proposed. The impact of a 
potential spill would be reduced by inclusion of spill containment in the highway design, 
compared to the current situation where there is no existing spill containment present. 
 
Farm dams 
 
There is the potential for changes to the existing flows to farm dams downstream of the 
proposal to be impacted by the road design system. In particular the catchments 
immediately to the west of Whites Creek would be affected by transfer of upstream 
catchment through the proposed drainage system. Further discussion regarding the potential 
flow impacts of the proposal are provided within Technical Paper 6 (refer to Volume 3). 
 
A preliminary assessment has been undertaken to identify potential impacts to affected farm 
dams within the study area based on annual average inflows. The existing farm dams are 
illustrated on Figure 6-14. Details of the assessment are presented in Table 6-42 below. 
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The location of farm dams below within and close to the proposal footprint were identified 
from a combination of field survey and site visits, aerial photography and supplemented with 
information obtained from landowners regarding their usage. The general usage of the farm 
dams has been obtained from landowners and is illustrated in Table 6-42 where known. 
The predominant use of farm dams in the proposal area is for stock water, plan irrigation and 
minimal grey water use. 
 
Table 6-42: Farm dams  

Farm dam 
reference 

Existing use(s) Existing highway 
annual average flow 

mega litres (ML) 

Proposed highway 
annual average flow 

mega litres (ML) 

% Impact 
(+increase, - 

decrease) 

FD-1 Stock water 36.6 54.5 +48% 

FD-2 Stock water, 
grey water for 

residence 

3.1 0.5 -83% 

FD-3 - Directly impacted 

FD-4 Stock water 14.8 9.4 -37% 

FD-5 - Directly impacted 

FD-6 Stock water, 
garden irrigation 

58.9 70.6 +20% 

FD-7 Stock water, 
garden irrigation 

110.2 215.93 +96% 

FD-8 Stock water 5.2 30.5 +485% 

FD-9 Unknown 10.2 35.1 +242% 

FD-10 Stock water, 
plant irrigation 

20.3 41.2 +103% 

FD-11 - No impact 

FD-12 Unused 13.3 8.07 -40% 

FD-13 - No impact 

FD-14 Stock water 19.12 13.92 -27% 

FD-15 Stock water, 
plant irrigation 

9.04 9.32 +3% 

FD-16 Stock water Directly impacted 

FD-17 Stock water Directly impacted 

FD-18 Stock water 3.2 1.7 -46% 

FD-19 Stock water 25.4 20.9 -18% 

FD-20 Stock water, 
plant irrigation 

15.9 4.1 -74% 

FD21 - - - - 
 
The preliminary assessment undertaken has highlighted the potential changes in flows to 
each of the dams assessed. The analysis illustrates that the proposal would result in an 
overall increase in the flow to seven dams (FD-1, FD-6, FD-7, FD-8, FD-9 and FD-10), while 
in nine other cases the resulting flows would decrease (FD-2, FD-4, FD-12, FD-14, FD-16, 
FD-17, FD-18, FD-19 and FD-20).  
 
It should be noted that that farm dams FD-3, FD-5, FD-16 and FD-17 would be removed by 
the proposal. FD-11 and FD-21 fall within the study area but were not assessed due to the 
fact that the inlet channels would not be affected by the proposal. FD-13 is noted as being a 
farm dam however this is subject to confirmation during detailed design. 
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Mitigation measures to minimise the potential impacts to the farm dams where required is 
included in Table 6-44. Further assessment will be carried out during the detailed design 
stage to confirm the changes in flows at each dam location. Discussions would be held with 
the affected landowners during detailed design regarding suitable mitigation measures 
where required. 
 
Sydney drinking water catchment and NorBE 
 
An assessment has been undertaken in accordance with the Drinking Water Catchment 
SEPP to demonstrate whether the proposal would have a neutral or beneficial effect on 
water quality. This assessment is provided within Appendix G of Technical Paper 6 
contained within Volume 3 of this REF. 
 
A qualitative NorBE assessment was undertaken to assess whether the proposal would be 
likely to have a neutral or beneficial effect on water quality within the SCA drinking water 
catchment. The assessment was performed on a sample catchment for the proposal to 
demonstrate the effectiveness of the proposed water quality control measures in reducing 
pollutant loads for the existing and upgraded conditions.  
 
Existing conditions were initially assessed to derive the current annual pollutant loads. 
This was then compared to the upgraded mitigated conditions which assumed a doubling of 
the road pavement width, consistent with the general conditions along the upgrade. 
Three separate land uses were used in the assessment; these were natural, rural and road 
pavement surface areas. In the upgraded state, the road catchment would be collected and 
treated in water quality basins that would reduce total suspended solids by at least 80 per 
cent, total phosphorus by 45 per cent and total nitrogen by 45 per cent to meet the 
proposals’ design criteria requirements. These reductions were adopted for the upgraded 
mitigated conditions. 
 
The assessment demonstrated that there would be a neutral effect on water quality. 
Further detailed assessment including water quality modelling would be undertaken during 
development of the detailed design. 
 
Geomorphology 
 
A hydraulic analysis was undertaken of a range of flood events to assess the change in 
flows for the tributary of Whites Creek between the existing conditions and with the proposal. 
The tributary is located between the western end of Forty Bends Road and Daintree Close. 
Table 6-43 shows a comparison of flows between the two existing highway culverts 
(culvert 1 and culvert 2) and the proposed water quality basin. 
 
Table 6-43: Existing and proposed flows contributing to the creek 

Average 
Recurrence 

Interval (ARI) 

Existing flows (culverts) 
and side road minor 

catchment (l/s) 

Proposed flows with the proposal 

Basin outlet litres per second (l/s) 

Percentage 
increase (%) 

1 year 103 287 178 

2 year 195 372 90 

10 year 427 553 30 

20 year 524 644 23 

100 year 725 862 19 
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The hydraulic analysis shows a substantial increase in flows for events with higher 
recurrence intervals (178 per cent for 1 year ARI) reducing to a marginal increase for lower 
recurrence intervals (19 per cent for 100 year ARI). 
 
The existing drainage system on the Great Western Highway at Forty Bends is a sparse 
system which consists of many cross drainage culverts. During major storm events, cross 
drainage culverts start to overtop and water bypasses along the highway to adjacent cross 
drainage culverts. The existing culverts accept bypass flow from the culverts from the west, 
providing an explanation for why the 100 year ARI (Average Recurrence Interval) events are 
more similar than the frequent 1 year ARI flows as shown in Table 6-43 above. 
 
The proposal would include an extensive longitudinal drainage system which would 
discharge to sedimentation basin. This would replace the water from the existing culverts. 
The proposed drainage system would however discharge substantially more water in all 
events to the creek. The above results indicate that there is potential for geomorphological 
change in the channel. However, the magnitude and locations of these changes can only be 
ascertained following a future investigation survey (to be undertaken during detailed design). 
 
A site investigation survey of the affected channel would be undertaken to groundtruth the 
desktop study. This would involve the selection of about 12 representative reaches to 
characterise current geomorphological condition in these reaches and to measure channel 
morphology (bankfull width and depths). The collation of this information would identify 
sensitive reaches that exhibit the greatest potential for geomorphological change in the 
operational stage. Peak flow velocities/sheer stress in the channel will be derived for the 
investigation and these estimates would be compared to standard literature values for 
sediment entrainment.  
 
This information would be used to inform the detailed design considerations of the drainage, 
specifically for the discharge location of the basin proposed at this location and any 
mitigation measures required to stabilise the channel and thus minimising geomorphological 
impacts. Details of the site investigation survey would be reported in the Submissions Report 
to be prepared following the conclusion of the public exhibition period of this REF. 
 

6.5.5 Safeguards and management measures 

Table 6-44 identifies safeguards and management measures that would be implemented to 
address potential soils and water impacts as a result of the proposal. These measures would 
be implemented as part of the overall soil and water management plan (SWMP) and erosion 
and sediment control plan (ESCP) included in the CEMP. 
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Table 6-44: Water quality safeguards and management measures 

REF # Potential Impact Environmental safeguards Responsibility Timing 

Water quality 

WQ-1 Erosion impacts during peak 
flow events 

 Water quality mitigation measures such as erosion control to minimise potential 
increases in suspended solid export rates during increased peak flow events 
would be considered at critical locations. These locations experiencing increased 
velocities will be identified by the detailed hydraulic assessment that will be 
undertaken during detailed design. 

RMS Detailed 
design 

WQ-2 General impact mitigation 
measures 

 A Soil and Water Management Plan (SWMP) would be developed prior to 
construction and implemented throughout the construction period of the proposal.  

 An Erosion and Sediment Control Plan (ESCP) would be developed prior to 
construction and implemented throughout the construction period of the proposal. 

 The extent and time of exposed soil would be minimised through construction 
sequencing. 

 The lengths of slopes would be minimised through limiting the extent of 
excavations to reduce water velocity over disturbed areas. 

 Offsite runoff would be diverted around or through the site so that it would not mix 
with onsite construction runoff. This would be achieved by using temporary or 
permanent diversion drains to minimise the volume of flow through the 
construction area. 

 Physical controls in line with the ESCPs, including: sediment fences, sediment 
filters, rock check dams, level spreaders, onsite diversion drains would be 
installed prior to construction and maintained during construction. 

 Line channels and other concentrated flowpaths would be installed during 
construction. 

 Exposed soils would be revegetated as soon as possible. 

 Line exposed batters would be installed during construction, if required. 

 Runoff would be captured from exposed areas in sediment basins and would be 
treated to reduce sediment to the required level prior to discharging into 
downstream waterways. 

Construction 
contractor 

Construction 
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REF # Potential Impact Environmental safeguards Responsibility Timing 

 A soil conservationist from the RMS Erosion, Sedimentation and Soil 
Conservation Consultancy Services Register would be engaged during detailed 
design to develop an Erosion and Sedimentation Management Report which 
would inform the SWMP. 

WQ-3 Increased levels of nutrients 
transported via sediment to 
downstream water courses.  

 Where feasible, grassed swales would be incorporated into the treatment train 
design to provide additional nutrient reduction. 

Construction 
contractor 

Construction 

WQ-4 Chemical, heavy metal, oil 
and grease and petroleum 
hydrocarbon spills from 
construction machinery 
directly polluting downstream 
waterways 

 Chemicals and other pollutants would be stored in a bunded or sealed area.  Construction 
contractor 

Construction 

WQ-5 Increased levels of litter from 
construction activities 
polluting downstream 
watercourses. 

 Litter would be managed on site by construction team.  

 Sediment basin would be designed to include trash racks to collect litter prior to 
entering basins. Regular maintenance of trash racks would be undertaken.  

Construction 
contractor 

Construction 

WQ-6 Increased levels of 
sediments, chemicals, 
nutrients, heavy metals, oils, 
grease, litter and other 
pollutants flowing to the 
Sydney’s drinking water 
supply catchment. 

 Safeguards as per WQ-1 and WQ-2. 

 Increase the design requirements of the sediment basins from the eightieth 
percentile five day rainfall value would be adopted in accordance with the 
Blue Book, to the eighty-fifth percentile rainfall value. 

Construction 
contractor 

Construction 

WQ-7 Moderate levels of soil 
erodibility increasing the 
likelihood and severity of 
sediment erosion during 
rainfall events. 

 Safeguards as per WQ-1 and WQ-2. Construction 
contractor 

Construction 
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REF # Potential Impact Environmental safeguards Responsibility Timing 

WQ-8 Temporary diversions of 
waterways, the construction 
of permanent waterway 
diversions and the 
construction of in-stream 
structures in waterways 
disturbing the bed and banks 
of the waterway, causing soil 
and streambank erosion. 

 Construction would be in line with RMS’s Technical Guideline - Temporary 
Stormwater Drainage for Main Road Construction (2011). 

Construction 
contractor 

Construction 

WQ-9 Construction of large 
excavations and 
embankments causing an 
elevated risk to water quality 
in downstream waterways 
through the increased 
likelihood of movement of 
sediment off steep slopes. 

 Safeguards as per WQ-1. 

 Revegetation of exposed batters would occur as soon as possible. 

Construction 
contractor 

Construction 

WQ-10 Construction in acid sulfate 
soils (ASS) disturbing and 
exposing ASS to oxygen, 
resulting in the generation of 
sulphuric acid and toxic 
quantities of aluminium and 
other heavy metals. These 
could be released into the 
surrounding environment, 
causing acidification of 
receiving surface waters and 
groundwater. 

 ASS would be managed in accordance with the relevant guidelines. 

 The SWMP would include an ASS Management Sub Plan 

 Should ASS be detected where excavation is required, works would proceed 
according to the sub plan and would involve: 

 Capping of exposed surfaces with clean fill to prevent oxidation. 

 Place excavated ASS separately in a lined, bunded and covered area. 

 Neutralising ASS for reuse by using soil additives such as lime.  

 Disposal of ASS where necessary in accordance with the relevant guidelines 

 The management of ASS during construction that may impact on the acidity of the 
receiving waterways would be described in the Geotechnical Technical Paper. 

Construction 
contractor 

Construction 
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REF # Potential Impact Environmental safeguards Responsibility Timing 

WQ-11 Stockpiling of earthworks 
causing a risk to downstream 
water quality during rainfall 
event, through transport of 
large amounts of sediments 
from the stockpiles into 
waterways. 

 Stockpile sites would be included in the ESCP and safeguards. 

 The maintenance of established stockpile sites during construction would be in 
accordance with the RMS Stockpile Site Management Procedures (2001). 

 Stockpile locations would be away from overland flowpaths and areas of high 
topography with minimal upstream catchment. 

 Runoff would be directed around stockpiles sites. 

 The number and size of stockpiles would be minimised throughout the proposal 
site. 

 The base of stockpiles would be lined if they are located over a shallow water 
table. 

 Stockpiles would be covered with plastic sheets, where required.  

 If uncovered, runoff from stockpile sites would be treated with a stockpile-specific 
sediment basin and monitoring the sediment basin for parameters such as 
dissolved oxygen levels and organics to determine suitable discharge to the 
environment. 

Construction 
contractor 

Construction 

WQ-12 Stockpiling vegetation from 
cutting of trees and slashing 
of shrubs causing a risk of 
tannins leaching into 
waterways and increased 
loads of organics in 
waterways. 

 Mitigation of tannins leaching from mulch stockpiles into waterways would be in 
line with RMS’s Environmental Direction - Management of Tannins from 
Vegetation Mulch (2012). 

Construction 
contractor 

Construction 

WQ-13 Storage of chemicals causing 
a risk of contaminated spills 
into downstream waterways. 

 Management of site compound runoff would included in the ESCP. 

 Plant would be located within a bunded area, preferably away from overland 
flowpath and in areas of high topography with minimal upstream catchment. 

 Chemicals would be stored within a sealed or bunded area. 

 Line the base of plant areas if they are located over a shallow water table.  

 Treat runoff from site compound with a site specific sediment basin to the required 
level prior to discharging into downstream waterways.  

Construction 
contractor 

Construction 
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REF # Potential Impact Environmental safeguards Responsibility Timing 

WQ-14 Vehicle washdown areas 
causing a risk of 
contaminated spills into 
downstream waterways. 

 Safeguards as per WQ-12. Construction 
contractor 

Construction 

WQ-15 Vehicle refuelling areas 
causing a risk of 
contaminated spills into 
downstream waterways. 

 Safeguards as per WQ-12. Construction 
contractor 

Construction 

WQ-16 High frequency of vehicle 
movements disturbing soils 
and causing sediment loads 
to be washed into 
downstream waterways. 

 Safeguards as per WQ-1 and WQ-2 

 Site compound would include placement away from overland flowpaths and in flat 
areas of high topography with minimal upstream catchment. 

 Restrict vehicle movements to designated pathways where feasible. 

 Areas that would be exposed for extended periods, such as carparks and main 
access roads, would be paved where feasible. 

Construction 
contractor 

Construction 

WQ-17 Surface runoff from 
impervious areas and 
landscaped batters during the 
establishment period 
transporting suspended 
sediments to surrounding 
watercourses or infiltrate into 
the groundwater system.  

 The SWMP would include operational water management controls and an 
associated maintenance and inspection program. 

 A physical treatment train that includes elements such grassed swales, 
biofiltration swales and water quality would be developed to ensure total 
suspended solids are reduced by at least 80 per cent prior to discharging into 
downstream waterways. 

Construction 
contractor 

Detailed 
design 

WQ-18 Surface runoff from 
impervious areas transporting 
contaminants such as heavy 
metals, oil, grease, chemicals 
and litter attached to particles 
to surrounding watercourses 
or infiltrate into the 
groundwater system.  

 Mitigation measures as per WQ-16. 

 Treatment train designed to ensure no oil or grease is visible when discharging 
into downstream waterways. 

Construction 
contractor 

Detailed 
Design 
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REF # Potential Impact Environmental safeguards Responsibility Timing 

WQ-19 Surface runoff from 
impervious surfaces 
transporting nutrients such as 
nitrogen and phosphorus to 
surrounding watercourses or 
infiltrate into the groundwater 
system.  

 Mitigation measures as per WQ-16. 

 Treatment train to provide at least 45% reduction of total nitrogen and 45% 
reduction of total phosphorus. 

Construction 
contractor 

Detailed 
design and 
operation 

WQ-20 Concentration of runoff by 
drains and kerbs causing 
scour.  

 Outlet structures such as culverts and basin spillways would incorporate lining to 
avoid scour downstream of the outlet or spillway.  

 Open drains and channels would be lined with appropriate material to prevent 
scour as part of the drainage design. 

Construction 
contractor 

Operation 

WQ-21 Erosion through the 
introduction of additional 
permanent physical 
obstructions in waterways, 
such as bridge piers. 

 Waterways around any such additional permanent structures would be lined 
appropriately to avoid erosion 

Construction 
contractor 

Operation 

WQ-22 Maintenance practices such 
as herbicide use, mowing, 
road surface cleaning and 
reparation polluting 
downstream waterways. 

 RMS standard maintenance controls would be applied in a manner that would 
minimise any potential water pollution. 

Construction 
contractor 

Operation 

WQ-23 Accidental spillage of 
hazardous materials, could 
passing rapidly into the 
drainage system and 
impacting downstream 
ecosystems.  

 Water quality ponds would incorporate accidental spill management containment 
of spills up to 40,000L through an appropriate baffle arrangement with an 
underflow or “Ellis” pipes at the outlet end of the pond.  

 Where water quality ponds are not part of the highway drainage system dedicated 
spill retention would be required. 

Construction 
contractor 

Operation 
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REF # Potential Impact Environmental safeguards Responsibility Timing 

Hydrology 

HY-1 Dams directly affected by the 
proposal 

 RMS would liaise with affected property owners regarding strategies to mitigate 
the loss of any farm dams. 

RMS Detailed 
design 

HY-2 Potential blockages, 
diversions or erosion of 
waterways or drainage lines 

 Drainage structures would be designed to convey flows under the proposal. 

 Appropriate scour protection measures would be implemented at Whites Creek 
bridge and drainage structures during construction. 

RMS and 
construction 
contractor 

Detailed 
design and 
construction 

HY-3 Potential changes in the yield 
to affected farm dams 
resulting from the operation 
of the proposal 

 Consultation with affected landowners would be undertaken to confirm the current 
use of affected farm dams and to evaluate the effect of the impact of peak 
flow/volumes (e.g. reduced amenity, increased maintenance etc). 

 Communication of these impacts to the landowner would highlight the 
acceptability of the impact and identify the requirement for additional mitigation 
measures. 

 Where landowners are concerned regarding the potential impacts, mitigation 
measures that would be considered for further investigation could include: 

 Reduction of impacts through additional investigation of detailed design of the 
cross drainage/ longitudinal drainage system for the proposal. 

 Mitigation of increased peak flow impacts through the provision of detention 
storage within the proposed water quality treatment structures (ie basins). 

 Mitigation of increased flow volumes/peak flow impacts through energy 
dissipation design and channel linings at the affected farm dams/drainage line, 
subject to the agreement of the affected landowner. 

 Mitigation of decreased flow volumes to farm dams by enlarging existing farm 
dams to increase available storage capacity, subject to agreement with the 
affected landowner. 

 A detailed assessment of the potential changes in yield to farms dams would 
be undertaken during the detailed design to confirm the level of impact. 

 Hold discussions with affected landowners regarding suitable mitigation 
measures as required. 

RMS Detailed 
design 
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REF # Potential Impact Environmental safeguards Responsibility Timing 

HY-4 Increased extreme rainfall 
events due to climate change 
increasing afflux 

 As necessary, further flood modelling assessment of potential climate change 
impacts would be undertaken during the detailed design in consultation. 

RMS Detailed 
design 

HY-5 Flooding caused by 
blockages to flood paths 
during construction  

 Flood flow paths would be maintained during construction activities at 
Whites Creek. 

 Diversion bunds would be used to divert flows around construction works. 

Contractor Construction  

Geomorphology 

GM-1 Potential for 
geomorphological impacts 
resulting from increased flows 
into the tributary of Whites 
Creek that flows from the 
north west 

 A geomorphological site investigation survey would be undertaken for the 1250 
metre long tributary of Whites Creek immediately to the west of the proposed 
bridge. 

 If required, measures would be incorporated into the detailed design to prevent or 
mitigate erosion along the tributary. 

Geomorphology 
specialist 

Pre-
construction 

Geology 

GE-1 Geotechnical  Measures to minimise the impact of landslip and rockfalls during the construction 
and operation of the proposal would be determined during detailed design. 

RMS Detailed 
design  

GE-2 Acid sulphate rock  Further testing would be undertaken to quantify the likelihood that cuttings won 
from excavations and the potential that this would generate acid leachate. 
If present, ASR would be managed in accordance with the RTA (2005) Guidelines 
for the Management of Acid Sulfate Materials: Acid Sulfate Soils, Acid Sulfate 
Rock and Monosulfidic Black Ooze. 

RMS Construction 
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6.6 Urban design, landscape and visual amenity 
A detailed urban landscape and visual assessment of the proposal has been undertaken 
which details the landscape character and visual impacts associated with the proposal. 
This assessment is supported by Technical Paper 7 – Urban Landscape and Visual 
Assessment (refer to Volume 3). A summary of this assessment is provided below. 
 

6.6.1 Methodology 

The landscape character and visual impact assessment and the development of the 
proposal’s design has been an iterative process which has enabled the proposal to be 
refined progressively, thereby reducing and mitigating the potential visual impact wherever 
possible. The methodology used to undertake the urban and landscape visual assessment 
for the proposal follows RMS Landscape Character and Visual Impact Assessment 
guidelines (RTA, 2008d) and is summarised as follows: 
 
 Undertaking an initial site visit and field investigation, reviewing relevant literature, 

analysing aerial photographs, topographic maps to understand the proposal site. 

 Reviewing the engineering concept design and supporting material to gain an 
appreciation of the proposal. 

 Defining landscape character through a contextual analysis. 

 Identifying and describing landscape character zones and evaluating the proposal’s 
impact on them. 

 Identifying the visual catchment of the proposal. 

 Selecting viewpoints within the visual catchment representing a range of different land 
uses. 

 Evaluating the visual impact of the proposal by comparing the sensitivity of viewpoints 
and the magnitude of the impact of the upgrade upon them. 

 Identifying urban design and landscape opportunities and methods of mitigating 
adverse visual impacts for consideration in the detail design phase of the proposal. 

 

6.6.2 Existing environment 

The existing Great Western Highway has been constructed to follow the undulating 
topography of the local area, winding between River Lett Hill to the south-east of the 
proposal and the escarpment of Hassans Walls to the north of the proposal. Even though 
there has been a moderate degree of modification to the landscape (in terms of cut and fill 
embankments as a result of the highway), particularly to the northern side of the road, the 
associated visual impact of the road on the surrounding countryside is relatively low. This is 
also helped by the relatively narrow footprint of the existing carriageway, consisting of only 
one lane in each direction, with occasional deceleration or turning lanes and gravel 
shoulders. 
 
The terrain of the wider landscape surrounding the proposal site is predominantly 
characterised by an undulating plain surrounded by steep escarpment of Hassans Walls to 
the north. This undulating plain is incised by a series of drainage lines that feed into 
Whites Creek and then to Coxs River. 
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Landscape Character 
 
The proposal site has been divided into three Landscape Character Zones (LCZ) as 
illustrated in Figure 6-18. The zones correspond to landscape character types in the area 
and allow for a more detailed discussion of the character of each precinct, of the proposed 
works within it and of the impact likely on the landscape character to be experienced as a 
result of the proposal. Each zone has been defined through gaining an understanding of 
land use, topography and vegetation in combination with other factors. 
 
The three LCZs that have been identified for the proposal site are: 
 
 LCZ 1: Forty Bends (East). 

 LCZ 2: Whites Creek Valley. 

 LCZ 3: Forty Bends (West). 
 
Generally, the existing landscape character of this section of the Great Western Highway is 
rural with large expanses of rolling farmland with native vegetation in the valleys to the south 
and dense native vegetation to the north. Whites Creek and its associated valley provide a 
more open experience through the centre of the study area. 
 
The landscape character of LCZ 1 is of a generally well vegetated rural road. Good stands of 
native vegetation are located on both sides of the highway and these, along with a number 
of small cuttings, provide a sense of enclosure while travelling along the road. 
Occasional glimpses through the trees to south hint at the rolling farmland beyond. 
 
The landscape character of LCZ 2 is quite open as the road sits slightly elevated as it 
traverses the Whites Creek valley. There are minimal roadside tree plantings to the south 
providing foreground views at Whites Creek and longer distance views over farmland to the 
Great Dividing Range to the western end of this zone. 
 
The landscape character of LCZ 3 is similar to that of LCZ 1. It is a generally well vegetated 
rural road with good stands of native vegetation located on both sides of the highway. It is 
slightly less enclosed than LCZ 1, with good views over the rolling farmland to the 
Great Dividing Range to the south. 
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Figure 6-18: Landscape Character Zones within the proposal site 
 
Examples of the existing landscape character within each of the identified LCZs are shown 
in Photo 6-8 to Photo 6-13 below. 
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Source: Spackman Mossop Michaels, 2012 

Photo 6-8: Typical example of the landscape character in LCZ1 (eastern end) 
 

 
Source: Spackman Mossop Michaels, 2012 

Photo 6-9: Typical example of the landscape character in LCZ1 (east of Whites Creek) 
 

 
Source: Spackman Mossop Michaels, 2012 

Photo 6-10: Typical example of the landscape character in LCZ2 (Forty Bends Road 
connection, western end) 
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Source: Spackman Mossop Michaels, 2012 

Photo 6-11: Typical example of the landscape character in LCZ2 
 

 
Source: Spackman Mossop Michaels, 2012 

Photo 6-12: Typical example of the landscape character in LCZ3 (looking west) 
 

 
Source: Spackman Mossop Michaels, 2012 

Photo 6-13: Typical example of the landscape character in LCZ3 
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6.6.3 Potential impacts 

Construction 
 
Landscape 
 
The removal of about 22.66 hectares of vegetation (refer to Section 6.1) during the 
construction of the proposal would have a negative impact on the existing landscape of the 
Forty Bends area. However, a large amount of retained vegetation would still be located to 
the north (as part of the Hassans Walls reserve) and the proposed revegetation proposed to 
occur during construction once works are completed (refer to Section 6.6.4) would assist in 
mitigating this impact. 
 
Visual amenity 
 
The proposal would have the potential to temporarily affect the visual amenity of the 
Forty Bends area. Typically, the amenity impacts resulting from construction works 
associated with the proposal would include: 
 
 Decreased views resulting from visual barriers from the erection of temporary fencing 

and site hoardings as part of road works and site compounds. 

 Additional visual clutter from temporary signage, in particular around construction 
worksites. 

 Increased lighting impacts from additional lighting generated by night-time works (if 
required) on sensitive receptors (ie residential receivers), particularly where lighting 
towers would be required. 

 
These construction impacts would only be temporary and any deterioration to the existing 
amenity of the precinct would also be of a temporary nature. 
 
Operation 
 
Landscape character impacts 
 
The landscape character impact assessment of the proposal is a qualitative assessment 
based on the three LCZs. The results of these assessments range between Moderate and 
High to Moderate and are described in Table 6-45 below and are shown in Figure 6-19. 
 
Overall, the proposal would have an impact on landscape character. While the works, for the 
most part, would take place in an established road corridor, they would impact on all 
Landscape Character Zones to some degree, due to the removal of trees and widening of 
the road. Trees currently overhang the road carriageway, filtering views into and out of the 
road corridor. The greatest impacts are found in the areas where the more substantial scale 
of works are taking place, as all areas have a similar scenic quality, remnant dry sclerophyll 
forest and views. 
 
Whilst the true impact of the proposal on landscape character would be generally high to 
moderate, the incorporation of mitigation measures (discussed in Section 6.6.4) would 
reduce some of the impacts. For example, the retention of existing vegetation around Whites 
Creek and the revegetation of cut and fill embankments adjacent to the road would help to 
reinstate the existing sense of enclosure to the road journey and would help screen the 
proposal from adjoining areas. 
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Table 6-45: Landscape character assessment of impacts 

Landscape 
Character Zone 

Sensitivity Magnitude Landscape 
Character Impact

Comment 

LCZ 1: Forty 
Bends (East) 

Moderate Moderate Moderate The existing road corridor is generally well vegetated with dry sclerophyll forest which has a 
high sensitivity, though the area outside the immediate road corridor to the south has an open 
rural character that reduces the sensitivity of the zone to the proposal in the zone to Moderate. 

The works would double the amount of road pavement, modifying the scale of the road and 
the existing sense of enclosure. They would require earthworks to create the cut and fill 
embankments, which would encroach onto adjoining open paddocks to the south. A 
substantial amount of roadside vegetation to the south (up to 45 metres wide) would be 
removed. New tree and shrub planting would be undertaken on the embankments, visually 
reducing the scale of the works over time as they mature but would be located to allow for 
views over the rolling open paddocks to the south. Low planting to the median would visually 
reduce the amount of hard surface. 

LCZ 2 : Whites 
Creek Valley 

Moderate High High to Moderate Despite being a modified and open landscape to the south, the zone has a generally attractive 
rural outlook with extensive views east to Hassans Walls, and good quality dry sclerophyll 
forest to the north providing a Moderate sensitivity to the proposed works in the zone. 

The proposal would increase the amount of road pavement and include the construction of 
new twin bridges at Whites Creek. Minimal vegetation would be required to be removed. The 
bridges would be prominent due to their location on the edge of the hillside and being 
approximately five metres higher than the existing road. New tree planting to the shallow 
embankment to the north would visually reduce the scale of the bridge over time as they 
mature. 

LCZ 3: Forty 
Bends (West) 

High to 
Moderate 

High to 
Moderate 

High to Moderate The road corridor is generally well vegetated with dry sclerophyll forest, though the area 
outside the immediate road corridor to the south has a more open rural character. The rating is 
slightly increased to High to Moderate due to the greater number of residences adjacent to the 
proposal and with views to the zone. 
The proposal would increase the amount of road pavement, modifying the scale of the road 
and the existing sense of enclosure and would include the construction of three new retaining 
walls to the north. Moderate amounts of vegetation will be required to be removed. New tree 
and shrub planting would be undertaken on the embankments, visually reducing the scale of 
the works over time as they mature and would be located to allow for views over the open 
paddocks to the south. Low planting to the median would visually reduce the amount of hard 
surface. The height and scale of the proposed retaining walls and the scale of the proposed 
intersections at Daintree Close and McKanes Falls Road increase the impact rating in this 
zone. 
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Figure 6-19: Landscape Character impact rating 
Visual impact 
 
The potential visual impacts of the proposal have been assessed in relation to a number of 
key viewpoints. This assessment is based on the existing pattern of land use and 
development adjoining the existing road corridor. A total of 12 viewpoints form the basis of 
the visual impact assessment (refer Figure 6-20). Visual impact ratings were determined as 
follows: 
 
 Six viewpoints would have High to Moderate visual impact. 

 Six viewpoints would have Moderate visual impact. 
 
Ratings of High to Moderate impact occur where sensitivity to change is the highest, such as 
Hassans Walls Lookout and groups of residences adjacent to the road, along Daintree Close 
and the northern section of McKanes Falls Road, or where a greater magnitude of works is 
viewed, for example, the retaining walls on the northern side of the Highway and the bridge 
over Whites Creek. The remaining Moderate impacts result from a variety of conditions 
including a greater distance from the proposal and the category of viewer being a road user. 
 
Landscape and urban design mitigation strategies have been developed from the outcomes 
of the landscape character and visual assessments, as a way of mitigating any potential 
impacts and are incorporated into the overall Concept Design. These are discussed in the 
following Section 6.6.4. 
 
Table 6-46 below provides details of the visual impacts from each of the nominated 
viewpoints. 
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Table 6-46: Visual impacts from nominated viewpoints 

Viewpoint Magnitude Sensitivity Impact 

1. Edge of Hassans Walls 
lookout, looking west 

 

Long distance view 

High to Moderate 

The extent of the proposal would be evident by the 
removal of existing vegetation, opening up the road 
corridor and increasing the amount of road pavement 
visible. The bridge would also be visible due to its 
height above the existing road, its width and the 
white colour of the concrete. 

High to Moderate 

Considerable sensitivity to a small number of 
tourists and local residents using this lookout, 
despite its distance from the proposal. 

High to 
Moderate 

2. Great Western Highway, 
Chainage 30770 looking 
west 

 

Foreground to mid distance 
view 

Moderate 

New road infrastructure in a natural/rural setting 
requires the removal of existing vegetation to the 
south, with an extensive fill batter. Highlights the 
visibility of the upgrade from rural lands, but also 
provides views. 

Moderate to Low 

A high number of motorists would be affected by 
the changed view, but their sensitivity is considered 
moderate to low due primarily to their speed of 
travel through this area. 

Moderate 

3. Great Western Highway at 
eastern intersection of Forty 
Bends Road, looking east 

 

Foreground view 

Moderate 

New road infrastructure in a natural/ rural setting 
requires the removal of existing vegetation to the 
south, with an extensive fill batter to the south. 
Highlights the visibility of the upgrade from rural 
lands, but also provides views. 

Moderate to Low 

A high number of motorists would be affected by 
the changed view, but their sensitivity is considered 
moderate to low due primarily to their speed of 
travel through this area. 

Moderate 

4. Great Western Highway, 
Chainage 31630,looking 
west 

 

Foreground view 

High 

New road infrastructure and bridge in a natural/ rural 
setting are located south of the existing road 
alignment. The bridge will be higher than the existing 
road, reducing the sense of enclosure, but providing 
views over the rural landscape to the south. 

Moderate to Low 

A high number of motorists would be affected by 
the changed view but their sensitivity is considered 
low due primarily to their speed of travel through 
this area. 

High to 
Moderate 

5. Forty Bends Road, west of 
Whites Creek, looking north 

 

Foreground view 

High 

The elevated new bridge would be highly visible from 
this area. A new permanent water quality basin is 
proposed adjacent to the road. A construction 
compound and/or stockpiles are proposed in this 
location during the construction period. 

Moderate 

A low number of motorists and pedestrians would 
be affected by the changed view however the slow 
speed of travel would increase the period of 
exposure to this view. 

Moderate 
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Viewpoint Magnitude Sensitivity Impact 

6. Great Western Highway at 
intersection of Forty Bends 
Road, looking east 

 

Foreground and mid 
distance view 

Moderate 

New road infrastructure and approach to bridge in a 
natural/ rural setting. The road corridor would be 
widened and the addition of the upgraded road 
linking Forty Bends Road and Daintree Close, 
reduces the existing sense of enclosure. 

Moderate to Low 

A high number of motorists would be affected by 
the changed view but their sensitivity is considered 
moderate to low due primarily to their speed of 
travel through this area. 

Moderate 

7. Forty Bends Road at 
western intersection with 
Great Western Highway, 
looking west. 

 

Foreground view 

High 

New road infrastructure in a natural/rural setting 
requires the removal of existing vegetation to both 
sides as the slightly meandering road is straightened. 
A cut embankment and retaining wall would be 
constructed to the north. A new intersection and 
turning facility would be provided. 

Moderate 

A high number of motorists would be affected by 
the changed view. It would be visible to a low 
number of residents due primarily to their speed of 
travel through this area. 

High to 
Moderate 

8. Southern end of Daintree 
Close, looking east 

 

Mid to long distance view 

High to Moderate 

The extent of the works being undertaken would be 
noticed by the removal of existing trees, in particular 
those to the eastern extent of the site and would 
expose the new bridge over Whites Creek to the 
western extent of the view. 

High to Moderate 

A small number of existing residents would have a 
high to moderate sensitivity to the changes to this 
attractive rural view with Hassans Walls in the 
background. 

High to 
Moderate 

9. McKanes Falls Road at 
intersection with the Great 
Western Highway, looking 
west 

 

Foreground view 

High 

New road infrastructure in rural setting requires the 
removal of existing vegetation to the north. A cut 
embankment and retaining wall would be constructed 
to the north which encroaches onto an existing 
property. A new intersection and turning facility would 
be provided. 

Moderate 

A high number of motorists would be affected by 
the changed view. The works would be visible to a 
low number of residents. 

High to 
Moderate 
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Viewpoint Magnitude Sensitivity Impact 

10. McKanes Falls Road, 
100 metres south of the 
intersection with the Great 
Western Highway, looking 
north east. 

 

Mid distance view 

Moderate 

The extent of the works being undertaken would be 
noticed by the removal of existing trees, large fill 
batters and construction compound to the south side 
of the road. A new vehicle turning facility would be 
located to the south of the viewpoint. 

High to Moderate 

A low number of existing residents with long 
duration views would be affected by the changed 
view, giving it a high to moderate rating. 

High to 
Moderate 

11. Great Western Highway, 
west of the works tie-in, 
looking east 

 

Foreground view 

Moderate 

The amount of road pavement would increase in this 
natural/rural setting and would require the removal of 
existing vegetation to the north and reshaping of the 
cut batters, slightly widening the road corridor. The 
retaining wall may be visible to the north. 

Moderate 

A high number of motorists would be affected by 
the changed view, however their sensitivity is 
considered moderate to low due primarily to their 
speed of travel through this area. 

Moderate 

12. McKanes Falls Road 
looking east 

 

Long distance view 

Moderate to Low 

The extent of the works being undertaken would be 
noticed by the removal of existing trees, in particular 
those to the eastern extent of the site. It is expected 
that part of the Whites Creek bridge would be visible 
from this viewpoint in the middle distance although 
revegetation of the adjoining areas would restrict this 
view overtime. 

Moderate 

A low number of existing residents with long 
duration views would be affected by the changed 
view, but their distance from the works reduces the 
rating. 

Moderate 
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Figure 6-20: Viewpoints and visual envelope of the proposal site and surrounding area 
 

6.6.4 Safeguards and management measures 

Table 6-47 identifies safeguards and management measures that would be implemented to 
address potential landscape character and visual impacts as a result of the proposal. 
These measures would be implemented as part of the overall landscape and urban design 
strategy for the proposal. 
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Table 6-47: Urban design and landscaping environmental safeguards and management measures 

REF # Impact Environmental safeguards Responsibility Timing 

UD-1 General  Implementation of the landscape and urban design strategy would occur 
as part of the proposal as described in Section 6.6.4 of this REF and 
Section 4 of Technical Paper 7 Landscape Character and Visual Impact 
Assessment. 

RMS Detailed Design 

UD-2 Vegetation clearing  Existing roadside trees would be retained wherever possible. 

 Revegetation would be undertaken based on existing vegetation 
communities in medians and roadside areas. 

 Safety barriers would be used where trees are located within clear zones 
to retain the maximum numbers of trees. 

 Plants that are of non frangible species would be planted in the median to 
break up the expanse of hard surface. 

 Openings would be provided in plantings at selected locations to take 
advantage of the significant long distance views to the south. 

 Revegetation, based on existing vegetation communities (including 
grasses, groundcovers, shrubs, riparian species, and trees depending on 
sight line requirements), in medians and roadside areas would be 
undertaken to help to reduce perceived corridor width. 

RMS Construction 

UD-3 Visual impact of 
earthworks: 
embankments and 
cuttings 

 Existing embankments would be retained wherever possible. 

 Revegetate cut/fill batters would be undertaken with local species of 
trees, shrubs and groundcovers. 

 Visually recessive materials, textures and colours would be used for 
retaining walls to reduce their visual dominance and blend with the unique 
landscape of this area. 

 Screen planting would be used to reduce the visual dominance of 
retaining walls. 

 The redundant road pavement would be removed and revegetated. 

RMS Detailed Design 
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REF # Impact Environmental safeguards Responsibility Timing 

UD-4 Visual impact of 
intersections and access 
arrangements 

 Planting in verges, medians and traffic islands would be undertaken to 
soften and break up large areas of pavement and reduce perceived 
intersection width and screen visually unattractive infrastructure. 

 Any ameliorative measures would consider sight distance restrictions. 

RMS Construction 

UD-5 Visual impact of Whites 
Creek bridge  

 Minimise depth of structure to reduce the visual impact of the bridge from 
surrounding areas as well as minimise impact to the creek bed, banks 
and vegetation. 

 Minimise number of bridge piers would be kept to a minimum so as to 
keep views through and across the bridge as open as possible. 

 Tapering of the bridge piers would be considered during detailed design. 

 Screen the construction compound with local tree species. 

RMS Detailed Design 

UD-6 Visual impact of culvert 
structures 

 Culverts would be designed to be visually recessive by using dark 
coloured concrete on the wing walls and head wall and splaying the wing 
walls. 

 Boulders would be stacked in front of culverts to integrate the culverts into 
the surrounding bush environment. 

 Dark coloured rock would be used for scour protection and place in a 
naturalistic way to disguise or replace the concrete pad. 

RMS Detailed Design 

UD-7 Impacts during 
construction 

 The proposed construction compounds would be screened with 
temporary mesh fencing. 

 The size of stockpile sites would be minimised wherever possible to 
reduce the visual impact of these sites. 

 The surrounds of sedimentation basins would include plantings to provide 
a natural aesthetic. 

Construction 
contractor 

Construction 
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6.7 Traffic, transport and access 
A traffic and transport assessment has been undertaken which details an assessment of 
potential traffic and transport impacts associated with the proposal. This assessment is 
supported by Technical Paper 8 – Traffic and Transport Assessment (refer to Volume 3). 
A summary of this assessment is provided below. 
 

6.7.1 Methodology 

The scope of the assessment included: 
 
 A review of existing conditions within Forty Bends including the road network, road 

performance, intersection layouts, road safety concerns, public transport amenity, 
pedestrian and cyclist facilities and residential access. 

 A review of future conditions within Forty Bends without the Great Western Highway 
being upgraded. 

 A review of future conditions within Forty Bends when the Great Western Highway has 
been upgraded. This includes changes and improvements to the road network, road 
performance, intersection layouts, road safety concerns, public transport amenity, 
pedestrian and cyclist facilities and residential access. 

 Assessment of the likely impacts of construction traffic and works during the 
construction of the proposal and the impacts to the local community and residential 
access. 

 A review of the road safety objectives and the necessary mitigation measures and 
strategies to improve road safety and to reduce or minimise impacts. 

 
Traffic volumes stated in this report have been referenced from the Great Western Highway 
Upgrade, Mount Victoria to Lithgow Alliance, Concept Design Traffic and Transport Report 
(April 2012), where a review of all previous traffic volume surveys undertaken had been 
compiled. Traffic volumes stated for intersection modelling and mid-block capacity analysis 
purposes were applied from traffic surveys undertaken in May 2011.  
 
Based on previous traffic surveys and growth predictions completed for the greater 
Mount Victoria to Lithgow upgrade (refer to Section 2.1 of this REF), a linear traffic growth 
rate of 1.7 per cent per annum has been adopted for light vehicles and 1.3 per cent per 
annum for heavy vehicles (Source: Great Western Highway Upgrade, Mount Victoria to 
Lithgow Alliance, Concept Design, Traffic and Transport Report April 2012). These traffic 
growth rates have been applied to predict future traffic volumes on the Great Western 
Highway in the proposed opening year (2015) and a 10 year design horizon (2025).  
 

6.7.2 Existing environment 

Existing road network 
 
The Great Western Highway through the Forty Bends section is generally single carriageway 
road with one lane in each direction. The speed limit is 80 kilometres per hour. Local roads 
connecting with the Great Western Highway in the Forty Bends section include: 
 
 Forty Bends Road – connects to the Great Western Highway in two locations. 

 Daintree Close – a short, cul-de-sac road. 

 McKanes Falls Road – local road extending south to connect to Jenolan Caves Road. 
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All of these roads provide access to rural and rural residential properties in the locality. 
Seven of the existing properties within the proposal site have direct access onto the 
highway. In addition, the proposal site contains two main service roads to the north 
(Crown land). These service roads are informal access points to fire trails on the northern 
side of the existing alignment. Emergency service access including fire trails is shown in 
Figure 6-21. 
 
Three priority sign controlled intersections currently exist on the Great Western Highway at 
McKanes Falls Road and either end of Forty Bends Road. Table 6-48 describes the 
intersections on the existing highway within the proposal site. 
 
Table 6-48: Existing intersection layouts and their description 

Intersection Control Layout type Permitted 
movements 

Great Western Highway and McKanes 
Falls Road 

Priority sign Channelised right turn 
(Type CHR) 

All 

Great Western Highway and Forty 
Bends Road (western connection) 

Priority sign Channelised right turn 
(Type CHR) 

All 

Great Western Highway and Forty 
Bends Road (eastern connection) 

Priority sign Basic T-junction 
(Type BA) 

All 

 
Figure 6-21 shows the existing local road network including existing property accesses and 
local fire trails. 
 
Existing traffic volumes 
 
Traffic volumes for the Great Western Highway and local roads that intersect with it are 
shown in Table 6-49. The proportion of through traffic is approximately 95 per cent with local 
traffic making up the remaining five per cent. Automatic tube counts were taken over a two 
week period between 7 and 21 May 2011. The peak hour in Table 6-49 is the highest 
volume of traffic in a one hour period in the morning (AM) and in the afternoon (PM). 
The peak hour volumes indicate the AM peak occurs between 7:45 am and 8:45 am and the 
PM peak between 3:30 pm and 4:30 pm. 
 
Table 6-49: Existing (2011) traffic volumes and composition 

Road Daily traffic 
(vehicles 
per day) 

Heavy 
Vehicle% 

Peak hour 
(vehicles per hour) 

AM PM 

Great Western Highway 

Eastbound 3950 
14.7% 

220 350 

Westbound 3950 260 300 

McKanes Falls Road 

Northbound 185 
5.1% 

16 9 

Southbound 185 6 21 

Forty Bends Road 

Northbound 50 
- 

4 2 

Southbound 50 2 6 
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Figure 6-21     Existing road network

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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Road network performance 
 
The amount of congestion on a road is related to the volume of traffic, the characteristics of 
the road and the composition of the traffic stream. The level of service (LoS) is a qualitative 
measure used to describe the potential for delay during traffic operation, usually in peak 
demand situations. LoS is designated by assigning ratings from A to F, with A the best and F 
the worst. An LoS of D or better is considered acceptable. 
 
Based on the information gathered from the traffic surveys, the existing road network mid-
block performance is shown in Table 6-50 below. 
 
The existing peak hour flows show that the Great Western Highway within the Forty Bends 
section operates at a good LoS (LoS A for AM peak and LoS B for PM peak) under existing 
(2011) conditions. McKanes Falls Road also operates at a good LoS (LoS A in both the AM 
and PM peak). Given the minimal traffic volumes on Forty Bends Road, which are lower than 
those on McKanes Falls Road, Forty Bends Road would also operate at a good LoS. 
 
Table 6-50: Existing (2011) peak hour flow on two-lane rural road (vehicles/hour) 

Road Section No of 
Lanes 

Period Volume 
(veh/hr) 

Capacity 
(veh/hr) 

Heavy 
vehicle (%) 

LoS V/C 
ratio 

Great Western 
Highway between 
McKanes Falls 
Road and Forty 
Bends Road 

2 

AM peak 480 2000 1 14.7% A 0.24 

PM peak 650 2000 1 14.7% B 0.33 

McKanes Falls 
Road south of the 
Great Western 
Highway 

2 
AM peak 20 2000 1 5.2% A 0.01 

PM peak 30 2000 1 5.2% A 0.02 

Note 1 – This is the capacity for two lanes 
 
Intersection layouts 
 
There are three existing T-intersections with local roads onto the Great Western Highway 
including from east to west: 
 
 Forty Bends Road (eastern connection). 

 Forty Bends Road/Daintree Close (western connection). 

 McKanes Falls Road. 
 
The McKanes Falls Road and Forty Bends Road/Daintree Close (western connection) have 
channelised right turns from the existing Great Western Highway. Analysis of intersection 
performance shows that the intersections currently operate at Level of Service A to B for AM 
and PM peaks respectively. 
 
Intersection performance 
 
Intersection performance analysed in SIDRA is shown in Table 6-51. 
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Table 6-51: 2011 Intersection performance 

Intersection AM peak PM peak 

DoS Average 
delay (s) 

LoS Max 95th 
percentil
e queue 

(m) 

DoS Average 
delay (s) 

LoS Max 95th 
percentile 
queue (m) 

Great Western 
Highway and 
McKanes Falls Road 

0.15 181 B1 1 0.21 201 B1 1 

Great Western 
Highway and Forty 
Bends Road 
(western connection)  

0.13 191 B1 1 0.21 201 B1 1 

Great Western 
Highway and Forty 
Bends Road 
(eastern connection) 

0.15 10 A - 0.18 11 A - 

Note 1 – The right turn movement at this intersection is a staged movement. The average delay encountered at 
the yield line and for the merge have been added together to get the overall average delay for this movement. 
 
The main intersections currently operate with acceptable delays. As these intersections are 
priority controlled, the average delays are based on the approach with the longest delay. 
This is the right turn movement from the side road onto the Great Western Highway for the 
two main intersections. However, the current demand and queuing from the right turn 
movement does not affect the operation of the other approaches. 
 
Given the currently low traffic volumes on the Great Western Highway (about 480 vehicles in 
both directions during the AM peak hour and 650 vehicles in the PM peak hour) and the low 
volumes on the side intersecting roads of McKanes Falls Road (about 25 vehicles in both 
directions during both the AM and PM peak hour) and Forty Bends Road (about five vehicles 
in both directions during both the AM and PM peak hour), both these intersections operate at 
a good LoS within capacity under existing (2011) conditions and therefore intersection 
performance is not considered an issue. 
 
Pedestrian and cyclist access 
 
Pedestrian or cyclist facilities are not provided within the proposal site, or the adjoining side 
roads including McKanes Falls Road, Daintree Close and Forty Bends Road. 
 
Currently pedestrian and bicycle movements along and across the Great Western Highway 
outside of Mount Victoria (to the east of the proposal) are restricted by a lack of formal 
facilities. There are no dedicated bicycle and pedestrian paths with narrow shoulders 
restricting the use of the highway by cyclists. With future development in the area it is likely 
that the amount of non-vehicular traffic would increase.  
 
Public transport, including school bus services 
 
There are no regular public bus services available to connect Mount Victoria and Lithgow. 
Jones Bros Bus Company operates eight school bus routes which utilise the Great Western 
Highway between Mount Victoria and Lithgow. Some of these operate as express services, 
while others pick up and set down along the highway and on side roads. School bus routes 
are dynamic in nature and tend to alter from year to year in response to student demand. 
Currently a mixture of local services and express services between Lithgow and Mount 
Victoria/Blackheath/Katoomba are in operation. 
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Buses generally stop at formal stops along their route (outside the study area) and also pick 
up and set down passengers at informal gathering points which may include locations within 
the proposal site. Many students are collected from the driveway of private properties along 
the highway at the western connection of Forty Bends Road. 
 
While buses do not currently use McKanes Falls Road, it may be utilised in the future if 
demand requires. Greyhound Coaches travel through the study area between 
Sydney/Katoomba and Lismore/Orange. There are no stops within the study area. 
Numerous tour buses operate daily, mainly from Sydney and Katoomba to the 
Blue Mountains and Jenolan Caves. Some operators travel to and from Lithgow as part of 
their tour and therefore would pass through the proposal site. 
 
Crash history, road safety initiatives and black ice formation 
 
Crash data between January 2004 and December 2010 recorded 23 crashes, of which two 
were fatal crashes and 12 were injury crashes. The location of the crashes indicates that 
there is a string of crashes east of Forty Bends Road (western intersection with 
Great Western Highway). Out of the 23 crashes: 
 
 Fifty-seven per cent of the crashes were the result of vehicles leaving the carriageway 

on a curve or while turning. 

 Seventeen per cent of the crashes were the result of vehicles leaving the carriageway 
on the straight. 

 Seventeen per cent of the crashes were the result of vehicles travelling in the opposing 
directions. 

 Nine per cent of the crashes were the result of vehicles travelling in the same direction. 
 
The two fatalities occurred in 2004 in wet conditions, both involving heavy vehicles and 
within the vicinity of McKanes Falls Road and Forty Bends Road intersections. One fatality 
was the result of the vehicle leaving the carriageway while the other involved a head on 
collision. 
 
Eighteen of the 23 crashes occurred between 2004 and 2009, of which nearly 80 per cent of 
the crashes occurred in conditions of poor visibility (raining, overcast or snow/ice). 
Crash data for 2010 did not provide the weather conditions for these crashes. Figure 6-22 
provides an indication of the recorded crash locations between 2004 and 2010. 
 
Historically, the length of Great Western Highway, from Marrangaroo to Soldiers Pinch, 
including the section in which the proposal is located, has a fatality rate approximately 
double the target figure with 1.5 fatalities per 100 million vehicle kilometres travelled (Mvkt) 
(Source: Mount Victoria to Lithgow Great Western Highway Upgrade Strategic review of a 
Newnes Plateau corridor, Cardno 2008). 
 
A number of road safety initiatives have recently been implemented as part of the safety 
upgrades to the Great Western Highway between Mount Victoria and Lithgow. Within the 
Forty Bends section, barriers (both W-beam barriers on the edge and concrete barriers in 
the centre) were installed in 2004 to assist with road safety and reduce the number of 
vehicles leaving the carriageway. Recent safety work improvements have also been 
undertaken on Victoria Pass, about 15 kilometres to the east of the proposal. 
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Figure 6-22 Crash locations within 
                    Forty Bends - 2004 to 2010

Mt Victoria to Lithgow: Great Western Highway Forty Bends upgrade 

Aerial Photograph:AUSIMAGE/SKM 2011
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During the winter months, mist can reduce visibility and it is not uncommon for snow to settle 
and close the highway for short periods. Black ice also forms at some locations when the 
temperature drops below freezing which leads to unsafe driving conditions when travelling at 
higher speeds, as the road pavement becomes icy and slippery. The formation of black ice is 
a key community concern and an important consideration for the proposal. Measures to 
address black ice are discussed previously in Section 3.2.5. 
 

6.7.3 Potential impacts 

Construction 
 
Details of the construction of the proposal are provided in Section 3.3 of this REF. 
A number of potential compound, stockpile and work site areas have been identified (refer to 
Figure 3-1).  
 
Construction traffic volumes and road performance 
 
Construction of the proposal is planned to occur over a two year period from 2014 to 2015. 
Construction traffic would lead to a temporary increase in traffic along the Great Western 
Highway and local roads. Estimated construction traffic volumes for different vehicle types 
are detailed in Table 6-52 below.  
 
Table 6-52: Estimated construction traffic types and volumes 

Vehicle type Movements 
per day 

Impacted roads Duration 

Light vehicle 200 - 500 Great Western Highway, McKanes Falls 
Road, Forty Bends Road 

24 Months 

Truck – external earth 50 - 130 Great Western Highway, McKanes Falls 
Road, Forty Bends Road 

16 Months 

Truck – internal earth 50 - 130 Great Western Highway 16 Months 

Water Truck 0 - 20 Great Western Highway 16 Months 

Trucks – external 
pavement 

50 - 130 Great Western Highway 16 Months 

Concrete Trucks 10 - 100 Great Western Highway 16 Months 

Delivery Trucks 0 - 10 Great Western Highway, McKanes Falls 
Road, Forty Bends Road 

24 Months 

 
Vehicle access to and from the proposal site would be from the Great Western Highway, 
McKanes Falls Road and Forty Bends Road. Given the location of the proposal, alternative 
haulage and travel routes are generally not available. 
 
The vast majority of light vehicle movements generated by construction workers would occur 
outside the background peak period due to the shift start and finish times (7.00am and 
6.00pm respectively). The existing peak periods are between 7:45am and 8:45am in the 
morning and 3:30pm and 4:30pm in the afternoon. It is expected that about 20 to 50 light 
vehicle movements per hour would be generated by construction workers outside of the 
peak hours. It is assumed that 60 per cent of the light vehicle movements would originate 
from the west and 40 per cent from the east due to the location of the potential quarry 
locations that have been identified. 
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Delivery and heavy vehicle movements would occur throughout the working shift period 
during construction of the proposal. About 15 to 50 heavy vehicle movements are expected 
in a peak hour. Based on the 2011 volumes with linear traffic growth applied to 2013, the 
traffic at Forty Bends would increase from about 480 to 530 vehicle movements during the 
AM peak hour (10 per cent increase) and from about 650 to 700 vehicle movements during 
the PM peak hour (eight per cent increase) during construction.  
 
The increase in traffic volumes due to construction vehicles is not expected to change the 
LoS on the highway and the highway would continue to operate at LoS A in the AM peak 
and LoS B in the PM peak. For fill deliveries, an even split has been assumed from two local 
quarries; Austen Quarry (Hy-Tec) and Marangaroo Quarry (Metromix). Trucks delivering 
asphalt and concrete are assumed to originate from the west, while the delivery trucks have 
been assumed to be evenly split between the west and east. 
 
Intersection performance 
 
The following assumptions have been applied to the distribution of construction traffic at the 
McKanes Falls Road and Forty Bends Road intersections with the Great Western Highway: 
 
 Twenty light vehicles and 50 heavy vehicles as through traffic in either direction on the 

Great Western Highway. 

 Twenty light vehicles and 25 heavy vehicles turning right onto both McKanes Falls 
Road and Forty Bends Road and left onto the Great Western Highway 
(return movement). 

 Twenty light vehicles and 25 heavy vehicles turning left onto both McKanes Falls Road 
and Forty Bends Road and right onto the Great Western Highway (return movement). 

 
Intersection performance with these increased traffic levels is predicted to be acceptable, 
with a LoS C predicted at the intersections of McKanes Falls Road and Forty Bends Road 
(western connection). The temporary decrease of service is due to the increased volumes of 
right turning traffic from these roads. 
 
Transport of excavated material and imported fill 
 
During construction it would be necessary to move a large amount of on-site excavated 
materials from cuttings to fill areas. Where practical, side-tracks would be constructed and 
haulage and movements would be maintained within the work area zone and separate from 
the travelling public. There are however sections of the works where haulage across the 
proposal site would be required. Any haulage movement across or along the Great Western 
Highway would be in accordance with an approved Traffic Control Plan (TCP). 
 
Material being imported from the local quarries would use the Great Western Highway and 
access the work areas from established and designated access points.  
 
It is expected that the majority of construction truck movements for the proposal would be 
tipper trucks in the form of a truck and dog trailer or semi-trailer (articulated vehicle) and 
therefore would have limited difficulty in accessing the proposal site. 
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Over-dimension vehicles 
 
Vehicles which are overheight, oversize or overmass are subject to special operating 
conditions. Trucking contractors would be required to apply for the necessary permits and a 
review of information including vehicle route maps, route assessment guidelines, travel 
restrictions and curfew times. The need for pilot vehicles and police escort vehicles would 
also need to be assessed for this proposal. 
 
Oversize vehicles would be required to deliver construction elements such as bridge beams 
which would be required to be transported via the Golden Highway, Castlereagh Highway 
and then on to the Great Western Highway from the Lithgow end of the proposal site. 
The oversize vehicle transporting contractor would need to apply for the necessary permits 
prior to delivery. 
 
Figure 3-10 provides the location of these sites in relation to the proposal and the haulage 
routes required to be taken to access these sites. 
 
Construction access 
 
Access points at the eastern and western tie-ins would be required to facilitate construction 
activities. At the site compound entry and where construction volumes are likely to be high or 
where adverse geometry exists, widened shoulders would be provided. All access points 
and side roads would: 
 
 Have safe intersection sight distance. 

 Accommodate the turning movements of the largest heavy vehicle. 

 Provide left and right turn deceleration lanes. 

 Provide painted median treatments for vehicle delineation. 

 Provide suitable intersection layouts during the works. 
 
Local access to property is proposed to be maintained during construction although localised 
changes to access arrangements and locations may be implemented as necessary. 
These would be dealt with on an individual basis (with property owners consulted prior to the 
works) and would be addressed in the CTMP for the proposal. Short-term lane closures 
however may be implemented during the construction works which could disrupt traffic on 
the existing Great Western Highway or local side roads. 
 
Detours or alternative routes 
 
Whilst it is possible to avoid the majority of the proposal site by utilising McKanes Falls Road 
and Jenolan Caves Road, this route constitutes a detour of about 13 kilometres and is not 
considered a viable alternative route. Another alternative detour is via Browns Gap Road, 
The Gap Road and Hartley Valley Road to access Lithgow.  
 
However, the Great Western Highway would remain operational during construction and 
therefore an alternative route would not be required. Should temporary closure of the 
Great Western Highway be required, this would be undertaken using appropriate traffic 
control and management measures and detailed in the CTMP. 
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Increased travel times 
 
During construction, the speed limit would be reduced to 60 kilometres per hour 
(40 kilometres per hour where required) through the construction works area. This would add 
less than one minute to the overall travel time, however, in heavy traffic this delay may be 
increased as there would be no opportunity to pass slow moving traffic through the site as 
only one travel lane may be provided at any one time. 
 
There may be additional delays due to traffic control to allow site traffic to cross the highway. 
This would be monitored throughout construction to ensure traffic flow is maintained on the 
existing highway. 
 
Operation 
 
Road performance and safety benefits 
 
The proposal would provide major benefits with respect to increased safety and road 
network performance. The design of the Forty Bends upgrade has adapted a controlled 
access approach, using the access management principles described below to derive the 
design layout, thus eliminating conflict points, and concentrating vehicle movements to 
formalised intersections. Key traffic and safety features of the proposal include: 
 
 Separated carriageways with a central median. 

 Overtaking lanes on the eastbound carriageway east of Whites Creek and the 
westbound carriageway west of Whites Creek. 

 Improved horizontal and vertical alignment to provide consistent driving conditions. 

 Improvements to intersections with McKanes Falls Road and Forty Bends Road 
(western connection) with protected right turns on the highway in and out of these local 
roads. 

 Closure of the Forty Bends (eastern connection) intersection to general traffic. 
Access to emergency vehicles would be maintained via a driveway with a locked gate 
at this location. This intersection is currently considered to be an unsafe intersection 
due to the sight distances along the main highway carriageway. 

 Relocation of the Forty Bends (western connection) intersection about 200 metres to 
the west with Daintree Close connecting to Forty Bends Road rather than the highway. 

 Right turns from private property accesses and service roads onto the highway would 
be prevented. Dedicated U-turn bays on McKanes Falls Road and Forty Bends Road 
would be provided. 

 A black ice active maintenance program would be implemented (refer Section 3.2.5). 

 A consistent 2.5 metre wide shoulder on each side of the highway would provide for on 
road cyclists which would also provide a safe area for vehicles to temporarily pull over. 
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Traffic performance 
 
Road and intersection performance would continue to operate at good LoS during the 
operation of the proposal. Table 6-53 and Table 6-54 show the forecast traffic volumes on 
the Great Western Highway without and with the upgrade for 2015 and 2025 respectively 
and include both peak hourly and daily traffic volumes. 
 
Table 6-53: 2015 forecasted traffic volumes and road performance with and without the 
proposal 

Road Daily 
traffic 

(vehicles 
per day) 

Heavy 
Vehicle

% 

Peak hour 
(vehicles per 

hour) 

LoS without the 
proposal 

LoS with the 
proposal 

AM PM AM PM AM PM 

Great Western Highway     

Eastbound 4200 
14.7% 

230 380 
A B A A 

Westbound 4200 270 320 

McKanes Falls Road     

Northbound 190 
5.2% 

16 9 
A A A A 

Southbound 190 6 22 

Forty Bends Road     

Northbound 50 
- 

4 2 
A A A A 

Southbound 50 2 6 

 
Table 6-54: 2025 forecasted traffic volumes and road performance with and without the 
proposal 

Road Daily 
traffic 

(vehicles 
per day) 

Heavy 
Vehicle

% 

Peak hour 
(vehicles per hour) 

LoS without the 
proposal 

LoS with the 
proposal 

AM PM AM PM AM PM 

Great Western Highway     

Eastbound 4950 
14.7% 

270 450 
B B A A 

Westbound 4950 320 380 

McKanes Falls Road     

Northbound 200 
5.3% 

17 9 
A A A A 

Southbound 200 7 23 

Forty Bends Road     

Northbound 55 - 4 2 
A A A A 

Southbound 55 2 7 

 
It can be seen that changes to the highway cross section, carriageway width and 
improvements to alignment and sight distance would improve traffic flow leading to improved 
LoS. With the addition of a lane in either direction for the majority of this proposal, the LoS 
on the Great Western Highway would improve from a LoS B to a LoS A in the PM peak in 
2015 and from a LoS B to a LoS A in both the AM and PM peaks in 2025.  
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Although volumes on the Great Western Highway would increase into the future at a 
predicted steady traffic growth rate, ample road capacity would remain and traffic flow 
performance would continue to operate well within capacity. 
 
The performance of intersections is predicted to remain similar to 2011 for both 2015 and 
2025 with slight increases in the average delay. These slight increases do not change the 
LoS indicator. 
 
Potential impacts to access 
 
The following access principles have been incorporated into the design of the Forty Bends 
section: 
 
 Property access on the proposal – left in/left-out favoured. Right turn out not permitted. 

 Right turns in to property access points to be avoided if possible. 

 Other local roads – provision for school buses to be retained on side roads where 
required. 

 Design vehicle is a 19 metre semi-trailer (articulated vehicles). 

 These principles have been supported by the implementation of a centre median and 
upgrades of the McKanes Falls Road and Forty Bends Road intersections with the 
Great Western Highway to seagull intersection layouts. 

 
The location of the property access point(s) for each property within the proposal site would 
be maintained as part of the proposal.  
 
The implementation of a divided carriageway along the Great Western Highway with opening 
for turning/crossing vehicle movements only at the intersections of McKanes Falls Road and 
Forty Bends Road (western connection) would lead to increased travel times for local 
residents living adjacent to the highway, resulting in some adverse impacts from the 
proposal. The maximum increase in travel distance would be about 1.5 kilometres to allow 
for a vehicle to travel to the nearest u-turn facility that would be provided as part of the 
proposal. This additional travel distance is considered to be acceptable given the safety 
benefit that the proposal would provide. 
 
Forty Bends Road would be truncated at the eastern end, with access to emergency 
vehicles only via a formalised fire trail/track to the Great Western Highway with locked gates 
at each end. This would limit access for residents along Forty Bends Road to the western 
end of Forty Bends Road only. As the development of the proposal progresses into detailed 
design, consultation with relevant emergency service stakeholders would be undertaken to 
ensure that their requirements are met. Access to emergency vehicles is confined to median 
openings on the highway and would remain unchanged at the McKanes Falls Road and 
Forty Bends Road intersections. 
 
The proposal would not permit buses from pulling over adjacent to the highway at informal 
bus stops. A formalised bus stop would be created at the u-turn facility on McKanes Falls 
Road with passengers having to walk back to the highway to reach their property. 
Consultation with local bus operators would be undertaken during development of the 
detailed design.  
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Black ice mitigation 
 
A number of design measures are proposed to prevent the pooling of cold air on the road 
surface which would help reduce the formation of black ice. The following measures would 
be adopted with the proposed upgrade: 
 
 Where safety barriers are required, wire rope barriers would be utilised between 

carriageways together with road grading to prevent pooling of cold air. 

 Development of an active winter maintenance program. 

 Installation of a weather station to obtain local meteorological data. 

 Ice warning signage. 
 
Further details are provided in Section 3.2.5 of this REF. 
 

6.7.4 Safeguards and management measures 

Table 6-55 identifies safeguards and management measures that would be implemented to 
address potential impacts to traffic and transport as a result of the proposal.  
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Table 6-55: Traffic and transport environmental safeguards and management measures 

REF # Impact Environmental safeguards Responsibility Timing 

TR-1 General  A construction traffic management plan (CTMP) would be prepared as part of the pre-
construction planning. The plan would detail how the traffic associated with the 
construction would be managed in accordance with the RMS Traffic Control at Work 
Sites (RTA 2010), as well as relevant Australian Standards including AS1742 and the 
work site manual RMS Specification G10. 

 The CTMP would also be used to develop site-specific traffic management measures 
once the construction methods and haulage routes are finalised. These measures 
would be developed as part of the site-specific traffic management plans to indicate 
how traffic would be controlled and managed during each stage of the construction. 

 A vehicle movement plan (VMP) would be prepared as part of the overall CTMP. 
The VMP would assess construction related heavy vehicle movements per shift in to 
and out of the construction site/s. The VMP would identify elements of the construction 
such as: 

 Limiting the number of points where new alignments cross the existing road 
network. 

 Limiting the need to occupy areas of the existing road. 

 Identifying haulage routes for construction traffic including limiting the size of 
vehicles on Forty Bends Road due to curves and heritage culverts. 

 Undertaking road condition surveys of local roads prior to construction. 

Construction 
contractor 

Detailed design 
and pre-

construction 

TR-2 Individual 
construction 
worksites  

At the individual construction worksites, the following guiding principles would be adopted 
to manage traffic impacts: 

 Construction planning would occur through the use of construction staging and 
temporary road works to minimise interaction with the existing road network and night 
time freight vehicle movements. 

 The road space occupied by works and the time of construction would be minimised. 

 The impacts of construction works on local and regional traffic by using the new 
carriageway, would be minimised as far as practical. 

 Traffic control measures would be implemented only when necessary. 

Construction 
contractor 

Pre-construction 
and construction  
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REF # Impact Environmental safeguards Responsibility Timing 

   Property access would be maintained for the duration of the construction and where 
reasonable and feasible, alternative access would be provided in consultation with 
affected landowners.  

 Where possible, the site access points would incorporate a deceleration bay. 

 Monitoring of weather conditions would be undertaken in addition to inspection of 
roads during fog, ice and snow conditions during the winter months. Any impacts to 
safety including driver sight distance and road pavement conditions would be 
identified. 

  

TR-3 Changes to access 
arrangements for 
emergency vehicles 

 Consultation with emergency service authorities would be undertaken during 
development of the detailed design. 

RMS Detailed design 
and pre-

construction 

TR-4 Buses prevented 
from informally 
stopping along the 
upgraded highway 

 A bus stop at the u-turn facility on McKanes Falls Road would be provided as part of 
the detailed design. 

 Consultation with local bus operators would be undertaken during development of the 
detailed design. 

RMS Detailed design 

TR-5 Coordinating works Co-ordination of construction works would be undertaken to limit excessive delays. This 
would be achieved through: 

 Static signage and portable variable message signs (VMS) would be positioned to 
provide necessary proposal information, guidance and warning to motorists that drive 
through, past or adjacent to the proposal area. 

 Coordination of the delivery of construction materials and the movement of 
construction plant and equipment to and from construction sites. 

 Consideration of any cumulative traffic impacts from nearby development and to 
ensure coordination of works and construction traffic movements. 

 Coordination of all RMS works and any works by other agencies that affect traffic flow. 

 Coordination with transport operators regarding schedules, abnormal loads and other 
events. 

 Identification, evaluating and documentation of alternative routes (in consultation with 
local councils). 

 Coordination with emergency services and managing incidents. 

Construction 
contractor 

Construction 
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REF # Impact Environmental safeguards Responsibility Timing 

TR-6 Over dimensional 
vehicles 

 Vehicles which are over-height, oversize or over-mass are subject to special operating 
conditions. Operators of trucking contractors would be required to apply for the 
necessary permits and a review of information including vehicle route maps, route 
assessment guidelines, travel restrictions and curfew times. The need for pilot vehicles 
and police escort vehicles would also need to be assessed as part of the CTMP. 

Construction 
contractor 

Construction 

TR-7 Community 
consultation 

 The community would be kept informed regarding any potential disruptions to existing 
traffic conditions throughout the construction of the proposal.  

 Disruption to property access would be notified the relevant property owner in advance 
of the disruption in accordance with the relevant community consultation processes 
outlined in the CTMP and CEMP. 

Construction 
contractor 

Construction 

TR-8 Black ice mitigation  Where safety barriers are required, utilise wire rope barriers between carriageways 
together with road grading to prevent pooling of cold air. 

 Development of an active winter black ice maintenance program. 

 Installation of a weather station to obtain local meteorological data. 

 Ice warning signage 

RMS Operation 
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6.8 Land use and property 

6.8.1 Policy setting 

This section provides an overview of the legislative and policy framework relevant to the land 
use and property within the proposal site that has the potential to impact the proposal, 
including State and local government land use policies and strategies.  
 
The relevant land use and property strategies that have previously been discussed in 
Chapter 2 of this REF include: 
 
 NSW State Plan 

 NSW State Infrastructure Strategy 

 Sydney–Dubbo Corridor Strategy 

 Penrith to Orange Transport Strategy 

 Central West Transport Needs Study 
 
Additional land use and property strategic documents that are relevant to the proposal are 
outlined below. 
 
Policy for Sustainable Agriculture in NSW 
 
The Policy for Sustainable Agriculture in NSW (Industry and Investment NSW – Primary 
Industries, 1998) sets a broad strategic framework for the management and use of 
agricultural land in NSW. The policy forms part of the process of incorporating principles and 
objectives of ecologically sustainable development into the ethos of agricultural industries. 
The policy also aims to facilitate a change in agricultural production towards ecologically and 
economically sustainable practices and farming systems. 
 
The Department of Primary Industries (DPI) (formerly NSW Agriculture) has developed land 
classification systems which aim to identify the capability of land for rural production, based 
on factors including soil type, topography and the presence of hazards. There are two 
systems of land classification: 
 
 An eight class system used by OEH and based on constraints to development for 

agricultural purposes. 

 A five class system of agricultural land suitability developed by DPI, evaluating 
biophysical, social and economic factors that may constrain the use of land for 
agriculture. 

 
The proposal would minimise impacts on any existing agricultural land by generally following 
the existing alignment of the Great Western Highway. This would limit the potential 
severance of existing agricultural land and also assist in sustaining any existing agriculture 
within and adjoining the proposal site. Potential impacts of the proposal on agricultural land 
are provided in Section 6.8.3. 
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Lithgow Land Use Strategy 
 
The Lithgow Land Use Strategy 2010-2030 (Lithgow City Council, 2011) was prepared as 
the first stage of the development of the new comprehensive Local Environment Plan for the 
Lithgow LGA. The strategy considers the management of existing and future land uses 
within the Lithgow local government area, including infrastructure, environmental protection 
areas, heritage, rural land use, residential land use, open space and recreation, as well as 
industrial, commercial and tourism lands. 
 
Key focus areas and considerations for the Land Use Strategy include: 
 
 A population growth to about 25,000 people by 2031. 

 Growth in and around the main urban centres and villages. 

 Minimum lot sizes for dwellings in rural areas. 

 Available employment and heavy industrial lands. 

 Identifying future residential areas. 

 Consolidating existing commercial precincts in Lithgow, Wallerawang and Portland. 
 
The Lithgow Land Use Strategy was adopted by Council on 31 October 2011, following 
community consultation in May and June 2011 and the final document has been forwarded 
to the DoPI for final endorsement. The proposal is consistent with meeting the needs and 
key focus areas of the Land Use Strategy. 
 

6.8.2 Existing environment 

Land use and development within the proposal site is controlled through the zoning 
provisions of the Lithgow local environmental plan (LEP) 1994. Land use zoning along the 
highway includes 1(a) Rural (General), 1(c) Rural (Small Holdings), 6 Open Space, 8 
National Parks and Nature Reserves. 
 
The existing land uses within and adjacent to the proposal site are described below and 
shown in Figure 6-23 below. The current land ownership and parcels of Crown land within 
and adjoining the proposal site has also been shown previously on Figure 3-11. 
 
Existing land use 
 
Rural residential land 
 
Nearby townships and urban areas include Little Hartley and Hartley, located about eight 
and five kilometres east of the proposal site respectively and South Bowenfels, located 
about one kilometre north-west of the proposal site.  
 
Rural residential land use is the predominant existing land use within the proposal site. 
Residential uses within the proposal site are generally located close to the interface with the 
Great Western Highway and generally comprise dwellings on rural properties or low-density 
rural residential development. In particular, a number of rural residential properties are 
located along Daintree Close on the southern side of the Great Western Highway. Areas of 
urban residential development are also located near the proposal at South Bowenfels and 
Lithgow. 
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The Lithgow LEP notes that for land zoned 1(a) Rural (General), the minimum lot size for 
subdivision is generally 40 hectares (subject to certain conditions as described in the 
Lithgow LEP). For land zoned 1(c) Rural (Small Holdings) the Lithgow LEP notes that the 
minimum lot size for subdivision is generally between one and two hectares (subject to 
certain conditions as described in the Lithgow LEP). Each of these zones also allows for the 
development of a dwelling house (subject to certain conditions as described in the Lithgow 
LEP). 
 
Commercial and industrial land 
 
There is no known commercial land uses located within the proposal site. About eight 
kilometres to the east of the proposal site, a number of small businesses are located 
adjacent to the Great Western Highway at Little Hartley and Hartley. These include cafes, 
short-term accommodation and specialty shops. Commercial and industrial uses are 
predominantly located at Lithgow, west of the proposal site. 
 
Agricultural land 
 
Agriculture is an important industry in the Lithgow local government area. At a regional level, 
agricultural land uses cover about 29 per cent of the Lithgow local government area with the 
majority of this area being used for grazing. The majority of agricultural capable land within 
the Lithgow LGA has been divided into holdings less than 400 hectares, with only 
33 per cent of the land classed as suitable for agricultural production (Lithgow City Council, 
2011). 
 
Current agricultural land uses are limited within the proposal site and generally comprise 
some grazing at the eastern and western ends of the proposal (refer to Figure 6-23) and 
limited horticulture uses, including a small orchard (fruit trees grown for personal use only) 
located towards the eastern end of Forty Bends Road. 
 
About 21 farm dams are also located within and adjacent to the proposal site. These dams 
are currently used for a range of purposes typically including watering livestock and garden 
watering, in addition to some minimal use for grey water purposes. Further discussion 
regarding the existing farm dams and the potential impact of the proposal on these dams is 
provided in Section 6.5. 
 
Infrastructure and utilities 
 
Existing infrastructure and utilities are limited within the proposal site and generally comprise 
overhead and underground transmission lines (administered by Telstra and Optus) and 
water utilities running generally parallel to the existing Great Western Highway. Fibre optic 
cable (administered by Telstra) is also to the south of the proposal site. Council provided 
water services are available along and west of McKanes Falls Road only and no reticulated 
sewerage is available within the proposal site. 
 
State roads maintained by RMS within the vicinity of the proposal site include the 
Great Western Highway, Chifley Road/Bells Line of Road (north of the proposal) and 
Darling Causeway (east of the proposal). Other public roads within the proposal site are 
maintained by Lithgow City Council including Forty Bends Road, Daintree Close and 
McKanes Falls Road.  
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Tourist/recreational features 
 
Tourism is an important industry with the region containing a range of tourist destinations 
and features, building on the area’s environmental, recreational, historical, scenic amenity 
and rural values. Areas of significance within the wider region include Mount Victoria, Little 
Hartley and Hartley townships, Jenolan Caves, Zig-Zag Railway, touring routes, natural 
attractions and lookouts including Hassans Walls Reserve that overlooks the proposal site. 
Protection of these values and associated recreation and tourism opportunities is important 
to local communities. The Great Western Highway plays an important role in providing 
access to and from local tourist attractions, the Blue Mountains National Park and other 
tourist attractions located beyond the study area for the proposal. The proposal would assist 
in providing a safe and more efficient route of travel for tourists travelling to these and other 
destinations. 
 
Open space and environmental protection 
 
A majority of the proposal site to the north of the existing Great Western Highway comprises 
undeveloped bushland as part of the Hassans Walls Reserve and lookout located at the top 
of Hassans Walls above the eastern end of the proposal. The Hassans Walls Lookout is 
located about 1100 metres above sea level The lookout provides views over Mount Wilson, 
Mount York, Mount Tarana and Mount Blaxland as well as the whole of the Hartley Valley. 
 
Future land uses 
 
Future land uses near the proposal mainly comprise proposed residential development, 
which is generally located in South Bowenfels, also referred to as the South Bowenfels 
Release Area. Recent rezoning of land in South Bowenfels to 1(d) Rural (Future urban) has 
allowed for 862 potential lots on the western side of the Great Western Highway and a 
further 105 lots on the eastern side of the highway. The South Bowenfels area is subject to 
the provisions of the South Bowenfels Development Control Plan – Residential Development 
(2006). This area of land is located about one kilometre to the north and west of the proposal 
site. 
 
The provision of future residential land in the vicinity of the proposal site is restricted by the 
availability of critical infrastructure such as water and wastewater treatment, the topography 
of the adjacent Hassans Walls Reserve and the need to protect the Sydney Drinking Water 
Catchment. No future land rezoning or significant development proposals have been 
identified within the proposal site. 
 
Previous consultation for the greater Mount Victoria to Lithgow concept design (refer to 
Section 2.1 of this REF) also identified a desire by the community within the local 
government area for the low density rural-residential character in the region to be 
maintained. 
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6.8.3 Potential impacts 

Construction 
 
Temporary land take 
 
The proposal would require the temporary leasing of some properties for construction 
activities, such as worksites, stockpiles and temporary sedimentation basins, where these 
are located outside of the existing road corridor. Land required for construction activities that 
is not required for the operation of the proposal, would be temporarily leased. The parcels of 
land proposed to be temporarily leased as part of the construction of the proposal are shown 
on Figure 3-12. Following construction, these parcels of land, including the temporary 
sedimentation basins would be rehabilitated in line with its former land use and returned to 
their original owners. 
 
The main land uses that would be impacted by the temporary land take during construction 
would be rural residential land and some agricultural land. 
 
Property access 
 
During construction the proposal may also result in temporary changes to property access 
and local traffic conditions, including access to the existing highway. In most instances, 
access to properties would be maintained for the duration of construction. Where temporary 
disruptions are required to property access during construction, alternative access would be 
identified in consultation with property owners. Temporary access requirements would be 
determined during detailed design and construction staging. 
 
Further details regarding property access impacts and management measures during 
construction is provided in Section 6.7.3 and Section 6.7.4. 
 
Farm dams 
 
As described previously in Section 6.5, construction of the proposal would have the potential 
to alter the hydrology in the local catchments due to an increase in area of road pavement 
and formalised road drainage. The land uses that would be affected by these changed flows 
would generally be the rural residential properties to the south of the existing highway, in 
particular the properties that currently contain farm dams (as shown on Figure 6-23). 
Further discussion of the impact of the proposal on existing farm dams is provided in 
Section 6.5. 
 
Buildings and structures 
 
There are no buildings within the proposal site that would be impacted during the 
construction of the proposal. However, a number of fences and other property infrastructure 
and improvements may be impacted by the proposal and would require replacing. 
The proposal also has the potential to impact on some unknown structures (such as 
unidentified culverts etc) that may be found during the construction period. 
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Operation 
 
Property acquisition 
 
Property acquisition would be required for the proposal. There are 22 properties (ie 
individual lots), including Crown Land reserves, that would be either wholly or partially 
acquired. The majority of properties (19 lots) comprise rural residential uses and the land to 
be acquired would typically be small strip acquisition along the property boundaries fronting 
the existing Great Western Highway. The main land uses that would be impacted by the 
proposed property acquisition would be rural residential land and some agricultural land. In 
addition, some Crown Land (part of the Hassans Walls Reserve) would be required to be 
acquired as part of the proposal. 
 
Table 6-56 provides an overview of potential property impacts. The potential land acquisition 
required for the proposal (including temporary leasing of land) has been discussed 
previously in Section 3.6 and shown on Figure 3-12. There would be no acquisition or 
leasing of national park land, however some Crown Land would be required to be acquired 
or leased as part of the proposal. It is not anticipated that the proposal would impact on the 
existing use of the Crown Land adjoining the existing highway. Existing access points to the 
Crown Land would continue to be provided as part of the operation of the proposal. 
 
As noted above, some properties would be impacted by proposed land acquisition, generally 
along the boundary of each property. As the majority of the properties that would be affected 
are already below the size that would allow for additional subdivision under the Lithgow LEP, 
viability of further subdivision of affected properties is unlikely to be affected. 
 
Property access 
 
The upgrade of the Great Western Highway would result in direct access to the highway 
from adjacent properties being restricted. The proposal would only allow for left in/left out 
movements from property access points. This would improve safety for residents entering 
and exiting the proposal. 
 
Impact to agricultural land 
 
Loss of agricultural land has been identified as a concern for residents during previous 
consultation undertaken for the Great Western Highway Mount Victoria to Lithgow Upgrade 
project. In particular, issues related to the loss of primary production and loss of rural 
landscape and character due to land acquisition for the proposal. Agricultural land within the 
local government area has also experienced increasing pressure in recent years from 
increased demand for lifestyle development or ‘lifestyle blocks’. 
 
Up to 3.4 hectares of land identified as currently being used for agriculture (private orchard) 
or grazing would potentially be affected by the proposal. This would include the construction 
of the proposal and the installation of both temporary and permanent sedimentation basins. 
It is not anticipated that the operation of the proposal would affect the operation, productivity 
or viability of these agricultural properties. 
 
One existing dam towards the eastern end of the proposal (Lot 93 of DP 751650) would be 
impacted by the proposal through conversion into a permanent sedimentation basin. 
Further discussion of the impact of the proposal on existing farm dams is provided in 
Section 6.5. 
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Table 6-56: Potential property impacts and land take requirements 

Property (Lot/ DP) Private/ 
public land 

Description of existing land uses Potential impact 

Lot 31 DP1127293 Private Southern side of the existing highway. 

Generally open paddocks with some scattered 
remnant vegetation and areas of large boulders. May 
have some cattle on the property, commercially used 
(unknown).  

Primary land uses are residential and cattle grazing 

No severance of the property would occur as a result of 
the proposal. 

No changes in access to the property would occur as a 
result of the proposal. 

Some minor strip acquisition of the north-eastern edge of 
this lot would be required. Some of the property may only 
be required to be leased where the temporary 
sedimentation basin is proposed to be located. 

Lot 1 DP514845 Private Southern side of the existing highway. 

Residential property with a shed. Property has a small 
non-commercial orchard towards the northern 
boundary. 

Primary land use is residential. 

Lot 1 does contain an existing dam. 

No severance of the property would occur as a result of 
the proposal. 

No changes in access to the property would occur as a 
result of the proposal. 

Some of the existing fruit trees on the property may be 
impacted by the proposal. 

The existing dam is proposed to be utilised as a 
permanent sedimentation basin. 

Some acquisition of this lot would be required along the 
eastern and southern portions of the property. 

Lot 93 DP751650 Private Southern side of the existing highway. 

Rural land associated with the adjoining  

A majority of this property would be impacted by the 
alignment of the proposal. 

A permanent sedimentation basin would also be 
constructed on the remainder of the site. 

This lot is proposed to be acquired. 

Lot 7002 DP1028421 Private Southern side of the existing highway. 

Bushland reserve managed by Crown Lands.  

A majority of this property would be impacted by the 
alignment of the proposal. 

This lot is proposed to be acquired. 
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Property (Lot/ DP) Private/ 
public land 

Description of existing land uses Potential impact 

Lot 165 DP1118256 Crown Land Southern side of the existing highway. 

Bushland reserve managed by Crown Lands.  

A majority of the smaller portion of this property would be 
impacted by the alignment of the proposal.  

The southern half of the larger portion of this property 
would be retained as part of the proposal. 

The northern portion of this lot is proposed to be 
acquired. 

Lot 1 DP847851 

Lot 2 DP847851 

Private Southern side of the existing highway. 

Generally open paddocks with some scattered areas of 
blackberry bush and minor remnant vegetation. 

No residential buildings are located on the property.  

A majority of this property would be impacted by the 
alignment of the proposal. 

These properties are proposed to be used as the main 
construction compound and stockpile site. 

A temporary sedimentation basin would also be 
constructed on the remainder of the site. 

These lots are proposed to be acquired. 

Lot 7001 DP1028421 Crown Land Southern side of the existing highway. 

Bushland towards the southern half of the property, 
while the area near the Great Western Highway 
includes a RMS stockpiling site. 

No buildings are located on the property.  

A majority of this property would be impacted by the 
alignment of the proposal. 

This property would be used as part of the main 
construction compound and stockpile site. 

The northern portion of this lot is proposed to be 
acquired. 

Lot 11 DP844595 Private Southern side of the existing highway. 

Residential property with a shed. Generally open 
paddocks with some scattered remnant vegetation. 

Primary land use is residential.  

No severance of the property would occur as a result of 
the proposal. 

No changes in access to the property would occur as a 
result of the proposal. 

The northern portion of this lot is proposed to be 
acquired for a permanent sedimentation basin. 
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Property (Lot/ DP) Private/ 
public land 

Description of existing land uses Potential impact 

Lot 12 DP844595 Private Southern side of the existing highway. 

Generally open paddocks with some scattered 
remnant vegetation. 

Primary land use is residential. 

No severance of the property would occur as a result of 
the proposal. 

No significant changes in access to the property would 
occur as a result of the proposal. The location of the 
existing access may need to be slightly augmented as 
part of the proposal. 

Some minor acquisition of the edge of this lot would be 
required for the realignment of Forty Bends 
Road/Daintree Close. 

Lot 1 DP844595 Private Southern side of the existing highway. 

Residential property with a shed. Generally open 
paddocks with some scattered remnant vegetation. 

Primary land use is residential although some 
commercial storage of building materials associated 
with a brick laying businesses.  

No severance of the property would occur as a result of 
the proposal. 

No changes in access to the property would occur as a 
result of the proposal. 

Some minor acquisition of the edge of this lot would be 
required for fill batters. 

Lot 1 DP211888 Private Southern side of the existing highway. 

Generally open paddocks with some scattered 
remnant vegetation. 

Primary land use is residential with access and 
dwellings located off McKanes Falls Road.  

No severance of the property would occur as a result of 
the proposal. 

No changes in access to the property would occur as a 
result of the proposal. 

Some minor strip acquisition of the northern edge of this 
lot would be required. Some of the property may only be 
required to be leased where the temporary 
sedimentation basins are proposed to be located. 

Lot 6 DP806538 Private Southern side of the existing highway. 

Residential property. 

No severance of the property would occur as a result of 
the proposal. 

No changes in access to the property would occur as a 
result of the proposal. 

Some minor acquisition of the edge of this lot would be 
required for minor fill batters. 
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Property (Lot/ DP) Private/ 
public land 

Description of existing land uses Potential impact 

Lot 1 DP378232 Private Southern side of the existing highway. 

Generally open paddocks with some scattered 
remnant vegetation.  

Primary land use is residential.  

The southern portion of the site would also have minor 
impacts as a result of the proposed turning circle on 
McKanes Falls Road. 

No severance of the property would occur as a result of 
the proposal. 

No changes in access to the property would occur as a 
result of the proposal. 

Some minor acquisition of the northern edge of this lot 
would be required for fill batters. Additionally, some 
further land may be required to be temporarily leased for 
use as a stockpile site. 

Lot 1 DP508850 Private Southern side of the existing highway. 

Generally open paddocks with some scattered 
remnant vegetation. 

Primary land use is residential 

No severance of the property would occur as a result of 
the proposal. 

No changes in access to the property would occur as a 
result of the proposal. 

Some minor strip acquisition of the eastern edge of this 
lot would be required for minor fill batters. 

Lot 1 DP798073 Private Southern side of the existing highway. 

Generally open paddocks with some scattered 
remnant vegetation. 

Primary land use is residential.  

No severance of the property would occur as a result of 
the proposal. 

No changes in access to the property would occur as a 
result of the proposal. 

Some acquisition of the eastern corner of this lot would 
be required for use as a permanent sedimentation basin. 
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Property (Lot/ DP) Private/ 
public land 

Description of existing land uses Potential impact 

Lot 1 DP999340 Private Northern side of the existing highway. 

Residential property. 
Some impact to the edge of this property would be 
required as a result of the proposed retaining wall. 
No severance of the land would occur as a result of the 
proposal. 

Some impact to the access of the property may occur as 
a result of the proposal. The location of the existing 
access may need to be slightly augmented as part of the 
proposal. 

Some minor acquisition of the southern edge of this lot 
would be required. 

Lot 1 DP845821 Private Northern side of the existing highway. 

Residential property with areas of remnant vegetation. 

The property is currently vacant, however the owners 
have noted intentions to build a residential property. 

No severance of the land would occur as a result of the 
proposal. 

No significant changes in access to the property would 
occur as a result of the proposal. The location of the 
existing access would be maintained. 

Some minor acquisition of the southern edge of this lot 
would be required. 

Lot 129 DP659053 Private Northern side of the existing highway. 

Residential property with areas of remnant vegetation.  

No severance of the land would occur as a result of the 
proposal. 

No significant changes in access to the property would 
occur as a result of the proposal. 

Some minor acquisition of the southern edge of this lot 
would be required. 

Lot 7027 DP1059095 Crown Land Northern side of the existing highway. 

Bushland with areas of remnant vegetation. 

No severance of the land would occur as a result of the 
proposal. 

No significant changes in access to the property would 
occur as a result of the proposal. 

Some minor acquisition of the edge of this lot would be 
required. 
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Impact to tourism 
 
The proposal is not anticipated to impact on any tourism related activities. 
 
Future land use impacts 
 
The proposal would not have any direct impacts on the viability of land identified for future 
urban development, located in or near Little Hartley, Hartley or South Bowenfels. Improved 
safety for road users provided by the upgrade of the highway would support the future 
growth and development of these future urban development areas. The cumulative land use 
impact of the proposal would not have a significant effect on the future strategic land use 
planning for Lithgow City Council. 
 
It is not anticipated that any properties within the proposal site would be affected to an extent 
that it would limit its future potential within the proposal site or adjacent. 
 

6.8.4 Safeguards and management measures 

Table 6-57 identifies safeguards and management measures that would be implemented to 
address potential impacts to property and land use as a result of the proposal. 
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Table 6-57: Land use and property environmental safeguards and management measures 

REF # Impact Environmental safeguards Responsibility Timing 

LU-1 General impacts to 
properties 

 Impacts to property would be further minimised during 
detailed design. 

RMS Detailed design 

LU-2 Change in property access  Consultation and communication would be undertaken with 
property owners near the proposal about changes to 
property access and local access to the highway during 
operation.  

RMS Detailed design 

LU-3 Property acquisition  Ongoing consultation and communication with directly 
affected property owners about potential property acquisition. 
This includes the provision of information on the timing of 
acquisition and the process for property acquisition. 

  Property acquisition would be managed in accordance with 
the Land Acquisition (Just Terms Compensation) Act 1991 
and the RMS’s Land Acquisition Policy (RMS, 2012b). 

RMS Pre-construction 

LU-4 Property access during 
construction 

 Ensure access to properties is maintained during 
construction. Where temporary property access is required, 
consultation would be undertaken with affected property 
owners to identify suitable alternate access arrangements.  

Contractor Construction 

LU-5 Ongoing use of temporary 
construction sites 

 On completion of construction activities, land used for the 
temporary construction site, stockpiles and drainage 
sumps/basins would be revegetated and left in a stable 
condition. Where these properties have been leased by 
RMS, these properties would be returned to the original 
landowners following rehabilitation of the site(s). 

RMS Operation 
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6.9 Socio-economic 

6.9.1 Policy setting 

This section provides an overview of the strategic framework relevant to the proposal, 
including State, regional and local government planning and socio-economic policies and 
strategies. 
 
Lithgow City Council Strategic Plan 
 
The Lithgow City Council released its Strategic Plan in June 2007. The Strategic Plan 
provides the strategic direction for the future development of the local government area over 
a 10 to 20 year period. Specifically, the Strategic Plan aims to encourage environmental, 
economic and social sustainability. 
 
The Strategic Plan includes ten vision statements of which, the following are relevant to this 
socio-economic assessment: 
 
 Community: Retain, respect and strengthen our overall sense of community and the 

unique linked communities of groups, rural areas, villages and towns that make up the 
Lithgow local government area. 

 Transport: Providing a choice of effective public and private transport options for those 
who live, work and visit our community. 

 Heritage: Celebrate, protect and sustain our unique industrial and natural heritage, its 
cultural landscapes and its built heritage. 

 Environment: Balancing, protecting and enhancing our diverse environmental 
elements, both natural and built, for the enjoyment and support of both current and 
future generations.  

 Growth: Providing for sustainable and planned growth, while enhancing the existing 
rural and village identity.  

 
The Strategic Plan also aims to protect and enhance areas of unique character, while 
encouraging equitable access to services and facilities which meet the needs of the 
community. Increased population growth in the area has necessitated the effective and 
efficient allocation of infrastructure and services to accommodate this growth. 
 
The proposal would be consistent with the vision of providing effective transport options as 
identified in the Strategic Plan. 
 
Lithgow City Council Social Plan 
 
The Lithgow Social Plan 2006-2011 is a sub-plan of the Strategic Plan and its overarching 
aim is to enhance the social well-being of the Lithgow’s residents. The Social Plan is 
underpinned by the principles of social justice (ie equity, access, participation and rights) and 
includes a Community Action Plan, which among other things, aims to: 
 
 Assess and address community safety issues. 

 Improve road safety. 
 
The proposal would be consistent with the aims of the Social Plan which seek to address 
community and road safety within the Lithgow LGA by providing a higher quality road and 
measures to reduce black ice formation during colder months. 
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Lithgow City Council Economic Development Strategy 
 
The Lithgow Economic Development Strategy 2010-2014 is a sub-plan of the Strategic Plan. 
It identifies existing strengths and opportunities of the Lithgow local government area as well 
as measures to develop the economy, including: 
 
 Provision of leadership and communication which maximises the economic potential of 

the Lithgow local government area. 

 Ensuring population stabilisation and sustainable growth that supports employment 
and business growth. 

 Ensuring long term sustainability of infrastructure and land availability for future 
business developments. 

 Facilitation and encouragement of ongoing development of local business and 
industry. 

 Encouraging and facilitating business support services, particularly for local business 
growth. 

 Encouraging employment and skills development. 
 
The proposal would be consistent with the aims of the Lithgow City Council Economic 
Development Strategy by ensuring long term sustainability of infrastructure and land 
availability and providing an increased road network efficiency that would facilitate and 
encourage ongoing development of local business and industry. 
 

6.9.2 Existing environment 

 
For the purpose of the demographic assessment, data on population and demography is 
presented for the Lithgow City Council local government area within which the proposal is 
located, as well as local communities near to the Forty Bends upgrade. These local 
communities include the ABS defined state suburbs of Hartley, Rydal (to the west of the 
proposal site) and South Bowenfels and the Lithgow Urban Centre, which is located north of 
the proposal. This is collectively referred to in this section as the ‘study area’. 
 
Population and demography 
 
Key features of the local demographics and employment and economic profiles listed below, 
are generally based on the 2006 Australian Bureau of Statistics (ABS) Census Data (ABS 
2006) for Lithgow, supplemented by information from the NSW government and Lithgow City 
Council. 
 
 At 30 June 2011, the Lithgow LGA had an estimated residential population of about 

21,164 people. The NSW Department of Planning and Infrastructure expect that the 
population of the Lithgow local government area will decrease over the period to 2036 
to about 19,500 people (NSW Department of Planning, 2010). 

 In 2006, the study area had a slightly older population compared to NSW as a whole, 
with the median age ranging from 38 years in South Bowenfels compared to 37 years 
for NSW. Lithgow had a relatively high proportion of older people, with 17.6 per cent of 
people aged 65 years or over in 2006.  

 In 2006, the study area generally had a lower level of cultural diversity than NSW as a 
whole, with lower proportions of Indigenous people, overseas born and people who 
spoke a language other than English at home.  
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 The study area generally has relatively stable populations, with lower proportions of 
people who had moved in the previous five years. Previous consultation undertaken 
for the proposal indicated that a number of residents in the region had lived in the area 
for many years and that many families had connections to the area spanning many 
years.  

 In 2006, there were about 1485 households within the Hartley, Rydal (to the west of 
the proposal site) and South Bowenfels suburbs. In addition, the Lithgow urban centre 
contained approximately 4555 households.  

 Average household size within the proposal site ranged from 2.7 people per household 
in South Bowenfels to 2.8 people per household in both Hartley and Rydal. This is 
compared to 2.3 people per household in the Lithgow urban centre and 2.4 people and 
2.6 people per household in the Lithgow local government area and NSW respectively.  

 In 2006, there were about 644 private occupied dwellings within the Hartley, Rydal and 
South Bowenfels state suburbs, of which 42.5 percent were located in South 
Bowenfels. Most houses in the proposal site comprised separate detached housing.  

 Overall, the study area was identified to have a higher level of vehicle ownership 
compared to NSW. Hartley had the highest level of car ownership within the proposal 
site, with each household having at least one car at the 2006 Census and about 70 per 
cent having two or more cars.  

 
Economic profile 
 
 With the exception of Rydal and South Bowenfels, households in the proposal site 

generally had higher incomes compared to NSW as a whole. In 2006, the median 
weekly household income in the proposal site ranged from $1057 per week in South 
Bowenfels to $1307 per week in Rydal. This is compared to $1036 in NSW.  

 The study area had a higher level of workforce participation than NSW as a whole. 
In 2006, workforce participation in the vicinity of the proposal ranged from 58.6 per 
cent in South Bowenfels to 71.1 per cent in Rydal, compared to 55.4 per cent in NSW.  

 The importance of tourism to the area’s economy is reflected in the proportion of 
people employed in tourism related industries such as accommodation and food 
services. Mining is also an important industry with high proportions of people employed 
in this industry. At a local level, Lithgow, South Bowenfels and Hartley townships are 
accessed directly from the Great Western Highway and provide a range of tourist 
attractions and facilities. 

 
Community values 
 
The key social and community values of the area are summarised below. 
 
 The region’s high density of native wildlife, including endangered species and areas of 

remnant vegetation, is valued by local residents. 

 The amenity of the proposal site is currently affected by heavy vehicles and traffic 
noise associated with the Great Western Highway. This includes houses and 
businesses located adjacent to the Great Western Highway.  

 A number of roadside memorials are located along the existing highway, including one 
within the Forty Bends area, which commemorate people who have died in a road 
incident. These are expected to have important values for relatives and/or friends of 
the deceased and preservation of and access to these memorials would be important 
for relatives and/or friends. 
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Access and connectivity 
 
A summary of the existing access and connectivity options for residents within the proposal 
site is provided below. Further detail regarding the existing road network is provided in 
Section 6.7.2. 
 
Road 
 
The Great Western Highway is the primary road transport corridor between Sydney and 
Dubbo in western NSW for local residents, tourists and freight. The Great Western Highway 
is used by local residents to access private property, local roads and community facilities in 
Lithgow, Little Hartley, Rydal and South Bowenfels.  
 
Cycling and walking 
 
Cycling access is available along the Great Western Highway although the existing riding 
environment is not generally safe within the proposal site. Footpaths are provided in the 
Lithgow township but no formal footpaths are currently provided for pedestrians within the 
proposal site. 
 
Bus services 
 
Public bus services 
 
There are no regular public bus services available within the proposal site, with local 
residents generally relying on private vehicles for transport within and beyond the proposal 
site. 
 
Tourist and public coach buses 
 
The Great Western Highway is used by a range of tourist and public coach buses.  
 
School buses 
 
Dedicated school bus services currently operate across the proposal site and use the 
existing highway. There is no established timetable or route for school buses, which changes 
according to student demand annually. Many students are collected from the driveway of 
private properties or from informal bus stops located on the Great Western Highway, such as 
the intersection of the Great Western Highway and the western end of Forty Bends Road. 
 
Parking and rest stop facilities 
 
No formal parking facilities are currently provided along the Great Western Highway within 
the Forty Bends area. However, an existing stockpile area on the southern side of the 
existing highway currently provides an information parking / rest stop facility. Another 
information parking / rest stop location is currently available at the corner of the Great 
Western Highway and McKanes Falls Road. 
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6.9.3 Potential impacts 

Construction 
 
Construction of the proposal would be expected to take about 24 months to complete. 
Construction impacts that would affect the social-economic environment would generally be 
temporary and would include changes to noise and visual amenity and changes to traffic, 
transport and access arrangements. These impacts are discussed in the following sections. 
 
Amenity 
 
Potential impacts may also result from changes to the visual amenity due to an increase in 
road infrastructure and realignment of the highway. Amenity-related impacts on adjacent 
land use would be mainly in areas where residential properties or other sensitive land uses 
are either located directly adjacent to construction activities or where residential/sensitive 
receivers have an unscreened view of the construction areas. 
 
During construction, potential impacts on residential amenity may occur at properties closest 
to road works and construction compounds due to noise and dust from construction 
activities. While the majority of construction activities would occur during day-time hours, 
some activities may need to be undertaken at night-time to minimise impacts on traffic flows. 
In particular, this is likely to be required where works occur adjacent to the existing highway. 
Depending on the proximity of night works to residential uses (if required) these works may 
adversely affect the night-time amenity of some residents closest to the construction 
activities.  
 
Additionally, given the informal nature of the existing parking / rest stop facilities available 
within the proposal site, it is not expected that the proposal would result in a negative impact 
on existing parking / rest stop provisions during the construction of the proposal. 
 
Amenity impacts would be short term in nature and would be managed in accordance with 
the mitigation measures identified in the relevant impact assessment sections noted above. 
Ongoing consultation and communication with local communities about the timing, duration 
and likely impacts of construction works would be important in managing potential impacts 
on local amenity.  
 
Amenity impacts are also addressed in Sections 6.4 (noise and vibration), Section 6.6 (urban 
design, landscape and visual assessment) and Section 6.10 (air quality). 
 
Property acquisition 
 
No residential buildings would be directly affected by the proposal that would require the 
relocation of existing residents within the proposal site. Some property acquisition would 
however be required as part of the construction and operation of the proposal as outlined 
previously. RMS has commenced consultation with directly impacted property owners about 
potential property impacts and the property acquisition process. The acquisition of these 
properties may result in some negative social impact to the owners of these properties. 
 

Farm dams 
 
The proposal would have the potential to impact about 16 farm dams including impacts such 
as some increases and some reductions in existing flows. As described previously, these 
dams are currently used for a range of purposes typically including feeding livestock and 
garden watering, in addition to some minimal use for grey water purposes. 
Further discussion regarding the existing farm dams and the potential impact of the proposal 
on these dams is provided in Section 6.5. 
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Access and connectivity 
 
During construction, there would be a temporary increase in heavy vehicle traffic using the 
existing road network, which has the potential to cause temporary accessibility impacts for 
local residents and other motorists. Local residents and other motorists may experience 
longer travel times along this portion of the Great Western Highway. 
 
During construction the proposal may also result in temporary changes to property access, 
including access to the existing highway. In most instances, access to properties would be 
maintained for the duration of construction. Where temporary disruptions are required to 
property access during construction, alternative access would be identified in consultation 
with property owners. The construction of the proposal would not permit buses from pulling 
over adjacent to the highway at informal bus stops as they currently do (such as the western 
end of Forty Bends Road). Consultation with local bus operators would be undertaken during 
development of the detailed design to identify other suitable locations for potential bus stops 
during construction. 
 
Provisions for maintaining emergency services access would be considered as part of the 
CTMP for the construction of the proposal (refer to Section 6.7.4). 
 
Disruption to services 
 
Existing water, communication, power and gas services to residential and commercial 
premises may be disrupted for short periods during construction (refer to Section 3.5.1 of 
this REF). Disruptions would be minimised and residents would be notified of potential 
disruptions in advance wherever possible. 
 
Business and industry 
 
Within the proposal site, the proposal would not directly impact on any local businesses. 
Property acquisition for the proposal may impact on some small scale agricultural 
businesses through a loss of land and impacts on farm infrastructure, such as fencing. 
This is not expected to impact on regional agricultural production or the viability of these land 
uses. The properties that are proposed to be fully acquired as part of the proposal (refer to 
Section 3.6) have not been identified as containing any business or industry uses. It is 
unlikely that the proposal would have a substantial affect on the current or future socio-
economic uses of these properties. 
 
However, it is estimated that about 120 full-time construction related jobs would be created 
per year for the duration of the construction period (expected to take up to 24 months). 
Local businesses would also benefit from provisions of construction materials and other 
goods and services such as accommodation and provision of food for the construction 
workforce. 
 
Operation 
 
Amenity 
 
Potential impacts on amenity may result from increased traffic noise due to the highway 
being moved closer to some existing houses. However, given the proximity of the existing 
highway to houses along the highway, the rural nature of the proposal site and the proposed 
improved road surface of the proposal, changes in amenity due to increased noise from the 
proposal are expected to be minimal, and in some cases, an improvement of the existing 
noise conditions (refer to Section 6.4). 
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Access and connectivity 
 
The proposal would improve road safety for users of the Great Western Highway. 
Improvements in road safety provided by the proposal would be seen as positive by 
community members with road safety identified as a key concern during consultation for the 
Great Western Highway Mount Victoria to Lithgow concept design phase. The proposal 
would also improve opportunities for the management of traffic in the event of an incident on 
the highway, reducing delays and congestion to motorists and local communities. 
 
However, the proposal would result in some direct property access restrictions to the 
highway. In particular, all existing property accesses to the new highway alignment would be 
restricted to left in/left out arrangements. Left in/left out property access would require 
residents of these properties who want to travel west, to initially travel east and vice versa. 
While this would provide safer and easier property access for local residents, it would result 
in changes in local access for some residents. However, given the distance that motorists 
would need to travel before being able to perform a u-turn, this is not expected to impact 
cause significant delays for these property owners. As described in Section 6.7, U-turn 
facilities would be provided as part of the proposal at the western end of Forty Bends Road 
and along the eastern side of McKanes Falls Road. 
 
The existing eastern intersection of Forty Bends Road the Great Western Highway would 
also be closed (except for emergency vehicle access which would be maintained via a 
locked gate at the eastern end of Forty Bends Road) (refer to Section 6.7.4). 
 
The proposal would also not permit buses from pulling over adjacent to the highway at 
informal bus stops as currently occurring at the western end of Forty Bends Road. 
A formalised bus stop would be created at the u-turn facility on McKanes Falls Road with 
passengers having to walk back to the highway to reach their property. Consultation with 
local bus operators would be undertaken during development of the detailed design.  
 
Additionally, given the informal nature of the existing parking / rest stop facilities available 
within the proposal site, it is not expected that the proposal would result in a negative impact 
on existing parking / rest stop provisions during the operation of the proposal. 
 
Business and industry 
 
Whilst not directly resulting in any impacts within the proposal site itself, the proposal would 
benefit business and industry by providing improved access for businesses, industry and 
customers. This would particularly benefit businesses located in Lithgow and further west, 
due to improved access to Sydney. The existing orchard towards the eastern end of the 
proposal is not currently used for commercial purposes and would therefore not be impacted 
from an economic perspective. 
 
Roadside memorials 
 
Roadside memorials within the proposal site would be preserved and access to roadside 
memorials that commemorate people who have died in a road incident maintained. 
One existing roadside memorial has been identified that may be impacted by the proposal. 
The management and appropriate relocation of this site would be determined during the 
detailed design process in consultation with relevant family members. 
 

6.9.4 Safeguards and management measures 

Table 6-58 identifies safeguards and management measures that would be implemented to 
address potential socio-economic impacts as a result of the proposal. 
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Table 6-58: Socio-economic environmental safeguards and management measures 

REF # Impact Environmental safeguards Responsibility Timing 

SE-1 Property impacts  Ongoing communication and consultation would be undertaken with directly 
affected property owners about the property acquisition process. This would 
include the provision of information on the timing of acquisitions and the process 
for property acquisitions under the Land Acquisition (Just Terms Compensation) 
Act 1991 and RMS’s Land Acquisition Policy (RMS, 2012b). 

RMS Pre-construction 

SE-2 Changes in local 
access and traffic 
movement 

 It would be ensured that changes to local access are clearly communicated to 
residents and other road users, including use of appropriate signage. 

 Local road closures would be minimised as far as practical. 

 Early and ongoing communication and consultation would be undertaken with 
emergency services to allow planning for potential changes to response patterns 
and input into the design development and staging, wherever practical. 

RMS Construction 
and operation 

   Residents would be advised of construction vehicle traffic routes and the likely 
timing of any disruptions. 

 Where possible, transportation of materials for the proposal would be 
undertaken outside of peak traffic times. 

Construction 
contractor 

Construction 

SE-3 Disruption to 
property access 

 Develop and implement traffic management plans to assist in minimising traffic 
disruptions and delays.  

 Access to properties near the proposal would be maintained during construction, 
including, where required, maintaining provisions for the movement of farm 
equipment and livestock between properties. 

 Where temporary changes to property access are required during construction, 
alternate access would be determined in consultation with affected property 
owners and tenants.  

Construction 
contractor 

Construction 

SE-4 Amenity  Early and ongoing consultation and communication would be undertaken with 
residents and local communities closest to construction works about 
construction activities, including timing, duration and likely impacts in particular 
where works are proposed outside of standard daytime construction hours.  

Construction 
contractor 

Construction 



 

Great Western Highway – Forty Bends upgrade 280 
Review of Environmental Factors 

REF # Impact Environmental safeguards Responsibility Timing 

SE-5 Economic impacts  Construction materials and other products and services would be locally 
sourced, as far as practicable. 

Construction 
contractor 

Construction 

SE-6 Roadside 
memorials 

 Prior to construction, the roadside memorial(s) that would be required to be 
relocated or removed as a result of the proposed would have a suitable 
alternative location identified in consultation with relatives, where they are able 
to be readily contacted. 

RMS / 
Construction 

contractor 

Construction 

SE-7 Amenity  Where required, noise attenuation measures would be established to reduce 
traffic noise for at nearby properties. 

 Where required, landscape screening would be provided for residents and 
communities near to the highway, to reduce the visual impacts of the proposal. 

RMS / 
Construction 

contractor 

Operation 
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6.10 Air quality 

6.10.1 Existing environment 

Climatic Conditions 
 
Climatic conditions are defined as the weather conditions in a certain geographical area, 
averaged over a long period of time. The Bureau of Meteorology (BoM) records multi-decadal 
climatic data at a network of meteorological stations across Australia. The BoM collects climatic 
information from Mount Boyce 16 kilometres to the south-east of the proposal site and a range 
of meteorological data collected from this station was reviewed. 
 
The data indicates that the area is characterised by mild to warm summers and cold winters. 
January is typically the warmest month with a mean daily maximum temperature of 24°C. July 
and August are the coolest months with a mean daily minimum temperature of 3°C. 
In summer, the average maximum temperature ranges from 22 to 24°C and the minimum 
temperature ranges from 11 to 13°C. In winter, the average maximum temperature ranges 
from 9 to 11°C and the minimum temperature ranges from 3 to 4°C. 
 
Rainfall data collected at Lithgow show that February is usually the wettest month with mean 
rainfall of 114 millimetres, falling over an average of 10 days in the month. The lowest 
monthly rainfall on average is July, with a mean monthly rainfall of 45 millimetres over seven 
rain days. The mean annual rainfall is 915 millimetres with an average of 100 rain days each 
year. 
 
Local Meteorology 
 
Meteorological conditions, as opposed to climatic conditions, are those which are focused on 
smaller geographical and time scales. 
 
Wind and Wind Speed 
 
Local meteorology and, in particular, wind patterns are important for the transportation and 
dispersion of air pollutants. On a relatively small scale, winds are largely affected by the local 
topography, but at larger scales, there are synoptic scale influences, such as sea breeze 
circulations and regional drainage flows that can drive the meteorological conditions for a 
particular location. It is important to understand the local meteorological conditions in air 
quality assessments, especially during construction activities and particularly during 
earthworks where there could be substantial dust generation. This section therefore provides 
a review of local meteorological conditions within the local area. 
 
Meteorological data, including temperature, wind speed and wind direction, have been 
generated for the centre of the study area just south-east of Hartley using The Air Pollution 
Model (TAPM), developed by the Commonwealth Scientific and Industrial Research 
Organisation (CSIRO). TAPM is a meteorological and air pollution model that uses synoptic 
weather data to resolve finer-scale meteorological conditions such as hourly wind direction, 
wind speed, temperature and atmospheric stability. 
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Wind roses prepared from simulated wind conditions for Forty Bends (for 2008) are shown in 
Figure 6-24. Annually, winds commonly occur from the north-west. The highest annual 
average wind speed (from the TAPM generated data) was found to be 2.6 metres per 
second, a moderate average wind speed. Autumn has the lowest seasonal average wind 
speed at 2.2 metres per second, with winds frequenting from the north. In summer, the 
pattern of winds is more variable ranging from the north north-west to east south-east; 
having an average wind speed of 2.5 metres per second. During both spring and winter, 
winds speeds are at their highest with seasonal averages of 2.8 metres per second. Winter 
winds are commonly from a west to north north-westerly direction, while in spring the 
dominant wind direction is from north-west. 
 
For comparison, annual and monthly 9.00am and 3.00pm monthly wind roses from the 
Mount Boyce automatic weather station (AWS) (BoM, 2011) were reviewed against the 
TAPM generated data. Annual 9.00am and 3.00pm winds at Mount Boyce occur from the 
north-east to east and west directions similar to the TAPM predictions, with the exception 
being a higher distribution of winds from the north and north-west predicted by the model. 
The TAPM also predicts a higher distribution of northerly winds for seasonal data. 
 
Observations and predictions of average winds varied slightly. Mount Boyce AWS recorded 
average annual wind speeds of 4.1 and 4.8 metres per second at 9.00am and 3.00pm 
respectively, where TAPM predicted lower average annual wind speeds at 2.8 metres per 
second at 9.00am and 2.8 metres per second at 3.00pm. 
 
The meteorological conditions are also discussed in terms of dust transport, in 
Section 6.10.3. 
 
Existing Air Quality  
 
The Lithgow City Council State of Environment Report 2009-2010 (Lithgow City Council 
2010) states that the use of coal and wood heaters was the main source of air quality 
complaints received by council during the 2010/2011 reporting year. A total of 23 complaints 
received were attributed to solid fuel heaters which are up from five received over the 
previous reporting period.  
 
The OEH air quality assessment criteria (see Table 6-60) refer to pollutant levels which are 
intended to include the contribution from existing pollutant sources (that is, cumulative). 
To assess impacts it is therefore necessary to have information on existing pollutant levels in 
the area in which the proposal would be likely to contribute to these levels. 
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Figure 6-24: Wind roses at Forty Bends, NSW (2008 by TAPM) 
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Air quality monitoring can be used characterise the existing air quality and to establish 
“background” levels. No air quality monitoring has been carried specifically for this proposal 
however OEH operate an air quality monitoring stations at Bathurst and Richmond. Bathurst 
is the closest station located about 52 kilometres north-west of Forty Bends and measures 
PM10 using a tapered element oscillating microbalance. NO2 concentrations measurements 
have been taken from the Richmond station in the north-west Sydney region. Regional air 
quality data for 2011 is presented in Table 6-59. No CO concentrations are available for the 
proposal site, however given the rural location of the proposal site it is assumed 
CO concentrations would be relatively low. 
 
The recorded maximum 24-hour PM10 concentration was 24 micrograms per cubic metre 
(µg/m3) which is below the EPA criterion of 50 micrograms per cubic metre (OEH 2011). 
The annual average PM10 concentration for 2011 was 11 micrograms per cubic metre, well 
below the OEH criteria of 30 µg/m3 (OEH 2011). Both the Maximum 1-hour average and 
annual average NO2 concentration recorded at Richmond were found to be well below the 
EPA criteria of 62 (µg/m3) and 246 (µg/m3) respectively (OEH 2011). 
 
Table 6-59:OEH assessment criteria for relevant air pollutants 

Pollutant Averaging time Recorded Concentration Criterion 

NO2 
Maximum 1-hour average 54 µg/m3 246 µg/m3 

Annual average 9 µg/m3 62 µg/m3 

PM10 
Maximum 24-hour average 24 µg/m3 50 µg/m3 

Annual average 11 µg/m3 30 µg/m3 
 
Topography 
 
The corridor is located within steep and undulating terrain at elevations ranging between 
around 750 to and 1100 metres. From Figure 6-25, it can be seen that the terrain is 
relatively steep north of the proposed alignment sloping down towards the highway. To the 
south of the alignment is a number of rolling hills and Whites Creek valley. 
 

 

Figure 6-25: Model of the existing terrain within the vicinity of the proposal 
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6.10.2 Criteria 

Air quality criteria are used to assess the potential for ambient air quality to give rise to 
adverse health or nuisance effects. Emissions from construction equipment and vehicles 
using the highway have the potential to impact on local amenity. The most significant 
emissions produced from motor vehicles are NOx, CO and PM10. 
 
Of particular relevance to the proposed construction activities during early works are criteria 
for particulate matter. There are various classifications of particulate matter, with the NSW 
Environmental Protection Agency (EPA) providing assessment criteria for: 
 
 Total suspended particulates (TSP). 

 PM10. 

 Deposited dust. 
 
The EPA has set air quality assessment criteria as part of its Approved Methods for the 
Modelling and Assessment of Air Pollutants in NSW (DEC 2005). Table 6-60 summarises 
the EPA air quality assessment criteria that are relevant to the proposal. In general, these 
criteria relate to the total concentration of air pollutant in the air and not just the contribution 
from proposal-specific sources. Therefore, some consideration of background levels needs 
to be made when using these criteria to assess impacts. Further discussion of background 
levels in the vicinity of the proposal is provided in Section 6.10.1. 
 
Table 6-60: EPA assessment criteria for relevant air pollutants 

Carbon Monoxide Averaging Time Criterion 

Carbon monoxide (CO) Maximum 1-hour average 30 mg/m3 

Maximum 8-hour average 10 mg/m3 

Nitrogen dioxide (NO2) Maximum 1-hour average 246 µg/m3 

Annual average 62 µg/m3 

Particulate matter (as PM10) Maximum 24-hour average 50 µg/m3 

Annual average 30 µg/m3 

Particulate matter (as PM2.5)
1 Maximum 24-hour average 8μg/m3 

Annual average 25μg/m3 

Total suspended particulates (TSP) Annual average 90 µg/m3 

Dust deposition Annual average (maximum 
increase) 

2 g/m2/month 

Annual average (maximum total) 4 g/m2/month 

Note 1: NEPM advisory standard 
 
While the EPA has also set criteria for other pollutants from motor vehicles, such as air 
toxics, the background levels of the pollutants listed in Table 6-60 typically consume the 
greatest fraction of the respective criteria near roadways. The focus on CO, NO2 and PM10 is 
therefore considered adequate for quantifying the air quality impacts of the proposal.  
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6.10.3 Potential impacts 

Construction Impacts 
 
Air quality impacts during construction would largely result from dust generated during 
earthworks and other engineering activities associated with road construction. The total 
amount of dust generated would depend on the silt and moisture content of the soil, the 
types of operations being carried out, the size of exposed areas, frequency of water spraying 
and the speed of machinery. Particulate emissions from construction have the potential to 
affect amenity and, in extreme cases, health. 
 
Primary sources of emissions of airborne particulate matter associated with the construction 
of the proposal would include: 
 
 Clearing of vegetation and topsoil by bulldozers and/or backhoes. 

 Excavation and levelling of soil by bulldozers, backhoes and/or excavators. 

 Movement of soil and fill by dump trucks and scrapers. 

 Wind erosion from unsealed surfaces and stockpiles. 

 Vehicle (exhaust) and emissions from construction. 

 Wheel generated dust by construction vehicles travelling along unsealed areas. 
 
There is potential for dust to cause nuisance impacts if activities are located close to 
sensitive receptors, such as residential dwellings. There are about 25 residents located 
within or close to the proposal site which would be potentially impacted by increased dust 
levels. The magnitude of dust impacts would depend on the amount of earthworks involved 
at a particular location, the duration of activities and the local meteorology at the time, 
particularly wind speed and direction. 
 
In addition, earthworks for the proposal would involve a number of cut and fill sites with cut 
sites predominantly located north of the alignment and fill sites to the south. The proposal 
involves on-site cut to fill volumes of around 206,000 cubic metres. Due to staging, 
topography and geotechnical constraints, additional earth fill material would be sourced from 
off-site quarry sources. The quantity of imported earth fill material is dependent upon 
conditions encountered, though it anticipated to be in the order of 72,000 cubic metres and 
would be obtained from local quarries, where possible. The importation of fill into the site 
would require the generation of additional truck movements (refer to Section 6.7) and would 
therefore result in additional nitrogen oxide and particulate matter emissions above a 
'do nothing' scenario. Additionally, the importation and dissemination of fill across the 
proposal site would have the potential to result in additional generation of dust during import 
periods. 
 
Annually, winds within the vicinity of the proposal site most commonly occur from the north 
north-west. The annual pattern of winds highlights the potential for adverse dust impacts at 
sensitive receivers to the south of the site. Some rural residences lay to the north but most 
sensitive receptors are primarily to the south and are comprised of mainly rural residences 
and some agricultural land. Construction activities conducted over winter and spring would 
have the highest potential for observed impacts and sensitive receivers within the proposal 
site due to slightly higher wind speeds. These impacts can be managed and mitigated with 
suitable dust control measures and practices. These measures are discussed further in 
Section 6.10.4. 
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Typically, air quality management for road construction activities addresses spoil handling, 
machinery operating procedures and monitoring of potential impacts. The main focus of air 
quality management is to control dust emissions and thereby mitigate impacts to ensure that 
the proposal does not result in exceedances of air quality criteria at sensitive receptors. 
Relevant criteria for air quality management are those specified by the EPA (refer to 
Table 6-60). 
 
As construction work is likely to continue for up to 24 months, exposed areas would be 
stabilised as quickly as possible and appropriate dust suppression methods and practices 
would be used to keep dust impacts to a minimum. Monitoring would be carried out during 
the construction phase of the proposal to assess compliance with EPA air quality criteria. 
 
Machinery and construction vehicles would emit exhaust fumes. The impact of these 
emissions would be temporary. Odours may be generated during the application of asphalt 
and line marking. This may affect nearby receivers during construction, however, this would 
be minimal due to the short duration of these works. 
 
Operational Impacts 
 
Once operational, emissions from motor vehicles using the upgraded highway would 
comprise mainly hydrocarbons, CO, NO2 and PM10. Motor vehicle emissions primarily occur 
from fuel combustion, fluid evaporation, brake and tyre wear and re-suspended road dust. 
 
A number of factors including traffic activity, meteorology, roadway type, roadway design 
and roadside structures affect the air quality near roadways. The following subsections 
discuss how factors contribute to local air quality impacts near roadways. 
 
Traffic Activity 
 
Traffic activity such as the number of vehicles, the fleet mix and vehicle speeds can directly 
influence the near roadside air pollutant concentrations. Vehicle emissions would vary based 
on the fleet mix or ratio of light to heavy vehicles, fuel type mix (for example, petrol and 
diesel) and the distribution of vehicles by age of manufacture. 
 
The proposed upgrade has the potential to improve traffic flow, resulting in generally lower 
total motor vehicle exhaust emissions. For CO, higher vehicle speeds generally result in 
lower emissions, due to more complete combustion, while NOx emissions generally increase 
with speed. 
 
Meteorology 
 
The most important meteorological factors driving the dispersion of traffic-generated 
emissions are wind speed and wind direction. In addition to local wind conditions other 
parameters such as temperature and relative humidity affect the generation, transformation 
and transport of pollutants emitted by motor vehicles. 
 
Local meteorological conditions would not be affected by the operation of the proposal. 
However, the proposal would improve the operational safety of the road during adverse cold 
weather conditions to reduce the likelihood of black ice formation. By moving the overall 
alignment of the main highway carriageway to the south away from Hassans Walls, the 
proposal would allow for additional sunlight to reach the road surface. Additionally, the 
proposed grade of the road surface would allow for katabatic wind flows to continue past the 
road surface also reducing the likelihood of black ice formation. 
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Roadway Design 
 
Roadway design can influence the amount of emissions from motor vehicles. Such design 
includes road grades (vertical alignment), ramps, intersections and traffic merge locations. 
Road grade creates an increased load on ascending vehicles, generally resulting in 
increased exhaust emissions. Vehicles descending the grade usually results in increased 
brake emissions. The pavement type may also affect the amount of tyre wear emissions and 
re-suspended road dust. Asphalt pavements also emit small levels of volatile organic 
compounds (VOCs). The final pavement design and asphalt type would be determined 
during the detailed design. The proposal would be of a higher standard than the existing 
highway, with a more consistent grade. This design would generally result in lower vehicle 
emissions when compared to the existing highway. 
 
Roadside Structures 
 
In addition to topographic feature changes near the road, structures may be present that 
impact pollutant transport and dispersion. These structures include objects such as 
vegetation and buildings. Physical barriers affect pollutant concentration around the structure 
by blocking initial dispersion and increasing turbulence and initial mixing of emitted 
pollutants. 
 
The proposal would minimise the barriers between the road surface and the wider 
Whites Creek Valley through the removal of some existing vegetation as part of the 
construction of the proposal as well as the strategy measures to reduce the impact of black 
ice of the highway. The removal of some vegetation would potentially allow for existing wind 
flows from Hassans Walls to assist in dispersion of any existing pollutant concentrations that 
may exist along the existing highway. 
 

6.10.4 Safeguards and management measures 

Table 6-61 identifies safeguards and management measures that would be implemented to 
address potential impacts to air quality at nearby sensitive receivers as a result of the 
proposal. No mitigation measures are required for operational air quality impacts.  
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Table 6-61: Air quality environmental safeguards and management measures 

REF # Impact Environmental safeguards Responsibility Timing 

AQ-1 Construction Dust 
Impacts 

Control measures would be included in the CEMP to ensure that dust emissions are 
suitably managed such that air quality impacts at nearby sensitive receptors are 
minimised including: 

 All materials transported to and from the construction site would be covered. 

 Stockpiles of soil or other materials would be managed by the construction 
contractor to minimise dust emissions, particularly during dry or windy 
conditions. 

 Speed limits would be imposed for equipment on unsealed surfaces. 

 Stockpiles would be located as far away from residences as practically possible. 

 The extent of disturbed areas would be minimised as far as practicable. This 
would be achieved by staging the works to minimise the number of disturbed 
areas at any one time. 

 Disturbed areas would be rehabilitated as quickly as possible. 

 Dust on unsealed surfaces, temporary roadways, stockpiles and other exposed 
areas would be suppressed using water trucks, hand held hoses, temporary 
vegetation and other practices.  

 Activities resulting in excessive dust generation would be stopped or modified 
during very windy conditions. 

 Air quality, both visually and/or using instrumentation would be monitored near 
sensitive receptors to verify the effectiveness of controls. 

 A wheel wash facility would be installed at compound and stockpile sites to 
reduce tracking of mud and soil off-site. 

Construction 
Contractor 

Pre-
construction 

 
 

Construction 

Construction 
 

Construction 

Construction 

Construction 
 
 

Construction 

Construction 
 
 

Construction 

Construction 
 

Construction 

AQ-2 Construction Vehicle 
Emission Impacts 

 Operating and maintaining vehicles and equipment would occur in accordance 
with manufacturer’s specifications. 

Construction 
Contractor 

Construction 



 

Great Western Highway – Forty Bends upgrade 290 
Review of Environmental Factors 

6.11 Greenhouse gas and climate change 

6.11.1 Policy setting 

The NSW Government is developing a draft Climate Change Action Plan, which will 
be the principal NSW document for articulating its position in climate change 
programs for the next five years. The plan aims to complement and replace the work 
of the 2005 Greenhouse Action Plan. The Climate Change Action Plan will establish 
a policy framework for NSW based on emissions reduction, climate change 
adaptation and low-carbon economic activity. The NSW Government intends to focus 
on the adaptation aspect to unavoidable climate change. 
 
In 2011, the NSW Government also released its policy document, NSW 2021: A plan 
to make NSW number one (NSW Government, 2011), which outlines priority actions 
to assist local government, business and the community build resilience to future 
extreme events and hazards by helping them understand and prepare for the impacts 
of climate change. As part of this strategy, the NSW Government has commenced 
assessing regional vulnerabilities to extreme weather events. This will assist in 
delivering locally based adaptation programs where required. 
 
The NSW Government has also developed the NSW Climate Impact Profile (NSW 
Government, 2010) which is the first integrated assessment of the biophysical 
changes projected for NSW as a result of climate change. The profile outlines some 
of the risks NSW faces and is an aid to decision-makers developing their planning 
and response strategies. 
 

6.11.2 Existing environment 

Background 
 
Greenhouse gases (GHGs) absorb outgoing heat energy that is reflected from the 
earth. The absorption of this heat warms the air and is known as the greenhouse 
effect. The primary, human produced greenhouse gas is carbon dioxide (CO2). 
Human activities, such as the combustion of carbon-based fuels, increase the 
amount of greenhouse gases in the atmosphere. This leads to greater absorption of 
heat and increases in atmospheric temperature, known as the enhanced greenhouse 
effect. The following six greenhouse gases are covered under the Kyoto Protocol: 
 
 Carbon dioxide (CO2). 

 Methane (CH4). 

 Nitrous oxide (N2O). 

 Sulphur hexafluoride (SF6). 

 Hydrofluorocarbons (HFCs). 

 Perfluorocarbons (PFCs). 
 
Each greenhouse gas identified above has a different heat absorbing capacity, or 
global warming potential. To achieve a basic unit of measurement, each greenhouse 
gas is compared to the warming potential of CO2. This provides a global warming 
potential for each greenhouse gas which can be applied to the estimated emissions. 
The resulting estimate is referred to in terms of CO2 equivalent (CO2e) emissions. 
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Climate Change Projections 
 
Table 6-62 provides information on climate change forecasts for the Western region 
of NSW. The table provides details of the projected climatic change projections for 
the area surrounding the proposal to the year 2050, adapted from the NSW Climate 
Impact Profile (DECCW 2010). 
 
Some level of climate change will occur irrespective of efforts to reduce greenhouse 
gas (GHG) emissions. Adaptation is the key policy approach that has been adopted 
to maximise the opportunities that climate change will present while minimising its 
costs. By 2050, the NSW Western Region is expected to experience a hotter climate, 
with average temperatures projected to increase by between 1.5 to 3 degrees Celsius 
(ºC) throughout the year. Rainfall is expected to substantially increase during summer 
in the central tablelands. This is set offset by substantial decreases in rainfall during 
the winter. No significant changes in average rainfall are anticipated during spring 
and autumn. 
 
Table 6-62: Projected climatic change predictions for the Western Region, NSW 

Season 
Seasonal 

rainfall 

Temperature 
Impacts 

Minimum  Maximum

Spring No 

Change 

 1.5-
2.0ºC 

 2.0-
3.0ºC 

Anticipated physical responses to 
changing climatic conditions include: 

 Likely increases in runoff during 
summer and autumn. 

 Changes to fire regimes with 
increasing fire frequency likely towards 
2050 

 Short term droughts are likely to 
become more severe and medium to 
long term ones are likely to be less 
severe; 

 Increase intensity of flood-producing 
rainfall events is likely to change flood 
behaviour.  

 
Regional impacts include: 

 Erosion is likely to increase because of 
more frequent and intense storms and 
reduced vegetation cover. Vulnerable 
areas include some surface soils on 
the alluvial plains and gullies on slopes 
and plains 

 Flood –producing rainfall may increase 
flooding of property 

 Hotter and drier conditions are likely to 
affect natural ecosystems; with riverine 
systems particularly susceptible. 

Summer  20-

50% 

 1.5-

2.0ºC 

 1.5-

2.0ºC 

Autumn 
No 

Change 
 1.5-
2.0ºC 

 2.0-
3.0ºC 

Winter 
 20-

50% 
 0.5-
2.0ºC 

 2.0-
3.0ºC 
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6.11.3 Potential impacts 

Potential climate change impacts on the proposal 
 
The potential climate changes predicted for the Western Region may result in some 
of the following impacts. This is not a site-specific assessment and is illustrative only, 
and the impacts described are not exhaustive for this site and the proposal. 
 
Impact to construction workforce 
 
During construction, increases in temperatures may reduce work capacity and 
increase risk of heat stress for workers. There may also be impacts to various 
construction activities such as increased temperatures interfering with the laying of 
asphalt. Additionally, increase in extreme weather events, such as intense rainfall 
may interfere with construction timeframes or dry, hot weather conducive to 
generation of dust. 
 
Higher extreme temperatures 
 
Projections show the wider proposal area is expected to become warmer, with more 
hot days and fewer cold nights. As a result, energy demand for cooling in summer 
will increase markedly, although energy demand for heating in winter will decrease 
due to the expected warmer nights. Buildings, roads and other assets would have the 
potential to deteriorate more quickly, increasing their life-cycle costs. In the long-
term, increases in temperature may affect the integrity of pavement, and other 
aspects of the proposal, either directly or through evaporative changes. This would 
include changes to soil moisture content and soil instability which may eventually 
impact on foundations of structures, softening of pavements, and road rutting. 
 
A potential advantage of the increased temperatures including more hot days and 
fewer cold nights may also be a reduced likelihood of the formation of black ice due 
to increased heat retention in the road surface (from warmer days) and fewer colder 
nights leading to temperatures likely to cause icy conditions. 
 
Increased rainfall intensities 
 
The wider proposal area is expected to experience an increase in the severity and 
occurrence of short duration storms, which may cause increased hydrological 
impacts. The potential hydrological impacts of the proposed are discussed in more 
detail in Section 6.5. 
 
Reduced average annual rainfall 
 
Average annual rainfall in the wider proposal area is expected to decrease. 
Mains water supply is likely to come under increasing stress as population growth 
and environmental flow requirements increase the demand for water, whilst reduced 
annual rainfalls and increased evaporation suggests less run-off into rivers and water 
storages.  
 
The combined effects of reduced rain, increased average temperatures and an 
increase in extreme rainfall events could lead to a decrease in soil moisture. This in 
turn would contribute to subsidence of the ground surfaces, which would affect soil 
moisture content and soil instability which may eventually impact on foundations of 
structures, softening of pavements, and road rutting. The soil landscape of the 
project is discussed in more detail in Section 6.5. 
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Increased bushfire risk 
 
With decreased rainfall and higher temperatures, the risk of fires will present where 
there is dense vegetation. The proposal is surrounded by a large amount of 
vegetated bushland, in particular to the north of the proposal. The potential increased 
risk of bushfires would not directly impact on the proposal, but may have an indirect 
impact through increased closure of this section of the road due to smoke hazards in 
the event of increased bushfires, particularly on Hassans Walls. 
 
Sea Level Rise 
 
Sea levels along the NSW coast are projected to rise by 14 centimetres by 2030, and 
37 centimetres by 2070 relative to 1990 sea levels. NSW Government policy 
specifies sea level rise planning benchmarks of an increase above 1990 mean sea 
levels of 40 centimetres by 2050 and 90 centimetres by 2100. The proposal site is 
located at an elevation of about 900-935 metres above sea level and therefore the 
impacts of sea level rise would not affect the proposal. 
 
Potential impacts of the proposal on climate change 
 
Emission of greenhouse gases is believed to be the principal instrument driving 
increased temperatures and other associated indicators of climate change. 
As relevant to infrastructure proposals, emissions have been categorised into three 
broad scopes as follows: 
 
 Scope 1: All direct GHG emissions (including emissions from fuel 

consumption). 

 Scope 2: Indirect GHG emissions (typically from the consumption of purchased 
electricity). 

 Scope 3: Other indirect emissions, including but not limited to the extraction 
and production of purchased materials and fuels, transport-related activities in 
vehicles not owned or controlled by the proposal, electricity-related activities 
(eg transport and distribution losses) not covered in Scope 2, outsourced 
activities and waste disposal. 

 
Figure 6-26 provides a schematic of the scope of the categorised emissions 
activities. 
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Figure 6-26: Scope of common emission activities 
 
Construction impacts include all emissions from initial ground breaking to completed 
construction activity. This includes removal of vegetation, earthworks, embodied 
emissions in construction materials, fuel used during construction and management 
activities. Results are broken down into individual construction activities and then by 
scope of emission. There are no Scope 2 emissions (associated with the import of 
electricity) forecast for construction activities of the proposal as it is assumed all 
electricity would be generated on site via diesel generator sets or connection to the 
existing power network within the proposal site (or similar). 
 
To assess the GHG impacts associated with construction of the proposal, the 
Transport Authorities Greenhouse Group (TAGG) Greenhouse Gas Assessment 
Workbook for Road Project methodology has been used (using the associated 
“Carbon Gauge” spreadsheet calculator. Inputs into the GHG calculator are provided 
in Table 6-63. 
 
Table 6-63: Construction activity data 

Activity Comments and Assumptions 

Project Duration Duration of the construction works is anticipated to last 24 months  

Fuel Type Plant equipment fuel type is assumed to be diesel for all construction 
activities including; site offices, construction, demolition and earthworks 
and vegetation removal. 

Pavements It is assumed that the main carriageway would be comprised of a 
composite pavement which is used extensively on RMS road upgrade 
projects throughout Sydney and the Blue Mountains. The composite 
pavement is composed of both asphalt and concrete and would cover a 
pavement area of 30,450 square metres. 

Due to the size and location of the proposal it is considered that 
establishment of on-site asphalt batching facilities would not be required. 
Supply of asphalt would be from established local sources. 

Structures The proposal would involve the construction of twin, dual lane, multi-
span bridges, about 150 metres in length to be constructed across 
Whites Creek. The bridges are comprised of precast prestressed and 
reinforced concrete beams. 

There are three retaining walls being constructed as part of the proposal 
totalling a length of about 572 metres and the total height of the piles is 
assumed to be about 15 metres. The walls are to be constructed from 
concrete. 

Kerbing and 
drainage 

About 2380 metres would be used for raised medians or medium 
barriers and about 4475 metres for barrier kerb and gutters and dished 
crossings. Information regarding the length of culverts and open 
drainage were unavailable at the time of writing. 

Earthworks The proposal involves clearance of about 24,000 cubic metres of topsoil 
and cut and fills volumes of 134,000 cubic metres and 206,000 cubic 
metres respectively. An additional 72,000 cubic metres of earth fill 
material would be imported from local sources. No spoil quantities have 
been included in this assessment. 

Vegetation removal Around 7.39 hectares of undisturbed mature forest and 15.27 hectares 
of grassland experiencing a high level of human disturbance would be 
cleared as part of the proposal. For the purpose of calculating 
sequestered carbon an annual rainfall average of 947 millimetres has 
been used, which was obtained from the Bureau of Meteorology’s 
automatic weather station at Mount Boyce. 
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Activity Comments and Assumptions 

Electricity generation It is assumed all power would be generated on site via diesel generator 
sets. 

Street lighting  Due to the rural nature of the receiving environment it has been 
assumed that there would be no continuous street lighting as part of the 
proposal. Flag lighting at the proposed intersections (at Forty Bends 
Road and McKanes Falls Road) would be provided as part of the 
proposal. 

 
Total GHG emissions for construction of the proposal are calculated to be 
14,624 tCO2e. Estimated GHG emissions by construction activity and by emission 
source for the proposal are presented in Table 6-64 and Table 6-65 respectively. 
 
From Table 6-64 it can be seen that 6833 tCO2e are a direct result of construction 
activities (Scope 1 emissions) with other emissions (Scope 3 emissions) attributing 
the remaining 7791 tCO2e. Demolition and earth works would be the most GHG 
emission intensive activity attributing a total of 5422 tCO2e. 
 
Table 6-65 provides a breakdown of GHG emissions by source including 
fuel combustion, loss of carbon sink via vegetation removal and material usage. 
Table 6-65 highlights that vegetation removal would be responsible for the largest 
portion of Scope 1 GHG emissions contributing 4131 tCO2e. This is, however, a 
smaller emission source than Scope 3 emissions with 7584 tCO2e as a result of 
embodied energy of construction materials. 
 
Table 6-64: GHG emission by construction activity 

Construction Activity 
GHG Emissions (tCO2-e) 

Scope 1 Scope 2 Scope 3 Total 

Site offices/general areas 418 - 32 450 

Demolition and earthworks 5330 - 92 5422 

Construction Pavements 858 - 2397 3254 

Structures 221 - 5138 5359 

Kerbing & gutters 6 - 133 139 

Total 6833 - 7792 14,624 
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Table 6-65: GHG emissions by emission source 

Emission source 
GHG Emissions (tCO2-e) 

Scope 1 Scope 2 Scope 3 Total 

Fuel 
combustion  

Electricity 
generation 

199  15 215 

Site vehicles 219 - 17 235 

Plant & equipment 1085 - 83 1167 

Demolition & 
earthworks 

1112 - 85 1197 

Vegetation removal 88 - 7 95 

Subtotal 2703 - 207 2909 

Vegetation removal (loss of carbon 
sink) 

4131 - - 4131 

Material 
usage 

Aggregate - - 239 239 

Concrete - - 3082 3082 

Cement - - 1405 1405 

Steel - - 2240 2240 

Bitumen - - 618 618 

Subtotal - - 7584 7584 

Total 6834 - 7791 14,624 
 
Operational Impacts 
 
The forecast traffic data outlined in Section 6.7.2 has been used to estimate vehicle 
GHG emissions for average daily traffic, taking into account the traffic volume, traffic 
mix, speed, number of lanes and road grade and length. Peak hour traffic speed 
modelled on the highway has been set to 59 kilometres per hour1 and it is assumed 
peak hour traffic comprises 8.4 per cent of the annual average daily traffic count for 
all years. Table 6-66 summarises the traffic data used for this assessment. 
 
Table 6-66: Summary of Existing and Forecast Traffic for 2015 and 2025 

Direction 

Existing (2011) Opening Year (2015) 10yrs after opening (2025

No. Vehicles
% Heavy 
Vehicles 

No. Vehicles
% Heavy 
Vehicles 

No. Vehicles
% Heavy 
Vehicles 

Eastbound 4416 15.3 4790 15.0 5637 14.5 

Westbound 4402 15.9 4775 15.7 5617 15.2 
 

                                                      
 
 
1 The value of 59 km/h has been adopted based on the default peak hour speed for highways 
used in the RMS Tool for Roadside Air Quality (TRAQ). 
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For the purpose of this assessment, the Tool for Roadside Air Quality (TRAQ) 
developed by RMS is used to estimate potential air quality impacts associated with 
the proposal. Total GHG emissions for the key roads that would experience changes 
in traffic with the proposal have been generated using the total traffic volume with 
percentages of vehicles in each age bracket and type category. Road grade, length 
and speed information is also included in the calculations. 
 
Vehicle emission factors from the World Road Association, referred to as PIARC 
(formerly the Permanent International Association of Road Congress) are used by 
TRAQ to estimate emissions from relevant roads in the vicinity of the Great Northern 
Highway. In 2004, PIARC (2004) published a document with comprehensive vehicle 
emissions factors for different road gradients, vehicle speeds and for vehicles 
conforming to different European emission standards. The emission data in TRAQ 
have been modified to take into account the age, vehicle mix and emission control 
technology of the Australian vehicle fleet. 
 
Operational impacts discussed in this section relate to traffic volumes, both on the 
existing highway and with the proposed highway at opening year (2015) and ten 
years after opening (2025). Table 6-67 shows the GHG impacts associated with 
vehicles travelling along the section of highway. 
 
From Table 6-67 it can be seen that operational GHG emissions are set to increase 
from the baseline 2011 existing scenario of at the opening year. This increase would 
largely be attributed to an increase in traffic volumes (see Table 6-67); despite 
assumed improvements to fuel consumption and GHG efficiency of vehicle travel. 
Operational emissions for the proposed highway would be lower than the no-build 
scenario due to improvements in road conditions and thus fuel efficiency and are 
calculated as about 3664 tCO2e for 2015 and 4062 tCO2e for 2025. 
 
Table 6-67: Traffic GHG Inventory (tCO2e) 

Existing (2011) Opening Year (2015) 10 Years After Opening (2025) 

3458 3664 4062 

 
In the operational phase of the proposal, a small amount of emissions would also be 
generated during maintenance activities (which would be frequency and intensity 
dependant), however, this would be minimal and is not expected to substantially 
impact on the above noted emissions. 
 

6.11.4 Safeguards and management measures 

Table 6-68 identifies safeguards and management measures that would be 
implemented to address potential impacts to greenhouse gas as a result of the 
proposal. These measures would be implemented as part of the overall CEMP for the 
construction of the proposal. 
 
As vehicle impacts on air quality are effectively managed at–source via improved 
engine technology, fuel standards, vehicle maintenance and emission testing, no 
proposal-specific mitigation measures are recommended for GHG impacts. 
 
Management measures to reduce greenhouse gas emissions during construction 
would be targeted at Scope 1 and 2 emissions. Measures to reduce Scope 3 
emissions are limited as such emissions, while occurring as a result of the proposal, 
would be outside the RMS's operational control. 
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Table 6-68: Greenhouse gas environmental safeguards and management measures 

REF # Impact Environmental safeguards Responsibility Timing 

GG-1 Operational GHG impacts from 
vehicle emissions 

 The route length and road grade would be minimised 
to reduce the distance for traffic required and the effort 
required to climb steep grades. 

RMS via road design Detailed design 

GG-2   Measures would be adopted to avoid traffic congestion 
through staging during detailed design. 

RMS via road design Detailed design 

GG-3 GHG emissions from fuel 
consumption and loss of 
carbon sink 

 Vegetation clearance would be minimised, in particular 
native or replanted bush land. Where vegetation 
clearance is unavoidable, consideration should be 
given to replanting native species wherever possible. 

Construction Contractor Construction 

GG-4 GHG emissions from fuel 
consumption and from 
embodied energy in 
construction materials 

 Waste, in particular greenhouse gas waste would be 
miminised wherever possible.  

Construction Contractor Construction 

GG-5 GHG emissions from loss of 
carbon sink 

 Cleared vegetation would be mulched for re-use on-
site where feasible. 

Construction Contractor Construction 

GG-6 GHG emissions from fuel 
consumption 

 Waste would be disposed of at local landfills rather 
than further afield wherever possible to avoid 
unnecessary transport emissions. 

Construction Contractor Construction 

GG-7  Local suppliers for construction materials would be 
used wherever possible to avoid unnecessary 
transport emissions. 

Construction Contractor Construction 

GG-8  Local staff would be utilised wherever possible to 
avoid unnecessary transport emissions. 

Construction Contractor Construction 

GG-9  Fuel-efficient equipment would be selected wherever 
possible. 

Construction Contractor Construction 

GG-10  Biofuels (biodiesel, ethanol, or blends such as E10 or 
B80) would be considered wherever possible and 
available. 

Construction Contractor Construction 



 

Great Western Highway – Forty Bends upgrade 299 
Review of Environmental Factors 

REF # Impact Environmental safeguards Responsibility Timing 

GG-11  Plant and equipment would be regularly maintained to 
ensure maximum fuel efficiencies. 

Construction Contractor Construction 

GG-12  Energy-efficient work practices would be promoted on 
site, such as turning machinery off when not in use. 

Construction Contractor Construction 

GG-13  Energy-efficient lighting would be utilised (where 
available) during night works (if required). 

Construction Contractor Construction 

GG-14 GHG emissions from fuel 
consumption (cont.) 

 Monitoring, recording and reporting energy 
consumption would be undertaken to identify and 
address energy wastage. 

Construction Contractor Construction 

GG-15  It would be ensured that the construction contractor, 
where reasonable and feasible, would use electrical 
energy derived from a renewable energy source 
accredited by the National Green Power Accreditation 
Steering Group (or equivalent) for the supply of a 
proportion of the on-site electrical energy required 
during construction. 

Construction Contractor Construction 

GG-16 GHG from embodied energy in 
construction materials 

 Recycled materials would be used in construction 
material, wherever possible 

Construction Contractor Construction 

GG-17  Surplus fill and waste material would be re-used on 
site. 

Construction Contractor Construction 

GG-18 Impacts during operation  Pavement and structures along the road corridor 
would be inspected regularly and maintenance 
undertaken as necessary. 

RMS Operation 
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6.12 Groundwater 

6.12.1 Methodology 

The groundwater assessment builds on previous work undertaken for the preferred 
route corridor during 2011 (Parsons Brinckerhoff, 2011). This assessment included; 
 
 A review of groundwater levels, local and regional flow systems and 

groundwater quality. 

 A review of water legislation and policy relevant to the proposal. 

 Consideration of the likely impacts on groundwater during construction and 
operation. 

 

6.12.2 Existing environment 

The proposal site has three main aquifer systems: 
 
 Unconsolidated and unconfined alluvial aquifers. 

 Semi-confined rock aquifers of the sedimentary Sydney Basin including the 
Shoalhaven Group and Illawarra Coal Measures. 

 Semi-confined fractured granite aquifers of the Lachlan Fold Belt. 
 
Each of these aquifer systems are discussed in further detail below. 
 
Alluvial aquifers 
 
Groundwater occurs within alluvial deposits associated with Whites Creek and may 
also occur in locations of indistinct drainage. The alluvial deposits within the proposal 
site are expected to be relatively minor in extent and therefore the volume of 
groundwater within these aquifers is limited. 
 
Groundwater levels in the alluvium are likely to be relatively shallow (less than 
10 metres below ground level). Recharge occurs through rainfall and via direct 
hydraulic connection with Whites Creek. In some areas recharge may be from 
surrounding bedrock. Groundwater quality within the alluvial aquifers is likely to be of 
good quality due to rapid recharge from local rainfall and surface water sources and 
short residence times. Groundwater discharge occurs in the lower lying areas of the 
landscape at the break of slope (springs) and as baseflow to creeks. Sand lenses or 
bands may be interconnected and provide preferential pathways of higher 
permeability and groundwater flow. 
 
Sydney Basin rock aquifers 
 
Groundwater flow within the Shoalhaven Group and Illawarra Coal Measures is 
mainly via fracture networks and faults, with minor flow via primary porosity 
movement. Regionally, groundwater flow is towards the north-east, which is 
coincident with the dip of the rocks (Bish, 1999). Locally there may be different 
directions in groundwater flow, particularly due to localised pumping, surface water 
interactions and local topography. 
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Recharge to the Sydney Basin rock aquifers is primarily sourced from rainfall 
infiltration to exposed outcrop and residual soils. Groundwater and surface water 
systems are hydraulically connected; groundwater contributes baseflow to surface 
waters during dry periods and vice versa during wet periods.  
 
Based on data obtained from groundwater monitoring of bore BH143 (refer to 
Figure 6-27) and other nearby groundwater monitoring bores (Parsons Brinckerhoff, 
2011 and 2012), water quality within the aquifers underlying the proposal is typically 
fresh (ranging between 50 to 150 mg/L Total Dissolved Solids, TDS. The pH of 
groundwater in the Illawarra Coal Measures varied from slightly acidic to slightly 
alkaline. Groundwater quality in the Shoalhaven Group is mildly acidic to alkaline and 
may be brackish or saline. The marine nature of the Shoalhaven Group rocks leads 
to a corresponding high concentration of chloride. 
 
Fractured granite aquifers 
 
Groundwater within the granitic intrusive rocks is largely contained within secondary 
structural features such as joints, fractures and faults. Groundwater flow and yield is 
limited by the degree of interconnectivity of the joint and fracture systems. 
Furthermore, the yield is limited by the fracture system typically becoming less 
frequent and in-filled with clay with increasing depth. Hence the fractured granite rock 
generally produces low and unpredictable yields of groundwater. Groundwater quality 
in this aquifer is often variable and may be brackish or saline ranging between 210 to 
350 mg/L TDS (Parsons Brinckerhoff, 2011 and 2012). 
 
Sensitive receptors 
 
A search of the New South Wales Office of Water (NOW) registered groundwater 
bore database within a three kilometre buffer zone along the proposed route (NOW, 
2011) found seven registered bores, which are summarised in Table 6-69 and shown 
on Figure 6-27. 
 
Table 6-69: NOW registered bores 

Bore ID Easting Northing Date 
completed 

Depth Geology Purpose SWL 
(mBGL) 

Yield 
(L/s) 

Salinity

GW045761 231716 6289043 01/03/77 51.8 Granite Domestic 13.7 0.15 Fresh 

GW053934 232413 6289093 01/06/81 53.4 Granite Horticulture 2.4 0.15 NA 

GW071207 232875 6289167 01/11/92 25 NA Domestic 8 0.25 NA 

GW044385 232180 6287632 NA 3.7 SST Stock 0.9 0.25 Good 

GW070637 223046 6287661 NA NA NA NA NA NA NA 

GW105910 233620 6288001 12/05/05 NA NA NA NA NA NA 

GW054278 244740 6280116 01/11/83 50 SST Domestic 40.6 0.02 NA 

Notes: NA = Not available, SWL = static water level in m BGL (metres below ground level), SST = 
sandstone 
 
Bores in the area are generally used for domestic purposes, with some use for stock 
and horticulture. Two bores (GW070637 and GW105910) are located within the 
proposal site. 
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Groundwater dependent ecosystems 
 
Groundwater dependent ecosystems (GDEs) are communities of plants, animals and 
other organisms that depend on groundwater for survival (Department of Land and 
Water Conservation, 2002). A GDE may be either entirely dependent on groundwater 
for survival, or may use groundwater opportunistically or for a supplementary source 
of water (Hatton and Evans, 1998). GDEs are most likely to occur in areas with 
shallow groundwater levels close to the surface.  
 
Groundwater discharge is important in maintaining baseflow in rivers and streams 
and sustaining springs. Ecosystems associated with these discharge areas have a 
high dependency on groundwater for their water requirements. Shallow groundwater 
is also important for sustaining native trees, particularly more deep rooted varieties. 
 
The alluvial groundwater systems within the proposal site have shallow water levels 
and may be providing base flow to Whites Creek and its tributaries. Riparian 
vegetation associated with these creeks may depend on groundwater to some 
degree, however, there are no known GDEs present within the proposal site (refer to 
the Section 6.1). 
 

6.12.3 Legislation and policy 

Water Management Act 2000 
 
The proposal site is located within the Sydney Basin Coxs River Groundwater Source 
of the Greater Metropolitan Region Water Sharing Plan (WSP) for groundwater, 
which came into effect on 1 July 2011. WSPs are instruments under the Water 
Management Act 2000 (WMA 2000) which share water between the environment and 
consumptive purposes, protect groundwater dependent ecosystems and basic 
landholder rights (domestic and stock rights) and provide rules for water trading.  
 
The Sydney Basin Coxs River Groundwater Source covers an area of about 
529 square kilometres and has a fairly even distribution of bores. Table 6-70 details 
the allocated share components for groundwater use in the Sydney Basin Coxs River 
Groundwater Source. 
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Table 6-70: Allocated share component for the Sydney Basin Coxs River 
Groundwater Source 

Use Share component 

(Megalitres per year) 

Notes 

Long term average (LTA) 
annual recharge  

31,312  

Planned environmental 
water 

14,204 Includes 40 per cent of the long-
term average annual recharge from 
non-high environmental value 
areas and 100 per cent of the long-
term average annual recharge from 
high environmental value areas  

Long term average 
extraction limit (LTAEL) 

17,108 Equal to the LTA annual recharge 
less the amount of recharge 
reserved as planned environmental 
water 

Basic landholder rights  454 Water requirements of persons 
entitled to domestic and stock 
rights 

Town water supply 0  

Major water utility 0  

Native title 0  

Aquifer access licence 6926 (unit shares 1) 12 aquifer access licences 

Unassigned water 9728 The volume of water that is not 
currently allocated either as 
entitlements (licences) or other 
rights (ie Basic Landholder Rights) 

Note 1 – Unit shares equivalent ML/yr, unless available water determination (AWD) for aquifer access 
licences is reduced in response to a growth in use. 
 
Under the Water Management (General) Regulation 2011 (WMR 2011), Schedule 5, 
Part 1, groundwater to be used by ‘Road Authorities’ explicitly for the purpose of road 
construction and maintenance, is exempt from requiring an (aquifer) access licence.  
 
The WMA 2000 requires water users to hold a water supply works approvals to 
construct a bore, well or spear point and a water use approval to use the water. 
However, the WMR 2011, Clause 31 specifies that if a ‘person’ is exempt under 
Schedule 5, Part 1 of the WMR 2011, they are also exempt from requiring a water 
use approval. However, a works approval is required unless the activity relates to an 
‘aquifer interference activity’ as defined in the Aquifer Interference Policy. 
The requirements to obtain an aquifer interference licence and approval are 
described in the Aquifer Interference Policy, as outlined below. 
 
The extraction and consumptive use of groundwater beyond that needed for road 
construction or operation of the proposal (such as for water supply) would require an 
aquifer access licence, and a works and use approval, as defined in the WMA 2000. 
The disposal of groundwater, such as from dewatering may require an Environmental 
Protection Licence (EPL) under the Protection of the Environment Operations Act 
1997. 
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NSW groundwater policy framework 
 
The NSW Groundwater Policy Framework (Department of Land and Water 
Conservation (DLWC), 1997) comprises a set of three policy documents: 
 
 NSW Groundwater Quality Protection Policy (DLWC, 1998). 

 NSW Groundwater Quantity Management Policy (draft) (DLWC, undated). 

 NSW Groundwater Dependent Ecosystem Policy (DLWC, 2002). 
 
The aims of the NSW Groundwater Policy Framework are to slow, halt or reverse 
degradation in groundwater resources, ensure long-term sustainability of the 
biophysical characteristics of the groundwater system, maintain the full range of 
beneficial uses of these resources and maximise the economic benefit to the region 
and state.  
 
The proposal would require the use of water during the construction. The source(s) of 
water for construction of the proposal would be determined during detailed design 
(refer to Section 3.3). Any groundwater used during the construction of the proposal 
would consider the provisions of the NSW groundwater policy framework. 
 
Aquifer Interference Policy 
 
The Department of Primary Industries released an Aquifer Interference Policy on 
11 September, 2012 (NOW, 2012). The Policy provides a framework for assessing 
minimal impact to ‘water-dependent assets’. The Policy has been developed to 
regulate ‘aquifer interference activities’ including those that involve the: 
 
 Penetration of an aquifer. 

 Interference with water in an aquifer. 

 Obstructing flow in an aquifer.  

 Taking water from an aquifer. 

 Disposal of water taken from an aquifer.  

 
An ‘aquifer’, as defined in the Policy includes any saturated geological formation that 
can yield low to high volumes, irrespective of its salinity. The WMR also defines an 
‘aquifer interference activity’ as including the extraction of sand and road base 
material. Based on the criteria above, the type of activities that would meet these 
criteria in relation to the proposal include the dewatering of road cuttings, pilings and 
tunnels that intersect an aquifer.  
 
The Aquifer Interference Policy has been developed specifically to address high risk 
activities such as: mining; extractive industry; coal seam gas; major dewatering; 
injection works; and contaminating activities. The assessment process in determining 
the requirement to obtain an aquifer interference licence is risk based, whereas the 
requirement for an aquifer interference approval assesses aquifer impacts relative to 
‘minimal harm’ criteria (such as potential water table, water pressure and water 
quality impact). The assessment process focuses not only on the type/risk of activity 
and potential aquifer impact but also the location of the activity with respect to being 
within designated ‘Strategic Agricultural Land’. 
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Based on the criteria provided above and the risk based (plus minimal harm) 
approach as defined in the Policy, activities that relate to the construction of road 
infrastructure such as road cuttings that intersect negligible quantities of groundwater 
that do not require dewatering are considered to be low risk and cause ‘minimal 
harm’, and therefore do not require an aquifer interference licence or approval. 
However, large projects such as deep piling and/or tunnels would be considered high 
risk due to the potential for dewatering, and could exceed the Level 1 thresholds for 
‘minimal harm’ as defined in the Policy, and therefore could potentially upon 
determination by the Department of Primary Industries require an aquifer interference 
licence and/or approval. 
 

6.12.4 Potential impacts 

The infrastructure to be constructed for the proposal includes a number of fill 
embankments and cuttings, as well as a bridge over Whites Creek. These 
infrastructure components have the potential to impact groundwater conditions, 
predominantly during the construction phase of the proposal. The potential impacts of 
the proposal include the following: 
 
 Major fill embankments are proposed, predominantly along the southern side of 

the existing highway alignment. Whilst there are no fills proposed immediately 
adjacent to Whites Creek, compaction of minor alluvial aquifers associated with 
nearby drainage lines could occur. The quality of groundwater may be 
impacted where inert fill is not used. 

 Major cuts are proposed along the northern side of the road alignment, ranging 
in depth from 10 metres to 13 metres. Based on available depth to groundwater 
information, cuts in excess of five metres depth have the potential to intersect 
the shallow groundwater table, particularly where fracture zones are 
intersected and would require dewatering during construction and operation of 
the road. Drawdown of the shallow water table has the potential to reduce 
access to groundwater for nearby users and GDEs. However, based on 
available information, limited GDE’s are present within the proposal site. 
Monitoring of drawdowns using available piezometer network adopted as 
necessary throughout the project construction and operation will support a 
proactive management approach that reduces any potential impact. 

 Deep piles of up to 20 metres to 25 metres are to be constructed through talus 
and bedrock for the Whites Creek bridge crossing. These deep piles would 
intersect the water table and groundwater may need to be managed and 
disposed on a short-term basis during construction of the bridge. Groundwater 
in the vicinity of the piles may be aggressive to concrete. Depending on the 
intersection of the piles with aquifer fractures, dewatering and disposal may be 
required during the construction phase. This may lower water tables in the 
short term and result in the need to dispose of brackish/saline water. 

 The proposal would result in the removal of two existing NOW registered bores 
(GW070637 and GW105910) (refer to Figure 6-27). The current use of these 
bores, if any, is unknown. 
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 Groundwater may be used as a water supply for compaction, dust suppression 
and landscape irrigation during construction of the road upgrade. 
However, available data indicates yields from Sydney Basin rock aquifers in 
this area are relatively low (in the order 0.25 litres per second) and 
groundwater quality may be poor (brackish to saline). The take of groundwater 
during construction could lower the local groundwater table in the short-term, 
affecting nearby groundwater users. Alternative water source(s) may be 
required to be identified. The source(s) of water for construction of the proposal 
would be determined during detailed design (refer to Section 3.3.5 for further 
details regarding sourcing and estimated quantities of water required during 
construction of the proposal). 

 

6.12.5 Safeguards and management measures 

Table 6-71 identifies safeguards and management measures that would be 
implemented to address potential impacts to groundwater as a result of the proposal.  
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Table 6-71: Groundwater environmental safeguards and management measures 

REF # Impact Environmental safeguards Responsibility Timing 

GW-1 Minor compaction 
of alluvial aquifers 

 Culverts and diversion drains would be incorporated in fills to alleviate the impacts 
of ground compaction on shallow alluvial aquifers.  

RMS Detailed design 

GW-2 Road cuts 
intersecting shallow 
groundwater table 
and pile dewatering 

 Detailed investigation of the depth to groundwater where cuts are proposed would 
be undertaken as part of the detailed design phase of the proposal. A series of 
piezometers would be installed along the road alignment to monitor ground water 
levels. 

 Rising/falling head (slug) testing would be undertaken at selected bores to assess 
the hydraulic properties of aquifers where cuts and piles are proposed. Analytical 
modelling would be undertaken using this site specific hydraulic data to assess the 
volumes of groundwater that would need to be dewatered during construction and 
long-term operation of the proposal.  

 Entitlements would be acquired for the volumes calculated in accordance with the 
Greater Metropolitan Region Water Sharing Plan and Aquifer Interference Policy so 
the volumes of groundwater that are dewatered are within the sustainable limits of 
the aquifer system and cause minimal harm. 

RMS Pre-construction 

GW-3 Removal of existing 
bores 

 Consultation with the owners of the bores to be removed would be undertaken prior 
to construction of the road upgrade. An alternative supply of water would be 
provided to bore owners if required. 

RMS Pre-construction 

GW-4 Consultation with 
NSW Office of 
Water 

 Liaison with the NSW Office of Water would be undertaken prior to construction of 
high risk activities to determine whether an aquifer access licence and/or and 
aquifer interference approval would be required. 

RMS Pre-construction 
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REF # Impact Environmental safeguards Responsibility Timing 

GW-5 Groundwater 
quality 

 The construction materials chosen for the piles for the bridge would consider 
groundwater quality, particularly aggressivity to concrete. Groundwater quality 
monitoring would be undertaken where the piles are to be constructed during the 
detailed design phase to assess aggressivity to concrete. 

 On-site water management during construction of the bridge would ensure 
groundwater is of an acceptable quality prior to discharge to surface water systems 
or disposal. Treatment would be undertaken prior to discharge or disposal if 
required. Discussions will be held with the NSW Office of Environment and Heritage 
on the requirements to obtain an Environment Protection Licence. 

Construction 
contractor 

Pre-construction 
and construction 

GW-6 Abstraction of 
groundwater for 
construction 

 All bores would be constructed in accordance with the Minimum Construction 
Requirements for Water Bores in Australia (NUDLC, 2011). 

 Bores would be sited away from local groundwater users in accordance with the 
works approval and all take of groundwater would be in accordance with licence 
conditions to minimise impacts.  

Construction 
contractor 

Pre-construction 
and construction 
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6.13 Waste and resource management 

6.13.1 Policy setting 

The consumption of resources and production of waste are inherently linked. By 
minimising resource consumption, waste production is typically reduced as is the 
resultant impact on the environment. 
 
In NSW, resource and waste management is managed under a regulatory framework 
that is administered under the principal legislation of the Protection of the 
Environment Operations Act 1997 (POEO Act 1997) and the Waste Avoidance and 
Resource Recovery Act 2001 (WARR Act 2001). The WARR Act 2001 establishes a 
waste hierarchy, which comprises the following principles: 
 
 Avoidance of waste — minimising the amount of waste generated during 

construction by avoiding unnecessary resource consumption (ie avoiding the 
use of inefficient plant and construction equipment and avoiding materials with 
excess embodies energy, waste and excessive packaging). 

 Resource recovery — reusing, reprocessing and recycling waste products 
generated during construction to minimise the amount of waste requiring 
disposal. 

 Disposal — where resources cannot be recovered, they would be appropriately 
disposed of to minimise the potential adverse environmental impacts likely to 
be associated with their disposal. 

 
NSW Waste Avoidance and Resource Recovery (WARR) Strategy 2007 
 
The NSW Government has released the NSW Waste Avoidance and Resource 
Recovery Strategy 2007 to minimise waste generated across all government sectors 
and improve the efficient use of resources. This reflects the community's view that 
waste should be treated as a resource. The WARR Strategy identifies the following 
waste avoidance and resource recovery goals and targets: 
 
 Prevent and avoid waste. 

 Increase recovery and use of secondary materials. 

 Reducing toxicity in products and materials. 

 Reducing litter and illegal dumping. 
 
The RMS is dedicated to the minimisation of waste and the use of recycled products 
where possible. RMS contractors are required to propose recycled-content materials 
where they are cost and performance competitive.  
 
By adopting the principles of the WARR Act 2001, RMS seeks to utilise the most 
efficient use of resources and reduce cost and environmental harm in accordance 
with the principles of ecologically sustainable development, as outlined in Section 8.2 
of this REF. 
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6.13.2 Potential impacts 

Construction  
 
Demand on resources 
 
The activities as part of the proposal require the use of a number of resources, 
including: 
 
 Material required for road surfaces including asphalt, concrete, aggregate and 

other fill materials. 

 Material required for bridge construction such as concrete and steel reinforcing. 

 Construction water 
 
Initial material quantities required by the proposal have been identified previously in 
Section 3.3.5 and include: 
 
 72,000 cubic metres of fill. 

 70,000 to 100,000 cubic metres of road base. 

 3500 to 7000 cubic metres of drainage rock. 

 11,000 cubic metres of concrete for bridges, retaining walls and culverts/pipes. 

 3500 tonnes of steel reinforcement. 

 Lean mix concrete sub-base: 13,500 cubic metres. 

 Dense graded asphalt: 11,000 cubic metres. 

 Select material: 18,000 cubic metres. 

 About 30 to 50 megalitres litres of water. 
 
While the construction of the proposal would increase demand on local and regional 
resources, the development of the proposal alone would not result in any resource 
becoming scarce or in short supply within the local or greater regional area. 
Resource requirements, particularly for water and general construction materials, 
would be determined during the detailed design and construction phase. 
 
Waste 
 
The construction of the project would generate various types of wastes, which would 
be managed in accordance with the Waste Avoidance and Resource Recovery Act 
2001. Construction of the project would involve the production of various waste 
streams. Potential sources include: 
 
 Asphalt and concrete from the existing highway that is proposed to be 

removed. Where possible, this material would be utilised as additional fill 
material for other parts of the proposal. 

 Clearing of approximately 7.39 hectares of native vegetation and about 
15.27 hectare of exotic vegetation or highly modified habitats (refer 
Section 6.1). 
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Other waste-generating activities during construction would include earthworks, 
drainage works, restoration works on existing pavement, equipment maintenance 
and work site office activities. Construction waste may include: 
 
 Construction waste materials (including packaging, concrete, bricks, crushed 

rock, steel and timber). 

 Liquid wastes (including waste fuels, paints, oils and chemicals). 

 Wastewater (including site run-off and water used to control dust). 

 Surplus materials used during site establishment (including safety fencing and 
barriers, which may include plastics and metals). 

 Domestic wastes (including food scraps and putrescible wastes, aluminium 
cans, glass bottles, plastic and paper containers used by construction workers). 

 Sewage from construction site facilities. 
 
Re-use of excavated natural material and excavated public road materials would be 
undertaken and managed in accordance with the relevant NSW Resource Recovery 
Exemptions. 
 
Where waste materials generated by the proposal cannot be reused on site disposal 
would be required. Disposal of wastes would be undertaken in accordance with the 
DECC’s (2008a) Waste Classification Guidelines: Parts 1 and 2 and to a suitably 
licensed waste facility.  
 
Surplus material would be reused or disposed of in the following order of priority: 
 
 Transfer to other nearby RMS projects for immediate use. 

 Transfer to an approved RMS temporary stockpile site for future use during 
projects or routine maintenance. 

 Transfer to an RMS approved site for reuse on concurrent private/local 
government project (with appropriate approvals as required). 

 Disposal at an approved materials recycling or waste disposal facility. 

 As otherwise provided for by the relevant waste legislation. 
 
The process for management of excess material would be detailed in a WMP that 
would form part of the CEMP. 
 
Waste identified as being contaminated, would be managed in accordance with the 
Contaminated Land Management Act 1997 and other relevant legislation. 
Hazardous waste arising from the construction phase of the project would also be 
removed and disposed of in accordance with the relevant guidelines, including the 
OEH Environmental Guidelines: Assessment, Classification and Management of 
Liquid and Non-liquid Wastes (Department of Environment and Conservation, 1999). 
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Operation 
 
Demand on resources 
 
It is not anticipated that maintenance and occasional repair of project infrastructure 
would place a significant demand on resources. 
 
Waste 
 
Limited operational waste would be expected from the proposal from road 
maintenance and road users. Wastes would likely include vehicle oils and greases 
and green waste. Litter generated by road users along the project would also form 
part of operational waste. There is potential for contaminated waste as a result of fuel 
spills or leaks. 
 

6.13.3 Safeguards and management measures 

Table 6-72 identifies safeguards and management measures that would be 
implemented to address potential impacts to waste and resource demand as a result 
of the proposal. 
 
The CEMP would include a WMP, which would focus on applying the waste 
hierarchy (avoid, minimise, re-use/recycle, dispose). Where waste generated 
requires disposal, it would be managed in accordance with the Waste Classification 
Guidelines Parts 1 and 2 (DECC, 2008) and would be consistent with the 
Waste Avoidance and Resource Recovery Act 2001. 
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Table 6-72: Waste environmental safeguards and management measures 

REF # Impact Environmental safeguards Responsibility Timing 

WR-1 Waste 
generation 
during 
construction 

A WMP would be prepared as part of the CEMP prior to construction works commencing. 
The plan would detail standard environmental management measures to manage resource 
consumption and to avoid, re-use and dispose of waste during construction. These measures 
would include: 

 Apply the waste hierarchy (avoid, minimise, reuse/recycle, dispose) during construction 
and implement through the CEMP. 

 Prepare and maintain a waste management system (including recycling). 

 Where disposal is required, classify, handle, store and dispose of waste in accordance 
with the DECC’s (2008a) Waste Classification Guidelines: Parts 1 and 2 and to a suitably 
licensed waste facility. 

 Where practical, waste products would be reused on site, including: 

 Earthworks material as fill embankments. 

 Sub-grade layers and other material for batter extensions. 

 Top-soil for landscaping. 

 Cleared vegetation would be mulched, chipped or composted to be used as sediment 
filter fences, landscaping or land rehabilitation. 

 Crushed concrete as road base, footings, retaining walls, drainage. 

 Material not reused on site would be recycled at appropriate specialised off-site recycling 
contractors. 

 Treating any wastewater collected prior to discharge, in accordance with current 
standards. 

 Chipping leaf material and small branches of native vegetation for use as mulch in 
revegetation or landscaping works. 

 Disposing all other green waste from vegetation removal to a green waste recycling 
facility. 

Construction 
contractor 

Construction 
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REF # Impact Environmental safeguards Responsibility Timing 

   Work sites would be maintained in a tidy state and appropriately disposing of all general 
litter (including food scraps, plastics, glass bottle). 

 Chemical, fuel and lubricant containers and solid and liquid wastes would be disposed of 
in accordance with the requirements of OEH. 

 A licensed contractor would be used to remove contaminated waste, under current NSW 
legislative and OEH guidelines. 

 RMS contractors would be required to propose recycled-content materials where they are 
cost and performance competitive. 

 Site inductions would include training in waste minimisation principles. 

  

WR-2 Waste 
generation 
during operation 

 Operational green waste from maintenance activities would be disposed of appropriately 
or reused where practicable. 

 Operational wastes, such as oils and greases, would be disposed of to an appropriate 
licensed facility. 

 Road user litter would be collected by the relevant maintenance organisation either for 
recycling or disposal to an appropriate facility. 

RMS Operation 
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6.14 Contamination 

6.14.1 Methodology 

The assessment of the existing environment is based on the information sourced from 
the following reports: 
 
 Mount Victoria to Lithgow Alliance (2012) Geotechnical Investigation Report for 

Concept Design, 29 February 2012 

 Mount Victoria to Lithgow Alliance (2012) Geotechnical Design Report for 
Concept Design, 27 March 2012 

 Mount Victoria to Lithgow Alliance (2011) Contaminated Land Corridor Study, 
13 October 2011. 

 

6.14.2 Existing environment 

Analysis of historical aerial photographs for the Region indicates that the predominant 
land uses (both historically and current) comprise rural grazing and other types of 
agricultural farming within the vicinity of the proposal site. A number of areas of 
potential contamination have been identified along the proposal.  
 
These include: 
 
 Stockpiled materials. Two stockpile locations have been identified within the 

proposal site. The stockpiles were observed to contain predominantly road 
construction materials (soil materials, concrete, asphalt, road base) with some 
evidence of other general waste materials. 

 The existing Great Western Highway road corridor. 

 Regional agricultural land use (grazing, cropping, orchards, sale yards, etc) 
including the use of chemicals (pesticides and/or herbicides), storage and use of 
fuels, fill and waste disposal practices. 

 
The OEH contaminated sites register also identified one service station within South 
Bowenfels which is located about 1.5 kilometres to the west of the proposal.  
 
The review of potential contamination indicates minimal potential for widespread 
contamination in the assessment area. Any contamination as a result of farming, 
grazing or cropping activities would be expected to occur mostly in surface soils 
predominantly in areas where farm buildings are present, including yards, from farm 
rubbish tips or machinery graveyards and from isolated tipping or building demolition 
(particularly buildings constructed of fibrous cement sheeting potentially containing 
asbestos). 
 
The locations of potentially contaminated sites which have been identified within the 
vicinity of the proposal site are shown on Figure 6-28. 
 

6.14.3 Policy setting 

The following policies/guidelines were considered in preparation of this information: 
 
 RTA (2005) Contaminated Land Management Guideline. 

 RTA (2008) Environmental Directions – Coal Tar Asphalt Handling and Disposal. 
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6.14.4 Potential impacts 

Construction  
 
If contamination is present, disturbance of the ground surface in these areas would 
have the potential to disperse contaminated materials into the surrounding receiving 
environments, including air and water. Disturbance of potentially contaminated 
materials may also expose these contaminants to construction workers or the general 
public if appropriate controls are not put in place. 
 
There is potential for construction activities to result in contamination of soil and/or 
water associated with leaks and spills of potentially contaminating materials. 
These impacts are addressed in Section 6.5 and Section 6.15 (Water quality and 
Hazards and Risk). 
 
The potential areas of environmental interest identified were considered to be a 
negligible to low constraint to the design and construction of the upgraded highway. 
 
The potential areas of environmental interest and potential sources of contamination 
are identified in Table 6-73. 
 
Table 6-73: Potential areas of environmental interest and potential impacts of 
contamination 

Areas of 
Potential 

Environmental 
Interest 

Source and 
Potential 

Contaminants 

Likelihood of Impacts 
On Receptors 

Potential impacts 

Stockpiles of 
rubbish / fill 
material 
potentially 
associated with 
road works and 
illegal dumping 

General wastes, 
bitumen, asphalt, 
asbestos, 
miscellaneous 
materials. 

Potential 
contaminants include 
(but not limited to) 
heavy metals, 
hydrocarbon 
compounds (Total 
Recoverable 
Hydrocarbons (TRH), 
Benzene, Toluene, 
Ethyl Benzene, 
Xylenes (BTEX), 
Polycyclic Aromatic 
Hydrocarbons 
(PAH)), pesticides 
(Organochlorine 
Pesticides (OCP), 
Organophosphorous 
Pesticides (OPP)) 
and asbestos. 

It is possible that 
construction 
workers/visitors could 
come into contact with 
potential contamination 
associated with the 
presence of stockpiles 
along the proposed 
corridor route. 

The exact nature and 
content of these 
stockpiles is not known 
although most appear to 
be road construction 
materials based on 
visual observations. 

There is the potential that the 
materials within the 
stockpiles could contain 
elevated contaminant 
compounds. The 
contaminant compounds (if 
present) would be likely to be 
well immobilised within the 
respective materials. 

If not managed adequately 
during removal, there is the 
potential for materials 
contained within the 
stockpiles to contaminate 
surrounding soils. 
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Areas of 
Potential 

Environmental 
Interest 

Source and 
Potential 

Contaminants 

Likelihood of Impacts 
On Receptors 

Potential impacts 

Agricultural 
Land use 

Use of herbicides, 

pesticides, fuels 
(storage and use), 
machinery use, fill 
material, dip sites, 
orchards, waste 
products, sediments 
within drainage lines 
and dams. 

Potential 
contaminants include 
(but not limited to) 
heavy metals, TRH, 
BTEX, PAH, OCP, 
OPP, asbestos and 
microbiological. 

It is considered possible 
that site workers/visitors 
could come into contact 
with potential 
contamination 
associated with the 
agricultural activities 
undertaken within and 
adjacent to the highway 
upgrade. The 
contamination (if 
present) is likely to be 
associated with 
localised (isolated areas 
on individual properties) 
or regional sources 
(land use). 

Contamination 
associated with the 
regional agricultural land 
use is likely to be 
concentrated within 
sediments of drainage 
lines and dams. 

Localised point sources of 
contamination are unlikely to 
result in substantial potential 
impacts with respect to 
construction of the highway 
upgrade. 

The location of dams and 
drainage lines along the 
corridor would need to be 
considered a potential risk 
considering the accumulation 
of potentially contaminated 
sediments. 

The disturbance of 
sediments within dams and 
drainage lines could mobilise 
contamination (if present) 
which could potentially 
impact upon receiving 
waters. 

Great Western 
Highway 

Bitumen, vehicle 
emissions, fuels 
(spills/accidental), 
sediments within 
drainage lines. 

Potential 
contaminants include 
(but not limited to) 
heavy metals, TRH, 
BTEX and PAH. 

It is possible that site 
workers could come into 
contact with potential 
contaminants 
associated with the 
current and historical 
use of the existing Great 
Western Highway. 

Contamination could be 
present along the 
corridor associated with 
the degradation of road 
surfaces (asphalt in 
surface soils), road run-
off impacted sediments 
within drainage lines 
adjacent to the road and 
exhaust depositions, 
although the 
contamination is unlikely 
to be present in elevated 
concentrations. 

If contamination is present, 
the higher risk areas could 
be potentially where the 
existing highway and 
proposed upgrade coincide 
with cut operations. 

The disturbance of 
sediments within drainage 
lines could mobilise 
contamination (if present) 
which could impact upon 
receiving waters. 

The bitumen road surface of 
the existing highway is likely 
to contain contaminant 
compounds including 
hydrocarbons (TRH and 
PAH) and other compounds 
sourced from coal tar. 

Although the bitumen would 
not represent a potential 
contamination risk as an 
intact road surface, poor 
handling and management 
during removal (where 
required) could result in the 
potential contamination of 
surrounding soil materials. 
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Operation 
 
During operation of the proposal, contaminated runoff may arise from normal vehicle 
operation (tyre wear products, minor leaks of lubricants and fuels etc), or chemicals 
from accidental spillages to impact the local environment. The main route for these 
contaminants to the environment would be via surface runoff. The installation of 
permanent spill containment basins would reduce this risk of contamination to the 
surrounding environment. 
 

6.14.5 Safeguards and management measures 

Table 6-74 identifies safeguards and management measures that would be 
implemented to address potential impacts from contamination as a result of the 
proposal. 
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Table 6-74: Contamination environmental safeguards and management measures 

REF # Issue Environmental safeguards Responsibility Timing 

CM-1 Impact to potentially 
contaminated sites 

 Further investigation would be undertaken on potentially contaminated sites. 
Implement of remediation would be employed as required, in accordance with 
OEH guidelines. 

RMS Pre-
construction 

CM-2 Land contamination 
during construction 
activities 

 Implementation of standard contingency measures in the CEMP (including for 
unknown contaminants, asbestos containing materials and site operations 
during construction) would occur to allow for further investigation and 
treatment/disposal as appropriate. 

 All potentially contaminated wastes generated during construction works would 
be classified according to the (DECC 2008a) Waste Classification Guidelines: 
Parts 1 and 2. Dispose to a suitably-licensed disposal facility or reuse in the 
construction works as appropriate. 

 Reuse or dispose of all road base/bitumen excavated as part of the road works 
would be in accordance with the DECC (2008a) Waste Classification 
Guidelines 2008: Parts 1 and 2. 

RMS Construction 
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6.15 Hazard and Risk 

6.15.1 Existing environment 

The Forty Bends section of the Great Western Highway is in a generally rural area, 
with a mix of larger landholdings and large rural-residential blocks. It crosses one 
watercourse, Whites Creek. 
 
The Great Western Highway (Mount Victoria to Lithgow) Safety Review (NSW Centre 
for Road Safety, October 2010), provides some details of the risk issues associated 
with the existing Forty Bends section of the Great Western Highway. The existing 
road environment includes a number or features that contribute to the risk for road 
users. Sections of the road are prone to icing in cold weather (known as black ice), 
adding to the potential for accidents. A central road barrier is in place along part of 
the existing highway and acts to reduce the risk of collisions caused by icy 
conditions. This barrier also assists with mitigating the risk of head-on, non-
overtaking crashes, which are more likely on the curves through Forty Bends, 
however it does not extend for the full length of the at-risk section. Crash statistics for 
2004-2008 for the Great Western Highway generally indicate that they are somewhat 
more common on curves (which is to be expected given the road alignment), but that 
icy conditions existed for only a small proportion of crashes (less than two per cent). 
 
Two fatalities occurred in 2004 in wet conditions, both involving heavy vehicles and 
both in the vicinity of McKanes Falls Road and Forty Bends Road. One was the result 
of the vehicle leaving the carriageway while the other involved an additional vehicle 
in a head on collision. The statistics available do not allow for an evaluation of the 
proportion of heavy vehicles that are involved in accidents more generally and 
therefore do not allow for a prediction of the rate of accidents involving dangerous 
goods. 
 
The 2011 traffic counts show an average daily two-way volume of 7800 to 7900 
vehicles, with 14.7 per cent classified as heavy vehicles. This could be expected to 
include about 12 per cent dangerous goods vehicles based on ABS statistics for 
NSW (ABS Catalogue No. 9210.0.55.001 Survey of Motor Vehicle Use), or an 
average of about 140 per day. In the absence of significant heavy industries to the 
west of this section of the highway that might generate significant dangerous goods 
traffic of a particular class, it is likely that the majority of such movements would be 
flammable and combustible liquids (Class 3) such as petrol and diesel, flammable 
gases (Class 2.1) such as LPG and possibly toxic gases (Class 2.x) such as 
ammonia. 
 
The presence of a significant number of dangerous goods vehicles on this section of 
road adds the risk of environmental harm, including to aquatic ecosystems, to an 
increased risk of personal injury to both road users and adjacent occupiers and to 
public infrastructure and private assets. 
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6.15.2 Potential impacts 

Pre-construction 
 
No risks have been identified in the pre-construction phase of the proposal. In this 
phase, risks that might arise in the construction and operational phases of the 
proposal would be identified during detailed design and appropriate mitigation 
measures devised to ensure that risks are treated in the most effective, timely and 
economic manner. 
 
Safety reviews and safety audits have been undertaken of the design of the proposal 
and have identified the risks that require treatment in the detailed design. 
 
Construction 
 
Risks associated with the construction of the proposal would include: 
 
 Occupational work health and safety issues associated with the workforce 

undertaking the construction and the construction methods used. 

 Environmental impacts from the transport, storage and use of fuels, chemicals 
and other dangerous goods required for the construction work. 

 Environmental impacts from the generation, storage, treatment and/or disposal 
of proposal-related wastes, including hazardous wastes and sanitary waste 
from temporary construction facilities. 

 
It is not expected that explosives would be required during construction of the 
proposal. Changes to the existing highway alignment and width would generally be 
accommodated within the flatter land to the south of the existing alignment, not by 
extending into the hillsides of Hassans Walls that constrain the alignment to the 
north. 
 
Operation 
 
Risks associated with operation of this section of the Great Western Highway would 
include those normally associated with a busy highway, in particular personal risk 
from accidents, risk of damage to infrastructure and assets and risk to the 
environment. In addition, this section of the highway includes sections where the 
formation of black ice is likely to occur in cold weather, adding to the risk to road 
users. 
 
The estimated 2041 daily two-way design traffic volume is about 13,000 vehicles. 
If the proportion of heavy vehicles and dangerous goods vehicles remains constant 
until 2041, 230 dangerous goods vehicles per day are predicted to be using this 
section of the highway by that time. Without any improvements to the road design, 
this is likely to represent an approximate doubling of the risk from dangerous goods 
in this area, given the greater number of vehicles carrying dangerous goods and the 
increased traffic volumes and therefore accident rates. 
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Contaminated runoff arising from normal vehicle operation (tyre wear products, minor 
leaks of lubricants and fuels etc), would occur and is typical of all roadways. There is 
also the possible discharge of large volumes of dangerous goods with the potential 
for environmental damage or personal injury as a result of accidents involving 
dangerous goods vehicles. Runoff into watercourses, in particular Whites Creek, has 
the potential for significant environmental harm, in particular given the status of the 
catchment as part of the Sydney drinking water catchment. 
 

6.15.3 Safeguards and management measures 

Table 6-75 identifies safeguards and management measures that would be 
implemented to address potential impacts to hazard and risk as a result of the 
proposal. 
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Table 6-75: Hazard and risk environmental safeguards and management measures 

REF # Issue Environmental safeguards Responsibility Timing 

HR-1 Runoff of contaminated 
stormwater during construction 

 Temporary runoff detention basins would be provided during concept 
and detailed design. 

 Sediment basins would incorporate accidental spill management 
containment of spills up to 40,000 litres through an appropriate baffle 
arrangement with an underflow or “Ellis” pipes at the outlet end of the 
basin. 

RMS and 
construction 
contractor 

Detailed design 
and construction 

HR-2 Failure to identify risks in 
concept and detail design 
stages 

 Undertake safety reviews and audits prior to construction. 

 Undertake safety in design studies prior to construction. 

RMS Detailed design 
and pre-

construction 

HR-3 OHS for workforce  Undertake safety in design studies prior to construction. RMS Pre-construction 

HR-4 OHS for workforce  A construction safety management plan would be prepared prior to 
commencement of construction. 

 Compliance with statutory requirements, industry standards would 
occur throughout the construction of the proposal. 

Construction 
contractor 

Construction 

HR-5 Dangerous goods  Dangerous goods wastes (if any) would be managed in accordance 
with the proposal CEMP. 

 Storage of any potentially dangerous goods on site would be 
undertaken in accordance with standards and statutory requirements. 

 Storage of materials would be away from migration paths and 
watercourses. 

 Goods used on site would be in accordance with manufacturers’ 
instructions, good practice etc. 

Construction 
contractor 

Construction 

HR-6 Hazardous wastes  All hazardous wastes (if found) would be managed in accordance with 
the proposals’ waste management plan. 

 Collection and secure storage systems would be developed for all 
potential hazardous wastes. 

 Any hazardous wastes (if any) would be disposed of by a licensed 
contractor to approved facilities. 

Construction 
contractor 

Construction 
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REF # Issue Environmental safeguards Responsibility Timing 

HR-7 Other wastes  All other wastes would be disposed of in accordance with the Waste 
Classification Guidelines: Parts 1 and 2 (DECC 2008a). Disposal 
would occur to a suitably-licensed disposal facility or reused in the 
construction works as appropriate. 

 Disposal of all sanitary waste would be to an approved, off-site 
wastewater treatment plant. 

Construction 
contractor 

Construction 

HR-8 Black ice formation  Clearance of vegetation would typically only occur up to five metres 
from the top or toe of batters. 

 Formulation of an active black ice maintenance program would be 
undertaken as part of detailed design. As part of the formulation of a 
maintenance program, a suitable de-icing chemical would be identified 
(such as sodium chloride) for use during identified black ice events. 

 Installation of a weather station would be undertaken prior to 
construction. The weather station would obtain local meteorological 
data and provide warnings to motorists and alert RMS maintenance 
crews to the potential for black ice formation as part of the active 
maintenance program. 

RMS Detailed design 
and construction 

HR-9 Contaminated runoff from the 
roadway and dangerous goods 
spills 

 Sedimentation basins from construction phase would be incorporated 
into the permanent (operational) design. 

 It would be ensured that basins are regularly maintained to ensure 
they are effective during construction and operation of the road. 

Construction 
contractor and 

RMS 

Detailed design, 
construction and 

operation 
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6.16 Cumulative environmental impacts 
This section discusses the potential cumulative impacts that may arise as a result of 
the construction and operation of the proposal, and the interaction of these impacts 
with other identified major developments within the local area. The cumulative 
impacts relate to both the individual environmental impacts of the proposal as well as 
the combined effects of this and other proposals in the vicinity of the proposal that 
form part of the wider program to upgrade the Great Western Highway. 
 
General 
 
While this REF focuses on the potential environmental impacts of this proposal, it is 
important these potential impacts are considered in their wider contextual 
surroundings. Cumulative impacts are those that may not be considered significant 
on their own but that may be more significant when considered in association with 
other impacts. Cumulative impacts may occur as the result of the interaction of 
impacts within a single project or due to the combined effects of a number of projects 
occurring simultaneously in a given area.  
 
The consequences that may arise from the effects of incremental development are 
usually described as ‘cumulative environmental impacts’. Cumulative impacts have 
the potential to arise from the following: 
 
 The interaction of individual elements within the proposal and surrounds. 

 The additive effects of the proposal with other external projects. 

 The additive effects of the proposal with other road upgrade projects in the 
Blue Mountains. 

 
In accordance with Clause 228(2) of the EP&A Regulation 2000, any cumulative 
environmental effects of the proposal with other existing and likely future activities 
must be taken into account in assessing the potential environmental impacts of the 
proposal. These can be viewed as either positive or negative cumulative impacts and 
are discussed below. 
 
An assessment of cumulative environmental impacts has been undertaken based on 
the following criteria: 
 
 Size of the proposed or existing project which was generally limited to major 

developments. 

 Type of project or proposal with emphasis being placed on other road upgrades 
being or proposed to be undertaken. 

 Location of the proposal or project with only those projects within the broader 
Blue Mountains region being considered. 

 Timeframe of the proposal or project with only those projects likely to be 
constructed concurrently with the proposal being considered for construction 
impacts in addition to other proposals that may occur subsequent to the 
Forty Bends upgrade (such as the future development of the Mount Victoria to 
Lithgow corridor) being considered for operational impacts. 
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Road boundaries for long term improvements 
 
RMS has developed a concept design for the longer-term upgrade of the 
Great Western Highway between Mount Victoria and Lithgow (refer to Chapter 2). 
The purpose of this concept design is to identify road boundaries that can be 
reserved for long-term improvements. These boundaries will be provided to the 
Blue Mountains City and Lithgow City councils as a key input to future land use 
planning. The proposed road boundaries include the road formation, batters and 
retaining structures, drainage structures, landscaping and space for maintenance 
activities. 
 
The concept design for the road boundaries extends between Soldiers Pinch, about 
400 metres east of Browntown Oval at Mount Victoria and Magpie Hollow Road at 
South Bowenfels a distance of about 20 kilometres. 
 
The realigning of the existing Great Western Highway at Forty Bends is the first 
component of the Mount Victoria to Lithgow upgrade to proceed with funding to 
detailed design and construction. This section of the upgrade would improve safety 
and reliability of travel, reduce the likelihood of crashes and potential road closures in 
winter months due to the formation of black ice. The other sections of the 
Mount Victoria to Lithgow upgrade are currently unfunded and the cumulative impact 
of the proposal to construct the proposed upgrade at Forty Bends would be 
considered as part of the environmental impact assessment of the remaining 
sections of the Mount Victoria to Lithgow upgrade that are proposed to be 
constructed. 
 
Construction 
 
Great Western Highway upgrade program 
 
The proposal is part of a broader program of improvements to the Great Western 
Highway (refer to chapter 2) that would have both positive and negative impacts on 
the environment. Other highway upgrade projects in the Blue Mountains that have 
the potential to occur concurrently with the proposal at Forty Bends include: 
 
 Bullaburra East (currently in detailed design) about 44 kilometres to the east. 

 Bullaburra West (currently under construction) about 42 kilometres to the east. 

 Lawson Section (currently under construction) about 45 kilometres to the east 

 Woodford to Hazelbrook (currently under construction) about 48 kilometres to 
the east. 

 Mount Victoria top curve Victoria Pass upgrade (currently under construction) 
about 13 kilometres to the east. 
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During the concurrent or sequential construction of these projects, there is the 
potential for negative cumulative impacts, including cumulative impacts to  
 
 Traffic diversions and roadwork speed limits along the Great Western Highway 

resulting in longer journey times and cumulative delays in road travel across 
the Blue Mountains. 

 Air quality and greenhouse gas impacts within the Blue Mountain region. 

 Visual amenity impacts as a result of concurrent construction work sites across 
a large area of the mid-Blue Mountains. 

 Significant amount of vegetation clearance impacts across the total length of 
Great Western Highway projects. 

 
In order to minimise potential impacts during the construction phase, the construction 
timetable for the upgrades would be co-ordinated to minimise disruption to motorists. 
This would allow construction to be undertaken on a section-by-section basis. 
This approach would ensure that negative cumulative impacts on both the function of 
the highway and the surrounding environment would minimised where possible. 
 
Enhanced safety works program 
 
The RMS are also developing additional highway safety improvements between 
Mount Victoria and Lithgow, including proposed safety works at Mount Victoria 
Village, Little Hartley and Hartley. The enhanced safety works program would include 
improvements along the Great Western Highway for the Mount Victoria township 
comprising intersection, pavement and pedestrian safety improvements. New safety 
works throughout Hartley Valley would include intersection upgrades and pavement 
works were also recommended in the NSW Government Review. 
 
The proposed enhanced safety works program would have similar cumulative 
impacts as those of the remaining sections of the Great Western Highway upgrade 
including cumulative traffic impacts and delays, air quality and greenhouse gas 
impacts and increase vegetation clearance requirements. 
 
Local developments 
 
No local developments have been identified within a reasonable distance of the 
proposal that would result in cumulative effects during the construction or operation 
of the proposal. 
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Operation 
 
Notwithstanding these potential negative cumulative effects, there would also be 
longer term positive cumulative effects of the program of road upgrades through the 
Blue Mountains.  
 
In terms of positive impacts, the Great Western Highway Upgrade Program (including 
enhanced safety works) would: 
 
 Reduce the number of fatal and total accidents improving the road alignment 

and capacity, intersection upgrades and implementing black ice mitigation 
measures, particularly at Forty Bends. 

 Improve traffic conditions, thereby improving air quality. 

 Reduce travel times, leading to reduced transport costs. 

 Increase regional employment levels and economic output. 

 Allow for increased visitor numbers (tourists), leading to an increase in direct 
expenditure from those visitors because of improved accessibility. 

 Generate significant levels of employment as part of construction activities. 

 Improve access to employment opportunities and community services and 
facilities. 

 

6.17 Summary of beneficial effects 
The proposal would result in positive impacts on the biophysical, social and 
economic environment in the area. This would be achieved by: 
 
 Increased safety of the Great Western Highway at Forty Bends, thereby 

reducing the likelihood of road accidents, including those involving the 
transportation of hazardous goods. The proposal would form part of a range of 
proposed safety improvements throughout the Hartley Valley including safety 
improvement works proposed at River Lett Hill and improvements already 
completed along the bottom curve of Victoria Pass. 

 Developing a black ice active maintenance program that would assist in 
improving safety of the Great Western Highway at Forty Bends. 

 Improving the level of service of the existing Great Western Highway and 
providing consistent travel speeds along this section of the Great Western 
Highway, thereby reducing travel times and increasing travel efficiency for 
through traffic with subsequent reductions in vehicle operating costs and 
increased efficiency in freight movement both regionally and locally. 

 Providing improved intersection configurations thereby reducing the number of 
potential conflict points. 

 Reducing air pollutant emissions locally as a result of the reduction in travel 
times between destinations and increased fuel efficiency as a result of 
improved road conditions. The positive local impacts would be reflected in a 
cumulative reduction in greenhouse gas emissions in the region. 

 Improving the standard of stormwater and water quality management. 
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7 Environmental management 

This chapter describes how the proposal would be managed to reduce potential 
environmental impacts throughout detailed design, construction and operation. 
A framework for managing the potential impacts is provided with reference to 
environmental management plans and relevant RMS QA specifications. A summary 
of site-specific environmental safeguards as detailed in Chapter 6 is provided in 
Table 7-1 and the licence and/or approval requirements required prior to construction 
are listed in Table 7-2. 
 

7.1 Environmental management plans (or system) 
A number of safeguards and management measures have been identified within this 
REF (Chapter 6) in order to minimise potential adverse environmental impacts, 
including environmental, economical and social impacts, which could potentially arise 
as a result of the proposal. Should the proposal proceed, these management 
measures would be incorporated into the detailed design and applied during the 
construction and operation of the proposal. 
 
A Project Environmental Management Plan (PEMP) and the Contractors 
Environmental Management Plan (CEMP) will be prepared to describe safeguards 
and management measures identified this REF. These plans will provide a 
framework for establishing how these measures will be implemented and who would 
be responsible for their implementation. 
 
The plans will be prepared prior to construction of the proposal and must be reviewed 
and certified by the RMS Environmental Officer, Western Region, prior to the 
commencement of any on-site works. The CEMP will be a working document, subject 
to ongoing change and updated as necessary to respond to specific requirements. 
The CEMP and PEMP will be developed in accordance with the specifications set out 
in the following: 
 
 RMS QA Specification G36 – Environmental Protection (management system). 

 RMS QA Specification G38 – Soil and Water Management (soil and water plan). 

 RMS QA Specification G40 – Clearing and Grubbing. 
 

7.2 Summary of safeguards and management measures 
Environmental safeguards outlined in this document would be incorporated into the 
detailed design phase of the proposal and during construction and operation of the 
proposal, should it proceed. The safeguards described within this REF would 
minimise any potential adverse impacts arising from the proposal on the surrounding 
environment. 
 
The safeguards and management measures are summarised in Table 7-1. 
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Table 7-1: Summary of site specific environmental safeguards 

Ref # Impact Environmental safeguards Responsibility Timing 

General 

G-1 General  All environmental safeguards must be incorporated within the following documents: 

o Project Environmental Management Plan. 

o Detailed design stage. 

o Contract specifications for the proposal. 

o Contractor’s Environmental Management Plan. 

Project manager Pre-construction 

G-2 General  A risk assessment must be carried out on the proposal in accordance with the RMS 
Audit Pack and OSD risk assessment procedures to determine an audit and 
inspection program for the works. The recommendations of the risk assessment are 
to be implemented. 

 A review of the risk assessment must be undertaken after the initial audit or 
inspection to evaluate is the level of risk chosen for the proposal is appropriate. 

 Any works resulting from the proposal and as covered by the REF may be subject 
to environmental audit(s) and/or inspection(s) at any time during their duration. 

Project manager 
and regional 

environmental 
staff 

Pre-construction 
 
 
 

 
 

After first audit 

G-3 General  The environmental contract specification must be forwarded to the RMS Senior 
Environmental Officer for review at least 10 working days prior to the tender stage. 

 A contractual hold point must be maintained until the CEMP is reviewed by the 
RMS Senior Environmental Officer. 

Project manager Pre-construction 

G-4 General  The RMS Project Manager must notify the RMS Environmental Officer Western 
Region at least 5 days prior to work commencing. 

Project manager Pre-construction 

G-5 General  All businesses and residences likely to be affected by the proposed works must be 
notified at least 5 working days prior to the commencement of the proposed 
activities. 

Project manager Pre-construction 

G-6 General  Environmental awareness training must be provided, by the contractor, to all field 
personnel and subcontractors. 

Contractor Pre-construction 
and during 

construction as 
required. 
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Ref # Impact Environmental safeguards Responsibility Timing 

Biodiversity 

BI-1 Vegetation and habitat 
removal 

Undertake a pre-clearing survey as follows to determine the presence of flora and fauna 
species and habitats within the proposal site: 

 Surveys would be undertaken by an experienced ecologist to identify the location 
and extent of important habitats in the proposal site to be salvaged for 
reuse/relocation, such as bushrock, hollow trees and woody debris. 

 Surveys would be conducted for Purple Copper Butterfly by a suitably qualified 
expert during the adult flying and juvenile larval seasons (September and October-
November, respectively) and appropriate protection/management measures would 
be implemented if the species is present in or directly adjacent to the proposal site.  

 Habitat features to be protected during construction would be identified and recorded 
in the Vegetation Management Plan. 

 The project ecologist would identify areas for releasing animals encountered during 
the pre-clearing process or habitat removal process. The areas would be clearly 
identified in the Flora and Fauna Management Plan before clearing commences. 

 Determine the need, number and type of nest boxes required post construction 
based on the number, quality and size of the hollows that would be removed from the 
proposal site and the availability of habitat within the adjoining areas. 

 Confirm planning and procedures for the staged habitat removal process in 
accordance with RMS Biodiversity Guidelines (RTA 2011). 

Construction 
contractor 

Pre-construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

BI-2 Vegetation and habitat 
removal 

Include the following safeguards in the CEMP: 

 Maps identifying the location of threatened ecological communities, habitat and fauna 
species on sensitive area maps. 

 An unexpected threatened species finds procedure as specified in the RMS 
Biodiversity Guidelines (RTA 2011). 

 The location of exclusion zones , where practical installed prior to clearing, to avoid 
damage to native vegetation and fauna habitats and prevent the distribution of pests, 
weeds and disease. Temporary fencing would be installed to indicate the limits of 
clearing. The location and type of exclusion fencing to be installed would be identified 
on plans in the CEMP. A staged habitat removal process would be implemented 
consistent with the procedures identified in the RMS Biodiversity Guidelines (RTA 
2011). The staged habitat removal process would be incorporated into the CEMP 
and communicated to construction personnel. 

 Topsoil within areas of native vegetation would be retained and stockpiled for use in 
rehabilitation activities. 

Construction 
contractor 

Pre-construction, 
construction 

BI-3 Vegetation and habitat 
removal 

 A Vegetation Management Plan would be developed which provides specific details 
for the re-establishment of native vegetation on batters, cut faces, surrounding 
sediment basins and other areas disturbed during construction. 

 Opportunities would be sought within the Vegetation Management Plan to include 
vegetation sympathetic to the habitat requirements of the r Purple Copper Butterfly, 
by incorporating the larvae-feed species Blackthorn (Bursaria spinosa subsp. 
lasiophylla) and creating and maintaining open sunny habitats. 

Construction 
contractor 

Pre-construction, 
construction and 

operation 

BI-4 Vegetation and habitat 
removal 

Re-use of woody debris and bushrock. 

 The Vegetation Management Plan in accordance with RMS Biodiversity Guidelines 
(RTA 2011) would outline the details of potential re-use of woody debris and 
bushrock on site for habitat improvement. 

Construction 
contractor 

Pre-construction, 
Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

BI-5 Vegetation and habitat 
removal 

Nest boxes would be installed to compensate for loss of hollow-bearing trees from the 
proposal site. 

 A nest box management strategy would be developed as part of a Fauna 
Management Plan. The need, number and type of nest boxes required would be 
determined during the pre-clearance surveys based on the number, quality and size 
of the hollows that would be removed. 

Construction 
contractor 

Pre-construction, 
construction, 

operation 

BI-6 Injury and mortality of 
fauna during the clearing 
of vegetation and 
drainage of farm dams 

An experienced and licensed wildlife carer and/or ecologist would be present to 
supervise vegetation clearing and capture and relocate fauna where required. Fauna 
handling and vegetation clearing would be undertaken in accordance with the 
procedures provided in the RMS Biodiversity Guidelines (RTA 2011). 

RMS / 
Construction 

contractor 

Pre-construction, 
Construction 

BI-7 Spread of weeds Actions for weed management would be developed as part of the Vegetation 
Management Plan. The plan would include, but not be limited to, the following measures 
for weed management: 

 Taxa and potential sources of the weed species.  

 Weed management priorities and objectives.  

 Sensitive environmental areas within or adjacent to the site.  

 Location of weed infested areas.  

 Mechanical weed control methods such as slashing or mowing, as well as a range of 
herbicides to avoid the development of herbicide resistance.  

 Measures to prevent the spread of weeds. 

 A monitoring program to measure the success of weed management.  

 Communication strategies to improve contractor awareness of weeds and weed 
management. 

Construction 
contractor 

Pre-construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

BI-8 The introduction and/or 
spread of pests and 
disease causing agents 
such as bacteria and 
fungi 

Measures would be implemented to prevent the introduction and/or spread of pests and 
disease causing agents such as bacteria and fungi. 

As provided in the RMS Biodiversity Guidelines (RTA 2011), methods to be implemented 
for this proposal include: 

 Provide vehicle and boot wash down facilities and ensure vehicles and footwear is 
free of soil before entering or exiting the site. 

 The risk of spreading pathogens and the mitigation measures required on site 
should be regularly communicated to staff and contractors during inductions and 
toolbox talks. 

 Construction works would be programmed to move from uninfected areas to any 
known infected areas. 

 Restrict vehicles to designated tracks, trails and parking areas. 

 The above pathogen management measures need to be implemented throughout 
the entire construction period. 

Construction 
contractor 

Pre-construction, 
construction. 

operation 

BI-9 Loss of wildlife 
connectivity 

The bridge structure over Whites Creek would include the following ecologically sensitive 
design principles during development of detailed design, where practicable,  

 The bridge would be designed with a natural substrate at the abutment, such as 
sediment or vegetation. 

 The bridge would be designed to allow unimpeded water flow, stream bank and 
riparian vegetation on both sides of the water course. 

 Large woody debris is to be retained within watercourses and/or re-use of salvaged 
woody debris, where possible. 

 The bridge would be designed, (height, carriageway separation) to allow sufficient 
light and moisture to encourage growth of vegetation under the structures. 

RMS Pre-construction, 
construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

BI-10 Loss of wildlife 
connectivity 

Ecologically sensitive design of underpass structures would include: 

 Two culverts to maintain north-south connectivity across the landscape (refer to 
Figure 6-6). 

 Habitat within a culvert is to be as natural as possible (eg allow rocks and bed 
materials to infill the culvert base).  

 Provision of appropriate shelter for wildlife to encourage use and reduce risk of 
predation. 

 Native vegetation is to be provided at the entrances to provide shelter for wildlife and 
to encourage use. 

 Glider poles to be installed as part of the western fauna underpass. 

RMS Pre-construction, 
construction 

BI-11 Use of wildlife 
connectivity structures 

Installation of fauna fencing. 

 Fencing would be integrated with the crossing structures (underpasses) by guiding 
animals towards the crossing structure and preventing access to the road. 

 Fencing would be constructed about 100 m each side of the fauna crossing on both 
sides of the road 

 Fencing would be continuous and at their ends have a ‘return area’ to guide animals 
back into habitat rather than onto the road. 

 The size of the mesh must prevent the target species from climbing through.  

 The fence would prevent animals from digging underneath. 

 Fencing would be a floppy-top style to prevent animals from climbing or jumping 
over.  

 Fauna fencing would not endanger wildlife (eg barbed wire must not be used as 
birds, bats and gliders become entangled and die).  

 Escape mechanisms would be provided to allow animals to exit the fenced area. 

 Maintenance of fencing is critical to identify and repair breaches, periodic inspections 
are likely to be required. 

Construction 
contractor 

Pre-construction, 
construction, 

operation 
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Ref # Impact Environmental safeguards Responsibility Timing 

BI-12 Loss of wildlife 
connectivity 

Prior to construction, as part of the development of the detailed design for the proposal 
the following would be confirmed: 

 Locations for all crossing structures would be confirmed during detailed design. 

 The locations of trees that would need to be retained to install crossing structures. 

RMS Pre-construction 

BI13 Loss of wildlife 
connectivity 

Construction of canopy bridges and glider poles. 

 A canopy bridge is proposed to be constructed beneath the proposed Whites Creek 
bridge structure, which would be constructed to below parameters (refer to Figure 6-
6). 

 Minimum 6.0 metres above the ground.  

 The canopy bridge is to be attached to suitable poles. The exact location of the 
poles is to be determined at the final design stage and should consider the use of 
targeted nocturnal glider surveys and habitat trees surveys in the area. 

 Canopy bridges must be linked to adjacent habitat for target species (eg habitat 
trees) via ropes or ladders tied off from the poles into surrounding trees. Nearby 
trees are essential to link the canopy bridge into the surrounding vegetation. 

 Glider poles would also be installed at this location. 

Construction 
contractor 

Pre-construction, 
construction 

BI-14 Loss of wildlife 
connectivity 

Rehabilitation strategies would be included in the Vegetation Management Plan for the 
proposal and include: 

 The protection of riparian corridors during construction works and the rehabilitation of 
any areas of riparian vegetation impacted by construction. 

 Consideration of the height and density of re-planted vegetation so as not to screen 
crossing structures from view, while also providing some cover for fauna approaching 
and exiting the structure. 

Construction 
contractor 

Construction, 
operation 

BI-15 Biodiversity offset 
strategy 

A biodiversity offset strategy would be developed to compensate for the proposed 
impacts from the proposal. One potential offset location has been identified at South 
Bowenfels which supports a population of Purple Copper Butterfly. Further assessment 
and negotiation would be required to establish an appropriate biodiversity offset. This 
assessment and negotiation would occur during development of the detailed design. 

RMS Pre-construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

Aboriginal heritage 

AH-1 Impact to artefacts  An application for an Aboriginal Heritage Impact Permit (AHIP) to ‘harm’ Site FB 1 
and the surrounding area would be applied for prior to construction. In accordance 
with s90(3) of the National Parks and Wildlife Act 1974 the RMS would need to apply 
for an ‘area based’ permit for the whole of the area proposed for the proposal. 

RMS Pre-construction 

AH-2 Impact to artefacts  The artefacts which are located in a container (on site) have been assessed as 
containing low significance. The container containing the artefacts was buried at a 
location outside of the proposal site. This site would be marked as no-go area on all 
relevant site plans, work instructions and fenced off on site. 

RMS Pre-construction 

AH-3 Impact to artefacts  The locations of the Aboriginal site GWH 36 would be marked as no-go area on all 
relevant site plans, work instructions and fenced off on site. 

Construction 
contractor 

Construction 

AH-4 Unexpected artefacts  In the event of an unexpected find of an Aboriginal heritage item (or suspected item), 
work would cease in the affected area and RMS’s Environmental Officer, Western 
Region and the RMS Senior Environmental Specialist (Aboriginal heritage), would be 
contacted for advice on how to proceed. 

 The Draft Unexpected Finds Procedure (RTA, 2011b) would be followed in the event 
of the uncovering of a potential item. 

Construction 
contractor 

Construction 

Non-Aboriginal heritage 

NH-1 Unexpected heritage 
found 

 If an item (or suspected item) of non-Aboriginal heritage is discovered, RMS 
Unexpected Finds Procedure (RMS, 2012c) would be implemented including that all 
work in the area of the find would cease immediately and would not recommence 
until the heritage value and associated protection and any approval requirements 
have been determined. RMS would notify OEH if any item (or suspected item) of 
non-Aboriginal heritage is found during construction to determine the appropriate 
course of action. 

RMS and 
construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

NH-2 General impact to all 
heritage items 

 Mapping of exclusion zones and fencing of all areas requiring protection during the 
construction of the proposal would be undertaken prior to commencement of works. 
Maps would be included in the non-Aboriginal heritage sub-plan of the overall CEMP. 

 The project induction would include details on the location and significance of 
heritage items and be provided to construction workers prior to commencement of 
construction works. 

 Measures to minimise impacts from construction activities and truck movements and 
would be included in the non-Aboriginal heritage sub-plan of the overall CEMP. 

 Management measures would be determined during detailed design to minimise 
impacts from construction compounds and increased traffic movements on all 
identified heritage items 

RMS and 
construction 
contractor 

Detailed design 
and construction 

NH-3 Impact to bridge/road 
party encampment 

 Testing in northern areas would be undertaken prior to construction. Detailed 
archaeological recording and site interpretation would be undertaken if remains are 
found. 

RMS Detailed design 

NH-4 Impact to bridge/road 
party encampment 

 Works would be undertaken in accordance with a Section 140 approval (obtained 
prior to commencement of construction). 

Construction 
contractor 

Construction 

NH-5 Impact to Forty Bends 
Road, Mitchell’s line of 
road and culverts 

 A condition assessment survey of the pavement and culverts would be undertaken 
prior to the commencement of construction works. Key areas of this road, especially 
along the original or early sections of Forty Bends Road, would be avoided wherever 
possible. 

RMS Pre construction 

NH-6 Impact to old line of road 
and potential culverts 
associated with existing 
highway. 

 Archaeological monitoring of construction works in areas of potential culverts would 
be undertaken during construction. Reburying remains of earlier culverts with 
appropriate protection may be considered as works progress and would be 
undertaken in accordance with the RMS Unexpected Finds Procedure (RMS, 2012c). 

 Works would be undertaken in accordance with a Section 140 approval (obtained 
prior to commencement of construction). 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

NH-7 Impact to Daintree 
Cottage 

 Consultation with Lithgow City Council would be undertaken during detailed design, 
to further avoid or minimise impacts including maintaining plantings where possible. 
In the event that the identified cedar trees cannot be retained through further 
refinement of the design, appropriate landscaping to mitigate the impacts on this item 
would be investigated in consultation with the property owner. 

RMS  Detailed design 

NH-8 Impact to Daintree 
Cottage 

 The strategies developed in consultation with Lithgow City Council would be 
implemented during construction. 

Construction 
contractor 

Construction 

NH-9 Impact to Emoh (Emu 
Store/Corderoy’s Store) 

 A building condition survey would be undertaken prior to commencement of works by 
a qualified contractor (in accordance with noise and vibration safeguard NV-17 – 
refer to Section 6.4.5). 

Construction 
contractor 

Pre construction 

NH-10 Impact to Cottage 
1960120 

 A building condition survey would be undertaken prior to commencement of works by 
a qualified contractor (in accordance with noise and vibration safeguard NV-17 – 
refer to Section 6.4.5). 

Construction 
contractor 

Pre construction 

NH-11 Impact to unknown relics 
in compound areas 

 A survey of all proposed compound areas would be undertaken prior to construction 
to identify any constraints or areas to be avoided. 

 Appropriate management strategies would be put in place to safeguard against any 
potential impacts to heritage items as a result of proposed compound and/or 
stockpile sites. 

RMS Pre construction  

NH-12 Potential impacts to 
unidentified relics in water 
quality basins near Emoh 
and Cottage 1960116 

 Works would be undertaken in accordance with a Section 140 approval (obtained 
prior to commencement of construction) with respect to the location of the proposed 
sedimentation basin. 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

Noise and vibration 

NV-1 General  Prior to construction commencing, a Construction Noise and Vibration Management 
Plan (CNVMP) would be prepared. This document would detail how work is to be 
carried out to minimise the impact of noise and vibration from construction operations 
on adjacent properties. 

Construction 
contractor 

Prior to 
construction 

NV-2 Noise affected 
residences 

 During the detailed design stage of the proposal, investigations of all feasible and 
reasonable mitigation treatments would be considered for the affected receivers 
during operation of the proposal. 

RMS Prior to 
construction 

NV-3 Construction equipment 
impacts 

 Construction equipment and methodology would also be assessed during detailed 
design and construction in regards to minimising impacts to heritage buildings. 

Construction 
contractor 

Prior to 
construction 

NV-4 Out of hours work  Works would be carried out during standard working hours (ie 7am–6pm Monday to 
Friday, 8am–1pm Saturdays). Any work that is performed outside normal work hours 
or on a Sunday or public holiday is to minimise noise impacts in accordance with 
RMS’s Environmental Noise Management Manual (RTA 2001), Practice Note vii – 
Roadworks Outside of Normal Working Hours and the Interim Construction Noise 
Guidelines (DECC 2009). This would include notifying the local community of any 
works planned to be undertaken outside standard construction hours. 

Construction 
contractor 

Construction 

NV-5  Contact with the local community and those receivers potentially affected by the 
proposed works (outside of recommended construction hours) would be made prior 
to out of hours work and would include informing them by letter of the proposed work, 
location, type of work days and dates of work and hours involved. The contact would 
be made no less than five days prior to commencement of works. 

Construction 
contractor 

Construction 

NV-6  A suitable advertisement should be placed in local papers including a reference to 
night-time noise impacts. 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

NV-7 General noise mitigation 
measures during 
construction 

 Equipment would be operated and maintained so that noise emissions are 
minimised. The selection of plant and equipment would be based on noise emission 
levels. This equipment would be operated and maintained so that noise emissions 
are minimised 

Construction 
contractor 

Construction 

NV-8   Equipment and work sites would be orientated where possible to reduce noise 
emissions to sensitive receivers. 

Construction 
contractor 

Construction 

NV-9   Where possible, using noisy plant simultaneously and/or close together would be 
avoided. 

Construction 
contractor 

Construction 

NV-10 General noise mitigation 
measures during 
construction 

 The use of quieter construction methods where required and where considered 
reasonable and feasible. This may include grinding, rock splitting or terrain levelling 
instead of hydraulic rock breaking. 

Construction 
contractor 

Construction 

NV-11   Where Work Health & Safety issues can be safely managed, the use of alternatives 
to reversing alarms such as spotters, closed circuit television monitors and ‘smart’ 
reversing alarms, particularly during night time activities would be used on site. 

Construction 
contractor 

Construction 

NV-12   Machinery would not be turned on prior to the normal work hours. This would include 
the daily maintenance activities and/or ‘warming up’ of engines. 

Construction 
contractor 

Construction 

NV-13   After community consultation, the use of temporary noise shielding would be 
implemented at locations where substantial exceedances of construction noise goals 
are predicted. 

Construction 
contractor 

Construction 

NV-14   Concentrated noise sources, such as site compounds would be located as far as 
possible from sensitive receivers. 

Construction 
contractor 

Construction 

NV-15   A Construction Traffic Management Plan would be developed for the proposal and 
where feasible and reasonable, haulage routes would be designed to minimise 
impacts on residential receivers (refer to Section 6.7.4). 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

NV-16 General vibration 
mitigation measures 
during construction 

 Where hydraulic hammering or dynamic compaction is proposed within 50 metres of 
any structure (residential or commercial) or utility/service, a building condition survey 
would be conducted and preliminary vibration monitoring undertaken by a qualified 
contractor. Where pile driving is to be undertaken within 200 metres of a residential 
dwelling, additional surveys would be undertaken. 

Construction 
contractor 

Construction 

NV-17   Non building structures such as culverts and walls may not be adequately addressed 
by the building vibration criteria outlined in this report. Where these structures are 
identified, a condition assessment survey is required to assess and identify 
appropriate construction vibration levels and mitigation measures. 

Construction 
contractor 

Construction 

NV-18   Appropriately sized equipment would be selected in order to minimise vibration 
emissions where required. 

Construction 
contractor 

Construction 

NV-19   Vibratory compacters would be replaced with normal compactors where vibration 
issues have been identified, and it is considered feasible and reasonable. 

Construction 
contractor 

Construction 

NV-20 General vibration 
mitigation measures 
during construction 

 A management procedure would be implemented in combination with a CNVMP to 
manage vibration complaints. 

Construction 
contractor 

Construction 

NV-21   Vibration testing would be undertaken on high risk plant to determine site specific 
buffer distances. 

Construction 
contractor 

Construction 

NV-22   Where vibration is found to exceed project criteria, management measures would be 
implemented to control vibration. In terms of human comfort criteria, measures would 
include modifications of construction methods and respite periods. For potential 
structural damage impacts, modification of construction methods would be 
necessary. 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

NV-23   Building condition surveys for all buildings (including heritage buildings) and heritage 
culverts within 50 metres of the construction works would be prepared before and 
after construction in accordance with the CNVMP. Building condition surveys would 
also be undertaken at receivers with specified distances of certain construction 
activities and plant, as below: 

 Driven piling – 200 metres 

 Vibratory compaction – 25 metres to 50 metres 

 Demolition works – 50 metres 

 Excavation works – 10 metres 

Construction 
contractor 

Construction 

NV-24 Noise complaints  A community liaison phone number and permanent site contact would be provided so 
that complaints can be received and addressed in a timely manner. 

 Upon receipt of a noise complaint monitoring would be undertaken and reported as 
soon as possible. If exceedances are detected, the situation would be reviewed in 
order to identify means to attempt to reduce the impact to acceptable levels. 

Construction 
contractor 

Construction 

NV-25 Noise and vibration 
impacts to highly 
affected receivers 

 Highly noise affected receivers would require additional measures to minimise noise 
impacts which are likely to include consultation with residents, substitution of noisy 
plant, provision of temporary barriers, potential reduced hours of work and the 
provision of respite periods. Details of these considerations are as follows: 

 Temporary relocations: Where short term works are predicted to have a 
significant impact upon a small number of receivers, temporary relocation of 
residents would form part of the measures considered for noise control. This 
would be considered during the detailed design and as required during 
construction in accordance with any onsite monitoring undertaken. 

 Equipment selection: The selection of plant and equipment will have a significant 
bearing on the noise associated with construction activities. Where alternate plant 
is available, the plant emitting the lowest noise levels should be selected for use. 
Similarly, where an alternate method for undertaking a process or activity would 
result in reduced noise emissions, this should be considered where practicable. 

 Distance: Throughout each construction activity, stationary plant items should be 
located as far from receivers as practical. 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

 Screening: The erection of temporary hoarding/screens may prove to be suitable 
for some activities depending on location of works and proximity to residences. 

 Enclosures: Enclosures can form a successful method for reducing noise at 
source, however enclosures are only suitable for certain types of plant. 
Enclosures do not work for plant items that are mobile, such as excavators, 
dozers etc. 

 Engine silencers: Mobile plant and equipment should be chosen to include 
exhaust silencers or be suitable for fitting mufflers. 

 Reversing alarms: Where acceptable safety standards can be met, alternatives to 
“beeping” reversing alarms (such as spotters, closed circuit television monitors 
and ‘smart’ reversing alarms), particularly during night time activities, would be 
considered.  

Water quality 

WQ-1 Erosion impacts during 
peak flow events 

 Water quality mitigation measures such as erosion control to minimise potential 
increases in suspended solid export rates during increased peak flow events would 
be considered at critical locations. These locations experiencing increased velocities 
will be identified by the detailed hydraulic assessment that will be undertaken during 
detailed design. 

RMS Detailed design 

WQ-2 General impact 
mitigation measures 

 A Soil and Water Management Plan (SWMP) would be developed prior to 
construction and implemented throughout the construction period of the proposal.  

 An Erosion and Sediment Control Plan (ESCP) would be developed prior to 
construction and implemented throughout the construction period of the proposal. 

 The extent and time of exposed soil would be minimised through construction 
sequencing. 

 The lengths of slopes would be minimised through limiting the extent of excavations 
to reduce water velocity over disturbed areas. 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

   Offsite runoff would be diverted around or through the site so that it would not mix 
with onsite construction runoff. This would be achieved by using temporary or 
permanent diversion drains to minimise the volume of flow through the construction 
area. 

 Physical controls in line with the ESCPs, including: sediment fences, sediment filters, 
rock check dams, level spreaders, onsite diversion drains would be installed prior to 
construction and maintained during construction. 

 Line channels and other concentrated flowpaths would be installed during 
construction. 

 Exposed soils would be revegetated as soon as possible. 

 Line exposed batters would be installed during construction, if required. 

 Runoff would be captured from exposed areas in sediment basins and would be 
treated to reduce sediment to the required level prior to discharging into downstream 
waterways. 

 A soil conservationist from the RMS Erosion, Sedimentation and Soil Conservation 
Consultancy Services Register would be engaged during detailed design to develop 
an Erosion and Sedimentation Management Report which would inform the SWMP. 

  

WQ-3 Increased levels of 
nutrients transported via 
sediment to downstream 
water courses.  

 Where feasible, grassed swales would be incorporated into the treatment train 
design to provide additional nutrient reduction. 

Construction 
contractor 

Construction 

WQ-4 Chemical, heavy metal, 
oil and grease and 
petroleum hydrocarbon 
spills from construction 
machinery directly 
polluting downstream 
waterways 

 Chemicals and other pollutants would be stored in a bunded or sealed area.  Construction 
contractor 

Construction 
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WQ-5 Increased levels of litter 
from construction 
activities polluting 
downstream 
watercourses. 

 Litter would be managed on site by construction team.  

 Sediment basin would be designed to include trash racks to collect litter prior to 
entering basins. Regular maintenance of trash racks would be undertaken.  

Construction 
contractor 

Construction 

WQ-6 Increased levels of 
sediments, chemicals, 
nutrients, heavy metals, 
oils, grease, litter and 
other pollutants flowing 
to the Sydney’s drinking 
water supply catchment. 

 Safeguards as per WQ-1 and WQ-2. 

 Increase the design requirements of the sediment basins from the eightieth 
percentile five day rainfall value would be adopted in accordance with the Blue Book, 
to the eighty-fifth percentile rainfall value. 

Construction 
contractor 

Construction 

WQ-7 Moderate levels of soil 
erodibility increasing the 
likelihood and severity of 
sediment erosion during 
rainfall events. 

 Safeguards as per WQ-1 and WQ-2. Construction 
contractor 

Construction 

WQ-8 Temporary diversions of 
waterways, the 
construction of 
permanent waterway 
diversions and the 
construction of in-stream 
structures in waterways 
disturbing the bed and 
banks of the waterway, 
causing soil and 
streambank erosion. 

 Construction would be in line with RMS’s Technical Guideline - Temporary 
Stormwater Drainage for Main Road Construction (2011). 

Construction 
contractor 

Construction 
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WQ-9 Construction of large 
excavations and 
embankments causing 
an elevated risk to water 
quality in downstream 
waterways through the 
increased likelihood of 
movement of sediment 
off steep slopes. 

 Safeguards as per WQ-1. 

 Revegetation of exposed batters would occur as soon as possible. 

Construction 
contractor 

Construction 

WQ-10 Construction in acid 
sulfate soils (ASS) 
disturbing and exposing 
ASS to oxygen, resulting 
in the generation of 
sulphuric acid and toxic 
quantities of aluminium 
and other heavy metals. 
These could be released 
into the surrounding 
environment, causing 
acidification of receiving 
surface waters and 
groundwater. 

 ASS would be managed in accordance with the relevant guidelines. 

 The SWMP would include an ASS Management Sub Plan 

 Should ASS be detected where excavation is required, works would proceed 
according to the sub plan and would involve: 

 Capping of exposed surfaces with clean fill to prevent oxidation. 

 Place excavated ASS separately in a lined, bunded and covered area. 

 Neutralising ASS for reuse by using soil additives such as lime.  

 Disposal of ASS where necessary in accordance with the relevant guidelines 

 The management of ASS during construction that may impact on the acidity of the 
receiving waterways would be described in the Geotechnical Technical Paper. 

Construction 
contractor 

Construction 

WQ-11 Stockpiling of 
earthworks causing a 
risk to downstream 
water quality during 
rainfall event, through 
transport of large 
amounts of sediments 
from the stockpiles into 
waterways. 

 Stockpile sites would be included in the ESCP and safeguards. 

 The maintenance of established stockpile sites during construction would be in 
accordance with the RMS Stockpile Site Management Procedures (2001). 

 Stockpile locations would be away from overland flowpaths and areas of high 
topography with minimal upstream catchment. 

 Runoff would be directed around stockpiles sites. 

 The number and size of stockpiles would be minimised throughout the proposal site. 

 The base of stockpiles would be lined if they are located over a shallow water table. 

Construction 
contractor 

Construction 
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 Stockpiles would be covered with plastic sheets, where required.  

 If uncovered, runoff from stockpile sites would be treated with a stockpile-specific 
sediment basin and monitoring the sediment basin for parameters such as dissolved 
oxygen levels and organics to determine suitable discharge to the environment. 

WQ-12 Stockpiling vegetation 
from cutting of trees and 
slashing of shrubs 
causing a risk of tannins 
leaching into waterways 
and increased loads of 
organics in waterways. 

 Mitigation of tannins leaching from mulch stockpiles into waterways would be in line 
with RMS’s Environmental Direction - Management of Tannins from Vegetation 
Mulch (2012). 

Construction 
contractor 

Construction 

WQ-13 Storage of chemicals 
causing a risk of 
contaminated spills into 
downstream waterways. 

 Management of site compound runoff would included in the ESCP. 

 Plant would be located within a bunded area, preferably away from overland flowpath 
and in areas of high topography with minimal upstream catchment. 

 Chemicals would be stored within a sealed or bunded area. 

 Line the base of plant areas if they are located over a shallow water table.  

 Treat runoff from site compound with a site specific sediment basin to the required 
level prior to discharging into downstream waterways.  

Construction 
contractor 

Construction 

WQ-14 Vehicle washdown 
areas causing a risk of 
contaminated spills into 
downstream waterways. 

 Safeguards as per WQ-12. Construction 
contractor 

Construction 

WQ-15 Vehicle refuelling areas 
causing a risk of 
contaminated spills into 
downstream waterways. 

 Safeguards as per WQ-12. Construction 
contractor 

Construction 
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WQ-16 High frequency of 
vehicle movements 
disturbing soils and 
causing sediment loads 
to be washed into 
downstream waterways. 

 Safeguards as per WQ-1 and WQ-2 

 Site compound would include placement away from overland flowpaths and in flat 
areas of high topography with minimal upstream catchment. 

 Restrict vehicle movements to designated pathways where feasible. 

 Areas that would be exposed for extended periods, such as carparks and main 
access roads, would be paved where feasible. 

Construction 
contractor 

Construction 

WQ-17 Surface runoff from 
impervious areas and 
landscaped batters 
during the establishment 
period transporting 
suspended sediments to 
surrounding 
watercourses or infiltrate 
into the groundwater 
system.  

 The SWMP would include operational water management controls and an associated 
maintenance and inspection program. 

 A physical treatment train that includes elements such grassed swales, biofiltration 
swales and water quality would be developed to ensure total suspended solids are 
reduced by at least 80 per cent prior to discharging into downstream waterways. 

Construction 
contractor 

Detailed design 

WQ-18 Surface runoff from 
impervious areas 
transporting 
contaminants such as 
heavy metals, oil, 
grease, chemicals and 
litter attached to 
particles to surrounding 
watercourses or infiltrate 
into the groundwater 
system.  

 Mitigation measures as per WQ-16. 

 Treatment train designed to ensure no oil or grease is visible when discharging into 
downstream waterways. 

Construction 
contractor 

Detailed Design 
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WQ-19 Surface runoff from 
impervious surfaces 
transporting nutrients 
such as nitrogen and 
phosphorus to 
surrounding 
watercourses or infiltrate 
into the groundwater 
system.  

 Mitigation measures as per WQ-16. 

 Treatment train to provide at least 45% reduction of total nitrogen and 45% reduction 
of total phosphorus. 

Construction 
contractor 

Detailed design 
and operation 

WQ-20 Concentration of runoff 
by drains and kerbs 
causing scour.  

 Outlet structures such as culverts and basin spillways would incorporate lining to 
avoid scour downstream of the outlet or spillway.  

 Open drains and channels would be lined with appropriate material to prevent scour 
as part of the drainage design. 

Construction 
contractor 

Operation 

WQ-21 Erosion through the 
introduction of additional 
permanent physical 
obstructions in 
waterways, such as 
bridge piers. 

 Waterways around any such additional permanent structures would be lined 
appropriately to avoid erosion 

Construction 
contractor 

Operation 

WQ-22 Maintenance practices 
such as herbicide use, 
mowing, road surface 
cleaning and reparation 
polluting downstream 
waterways. 

 RMS standard maintenance controls would be applied in a manner that would 
minimise any potential water pollution. 

Construction 
contractor 

Operation 

WQ-23 Accidental spillage of 
hazardous materials, 
could passing rapidly 
into the drainage system 
and impacting 
downstream 
ecosystems.  

 Water quality ponds would incorporate accidental spill management containment of 
spills up to 40,000L through an appropriate baffle arrangement with an underflow or 
“Ellis” pipes at the outlet end of the pond.  

 Where water quality ponds are not part of the highway drainage system dedicated 
spill retention would be required. 

Construction 
contractor 

Operation 
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Hydrology 

HY-1 Dams directly affected by 
the proposal 

 RMS would liaise with affected property owners regarding strategies to mitigate the 
loss of any farm dams. 

RMS Detailed design 

HY-2 Potential blockages, 
diversions or erosion of 
waterways or drainage 
lines 

 Drainage structures would be designed to convey flows under the proposal 
 

 Appropriate scour protection measures would be implemented at Whites Creek 
bridge and drainage structures during construction. 

RMS 
 

Construction 
contractor 

Detailed design 

Construction 

HY-3 Potential changes in the 
yield to affected farm 
dams resulting from the 
operation of the proposal 

 Consultation with affected landowners would be undertaken to confirm the current 
use of affected farm dams and to evaluate the effect of the impact of peak 
flow/volumes (e.g. reduced amenity, increased maintenance etc). 

 Communication of these impacts to the landowner would highlight the acceptability of 
the impact and identify the requirement for additional mitigation measures. 

 Where landowners are concerned regarding the potential impacts, mitigation 
measures that would be considered for further investigation could include: 

 Reduction of impacts through additional investigation of detailed design of the 
cross drainage/ longitudinal drainage system for the proposal. 

 Mitigation of increased peak flow impacts through the provision of detention 
storage within the proposed water quality treatment structures (ie basins). 

 Mitigation of increased flow volumes/peak flow impacts through energy dissipation 
design and channel linings at the affected farm dams/drainage line, subject to the 
agreement of the affected landowner. 

 Mitigation of decreased flow volumes to farm dams by enlarging existing farm 
dams to increase available storage capacity, subject to agreement with the 
affected landowner. 

 A detailed assessment of the potential changes in yield to farms dams would be 
undertaken during the detailed design to confirm the level of impact. 

 Hold discussions with affected landowners regarding suitable mitigation measures 
as required. 

RMS Detailed design 
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HY-4 Increased extreme rainfall 
events due to climate 
change increasing afflux 

 As necessary, further flood modelling assessment of potential climate change 
impacts would be undertaken during the detailed design in consultation. 

RMS Detailed design 

HY-5 Flooding caused by 
blockages to flood paths 
during construction  

 Flood flow paths would be maintained during construction activities at Whites Creek. 

 Diversion bunds would be used to divert flows around construction works. 

Contractor Construction  

Geomorphology 

GM-1 Potential for 
geomorphological impacts 
resulting from increased 
flows into the tributary of 
Whites Creek that flows 
from the north west 

 A geomorphological site investigation survey would be undertaken for the 1250 
metre long tributary of Whites Creek immediately to the west of the proposed bridge. 

 If required, measures would be incorporated into the detailed design to prevent or 
mitigate erosion along the tributary. 

Geomorphology 
specialist 

Pre-construction 

Geology 

GE-1 Geotechnical  Measures to minimise the impact of landslip and rockfalls during the construction and 
operation of the proposal would be determined during detailed design. 

RMS Detailed design  

GE-2 Acid sulphate rock  Further testing would be undertaken to quantify the likelihood that cuttings won from 
excavations and the potential that this would generate acid leachate. If present, ASR 
would be managed in accordance with the RTA (2005) Guidelines for the 
Management of Acid Sulfate Materials: Acid Sulfate Soils, Acid Sulfate Rock and 
Monosulfidic Black Ooze.

RMS Construction 
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Urban design and landscaping 

UD-1 General  Implementation of the landscape and urban design strategy would occur as part of 
the proposal as described in Section 6.7 of this REF and Section 4 of Technical 
Paper 7 Landscape Character and Visual Impact Assessment. 

RMS Detailed Design 

UD-2 Vegetation clearing  Existing roadside trees would be retained wherever possible. 

 Revegetation would be undertaken based on existing vegetation communities in 
medians and roadside areas. 

 Safety barriers would be used where trees are located within clear zones to retain 
the maximum numbers of trees. 

 Plants that are of non frangible species would be planted in the median to break up 
the expanse of hard surface. 

 Openings would be provided in plantings at selected locations to take advantage of 
the significant long distance views to the south. 

 Revegetation, based on existing vegetation communities (including grasses, 
groundcovers, shrubs, riparian species, and trees depending on sight line 
requirements), in medians and roadside areas would be undertaken to help to reduce 
perceived corridor width. 

RMS Construction 

UD-3 Visual impact of 
earthworks: 
embankments and 
cuttings 

 Existing embankments would be retained wherever possible. 

 Revegetate cut/fill batters would be undertaken with local species of trees, shrubs 
and groundcovers. 

 Visually recessive materials, textures and colours would be used for retaining walls 
to reduce their visual dominance and blend with the unique landscape of this area. 

 Screen planting would be used to reduce the visual dominance of retaining walls. 

 The redundant road pavement would be removed and revegetated. 

RMS Detailed Design 
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UD-4 Visual impact of 
intersections and access 
arrangements 

 Planting in verges, medians and traffic islands would be undertaken to soften and 
break up large areas of pavement and reduce perceived intersection width and 
screen visually unattractive infrastructure. 

 Any ameliorative measures would consider sight distance restrictions. 

RMS Construction 

UD-5 Visual impact of Whites 
Creek bridge  

 Minimise depth of structure to reduce the visual impact of the bridge from 
surrounding areas as well as minimise impact to the creek bed, banks and 
vegetation. 

 Minimise number of bridge piers would be kept to a minimum so as to keep views 
through and across the bridge as open as possible. 

 Tapering of the bridge piers would be considered during detailed design. 

 Screen the construction compound with local tree species. 

RMS Detailed Design 

UD-6 Visual impact of culvert 
structures 

 Culverts would be designed to be visually recessive by using dark coloured concrete 
on the wing walls and head wall and splaying the wing walls. 

 Boulders would be stacked in front of culverts to integrate the culverts into the 
surrounding bush environment. 

 Dark coloured rock would be used for scour protection and place in a naturalistic way 
to disguise or replace the concrete pad. 

RMS Detailed Design 

UD-7 Impacts during 
construction 

 The proposed construction compounds would be screened with temporary mesh 
fencing. 

 The size of stockpile sites would be minimised wherever possible to reduce the 
visual impact of these sites. 

 The surrounds of sedimentation basins would include plantings to provide a natural 
aesthetic. 

Construction 
contractor 

Construction 
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Traffic and transport 

TR-1 General  A construction traffic management plan (CTMP) would be prepared as part of the 
pre-construction planning. The plan would detail how the traffic associated with the 
construction would be managed in accordance with the RMS Traffic Control at Work 
Sites (RTA 2010), as well as relevant Australian Standards including AS1742 and the 
work site manual RMS Specification G10. 

 The CTMP would also be used to develop site-specific traffic management measures 
once the construction methods and haulage routes are finalised. These measures 
would be developed as part of the site-specific traffic management plans to indicate 
how traffic would be controlled and managed during each stage of the construction. 

 A vehicle movement plan (VMP) would be prepared as part of the overall CTMP. 
The VMP would assess construction related heavy vehicle movements per shift in to 
and out of the construction site/s. The VMP would identify elements of the 
construction such as: 

 Limiting the number of points where new alignments cross the existing road 
network. 

 Limiting the need to occupy areas of the existing road. 

 Identifying haulage routes for construction traffic including limiting the size of 
vehicles on Forty Bends Road due to curves and heritage culverts. 

 Undertaking road condition surveys of local roads prior to construction. 

Construction 
contractor 

Detailed design 
and pre-

construction 
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TR-2 Individual construction 
worksites  

At the individual construction worksites, the following guiding principles would be 
adopted to manage traffic impacts: 

 Construction planning would occur through the use of construction staging and 
temporary road works to minimise interaction with the existing road network and 
night time freight vehicle movements. 

 The road space occupied by works and the time of construction would be minimised. 

 The impacts of construction works on local and regional traffic by using the new 
carriageway, would be minimised as far as practical. 

 Traffic control measures would be implemented only when necessary. 

 Property access would be maintained for the duration of the construction and where 
reasonable and feasible, alternative access would be provided in consultation with 
affected landowners.  

 Where possible, the site access points would incorporate a deceleration bay. 

 Monitoring of weather conditions would be undertaken in addition to inspection of 
roads during fog, ice and snow conditions during the winter months. Any impacts to 
safety including driver sight distance and road pavement conditions would be 
identified. 

Construction 
contractor 

Pre-construction 
and construction 

TR-3 Changes to access 
arrangements for 
emergency vehicles 

 Consultation with emergency service authorities would be undertaken during 
development of the detailed design. 

RMS Detailed design 
and pre-

construction 

TR-4 Buses prevented from 
informally stopping along 
the upgraded highway 

 A bus stop at the u-turn facility on McKanes Falls Road would be provided as part of 
the detailed design. 

 Consultation with local bus operators would be undertaken during development of 
the detailed design. 

RMS Detailed design 
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TR-5 Coordinating works Co-ordination of construction works would be undertaken to limit excessive delays. This 
would be achieved through: 

 Static signage and portable variable message signs (VMS) would be positioned to 
provide necessary proposal information, guidance and warning to motorists that drive 
through, past or adjacent to the proposal area. 

 Coordination of the delivery of construction materials and the movement of 
construction plant and equipment to and from construction sites. 

 Consideration of any cumulative traffic impacts from nearby development and to 
ensure coordination of works and construction traffic movements. 

 Coordination of all RMS works and any works by other agencies that affect traffic 
flow. 

 Coordination with transport operators regarding schedules, abnormal loads and other 
events. 

 Identification, evaluating and documentation of alternative routes (in consultation with 
local councils). 

 Coordination with emergency services and managing incidents. 

Construction 
contractor 

Construction 

TR-6 Over dimensional 
vehicles 

Vehicles which are over-height, oversize or over-mass are subject to special operating 
conditions. Operators of trucking contractors would be required to apply for the 
necessary permits and a review of information including vehicle route maps, route 
assessment guidelines, travel restrictions and curfew times. The need for pilot vehicles 
and police escort vehicles would also need to be assessed as part of the CTMP. 

Construction 
contractor 

Construction 

TR-7 Community consultation  The community would be kept informed regarding any potential disruptions to 
existing traffic conditions throughout the construction of the proposal.  

Disruption to property access would be notified the relevant property owner in advance 
of the disruption in accordance with the relevant community consultation processes 
outlined in the CTMP and CEMP. 

Construction 
contractor 

Construction 
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TR-8 Black ice mitigation  Where safety barriers are required, utilise wire rope barriers between carriageways 
together with road grading to prevent pooling of cold air. 

 Development of an active winter black ice maintenance program. 

 Installation of a weather station to obtain local meteorological data. 

 Ice warning signage 

RMS Operation 

Land use and property 

LU-1 General impacts to 
properties 

 Impacts to property would be further minimised during detailed design. RMS Detailed design 

LU-2 Change in property 
access 

 Consultation and communication would be undertaken with property owners near the 
proposal about changes to property access and local access to the highway during 
operation.  

RMS Detailed design 

LU-3 Property acquisition  Ongoing consultation and communication with directly affected property owners 
about potential property acquisition. This includes the provision of information on the 
timing of acquisition and the process for property acquisition. 

  Property acquisition would be managed in accordance with the Land Acquisition 
(Just Terms Compensation) Act 1991 and the RMS’s Land Acquisition Policy (RMS, 
2012b). 

RMS Pre-construction 

LU-4 Property access during 
construction 

 Ensure access to properties is maintained during construction. Where temporary 
property access is required, consultation would be undertaken with affected property 
owners to identify suitable alternate access arrangements.  

Contractor Construction 

LU-
3LU-5 

Ongoing use of temporary 
construction sites 

 On completion of construction activities, land used for the temporary construction 
site, stockpiles and drainage sumps/basins would be revegetated and left in a stable 
condition. Where these properties have been leased by RMS, these properties would 
be returned to the original landowners following rehabilitation of the site(s). 

RMS Operation 



 

Great Western Highway – Forty Bends upgrade 362 
Review of Environmental Factors 

Ref # Impact Environmental safeguards Responsibility Timing 

Socio-economic 

SE-1 Property impacts  Ongoing communication and consultation would be undertaken with directly affected 
property owners about the property acquisition process. This would include the 
provision of information on the timing of acquisitions and the process for property 
acquisitions under the Land Acquisition (Just Terms Compensation) Act 1991 and 
RMS’s Land Acquisition Policy (RMS, 2012b). 

RMS Pre-construction 

SE-2 Changes in local access 
and traffic movement 

 It would be ensured that changes to local access are clearly communicated to 
residents and other road users, including use of appropriate signage. 

 Local road closures would be minimised as far as practical. 

 Early and ongoing communication and consultation would be undertaken with 
emergency services to allow planning for potential changes to response patterns and 
input into the design development and staging, wherever practical. 

 Residents would be advised of construction vehicle traffic routes and the likely timing 
of any disruptions. 

 Where possible, transportation of materials for the proposal would be undertaken 
outside of peak traffic times. 

Construction 
contractor 

Construction and 
operation 

SE-3 Disruption to property 
access 

 Develop and implement traffic management plans to assist in minimising traffic 
disruptions and delays.  

 Access to properties near the proposal would be maintained during construction, 
including, where required, maintaining provisions for the movement of farm 
equipment and livestock between properties. 

 Where temporary changes to property access are required during construction, 
alternate access would be determined in consultation with affected property owners 
and tenants.  

Construction 
contractor 

Construction 

SE-4 Amenity  Early and ongoing consultation and communication would be undertaken with 
residents and local communities closest to construction works about construction 
activities, including timing, duration and likely impacts in particular where works are 
proposed outside of standard daytime construction hours.  

Construction 
contractor 

Construction 
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SE-5 Economic impacts  Construction materials and other products and services would be locally sourced, as 
far as practicable. 

Construction 
contractor 

Construction 

SE-6 Roadside memorials  Prior to construction, the roadside memorial(s) that would be required to be relocated 
or removed as a result of the proposed would have a suitable alternative location 
identified in consultation with relatives, where they are able to be readily contacted. 

RMS / 
Construction 

contractor 

Construction 

SE-7 Amenity  Where required, noise attenuation measures would be established to reduce traffic 
noise for at nearby properties. 

 Where required, landscape screening would be provided for residents and 
communities near to the highway, to reduce the visual impacts of the proposal. 

RMS / 
Construction 

contractor 

Operation 

Air quality 

AQ-1 Construction Dust 
Impacts 

Control measures would be included in the CEMP to ensure that dust emissions are 
suitably managed such that air quality impacts at nearby sensitive receptors are 
minimised including: 

 All materials transported to and from the construction site would be covered. 

 Stockpiles of soil or other materials would be managed by the construction contractor 
to minimise dust emissions, particularly during dry or windy conditions. 

 Speed limits would be imposed for equipment on unsealed surfaces. 

 Stockpiles would be located as far away from residences as practically possible. 

 The extent of disturbed areas would be minimised as far as practicable. This would 
be achieved by staging the works to minimise the number of disturbed areas at any 
one time. 

 Disturbed areas would be rehabilitated as quickly as possible. 

 Dust on unsealed surfaces, temporary roadways, stockpiles and other exposed 
areas would be suppressed using water trucks, hand held hoses, temporary 
vegetation and other practices.  

 Activities resulting in excessive dust generation would be stopped or modified during 
very windy conditions. 

Construction 
Contractor 

Pre-construction 
 
 

Construction 

Construction 
 

Construction 

Construction 

Construction 
 
 

Construction 

Construction 
 
 

Construction 

Construction 
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   Air quality, both visually and/or using instrumentation would be monitored near 
sensitive receptors to verify the effectiveness of controls. 

 A wheel wash facility would be installed at compound and stockpile sites to reduce 
tracking of mud and soil off-site. 

 Construction 

AQ-2 Construction Vehicle 
Emission Impacts 

 Operating and maintaining vehicles and equipment would occur in accordance with 
manufacturer’s specifications. 

Construction 
Contractor 

Construction 

Greenhouse gas and climate change 

GG-1 Operational GHG impacts 
from vehicle emissions 

 The route length and road grade would be minimised to reduce the distance for traffic 
required and the effort required to climb steep grades. 

RMS via road 
design 

Detailed design 

GG-2   Measures would be adopted to avoid traffic congestion through staging during 
detailed design. 

RMS via road 
design 

Detailed design 

GG-3 GHG emissions from fuel 
consumption and loss of 
carbon sink 

 Vegetation clearance would be minimised, in particular native or replanted bush land. 
Where vegetation clearance is unavoidable, consideration should be given to 
replanting native species wherever possible. 

Construction 
Contractor 

Construction 

GG-4 GHG emissions from fuel 
consumption and from 
embodied energy in 
construction materials 

 Waste, in particular greenhouse gas waste would be miminised wherever possible.  Construction 
Contractor 

Construction 

GG-5 GHG emissions from loss 
of carbon sink 

 Cleared vegetation would be mulched for re-use on-site where feasible. Construction 
Contractor 

Construction 

GG-6 GHG emissions from fuel 
consumption 

 Waste would be disposed of at local landfills rather than further afield wherever 
possible to avoid unnecessary transport emissions. 

Construction 
Contractor 

Construction 

GG-7 GHG emissions from fuel 
consumption 

 Local suppliers for construction materials would be used wherever possible to avoid 
unnecessary transport emissions. 

Construction 
Contractor 

Construction 

GG-8 GHG emissions from fuel 
consumption 

 Local staff would be utilised wherever possible to avoid unnecessary transport 
emissions. 

Construction 
Contractor 

Construction 

GG-9 GHG emissions from fuel 
consumption 

 Fuel-efficient equipment would be selected wherever possible. Construction 
Contractor 

Construction 
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GG-10 GHG emissions from fuel 
consumption 

 Biofuels (biodiesel, ethanol, or blends such as E10 or B80) would be considered 
wherever possible and available. 

Construction 
Contractor 

Construction 

GG-11 GHG emissions from fuel 
consumption 

 Plant and equipment would be regularly maintained to ensure maximum fuel 
efficiencies. 

Construction 
Contractor 

Construction 

GG-12 GHG emissions from fuel 
consumption 

 Energy-efficient work practices would be promoted on site, such as turning 
machinery off when not in use. 

Construction 
Contractor 

Construction 

GG-13 GHG emissions from fuel 
consumption 

 Energy-efficient lighting would be utilised (where available) during night works (if 
required). 

Construction 
Contractor 

Construction 

GG-14 GHG emissions from fuel 
consumption 

 Monitoring, recording and reporting energy consumption would be undertaken to 
identify and address energy wastage. 

Construction 
Contractor 

Construction 

GG-15 GHG emissions from fuel 
consumption 

 It would be ensured that the construction contractor, where reasonable and feasible, 
would use electrical energy derived from a renewable energy source accredited by 
the National Green Power Accreditation Steering Group (or equivalent) for the supply 
of a proportion of the on-site electrical energy required during construction. 

Construction 
Contractor 

Construction 

GG-16 GHG from embodied 
energy in construction 
materials 

 Recycled materials would be used in construction material, wherever possible Construction 
Contractor 

Construction 

GG-17 GHG from embodied 
energy in construction 
materials 

 Surplus fill and waste material would be re-used on site. Construction 
Contractor 

Construction 

GG-18 Impacts during operation  Pavement and structures along the road corridor would be inspected regularly and 
maintenance undertaken as necessary. 

RMS Operation 
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Ref # Impact Environmental safeguards Responsibility Timing 

Groundwater 

GW-1 Minor compaction of 
alluvial aquifers 

 Culverts and diversion drains would be incorporated in fills to alleviate the impacts of 
ground compaction on shallow alluvial aquifers.  

RMS Detailed design 

GW-2 Road cuts intersecting 
shallow groundwater table 
and pile dewatering 

 Detailed investigation of the depth to groundwater where cuts are proposed would be 
undertaken as part of the detailed design phase of the proposal. A series of 
piezometers would be installed along the road alignment to monitor ground water 
levels. 

 Rising/falling head (slug) testing would be undertaken at selected bores to assess 
the hydraulic properties of aquifers where cuts and piles are proposed. Analytical 
modelling would be undertaken using this site specific hydraulic data to assess the 
volumes of groundwater that would need to be dewatered during construction and 
long-term operation of the proposal.  

 Entitlements would be acquired for the volumes calculated in accordance with the 
Greater Metropolitan Region Water Sharing Plan and Aquifer Interference Policy so 
the volumes of groundwater that are dewatered are within the sustainable limits of 
the aquifer system and cause minimal harm. 

RMS Pre-construction 

GW-3 Removal of existing bores  Consultation with the owners of the bores to be removed would be undertaken prior 
to construction of the road upgrade. An alternative supply of water would be provided 
to bore owners if required. 

RMS Pre-construction 

GW-4 Consultation with NSW 
Office of Water 

 Liaison with the NSW Office of Water would be undertaken prior to construction of 
high risk activities to determine whether an aquifer access licence and/or and aquifer 
interference approval would be required. 

RMS Pre-construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

GW-5 Groundwater quality  The construction materials chosen for the piles for the bridge would consider 
groundwater quality, particularly aggressivity to concrete. Groundwater quality 
monitoring would be undertaken where the piles are to be constructed during the 
detailed design phase to assess aggressivity to concrete. 

 On-site water management during construction of the bridge would ensure 
groundwater is of an acceptable quality prior to discharge to surface water systems 
or disposal. Treatment would be undertaken prior to discharge or disposal if required. 
Discussions will be held with the NSW Office of Environment and Heritage on the 
requirements to obtain an Environment Protection Licence. 

Construction 
contractor 

Pre-construction 
and construction 

GW-6 Abstraction of 
groundwater for 
construction 

 All bores would be constructed in accordance with the Minimum Construction 
Requirements for Water Bores in Australia (NUDLC, 2011). 

 Bores would be sited away from local groundwater users in accordance with the 
works approval and all take of groundwater would be in accordance with licence 
conditions to minimise impacts.  

Construction 
contractor 

Pre-construction 
and construction 

Waste and resource management 

WR-1 Waste generation during 
construction 

A WMP would be prepared as part of the CEMP prior to construction works 
commencing. The plan would detail standard environmental management measures to 
manage resource consumption and to avoid, re-use and dispose of waste during 
construction. These measures would include: 

 Apply the waste hierarchy (avoid, minimise, reuse/recycle, dispose) during 
construction and implement through the CEMP. 

 Prepare and maintain a waste management system (including recycling). 

 Where disposal is required, classify, handle, store and dispose of waste in 
accordance with the DECC’s (2008a) Waste Classification Guidelines: Parts 1 and 2 
and to a suitably licensed waste facility. 

 Where practical, waste products would be reused on site, including: 

 Earthworks material as fill embankments. 

 Sub-grade layers and other material for batter extensions. 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

 Top-soil for landscaping. 

 Cleared vegetation would be mulched, chipped or composted to be used as 
sediment filter fences, landscaping or land rehabilitation. 

 Crushed concrete as road base, footings, retaining walls, drainage. 

 Material not reused on site would be recycled at appropriate specialised off-site 
recycling contractors. 

 Treating any wastewater collected prior to discharge, in accordance with current 
standards. 

 Chipping leaf material and small branches of native vegetation for use as mulch in 
revegetation or landscaping works. 

 Disposing all other green waste from vegetation removal to a green waste recycling 
facility. 

 Work sites would be maintained in a tidy state and appropriately disposing of all 
general litter (including food scraps, plastics, glass bottle). 

 Chemical, fuel and lubricant containers and solid and liquid wastes would be 
disposed of in accordance with the requirements of OEH. 

 A licensed contractor would be used to remove contaminated waste, under current 
NSW legislative and OEH guidelines. 

 RMS contractors would be required to propose recycled-content materials where 
they are cost and performance competitive. 

 Site inductions would include training in waste minimisation principles. 

WR-2 Waste generation during 
operation 

 Operational green waste from maintenance activities would be disposed of 
appropriately or reused where practicable. 

 Operational wastes, such as oils and greases, would be disposed of to an 
appropriate licensed facility. 

 Road user litter would be collected by the relevant maintenance organisation either 
for recycling or disposal to an appropriate facility. 

RMS Operation 
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Ref # Impact Environmental safeguards Responsibility Timing 

Contamination 

CM-1 Impact to potentially 
contaminated sites 

 Further investigation would be undertaken on potentially contaminated sites. 
Implement of remediation would be employed as required, in accordance with OEH 
guidelines. 

RMS Pre-construction 

CM-2 Land contamination 
during construction 
activities 

 Implementation of standard contingency measures in the CEMP (including for 
unknown contaminants, asbestos containing materials and site operations during 
construction) would occur to allow for further investigation and treatment/disposal as 
appropriate. 

RMS Construction 

   All potentially contaminated wastes generated during construction works would be 
classified according to the (DECC 2008a) Waste Classification Guidelines: Parts 1 
and 2. Dispose to a suitably-licensed disposal facility or reuse in the construction 
works as appropriate. 

 Reuse or dispose of all road base/bitumen excavated as part of the road works 
would be in accordance with the DECC (2008a) Waste Classification Guidelines 
2008: Parts 1 and 2. 

  

Hazard and risk 

HR-1 Runoff of contaminated 
stormwater during 
construction 

 Temporary runoff detention basins would be provided during concept and detailed 
design. 

 Sediment basins would incorporate accidental spill management containment of 
spills up to 40,000 litres through an appropriate baffle arrangement with an underflow 
or “Ellis” pipes at the outlet end of the basin. 

RMS and 
construction 
contractor 

Detailed design 
and construction 

HR-2 Failure to identify risks in 
concept and detail design 
stages 

 Undertake safety reviews and audits prior to construction. 

 Undertake safety in design studies prior to construction. 

RMS Detailed design 
and pre-

construction 

HR-3 OHS for workforce  Undertake safety in design studies prior to construction. RMS Pre-construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

HR-4 OHS for workforce  A construction safety management plan would be prepared prior to commencement 
of construction. 

 Compliance with statutory requirements, industry standards would occur throughout 
the construction of the proposal. 

Construction 
contractor 

Construction 

HR-5 Dangerous goods  Dangerous goods wastes (if any) would be managed in accordance with the proposal 
CEMP. 

 Storage of any potentially dangerous goods on site would be undertaken in 
accordance with standards and statutory requirements. 

 Storage of materials would be away from migration paths and watercourses. 

 Goods used on site would be in accordance with manufacturers’ instructions, good 
practice etc. 

Construction 
contractor 

Construction 

HR-6 Hazardous wastes  All hazardous wastes (if found) would be managed in accordance with the proposals’ 
waste management plan. 

 Collection and secure storage systems would be developed for all potential 
hazardous wastes. 

 Any hazardous wastes (if any) would be disposed of by a licensed contractor to 
approved facilities. 

Construction 
contractor 

Construction 

HR-7 Other wastes  All other wastes would be disposed of in accordance with the Waste Classification 
Guidelines: Parts 1 and 2 (DECC 2008a). Disposal would occur to a suitably-licensed 
disposal facility or reused in the construction works as appropriate. 

 Disposal of all sanitary waste would be to an approved, off-site wastewater treatment 
plant. 

Construction 
contractor 

Construction 
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Ref # Impact Environmental safeguards Responsibility Timing 

HR-8 Black ice formation  Clearance of vegetation would typically only occur up to five metres from the top or 
toe of batters. 

 Formulation of an active black ice maintenance program would be undertaken as 
part of detailed design. As part of the formulation of a maintenance program, a 
suitable de-icing chemical would be identified (such as sodium chloride) for use 
during identified black ice events. 

 Installation of a weather station would be undertaken prior to construction. The 
weather station would obtain local meteorological data and provide warnings to 
motorists and alert RMS maintenance crews to the potential for black ice formation 
as part of the active maintenance program. 

RMS Detailed design 
and construction 

HR-9 Contaminated runoff from 
the roadway and 
dangerous goods spills 

 Sedimentation basins from construction phase would be incorporated into the 
permanent (operational) design. 

 It would be ensured that basins are regularly maintained to ensure they are effective 
during construction and operation of the road. 

Construction 
contractor and 

RMS 

Detailed design, 
construction and 

operation 
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7.3 Licensing and approvals 
Should the RMS determine to proceed with the proposed works, the following 
approvals and/or licences would be required prior to commencement or that may be 
required during construction (refer to Table 7-2). 
 
Table 7-2: Summary of licensing and approval required  

Requirement Timing 

Liaison with the NSW Office of Water would 
be undertaken prior to construction to 
determine whether an aquifer access licence 
and/or and aquifer interference approval 
would be required. 

Prior to commencement of construction. 

In accordance with Section 138 of the Roads 
Act 1993, the consent of the RMS’s regional 
traffic management officer would be required 
for traffic management during construction of 
the proposal that occurs within the existing 
road corridor 

Prior to commencement of construction 
within the road reserve. 

Permission from private landowners and 
residents must be obtained to access 
proposal work sites. This would likely be 
obtained through temporary lease 
arrangements or land acquisition. 

Prior to accessing any private property. 

The proposal would impact on one Aboriginal 
site identified within the proposal site with 
cultural heritage value. An application for an 
AHIP under Section 90 of the National Parks 
and Wildlife Act 1974 would be made. 

An AHIP will be prepared and submitted 
prior to commencement of construction. 

An excavation permit under section 139 of the 
Heritage Act 1977 may be required during 
excavation in the event that a heritage item or 
relic is found during the construction of the 
proposal. 

If found during construction. 

This would be required during excavation if 
a heritage item or relic is found, prior to 
undertaking any further excavation works in 
that area. 

There is some limited possibility for finding 
unknown or buried remains of culverts 
between Forty Bends Road and Emoh. As a 
precaution a Section 140 approval under the 
NSW Heritage Act 1977 would be obtained 
from the Heritage branch, Office of 
Environment & Heritage for this eventuality so 
as to reduce potential delays and manage 
risk.  

There is also limited possibility for finding 
relics associated with sedimentation basins 
associated with two historic properties but 
outside the two identified heritage curtilages. 
These works would be covered by a Section 
140 approval.  

Prior to commencement of construction. 
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8 Conclusion 

This chapter provides the justification for the proposal taking into account its 
biophysical, social and economic impacts, the suitability of the site and whether or 
not the proposal is in the public interest. The proposal is also considered in the 
context of the objectives of the EP&A Act, including the principles of ecologically 
sustainable development as defined in Schedule 2 of the Environmental Planning 
and Assessment Regulation 2000.  
 

8.1 Justification 
The Great Western Highway is an important road corridor within both NSW and 
Australia. The section of highway under investigation for upgrade is used by 
Blue Mountains and Lithgow residents for local trips as well as to access 
communities in the central west. The route is also a major link in the NSW regional 
road network providing a key freight transport link over the Blue Mountains. However, 
it has a disproportionate number of serious and fatal crashes due to its poor 
alignment, geometry, grades and other road conditions such as the formation of 
black ice during colder conditions. 
 
The proposal would improve safety and travel efficiency within the Forty Bends area 
by providing an improved alignment and grade in addition to providing measures that 
would assist with preventing the formation of black ice. This is consistent with the 
NSW and Australian Governments’ strategic priorities of improving the 
Great Western Highway’s safety performance and efficiency, and would help meet 
ongoing and future road network needs. 
 
The need to upgrade the Great Western Highway between Mount Victoria and 
Lithgow, which includes the upgrade at Forty Bends is also justified by a number of 
wider strategic plans for growth, transport and road infrastructure that underpin the 
proposal including: 
 
 NSW State Plan. 

 NSW State Infrastructure Strategy. 

 Sydney – Dubbo Corridor Strategy. 

 Penrith to Orange Transport Strategy. 

 Central West Transport Needs Study. 

 National Road Safety Strategy 2011–2020. 

 National Land Freight Strategy discussion paper. 
 
The proposal is also consistent with the Australian and NSW Government’s 
commitment to progress the Forty Bends upgrade as the first stage of the 
Mount Victoria to Lithgow upgrade to detailed design and construction following a 
review of the Great Western Highway upgrade program. The NSW Government 
Review concluded that upgrading the Forty Bends section of the existing highway 
(the subject of this REF) was the most critical to improving safety along this section 
of the Great Western Highway between Mount Victoria and Lithgow. 
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8.2 Objects of the EP&A Act 
Table 8-1 identifies the objects of the EP&A Act 1979 and their relevance to the 
project. 
 
Table 8-1: Objects of the EP&A Act 1979 and relevance to the proposal 

Object Comment 

5(a)(i) To encourage the proper 
management, development and 
conservation of natural and artificial 
resources, including agricultural 
land, natural areas, forests, 
minerals, water, cities, towns and 
villages for the purpose of 
promoting the social and economic 
welfare of the community and a 
better environment. 

The proposal design, impact mitigation and 
management measures detailed in this REF allow for 
the proper management, development and 
conservation of natural and artificial resources. 
The main objective of the proposal is to provide a new 
alignment that would improve the safety and transport 
efficiency of the existing Great Western Highway. 

Where possible throughout the design of the proposal, 
management and conservation of natural resources 
has been incorporated. This has included optimising 
the balance between cut and fill as part of the 
proposal, minimising the need to import additional 
natural resources. Additionally, vegetation removal 
has been minimised as far as possible to reduce the 
potential impact on the existing natural environment, in 
particular to the north at the base of Hassans Walls. 

It is recognised that there would be some impact on 
existing rural residential and agricultural land as a 
result of the proposal however, this would not be 
significant at a regional level. 

5(a)(ii) To encourage the promotion 
and co-ordination of the orderly 
economic use and development of 
land. 

The proposal would form an important element in the 
ongoing upgrade of the Great Western Highway 
throughout the Blue Mountains in NSW. It would assist 
in the coordination of the orderly economic use and 
development of land for the region and along this 
significant freight transport corridor. 

5(a)(iii) To encourage the 
protection, provision and co-
ordination of communication and 
utility services. 

Utilities affected by the project would be relocated and 
maintained as required (refer to Section 3.5). 

5(a)(iv) To encourage the provision 
of land for public purposes. 

The proposal is intended to be used for a public 
purpose. 

5(a)(v) To encourage the provision 
and co-ordination of community 
services and facilities. 

The proposal would improve access for the local 
community to access services and facilities in local 
towns including Lithgow (to the west) or Katoomba (to 
the east) and the broader region. 

5(a)(vi) To encourage the 
protection of the environment, 
including the protection and 
conservation of native animals and 
plants, including threatened 
species, populations and ecological 
communities, and their habitats. 

The proposal has been designed to minimise impacts 
on the environment, including threatened species, 
populations and ecological communities and their 
habitats. 

Additional measures would be developed to manage 
and offset impacts during and after construction. 

5(a)(vii) To encourage ecologically 
sustainable development. 

Ecologically sustainable development is considered in 
Section 8.3.1 to Section 8.3.4 below. 

5(a)(viii) To encourage the 
provision and maintenance of 
affordable housing. 

This clause is not directly relevant to the proposal. 
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Object Comment 

5(b) To promote the sharing of the 
responsibility for environmental 
planning between different levels of 
government in the State. 

This clause is not directly relevant to the proposal. 

5(c) To provide increased 
opportunity for public involvement 
and participation in environmental 
planning and assessment. 

The proposal development process has involved 
consultation with relevant government agencies, non-
government agencies and other community members 
and stakeholders. This would continue in the detailed 
design, construction and operation phases. 
Community involvement in the planning and 
assessment of the proposal is described in Chapter 5. 

 

8.3 Ecologically sustainable development 
Ecologically sustainable development (ESD) is development that improves the total 
quality of life, both now and in the future, in a way that maintains the ecological 
processes on which life depends. The principles of ESD have been an integral 
consideration for the proposal. This includes the effective integration of economic 
and environmental considerations in all decision-making processes. 
 
In accordance with the Environmental Planning and Assessment Regulation 2000, 
the four principles of ESD, as set out in Schedule 2, are: 
 
 The precautionary principle – where there are threats of serious or irreversible 

environmental damage, lack of full scientific certainty should not be used as a 
reason for not implementing mitigation measures or strategies to avoid 
potential impacts. 

 Inter-generational equity – the present generation should ensure that the 
health, diversity and productivity of the environment are equal to or better for 
the future generations. 

 Conservation of biological diversity and ecological integrity – preserving 
biological diversity and ecological integrity requires that ecosystems, species 
and genetic diversity within species are maintained. 

 Improved valuation and pricing of environmental resources – this principle 
establishes the need to determine economic values for services provided by 
the natural environment, such as the atmosphere’s ability to receive gaseous 
emissions, cultural values and visual amenity. 

 
The RMS is committed to providing its services in an environmentally responsible 
manner and managing or eliminating any risks that may lead to an adverse effect on 
the environment. Details of how the principles of ESD have been incorporated into 
the proposal are provided in Section 8.3.1 to Section 8.3.4 below. 
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8.3.1 The precautionary principle 

The assessment of the potential impacts of the proposal is considered to be 
consistent with the precautionary principle. The environmental investigations 
undertaken for this REF have been consistent with accepted scientific and 
assessment methodologies (refer to Chapter 6, Volume 2 and Volume 3 of this REF). 
The detailed investigations undertaken have identified a range of potential impacts 
associated with the construction and operation of the proposal. The proposal has 
sought to take a precautionary approach to minimising environmental impacts. This 
has been applied through the development of a range of environmental safeguards, 
as summarised in Chapter 7. These safeguards would be implemented during 
construction and operation of the proposal. 
 
Evaluation and assessment of alternative options for the proposal has also aimed to 
reduce the risk of serious and irreversible impacts on the environment as a result of 
the proposal. 
 
No safeguards have been postponed as a result of lack of scientific certainty. 
The selected construction contractor would be required to prepare a PEMP and 
CEMP prior to commencing construction. No mitigation measures or management 
mechanisms would be postponed as a result of a lack of information. 
 

8.3.2 Intergenerational equity 

The proposal would benefit future generations by improving road safety, thus 
reducing the potential for accidents and improving access. Implementation of the 
safeguards contained in this REF (Chapter 7) would ensure that the health, diversity 
and productivity of the environment is maintained or enhanced for the benefit of 
future generations. 
 
Should the proposal not proceed, travel times and the number of accidents would 
both be expected to increase along this section of the highway as the volume of 
traffic increases over time. 
 
It is acknowledged that the proposal may have some adverse impacts on the current 
generation, generally through the land acquisition process and overall construction 
period. However, these are not considered to be of a nature or extent such that they 
should warrant disadvantage to future generations. 
 

8.3.3 Conservation of biological diversity and ecological integrity 

The proposal site is situated along the base of an existing ridge line (Hassans Walls) 
which has been previously modified as a result of the construction of the existing 
Great Western Highway. However, to the north of the existing highway, the area 
retains some of its original ecological value including portions of native vegetation 
and associated habitats which have not been cleared. 
 
A key objective of the project is to minimise adverse impacts on the environmental 
values of the area. Conservation of biological diversity and ecological integrity has 
been considered during all stages of the proposal’s development. Impacts have been 
avoided where possible, and safeguarded against or offset where necessary. 
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The biodiversity assessment (refer to Section 6.1 and Technical Paper 1 – 
Biodiversity contained in Volume 2 of this REF) has concluded that the proposal 
would not have a significant effect on any existing flora or fauna species, biodiversity 
communities or the overall biological integrity of the proposal site and adjacent areas. 
The findings of the biodiversity assessment indicate that the potential impacts would 
be acceptable and minimised through the proposed safeguards (refer to Chapter 7). 
 

8.3.4 Improved valuation, pricing and incentive mechanisms 

Environmental and social issues were considered in the strategic planning and 
establishment of the need for the proposal, and in consideration of various proposal 
options. The value placed on environmental resources is evident in the extent of the 
planning, environmental investigations and design of proposal safeguards. 
 
Implementation of these mitigation measures would result in an economic cost to the 
RMS. The implementation of the safeguards identified is included in both the capital 
and operating cost of the proposal. 
 

8.4 Conclusion 
The proposed upgrade and widening of about 2.8 kilometres of the Great Western 
Highway at Forty Bends to three lanes is subject to assessment under Part 5 of the 
EP&A Act. The REF has examined and taken into account to the fullest extent 
possible all matters affecting or likely to affect the environment by reason of the 
proposed activity. This has included consideration of conservation agreements and 
plans of management under the NPW Act, joint management and biobanking 
agreements under the TSC Act, wilderness areas, critical habitat, impacts on 
threatened species, populations and ecological communities and their habitats and 
other protected fauna and native plants. 
 
The proposal would also result in improved safety outcomes for this section or road 
in addition to improved driving conditions, improve safety for road users and reduce 
travel times, in particular for the movement of freight along this important transport 
corridor.  
 
A number of potential environmental impacts from the proposal have been avoided or 
reduced during the concept design development and options assessment. 
The proposal as described in the REF best meets the proposal objectives but would 
still result in some impacts on biodiversity, water quality, non-Aboriginal heritage and 
urban design and visual amenity of the existing area. Mitigation measures as detailed 
in this REF would ameliorate or minimise these expected impacts. On balance the 
proposal is considered justified. 
 
There is potential for positive cumulative impacts associated with the proposal 
including cumulative safety and travel time efficiency benefits when integrated with 
the previous components of the Great Western Highway upgrade. There is also the 
potential for some negative cumulative impacts associated with this and other 
projects that form the Great Western Highway upgrade program. The precautionary 
approach taken in the development of mitigation and management measures 
proposed for this proposal would provide sufficient mitigation to offset both 
immediately-identified impacts and potential additional or cumulative impacts that 
may arise. 
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The environmental impacts of the proposal are not likely to be significant and 
therefore it is not necessary for an environmental impact statement to be prepared 
and approval to be sought for the proposal from the Minister for Planning under 
Part 5.1 of the EP&A Act. The proposal is unlikely to substantially affect threatened 
species, populations or ecological communities or their habitats, within the meaning 
of the Threatened Species Conservation Act 1995 or Fisheries Management Act 
1994 and therefore a Species Impact Statement is not required. As a precaution, 
RMS will submit a referral to SEWPAC to determine whether or not the proposal 
constitutes a controlled action due to potential impacts on number of threatened 
fauna species (refer to Section 4.4). 
 
In determining the proposal it is considered that the proposal would not be a 
significant impact under Section 112 of the EP&A Act and Clause 228 of the 
Environmental Planning and Assessment Regulation 2000 (refer to Appendix A for 
assessment under Clause 228). The proposal is also unlikely to affect 
Commonwealth land or have an impact on any matters of national environmental 
significance under the EPBC Act. 
 





 

Great Western Highway – Forty Bends upgrade 381 
Review of Environmental Factors 

 



 

Great Western Highway – Forty Bends upgrade 382 
Review of Environmental Factors 

10 References 

Andrews, A. 1990, Fragmentation of habitat by roads and utility corridors: A review, 
Australian Zoologist 26, 130-141. 
 
ARRB Group Ltd 2011, Provision of Specialist Technical Advice of the Adverse 
Weather Risks Associated with Conceptual Designs, Arrb Group Ltd. 
 
Australian Bureau of Statistics 2006, Census of Population and Housing – Quick 
Stats and Basic Community Profiles, Australian Bureau of Statistics. 
 
Auslink 2007, Sydney−Dubbo Corridor Strategy, Auslink. 
 
Austroads 2009, Austroads Guide to Road Design, Austroads. 
 
Bish S. 1999, Hydrogeological Assessment for Cox’s River Catchment. Sydney 
South Coast region, NSW department of Land and Water Conservation, dated 
October. 
 
Cardno (NSW) Ltd 2008, Mount Victoria to Lithgow Great Western Highway 
Upgrade – Strategic Review of a Newnes Plateau Corridor, Cardno (NSW) Ltd. 
 
Casey & Lowe, 2012, Preliminary Archaeological Assessment & Research Design for 
Testing Section 140 Excavation Permit Application, Casey & Lowe Pty Ltd. 
 
Comber J. 2011, Research Design: Aboriginal Archaeological Testing, Great 
Western Highway Upgrade Mount Victoria to Lithgow, Comber Consultants Pty Ltd. 
 
Department of Environment and Conservation 2004, Threatened Biodiversity Survey 
and Assessment: Guidelines for Developments and Activities – Working Draft, 
Department of Environment and Conservation, Hurstville. 
 
Department of Environment and Conservation 2006, The Vegetation of the Western 
Blue Mountains. Unpublished report funded by the Hawkesbury – Nepean Catchment 
Management Authority, Department of Environment and Conservation, Hurstville. 
 
Department of Environment and Climate Change 2005, Regional Biodiversity 
Corridors in the Hawkesbury-Nepean Catchment Management Authority Area. GIS 
data layer, Department of Environment and Climate Change (NSW). 
 
Department of Environment and Climate Change 2009a, Vegetation types database. 
Department of Environment and Climate Change (NSW) http://www.environment. 
nsw.gov.au/biobanking/vegtypedatabase.htm. 
 
Department of Environment and Climate Change 2009b, Threatened species profile 
database. Department of Environment and Climate Change (NSW) 
http://www.environment.nsw.gov.au/biobanking/biobankingtspd.htm. 
 
Department of Environment, Climate Change and Water 2010, Aboriginal Cultural 
Heritage Consultation Requirements for Proponents Department of Environment, 
Climate Change and Water. 
 
Department of Land and Water Conservation 1997, The NSW Groundwater Policy 
Framework, Department of Land and Water Conservation, Sydney. 



 

Great Western Highway – Forty Bends upgrade 383 
Review of Environmental Factors 

Department of Land and Water Conservation 1998, NSW Groundwater Quality 
Protection Policy, Department of Land and Water Conservation, Sydney. 
 
Department of Land and Water Conservation 2002, The NSW State Groundwater. 
Dependent Ecosystem Policy, Department of Land and Water Conservation, Sydney. 
Department of Land and Water Conservation no date, NSW Groundwater Quantity 
Management Policy (draft), Department of Land and Water Conservation, Sydney. 
 
Department of Sustainability, Environment Water Populations and Communities 
(SEWPAC) 2012, Interim referral guidelines for the koala, SEWPAC. 
 
Department of Urban Affairs and Planning 1999, Is an EIS required, Department of 
Urban Affairs and Planning. 
 
Gibbons, P., and Lindenmayer, D. B. 2002, Tree Hollows and Wildlife Conservation 
in Australia, CSIRO Publishing: Melbourne. 
 
Guilfoyle David 2006, Aboriginal Cultural Heritage Regional Studies: An illustrative 
approach. Department of Environment and Climate Change. 
 
Hatton, T. & Evans, R. 1998, Dependence of ecosystems on groundwater and its 
significance to Australia, Land and Water Resources Research and Development 
Corporation, Canberra. 
 
Holland, W. N., Benson, D., & Mcrae, R. H. 1992, Spatial and temporal variation in a 
perched headwater valley in the Blue Mountains: geology, geomorphology, 
vegetation, soils and hydrology, Proceedings of the Linnean Society of New South 
Wales , 113:271-295. 
 
Infrastructure Australia 2011, National Land Freight Strategy discussion paper, 
Australian Government (Infrastructure Australia). 
 
King D P 1994, Soil Landscapes of the Katoomba 1:100,000 Sheet Report, 
Department of Conservation and Land Management NSW. 
 
Lithgow City Council 2007, Lithgow City Council Strategic Plan: Our place, our future, 
Lithgow City Council June 2007. 
 
Lithgow City Council 2010, Lithgow City Council State of Environment 
Supplementary Report 2009-2010, Lithgow City Council, Lithgow, NSW, Australia 
 
Lithgow City Council 2011, Lithgow Draft Land Use Strategy 2010-2030, Lithgow City 
Council. 
 
Mount Victoria to Lithgow Alliance 2011a, Review of Environmental Factors for 
Geotechnical Investigations – Flora and Fauna Impact Assessment, Mount Victoria to 
Lithgow Alliance. 
 
Mount Victoria to Lithgow Alliance 2011b, Review of Environmental Factors for 
Geotechnical Investigations – Flora and Fauna Impact Assessment, Mount Victoria to 
Lithgow Alliance. 
 



 

Great Western Highway – Forty Bends upgrade 384 
Review of Environmental Factors 

Mount Victoria to Lithgow Alliance 2011c, Great Western Highway Upgrade, Mount 
Victoria to Lithgow Alliance: Corridor study – Biodiversity, Mount Victoria to Lithgow 
Alliance. 
 
Mount Victoria to Lithgow Alliance 2012, Geotechnical Investigations for Concept 
Design, Mount Victoria to Lithgow Alliance. 
 
National Uniform Drillers Licensing Committee 2011, Minimum Construction 
Requirements for Water Bores in Australia, National Uniform Drillers Licensing 
Committee. 
 
NSW Government 2010, NSW Climate Impact Profile, NSW Government. 
 
NSW Government 2011, NSW 2021 – A plan to make NSW number one, NSW 
Government. 
 
NSW Heritage Office 1996, NSW Heritage Manual, NSW Heritage Office. 
 
NSW Heritage Office 2001, Assessing Heritage Significance, NSW Heritage Office. 
 
NSW Office of Water 2012, Aquifer Interference Policy – Stage 1, NSW Department 
of Trade and Investment, Regional Infrastructure and Services, Sydney. 
 
NSW Roads and Maritime Services 2012a, Great Western Highway Concept Design 
– Concept Report, NSW Roads and Traffic Authority. 
 
NSW Roads and Maritime Services 2012c, Land Acquisition Information Guide, NSW 
Roads and Traffic Authority. 
 
NSW Roads and Maritime Services 2012b, Draft Unexpected Finds Procedure NSW 
Roads and Maritime Services. 
 
NSW Roads and Traffic Authority 2001, Environmental Noise Management Manual: 
Practice Note vii — Road works outside normal working hours, NSW Roads and 
Traffic Authority. 
 
NSW Roads and Traffic Authority 2006, Great Western Highway Urban Design 
Framework – Blue Mountains – Lapstone to Katoomba, NSW Roads and Traffic 
Authority. 
 
NSW Roads and Traffic Authority 2008a, Mt Victoria to Lithgow Crash report October 
2008, NSW Roads and Traffic Authority. 
 
NSW Roads and Traffic Authority 2008b, Mount Victoria to Lithgow Great Western 
Highway Upgrade – Study area investigations and Corridors identification report, 
NSW Roads and Traffic Authority. 
 
NSW Roads and Traffic Authority 2008d, Landscape Character and Visual Impact 
Assessment guidelines, NSW Roads and Traffic Authority. 
 
NSW Roads and Traffic Authority 2009, Mount Victoria to Lithgow, Great Western 
Highway Upgrade – Route Options Report, NSW Roads and Traffic Authority. 
 
NSW Roads and Traffic Authority 2010, Mt Victoria to Lithgow Preferred Route 
Report, NSW Roads and Traffic Authority. 



 

Great Western Highway – Forty Bends upgrade 385 
Review of Environmental Factors 

 
NSW Roads and Traffic Authority 2011, Procedure for Aboriginal Cultural Heritage 
Consultation and Investigation NSW Roads and Traffic Authority. 
 
NSW Treasury 2008, New South Wales State Infrastructure Strategy 2008 – 2018, 
NSW Treasury. 
 
Parsons Brinckerhoff 2012, Greater Western Highway Upgrade, Mount Victoria to 
Lithgow Alliance Groundwater Monitoring Report, Sydney NSW. Report No HG-0562. 
 
Parsons Brinckerhoff 2011, Greater Western Highway Upgrade, Mount Victoria to 
Lithgow Alliance Corridor Study, Sydney NSW. Report No EA-0287-D. 
 
Sinclair Knight Merz 1998, Penrith to Orange Transport Strategy, Sinclair Knight 
Merz, Sydney. 
 
Sinclair Knight Merz 2009, Central West Transport Needs Study, Sinclair Knight 
Merz, Sydney. 
 
Thackway, R. and Cresswell, I.D. (1995). An interim biogeographic regionalisation for 
Australia: a framework for setting priorities in the National Reserves System 
Cooperative Program, Version 4.0. Australian Nature Conservation Agency, 
Canberra. 
 
Tozer, M., Turner, K., Simpson, C., Keith, D., Beukers, P., MacKenzie, B., Tindall, D. 
and Pennay, C (2010). Native vegetation of south-east NSW: a revised classification 
and map for the coast and eastern tablelands. Prepared for the NSW Department of 
Environment and Conservation and the NSW Department of Natural Resources. 
 
 
Aerial imagery: Source – SKM AUSIMAGE, 2011 



 

Great Western Highway – Forty Bends upgrade 386 
Review of Environmental Factors 

Terms and acronyms used in this REF 

Term Definition 

100-year ARI Flood 
event 

Refers to the flood event that occurs, on average, once every 100 
years. Also known as the 100-year Average Recurrence Interval of 
a flood. These events are of a random nature. It is possible to have 
100-year floods in successive years. Similarly, a 100-year flood 
event may not occur for 200 years and may not be the largest flood 
in the last 100 years. This also applies to 5-year and 20-year ARI 
flood events. 

AADT Annual Average Daily Traffic 

ABS Australian Bureau of Statistics 

ACHA Aboriginal Cultural and Heritage Advisor (RMS) 

AFG Aboriginal Focus Group 

AHIMS Aboriginal Heritage Information Management System 

AHIP Aboriginal heritage impact permit 

ANZEC Australian and New Zealand Environment Council's 

ATC Australian Transport Council 

ARI Average Recurrence Interval. (Flooding).A best estimate of a flood 
which has 1 chance in 100 of occurring in any one year. 

ASR Acid Sulfate Rock 

ASS Acid Sulfate Soils 

AWS Automatic Weather Station 

Batter The side slope of walls, embankments and cuttings or the degree of 
such slope, usually expressed as a ratio of horizontal distance to 
one vertical height. 

BSAL Biophysical Strategic Agricultural Land 

Blue Book (The) Landcom Managing Urban Stormwater, Soils and Construction 
Guidelines 4th Edition 

BOD Biological Oxygen Demand 

BoM Bureau of Meteorology 

BTEX Benzene, Toluene, Ethyl Benzene, Xylenes 

CEMP Contractor environmental management plan 

CHAR Cultural Heritage Assessment Report (Aboriginal report) 

CL Act Crown Lands Act 1989 (NSW) 

CLM Act Contaminated Land Management Act 1997 (NSW) 

CMA Catchment Management Area 

CNML Construction Noise Management Levels 

CNVMP Construction Noise and Vibration Management Plan 

CO Carbon monoxide 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

CTMP Construction Traffic Management Plan 
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Term Definition 

Culvert An enclosed channel for conveying stream below a road. 

Cutting A formation resulting from the construction of the road below the 
existing ground level after material is cut out or excavated. 

db(A) Decibels using the ‘A’ weighted scale, measured according to the 
frequency of the human ear. 

DBYD Dial Before You Dig 

DECCW (Former) Department of Environment, Climate Change and Water, 
now OEH 

Design speed A nominal speed used in designing a road’s geometric features 
(such as curves). 

DPI Department of Primary Industries 

DTM Digital Terrain Model 

Earthworks The process of extracting, moving and depositing earth during 
construction. 

Earthwork balance The relative volumes of materials excavated from cuttings and 
materials placed in fill embankments. A road design generally 
targets equal volumes of cut and fill materials, hence giving a 
balanced earthworks. 

EEC Endangered ecological communities 

EPA Environmental Protection Authority 

EIA Environmental impact assessment 

EP&A Act Environmental Planning and Assessment Act 1979 (NSW). Provides 
the legislative framework for land use planning and development 
assessment in NSW 

EPBC Act Environment Protection and Biodiversity Conservation Act 1999 
(Commonwealth). Provides for the protection of the environment, 
especially matters of national environmental significance, and 
provides a national assessment and approvals process. 

EPL Environment protection licence 

EMP Environmental management plan 

EMS Environmental management system 

ENMM Environmental Noise Management Manual (RTA, 2001) 

ESCP Erosion and Sediment Control Plan 

ESD Ecologically sustainable development. Development which uses, 
conserves and enhances the resources of the community so that 
ecological processes on which life depends, are maintained and the 
total quality of life, now and in the future, can be increased 

FM Act Fisheries Management Act 1994 (NSW) 

GDE Groundwater dependent ecosystems 

GHG Greenhouse Gas 

Habitat The place where an organism lives. Habitats are measurable and 
can be described by their flora and physical components. 
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Term Definition 

Heritage Act Heritage Act 1977 (NSW) 

HMP Heritage Management Plan 

ICNG Interim Construction Noise Guideline (DECC 2009) 

Infrastructure SEPP / 
ISEPP 

State Environmental Planning Policy (Infrastructure) 2007 (NSW) 

LAeq Represents the equivalent continuous A-weighted noise level for the 
measurement period. 

LALC Local Aboriginal Land Council 

LCC Lithgow City Council 

LCZ Landscape Character Zones 

LEP Local Environmental Plan. A type of planning instrument made 
under Part 3 of the EP&A Act. 

LGA Local Government Area 

LoS Level of Service. A qualitative measure describing operational 
conditions within a traffic stream and their perception by motorists 
and/or passengers. 

MCA Multi criteria analysis 

MVKT Million Vehicle Kilometres Travelled 

NES Matters of national environmental significance under the 
Commonwealth Environment Protection and Biodiversity 
Conservation Act 1999. 

NGER Act National Greenhouse and Energy Reporting Act 2007 (NSW) 

NorBE Neutral or Beneficial Effects 

NOW NSW Office of Water 

NOx Nitrogen oxides 

NW Act Noxious Weeds Act 1993 (NSW) 

NP&W Act National Parks and Wildlife Act 1974 (NSW) 

NSW New South Wales 

NSW Government 
Review 

Independent review prepared by Evans and Peck on behalf of the 
NSW State Government to undertake review of the Great Western 
Highway upgrade program west of Katoomba (September 2011). 

NV Act Native Vegetation Act 2003 (NSW) 

OCP Organochlorine Pesticides 

OEH Office of Environment and Heritage (formerly DECCW) 

OPP Organophosphorous Pesticides 

PACHCI RMS’s Procedure for Aboriginal Cultural Heritage Consultation and 
Investigation 

PAD Potential Archaeological Deposit 

PAH Polycyclic Aromatic Hydrocarbons 

PEMP Project Environmental Management Plan 
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Term Definition 

PM10 Particulate matter with equivalent aerodynamic diameter less than 
or equal to 10 microns 

POEO Act Protection of the Environment Operations Act 1997(NSW) 

Proposal (the) Upgrade and widening of about 2.8 kilometres of the Great Western 
Highway at Forty Bends to three lanes with a central median along 
the majority of its length from a point about 470 metres east of the 
eastern end of Forty Bends Road to a point about 250 metres west 
of McKanes Falls Road. 

PVP Property Vegetation Plan 

RBL Rating Background Level 

REF Review of environmental factors 

RMS Roads and Maritime Services (previously Roads and Traffic 
Authority – RTA) 

RMS QA 
Specifications 

Specifications developed by the RMS for use with roadworks and 
bridgeworks contracts let by the RMS  

RNP Road Noise Policy (DECCW 2011) 

Roads Act Roads Act 1993 (NSW) 

SCA Sydney Catchment Authority 

SEPP State Environmental Planning Policy. A type of planning instrument 
made under Part 3 of the EP&A Act. 

SEPP 44 State Environmental Planning Policy No. 44 – Koala Habitat 
Protection (NSW) 

SEPP 55 State Environmental Planning Policy No. 55 – Remediation of Land 
(NSW) 

SEPP (Drinking 
Sydney Water 
Catchment 

State Environmental Planning Policy (Sydney Drinking Water 
Catchment) 2011 (NSW) 

SEWPAC Australian Government Department of the Sustainability, 
Environment, Water, Population and Communities 

SHR State Heritage Register 

Sinuosity A measure of how active the channel is and the potential for lateral 
migration due to erosion of fine sediments 

SIS Species impact statement 

SRLUP Strategic Regional Land Use Plan 

SSD Sight Stopping Distance 

SoHI Statement of Heritage Impact 

SWMP Soil and Water Management Plan 

TAPM The Air Pollution Model 

TCP Traffic Control Plan 

TEC Threatened Ecological Community 

Threatened As defined under the NSW Threatened Species Conservation Act 
1995. A species, population or ecological community that is likely to 
become extinct or is in immediate danger of extinction. 
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Term Definition 

TMP Traffic Management Plan 

TRAQ Tool for Roadside Air Quality 

TRH Total Recoverable Hydrocarbons 

TSC Act Threatened Species Conservation Act 1995 (NSW) 

TSP Total suspended particulates 

Twin bridges Bridge structures in which the opposing carriageways are separated 
from each other on different structures  

µg/m3 Micrograms per cubic metre air 

VMS Variable Message Sign 

VOC Volatile Organic Compound 

WARR Act 2001 Waste Avoidance and Resource Recovery Act 2001 (NSW) 

Water Act Water Act 1912 (NSW) 

Water Management 
Act 

Water Management Act 2000 (NSW) 

WH&S Work, health and safety 

WMP Waste Management Plan 

WSP Water Sharing Plan 
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Clause 228(2) Checklist 

In addition to the requirements of the Is an EIS required? guideline as detailed in the 
REF, the following factors, listed in clause 228(2) of the Environmental Planning and 
Assessment Regulation 2000, have also been considered to assess the likely 
impacts of the proposal on the natural and built environment. 
 

Factor Impact 

a. Any environmental impact on a community? 

Construction of the proposal would result in some short-term 
negative impacts as a result of construction impacts such as visual 
amenity impacts, traffic disruptions in addition to potential noise and 
air emission impacts. These issues could impact negatively on the 
local community as described in Sections 6.6.3, 6.7.3, 6.4.3 and 
6.10.3 of this REF respectively. 

Potential visual amenity impacts during construction would include 
the clearing of vegetation and the placement and movement of 
construction vehicles within the proposal footprint, reducing the 
existing rural and vegetated amenity of the current Forty Bends 
environment. Potential traffic impacts during construction would 
include an increase in the volume of heavy vehicles, interruption of 
traffic flows on the current highway and temporary changes in speed 
limit and/or implementation of contra-flow type lane configurations 
resulting in increased travel times for motorists on the highway. 

Construction noise would be generated from construction plant and 
vehicles and air quality impact during construction would result from 
dust, vehicle emissions, and odour production. These impacts are 
likely to occur throughout the construction period which is expected 
to last for up to 24 months. 

The primary long-term positive impact of the proposal would include 
improved road safety through improved property access, road 
geometry and alignment resulting in a positive benefit to the 
community. 

 

Short-term, minor, 
negative 

 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

Long-term, minor, 
positive 

b. Any transformation of a locality? 

The construction of the proposal would temporarily impact the 
existing locality, predominantly through negative visual amenity 
impacts associated with the placement and movement of 
construction plant and equipment, and the removal of existing 
vegetation. 

In the longer term, the proposal would result in a minor 
transformation of the locality through the construction of a new 
bridge at across Whites Creek, the creation of a series of new 
cuttings, fill embankments, three retaining walls and the construction 
of the new road alignment. This transformation is however 
considered to be moderate given that the proposal would generally 
follow the existing alignment of the Great Western Highway and 
would be located in the same road corridor for a large proportion of 
the proposal site. 

The proposal would be in keeping with the surrounding land uses 
which include the existing road alignment and bridge. A range of 
appropriate safeguards have been developed to reduce the visual 
impacts of the proposal (refer Section 6.6.4). 

 

Short-term, minor, 
negative 

 
 
 

Long-term, minor, 
negative 
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Factor Impact 

c. Any environmental impact on the ecosystems of the locality? 

The proposal would involve the clearing or disturbance of about 
7.39 hectares of existing remnant native vegetation in varying 
degrees of condition and about 15.27 hectares of cleared and highly 
modified habitats. Impacts to threatened ecological communities are 
limited to approximately 0.05 hectare (of the 7.39 hectares) of 
moderate condition vegetation (Ribbon Gum Grassy Woodland) 
(refer to Section 6.1). 

Vegetation removed would include known foraging habitat (and may 
also remove breeding habitat) for 20 threatened species, and may 
also remove potential foraging and breeding habitat for a number of 
other species. Given the large areas of protected habitat present in 
the locality and immediately adjacent to the proposal site, in 
particular to the north and south, significant impacts are unlikely for 
these species. Some loss of habitat for the threatened species 
Purple Copper Butterfly (Blackthorn (Bursaria spinosa subsp. 
lasiophylla)) would occur as a result of the proposal. 

Overall, impacts to flora and fauna during construction are not 
considered to be substantial with the implementation of the 
proposed safeguards (refer to Section 6.1.6). 

The proposal would have some minor negative impacts on flora and 
fauna during operation. These would include the permanent removal 
of foraging and breeding habitat (as a result of construction), the 
potential spread of weeds, the risk of vehicles striking fauna crossing 
the alignment and indirect noise impacts on fauna whose habitat is 
near the proposal. 

 

Short-term, minor, 
negative 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Long-term, minor, 
negative 

d. Any reduction of the aesthetic, recreational, scientific or other 
environmental quality or value of a locality? 

During construction, the proposal would have the potential to create 
a reduction in the existing aesthetic quality of the Forty Bends area 
as a result of construction impacts including dust and noise 
generation, visual impacts and increased traffic movements, 
including increased heavy vehicle movements. These impacts would 
be minimised as far as practicable through the implementation of a 
range of safeguards outlined in Section 7.2.  

During operation, the proposal would result in a minor reduction to 
the overall aesthetic quality of the Forty Bends area due to the 
removal of some existing vegetation (during construction) and the 
alteration of the local landscape for the new road alignment. A range 
of urban design safeguards to reduce visual impacts would be 
implemented (refer Section 6.6.4).  

It is considered that the overall amenity of the Forty Bends area 
would not be substantially reduced as a result of the operation of the 
proposal, however the locality would be impacted in a minor way 
due to the required clearance of vegetation for the new road 
alignment. 

Additionally, no recreational or scientific qualities of the Forty Bends 
area are anticipated to be impacted during the construction or 
operation of the proposal. 

 
 

Short-term, minor, 
negative 

 
 
 
 
 

Long-term, minor, 
negative 
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Factor Impact 

e. Any effect on a locality, place or building having aesthetic, 
anthropological, archaeological, architectural, cultural, 
historical, scientific or social significance or other special value 
for present or future generations? 

The proposal would not impact on any know heritage sites, cultural 
heritage values places or buildings with an aesthetic, 
anthropological, archaeological, scientific or socially significant 
value. Sites in the vicinity of the proposal would be protected 
through the implementation of a range of safeguards outlined in 
Section 7.2. 

 
 
 
 

Nil impacts 

f. Any impact on the habitat of protected fauna (within the 
meaning of the National Parks and Wildlife Act 1974)? 

The proposal would require the removal of about 7.39 hectares of 
potential native vegetation and fauna habitat. Impacts to threatened 
ecological communities are limited to about 0.05 hectare of 
moderate condition vegetation. Three fauna species and 13 
threatened migratory species listed under the TSC Act and/or the 
EPBC Act are considered likely to use or inhabit the proposal site 
and adjacent areas. 

Each of the three threatened fauna species were identified during 
surveys undertaken in 2011-2012. Notwithstanding, impact 
assessments for these species indicated that the proposal would be 
unlikely to have a significant impact on these species. During 
construction, a series of safeguard measures would be implemented 
to manage the potential impacts of the proposal on these species 
and the other threatened flora species within the proposal site (refer 
to Section 6.1.6). However, given the large areas of protected 
habitat present in the locality and immediately adjacent to the 
proposal site to the north and south, significant impacts are unlikely 
for these fauna species. 

It was considered that the likelihood of occurrence in the proposal 
site of the migratory species was generally low to moderate for most 
species with the remaining being unlikely to occur in the proposal 
site. 

The proposal would have a positive long-term impact on the 
protection of fauna and migratory species through the provision of a 
series of wildlife connectivity measures including fauna 
underpasses, rope bridge crossings for arboreal species and glider 
poles at a three main locations along the proposed road alignment 
(refer to Section 3.1, Section 6.1.6 and Figure 3-1). 

 
 

Short-term, minor, 
negative 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Long-term, minor, 
positive 
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Factor Impact 

g. Any endangering of any species of animal, plant or other form 
of life, whether living on land, in water or in the air? 

The proposal is considered unlikely to further endanger any species 
of flora or fauna due to the limited extent of vegetation proposed to 
be removed and the presence of large areas of protected habitat 
present in the locality immediately adjacent to the north and south of 
the proposal site. Some loss of habitat for the threatened species 
Purple Copper Butterfly (Blackthorn (Bursaria spinosa subsp. 
lasiophylla)) would however occur as a result of the proposal. 

The operation of the proposal is considered to provide an improved 
opportunity to reduce the existing impact of the Great Western 
Highway on the endangerment of fauna species. Through the 
provision of the proposed wildlife connectivity elements (fauna 
underpasses, rope bridge crossings and glider poles) it is expected 
that this would potentially result in reduced injury or mortality rates of 
fauna species as a result of vehicle strike. 

 
 

Long-term, minor, 
positive 

h. Any long-term effects on the environment? 

Minor negative long-term impacts are expected in regards to visual 
impacts due to the modification of the location landscape and 
provision of new visual elements including three retaining walls and 
other engineered earthworks. However long-term effects on the 
environment are proposed to be minimised through the 
implementation of safeguards outlined in Section 6.6.4. 

The proposal would also have an overall minor negative long-term 
impact on the existing environment through the permanent 
clearance of up to 22.66 hectares of vegetation, including about 
7.39 hectares of existing native vegetation. 

 

Long-term, minor, 
negative 

i. Any degradation of the quality of the environment? 

The proposal would require the removal of vegetation for the 
construction of the new road alignment. The site would be 
rehabilitated as far as practicable post-construction which would 
reduce the risk of long-term degradation to the environment. 
Safeguards would be implemented during construction including 
measures to prevent the spread of noxious weeds which would have 
the potential to degrade the quality of the environment in the long-
term (refer to Section 6.1.6). 

A number of potential water and visual impacts have potential to 
result in the degradation of the quality of the environment. Water 
quality could be reduced as a result of pollutants such as sediment, 
soil nutrients, waste, and spilt fuels and chemicals entering drainage 
lines and creeks. Hydrology and drainage would be disturbed during 
construction of the new road alignment, potentially impacting on the 
existing geomorphology of the local environment (refer to 
Section 6.16). 

Landscape and visual amenity would be impacted from the 
substantial earthworks and three retaining walls required. 

Mitigation measures would be implemented to reduce impacts to 
water quality, hydrology and soils. Air quality, noise and traffic 
impacts would result from the construction phase. These impacts 
would be minimised through the implementation of safeguards 
outlined in Section 7.2. 

 

Short-term, minor, 
negative 
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Factor Impact 

Revegetation and landscaping of the proposal site would occur 
using indigenous species wherever possible. No additional 
degradation of the quality of the environment is expected to occur 
during the operation of the proposal. 

Nil long-term impacts 

j. Any risk to the safety of the environment? 

There is potential for road safety to be decreased during 
construction due to the need for works on the existing highway and 
existing side roads (including Forty Bends Road, Daintree Close and 
McKanes Falls Road). Traffic management safeguards including the 
preparation of a Traffic Management Plan, would address safety 
risks (refer to Section 6.7.4). 

Environmental management plans and work health and safety plans 
would be implemented to minimise any safety risk during the 
construction of the proposal. 

The proposal would result in an improvement to road safety from the 
construction of a new road alignment and reduction in occurrence 
and management of black ice during cold weather events. 
This would reduce the potential for road accidents. 

Hazard and risk has been addressed in more detail in Section 6.15 
of this REF. 

 

Short-term, minor, 
negative 

 
 
 
 

 
 
 

Long-term, minor, 
positive 

k. Any reduction in the range of beneficial uses of the 
environment? 

The proposal would result in traffic impacts during construction 
which would include an increase in the volume of heavy vehicles, 
interruption of traffic flow and temporary change in speed limit. 
These traffic impacts would reduce the beneficial use of the 
Great Western Highway during the construction. 

In the long-term, the proposal would be consistent with future uses 
and there would be no reduction in the range of beneficial uses of 
the environment that do not currently exist. 

 
 

Short-term, minor, 
negative 

 
 
 

Nil long-term impacts 

l. Any pollution of the environment? 

The proposal would have the potential to result in some minor, 
negative short-term water pollution risks of impacts resulting from 
sediments, soil nutrients, waste, and spilt fuels and chemicals. 
Management of water quality impacts would be undertaken in 
accordance with the safeguards outlined in Section 6.5.5. 

Short-term noise and air quality impacts are expected during the 
construction phase of the proposal from plant and machinery and 
the generation of dust during construction. Management of noise 
and air quality impacts would be undertaken in accordance with the 
safeguards outlined in Section 6.4.4 and Section 6.10.4 respectively. 

The operation of the proposal is unlikely to substantially alter the air 
quality from the existing conditions. Some minor long-term benefits 
to air quality may potentially occur through reduced vehicle 
emissions generated by an improved road alignment. 

Measures implemented for noise impacts during operation would 
effectively mitigate long-term negative impacts (refer to 
Section 6.4.4). 

 

Short-term, minor, 
negative 

 
 

 
 
 
 
 
 

Long-term, minor, 
positive 
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Factor Impact 

m. Any environmental problems associated with the disposal of 
waste? 

It is not considered that there would be any contaminated waste 
generated or uncovered as a result of the proposal. Stockpile and 
compound sites would be managed in a way that minimises waste 
on site and the management of excess materials. 

Waste generated by the proposal would be recycled or reused as far 
as practical. All materials that cannot be reused or recycled would 
be disposed of appropriately (refer to Section 6.13). 

 
 

Nil impacts 

n. Any increased demands on resources (natural or otherwise) 
that are, or are likely to become, in short supply? 

The proposal would require resources such as concrete and asphalt, 
which are common construction materials. The proposal would not 
create any significant demand on these resources.  

All other required resources for the proposal are considered to be 
readily available and have not been identified as being short supply 
(refer to Section 6.13). 

 
 

Nil impacts 

o. Any cumulative environmental effect with other existing or likely 
future activities? 

The proposal forms part of progressive ongoing upgrade works for 
the Great Western Highway throughout the Blue Mountains. 
The cumulative impacts as a result of the construction of the 
proposal and other development proposals along the Great Western 
Highway are not considered to generate any major environmental 
impacts due to the distance of the proposal from other works on the 
Great Western Highway and the proposed timing of construction for 
the proposal. 

Once the proposal is completed, a positive cumulative impact is 
considered likely, as all the proposals when considered together 
would result in improved road design, improved safety and a 
cumulative reduction in travel time for motorists using the 
Great Wester Highway. 

No local developments have been identified in the vicinity of the 
proposal that would result in a cumulatively negative impact during 
construction or operation of the proposal. 

The cumulative impact of additional clearing resulting from the 
proposal is considered to be minimal due to the relatively small 
increase in clearing in relation to the wider Great Western Highway 
upgrade program. 

A biodiversity offset strategy would be developed to compensate for 
the cumulative loss of vegetation from the proposal. One potential 
offset location has been identified at South Bowenfels which 
supports a population of Purple Copper Butterfly. Further 
assessment and negotiation would be required to establish an 
appropriate biodiversity offset. This assessment and negotiation 
would occur during development of the detailed design. 

A full description of the potential cumulative impacts of the proposal 
is provided in Section 6.17. 

 
 

Long-term, positive 

p. Any impact on coastal processes and coastal hazards, 
including those under projected climate change conditions? 

The proposal is not located within a coastal area and would not 
result in any impact on coastal processes and coastal hazards. 

Nil impacts 
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Matters of National Environmental Significance 

Under the environmental assessment provisions of the Environment Protection and 
Biodiversity Conservation Act 1999, the following matters of national environmental 
significance and impacts on Commonwealth land are required to be considered to 
assist in determining whether the proposal should be referred to the Australian 
Government Department of Sustainability, Environment, Water, Population and 
Communities (SEWPAC). 
 

Factor Impact 

a. Any impact on a World Heritage property? 

The proposal would not have any impact on a World Heritage property. 
The closest World Heritage property to the proposal is the Greater Blue 
Mountains National Park, located about 11 kilometres to the east of the 
proposal. 

Nil impact 

b. Any impact on a National Heritage place? 

The proposal would not have any impact on a National Heritage place. 
The closest National Heritage place to the proposal is the Greater Blue 
Mountains National Park, located about 11 kilometres to the east of the 
proposal. 

The Hartley Valley (located within 10 kilometres of the proposal to the 
east) has also been nominated for inclusion as a National Heritage place, 
however the status for this nomination is yet to be determined. 

Nil impact 

c. Any impact on a wetland of international importance? 

The proposal would not have any impact on a wetland of international 
importance. There are no wetlands of international importance within 10 
kilometres of the proposal site. 

Nil impact 

d. Any impact on a listed threatened species or communities? 

A number of threatened species and communities have been identified as 
having the potential to occur within 10 kilometres of the proposal. Of 
particular importance is nationally listed (Vulnerable under the EPBC Act) 
Purple Copper Butterfly (Paralucia spinifera) which has been identified 
within the proposal site. 

The proposal would not have any substantial impact on any threatened 
species or communities. Notwithstanding, the proposal would have the 
potential to negatively impact on the habitat of listed threatened species 
under the EPBC Act 1999. (refer to Section 6.1 of the REF). 

Minor impact 

e. Any impacts on listed migratory species? 

The proposal would not have any impact on any listed migratory species. 
Refer to Section 6.1 of this REF. 

Nil impact 

f. Any impact on a Commonwealth marine area? 

The proposal would not have any impact on a Commonwealth marine 
area. No Commonwealth marine areas occur within 10 kilometres of the 
proposal site. 

Nil impact 

g. Does the proposal involve a nuclear action (including uranium 
mining)? 

The proposal does not involve a nuclear action. 

Nil impact 

Additionally, any impact (direct or indirect) on Commonwealth land? 

The proposal would not impact on Commonwealth land. 

Nil impact 



 

 



 

 

Appendix B 
Agency and stakeholder responses to 
consultation letters
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MEETING MINUTES 
 

Mount Victoria to Lithgow: Water quality Name of meeting: 

Location of meeting: Sydney Catchment Authority, Penrith 

Meeting facilitator: Assiah Issa 

14:00 to 16:00 Date: 2 May 2012 Time: 

Attendees: Assiah Issa, RMS Environmental Officer 

Peter Ellis, Senior Road Designer 

John Constandopoulos, MV2L Alliance 

John McManus, MV2L Alliance 

Malcolm Hughes, Sydney Catchment Authority (SCA) 

Robert Banens, SCA 

Neil Abraham, SCA 

 

Purpose of meeting:  
• Brief SCA on the concept design for the Forty Bends area. 

• Discuss placement and requirements of sedimentation basins during operation and construction phase 
of project. 

• Requirement for NorBE assessment. 

 

Discussion items Actions 

1. SCA indicated that a Development Application exists for a lot underneath the 
position of the u-turn facility at the eastern end of Forty Bends Road. 

SCA to provide DA number. 

2. An overview of the concept design in the Forty Bends area was provided. 

 

The issue of black ice was raised and how this issue was addressed in the 
concept design development.  

 

It was indicated by RMS that a range of design and maintenance measures 
have been or would be implemented. This included:  

• Black ice specialist engaged 

• Bridge design 

• Moving the road north as much as possible 

• Shadow diagrams undertaken 

• Maintenance and management measures would be developed. 

 

 

3. The location and criteria of sediment basins for construction and operation 
phase of the project were outlined. It was confirmed that sedimentation basins 
were developed for sensitive environments. 

 



 

Management and maintenance of sedimentation basins was raised. It was 
indicated that basins would be managed in accordance with a erosion and 
sedimentation plan, for example contractor would have a supply of gypsum 
flocculent available on site (managed via EMPs). 

 

Confirmation was given to SCA that spill containment would be provided by the 
design. 

 

4. Landowner consultation of the concept design was discussed. It was 
acknowledged that general community consultation for the concept design has 
not occurred and it is anticipated that this will occur in the next few months.  

It was outlined that landowners have been consulted about access 
arrangements and that selected government agencies briefed during the 
preparation of the concept design.  

 

 

 5. The rationalisation of basins was discussed for the operation phase of the 
project. A plan of the catchment draining to each basin was shown. 

 

SCA raised the issue that in practice, it would potentially be more effective if 
more basins were provided during operation with smaller catchments.  

RMS outlined that the rationalisation of basins was due to balancing competing 
environmental constraints identified in the environmental corridor investigations 
undertaken, for example non-Aboriginal heritage. 

 6. Opportunities in the concept design were discussed. It was identified that 
White’s Creek could be rehabilitated, in addition to revegetating unused portions 
of road (chainage 31700).  

SCA stated their preference for stream rehabilitation where appropriate, which 
can potentially be used to off-set impacts elsewhere. 

7. RMS requested if there were any water quality data available for White’s 
Creek. However, due to the ephemeral nature of the creek, it was outlined that 
only grab samples would be available. 

JC to follow up with SCA if 
required. 

8. The potential outcome of the NorBE assessment was discussed. It was 
outlined that the proposed water quality measures would likely result in an 
improved water quality outcome. However, it was acknowledged that a 
quantitative NoRBE assessment would be undertaken for Forty Bends, as 
requested by SCA. 

 

SCA informed RMS that draft SCA modelling guidelines for the MUSIC model 
would be available in the near future. 

 

JC to follow up with SCA if 
required. 

 

 

 

 

SCA to provide when the 
guidelines are available 

 

9. It was determined that Office of Water would be consulted in regards to 
Whites Creek (Water Management Act 2000). 
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Barton, Jarryd (SKM)

From: ISSA Assiah [Assiah.ISSA@rms.nsw.gov.au]
Sent: Wednesday, 6 June 2012 9:16 AM
To: Barton, Jarryd (SKM)
Cc: McManus, John (SKM); 'Swinbourne, Hugh'
Subject: FW: Proposed upgrade of the Great Western Highway, Forty bend

Follow Up Flag: Follow up
Flag Status: Flagged

Hi, 
  
Please see below for response from DPI 
  
Assiah 
  

From: BARNETT Christopher J  
Sent: Monday, 4 June 2012 8:29 PM 
To: ISSA Assiah 
Subject: FW: Proposed upgrade of the Great Western Highway, Forty bend 
  
Hi Assiah - FYA. Please pass onto the alliance. 
  
Thanks Chris 
  

From: mary.kovac@dpi.nsw.gov.au [mailto:mary.kovac@dpi.nsw.gov.au]  
Sent: Monday, 4 June 2012 2:43 PM 
To: BARNETT Christopher J 
Subject: Proposed upgrade of the Great Western Highway, Forty bend 
Hello Christopher  
 
Please find our response in relation to the above. I hope this email will suffice.  
 
Thank you for the opportunity to comment.  
 
Cheers  
 
Mary Kovac  
 
 
 
Infrastructure Proposals for Rural Land  
The relevant agricultural issues to consider when preparing and also when assessing infrastructure proposals are set 
out in the Departments’ Guideline: Infrastructure Proposals for Rural Lands available on our website; 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0020/359030/infrastructure-proposals-on-rural-lands.pdf  
 
The guideline is part of a series designed to help consent authorities identify potential agricultural impacts, and 
assess whether such proposals can avoid conflict with existing agricultural developments; and protect valuable food 
and fibre production resources.  The guidelines can similarly help consultants and proponents and are available from 
the Department of Primary Industries land use planning web portal: http://www.dpi.nsw.gov.au/environment/landuse-
planning/agriculture .  
 
The section of road concerned is bordered by a highly fragmented landuse pattern where agriculture is a secondary 
component to the lifestyle intent of many of these lots. Hence these guidelines are only relevant in terms of landuse 
impact, weed management and rehabilitation at the site.  
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Mary Kovac | Resource Management Officer |  
Trade & Investment NSW | Primary Industries PO Box 865 | Cnr Cobra & Hampden Sts | Dubbo | NSW 2830 
T: 02 68811250| F: 02 68811295 | M: 0427 949 987 | E: Mary.Kovac@industry.nsw.gov.au W: www.industry.nsw.gov.au | www.dpi.nsw.gov.au  

   

 
 
This message is intended for the addressee named and may contain confidential information. If you are not the intended recipient, please delete it and notify 
the sender. Views expressed in this message are those of the individual sender, and are not necessarily the views of their organisation. 

 

Before printing, please consider the environment 

IMPORTANT NOTICE: This e-mail and any attachment to it are intended only to be read or used by the named addressee. It is confidential and may contain 
legally privileged information. No confidentiality or privilege is waived or lost by any mistaken transmission to you. Roads and Maritime Services (RMS) is not 
responsible for any unauthorised alterations to this e-mail or attachment to it. Views expressed in this message are those of the individual sender, and are 
not necessarily the views of RMS. If you receive this e-mail in error, please immediately delete it from your system and notify the sender. You must not 
disclose, copy or use any part of this e-mail if you are not the intended recipient. 

 

Click here to report this email as spam. 







 

 
Minutes 
Meeting with Office of Environment and Heritage 
Heritage Branch 

 

Project: Mount Victoria To Lithgow Alliance  

Date: 14 July 2011 

Meeting location: Office of Environment and Heritage 

Heritage Branch 
3 Marist Place, Parramatta 

Time: 10.00 am - 11.00 am 

 
 

Attendees    

Company Name Company Name 

Office of Environment 
and Heritage 

Katrina Stankowski (KS) RTA Chris Barnett (CB) 

MV2L Alliance Hugh Swinbourne (HS) RTA Gretta Logue (GL) 

 

 

Item Description Action Date 

1 Purpose of meeting 

 The purpose of the meeting was to update KS on the status of the project 
and to obtain feedback on the draft concept design in relation to non 
aboriginal heritage issues. 

Note  

2 Feedback and issues 

2.1 There is an expectation that the Alliance/RTA consult with the Heritage 
Council in relation to any sections of the project proceeding through a 
State Significant Infrastructure process. 

GL to follow 
up with KS 
once planning 
approval 
process is 
determined. 

 

2.2 Billesdene Grange convict causeway – Potential impacts on causeway 
and mitigation discussed. 

Issue to be 
progressed 
through next 
stage of 
design 
development 
(HS). 

 

2.3 Forty Bends Road – The extent of upgrade is to be determined along 
Forty Bends Road near to where it joins the upgraded highway. 

Advise KS 
when extent of 
upgrade is 
determined 
(HS). 
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Item Description Action Date 

2.4 Historic Roads – KS interested in work undertaken by Casey & Lowe in 
relation to historic road routes such as Lockyers Road. 

Alliance to 
issue a copy of 
the corridor 
study to KS 
when 
complete (HS). 

 

2.5 National Schools Group, South Bowenfels – Careful consideration of this 
heritage site needs to be given when developing the extension of the 
design beyond McKanes Falls Road. 

HS to advise 
Alliance 
design team. 

 

2.6 Application for listing of the Hartley Valley on the National Heritage List –
Listing noted. 

KS to follow up 
the status of 
this listing. 

 

2.7 Hartley historic site – Further consultation will be required with NPWS in 
relation to the draft concept design and possible upgrade of Old Bathurst 
Road through the village including connection to Jenolan Caves Road 
and reconstruction of the River Lett bridge. 

Alliance/RTA 
to brief NPWS 
as part of the 
agency 
consultation 
process during 
the draft 
concept 
design display 

 

3 Actions 

3.1 Refer above to specific actions for issues raised. Note 

3.2 HS to provide questions from Mary Casey for response from KS in 
relation to specific technical issues. 

HS to send 
questions. 

 

3.3 KS to be invited to the Value Engineering workshop currently scheduled 
for 12 and 13 October. 

HS to follow 
up. 
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