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Executive Summary 
The route options value management process has recommended a single preferred option for the 
highway upgrade between Gerringong and Bomaderry with the exception of a four kilometre section in 
the vicinity of Toolijooa Ridge. 
 
Toolijooa Ridge bisects the study area and is a significant topographical constraint to be traversed by the 
high standard alignment of the proposed upgrade. There are two short-listed route options crossing the 
ridge. The Pink route cuts through the ridge in a cutting up to 24 metres deep before descending to 
Broughton Creek. The Green route takes a slightly shorter alignment passing through the ridge in 350- 
400 metre long twin tunnels emerging in a gully on the western side of the ridge.  
 
Further investigations and additional analysis conducted subsequent to the value management process 
have been undertaken with the aim of providing sufficient data to allow a determination of the value for 
money of both the Pink and Green routes and informing a recommendation to develop one as part of 
the concept design of the overall preferred option. These findings are summarised in Table E1. 
 
Generally those aspects that most influence construction and operational cost are functional related. 
Socio-economic, environmental, and some functional issues predominantly influence ‘other than cost’ 
characteristics. The assessment of cost and ‘other than cost’ leads to the determination of value for 
money. 
 
The Green route generally performs better than the Pink route in the assessment of ‘other than cost’ 
criteria and was found in the value management process to best meet the project objectives. These 
other than cost areas include: 

• Grade – minimal grades required to pass low through the ridge rather than over it; 

• Footprint – lower area of land impacted by the highway upgrade; 

• Fauna connectivity – maintained fauna connectivity across the Toolijooa Ridge by tunnelling under 
an area of high significance endangered ecological community (EEC); 

• Impact on threatened species; 

• Aboriginal and European heritage – maintained form and surface landscape of the Toolijooa 
ridgeline; and 

• Visual impact – lesser impacts on the visual character of Toolijooa Ridge. 
 
Those areas where the Pink route performs better than the Green are generally limited to cost including: 

• The Green route has higher capital and operation & maintenance costs than the Pink route, $91 
million in present value terms, due to the higher costs of constructing, operating and maintaining a 
tunnel; 

• The Green route has lower road user costs than the Pink route, $34 million in present value terms, 
due to its less steep grades and shorter length; and 

• The Pink route has lower overall transport costs than the Green route, $57 million in present value 
terms, or a positive cost differential of around nine per cent. 

 
The lower road user costs resulting from the less steep grades and shorter length of the Green route 
(savings of $34 million in present value terms) are not sufficient to out-weigh the additional capital and 
operation & maintenance expenditures. The incremental road user benefit-cost ratio of the Green route 
compared to the Pink route is 0.38, without considering less quantifiable benefits such as social and 
environmental costs as discussed in Section 4. 
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Table E1: Summary of the findings 

Consideration Pink route comments Green route comments Better performing 
route 

Confirmation of Value 
Management Workshop 

findings Y/N 

Functional considerations 

Tunnel and cutting 
construction and 
operation 

• Deep cutting is now 24m deep 
compared to 27m as assessed at Value 
Management Workshop and remains 
approximately 900m in length. 

• Tunnel is now 400m long compared to 350m 
as assessed at Value Management Workshop. 

• Both approaches to the tunnel now require 
substantial cuttings in the order of 16m depth, 
up to 115m wide, with one cutting 250m in 
length and the other 450m. 

• Earthworks quantities now similar to those for 
the Pink route. 

• Savings in road user costs are less than the 
estimated operation and maintenance costs 
for the tunnel. 

Pink No. 
Tunnel has lengthened 
and approach cuttings 
have become deeper. 

Road safety- 
Interchanges 

• Interchange configurations at northern 
and southern ends are essentially the 
same for Pink and Green routes. 

• Northern interchange located at 
Toolijooa Road. 

• Southern interchange located at the 
southern end of ‘the big dipper’. 

• Same as for Pink route. No discernable 
difference.  

Interchanges were not 
considered at Value 

Management Workshop. 

Road safety- residual 
highway 

• The length of residual highway is the 
same for both routes. 

• Residual highway would revert to local 
road. 

• Same as for Pink route. No discernable 
difference 

No. 
At the time of the Value 
Management Workshop, 
the Green route had a 
longer length of residual 

highway. 
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Consideration Pink route comments Green route comments Better performing 
route 

Confirmation of Value 
Management Workshop 

findings Y/N 

Functional considerations 

Road safety- 
tunnel/cutting 
operation 

• Climbing lanes will result in weaving 
movements at diverges and merges. 

• The use of fire and smoke suppression 
systems limits the increased risks associated 
with tunnel operation. 

• Residual highway provides an alternative ‘over 
land’ route for classes of dangerous goods not 
permitted in the tunnel and for tunnel 
incident management. 

Pink, with reduced 
margin 

Yes, reduced. 
All dangerous goods can 

travel the Pink route 
where as some dangerous 

goods would travel the 
poorly aligned residual 
highway for the Green 

route. 

Interaction with local 
road network 

• Northern interchange located at 
Toolijooa Road also connects the existing 
highway. 

• Southern interchange located at the 
southern end of ‘the big dipper’ connects 
the existing highway. 

• Same as for Pink route. No discernable 
difference. 

The interaction of each 
route with the local road 

network was not 
considered at Value 

Management Workshop. 

Grades • 6% grade on the northern approach and 
8% on the southern approach requires 
climbing lanes on both approaches and 
through the cutting. 

• Opportunity to reduce the 8% grade to 
5% by deepening the cutting from 24m 
to 29m and increasing the fill from 10m 
to 14m depth. 

• Minor grades on both approaches to the 
tunnel with 5% grade within the tunnel. 

Green with 
reduced margin  

Yes but to a lesser degree. 
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Consideration Pink route comments Green route comments Better performing 
route 

Confirmation of Value 
Management Workshop 

findings Y/N 

Functional considerations 

Property access • Pink route now includes the same length 
of residual highway as the Green route. 
Thus properties serviced from the 
existing highway have similar treatments 
for both routes. 

• The Pink and Green routes have similar 
embankments across the Broughton 
Creek flood plain which offers 
opportunity to pass property access 
under the upgraded highway. 

• Same as for Pink route. No discernable 
difference 

No. 

Property impacts • 5 direct impacts on dwellings. 

• 9 near misses (within 200m), 1 under 
construction, 4 very close to the existing 
highway. 

• Severs a goat stud making it inoperable. 

• Severs 2 horse agistment properties. 

• 1 direct impact on dwellings. 

• 9 near misses (within 200m), 3 very close to 
the existing highway. 

• Severs 2 horse agistment properties. 

Green  

Construction traffic 
management 

• Need for blasting of high strength 
volcanistic arenite in close proximity to 
the existing highway may result in traffic 
delays during construction. 

• Tunnel and associated cuttings are remote 
from the existing highway and unlikely to 
impact on highway traffic. 

Green No, but same result for 
different reason. 

Natural and cultural environment considerations 

Fauna connectivity • Cutting severs potential fauna movement 
corridor across Toolijooa Ridge. 

• Could require a fauna overpass structure 
to maintain fauna connectivity. 

• Tunnel maintains potential fauna connectivity 
across Toolijooa Ridge and does not require 
a dedicated fauna overpass structure. 

Green Yes 
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Consideration Pink route comments Green route comments Better performing 
route 

Confirmation of Value 
Management Workshop 

findings Y/N 

Natural and cultural environment considerations 

Aboriginal heritage • Major and intrusive impact to Toolijooa 
Ridge crest and upper slopes and 
associated impact on Aboriginal cultural 
values. 

• Potential impact to archaeological 
deposits on crest and upper slopes. 

• Little opportunity to mitigate impacts. 

• No impact to Toolijooa Ridge crest and 
upper slopes. 

• Substantial impact to lower slopes. 

• No impact to archaeological deposits on crest 
and upper slopes. 

• Better potential to mitigate impacts.  

Green Yes 

European heritage • More potential to impact the Southern 
Illawarra Pastoral Landscape by disturbing 
upper slopes of Toolijooa Ridge. 

• Reduced risk to European heritage item, 
Clare Moy’s cottage, following change to 
alignment. 

• Lesser risk to European heritage item, Clare 
Moy’s cottage and Southern Illawarra Pastoral 
Landscape by limiting disturbance to lower 
slopes of Toolijooa Ridge. 

Green, with 
reduced margin  

Yes, but to a lesser 
degree. 

Visual (urban design 
issues and 
opportunities 

• Visual impact of the cutting. 

• Lesser opportunity for diverse road user 
experience, although the alignment is 
curved and there is a potential of views 
from a side cutting. 

• Larger visual footprint. 

• Increased impact of larger cuttings associated 
with the tunnel approaches. 

• Better satisfies project urban design 
objectives. 

• Greater opportunity for impressive views and 
more diverse road user experience. 

Green, with a 
reduced margin 

Yes, but to a lesser 
degree. 
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1.0 Introduction 
The route options value management process has recommended a single preferred option for the 
highway upgrade between Gerringong and Bomaderry with the exception of a four kilometre section in 
the vicinity of Toolijooa Ridge. 
 
Toolijooa Ridge bisects the study area and is a significant topographical constraint to be traversed by the 
high standard alignment of the proposed upgrade. Heading from Gerringong to Berry, the existing 
highway steadily climbs a ridge spur before descending the western side of the ridge with a sub-standard 
alignment in the vicinity of the Foxground Road junction. 
 
The route optimisation process identified two route options crossing the ridge by different means. One 
route, known as the Pink route, takes the same alignment as the current highway to the top of the ridge, 
climbing the ridge spur at a grade of six per cent. Near the top of the ridge the Pink route diverges from 
the existing highway and cuts through the ridge in a cutting up to 24 metres deep before descending to 
Broughton Creek on a grade of eight per cent.  
 
The other route, known as the Green route, does not climb the ridge spur but instead takes a shorter 
alignment at less than one per cent grade into the reaches of a gully corresponding with a saddle in the 
ridgeline. 350-400 metre long twin tunnels on a five percent grade pass through the ridge and emerge in 
a second gully on the western side of the ridge. A one per cent grade takes the alignment to the 
crossing of Broughton Creek. 
 
Subsequent to the route optimisation process, further targeted investigations and studies resulted in 
refinements being made to both routes. The further investigations and the refinements made are the 
subject of this report. 
 
Refer Figure 1.1 and Figure 1.2 for a plan and longitudinal section of each route following refinement. 
Table 1.1 summarises the main technical characteristics of each of the refined routes. 
 

Table 1.1: Technical characteristics of the Pink and Green routes 

Characteristic Pink route Green route 

Length 4150m 3850m 

Distinguishing feature 24m deep cutting 400m long tunnel 
15m deep approach 
cuttings 

Footprint 200,000m2 195,000m2 

Maximum grade 8% 5% 

Gross cut volume (including tunnel) 575,000m3 690,000m3 

Gross fill volume 410,000m3 445,000m3 

Tunnel length n/a 400m 

Length of climbing lanes 2.5km (on both 
approaches and through 
the cutting) 

nil 

Creek crossings 3 crossings of Broughton 
Creek 

3 crossings of Broughton 
Creek 

 
An alternative option that follows the Green route alignment but included a cutting in place of the more 
costly tunnel was considered undesirable because it would not provide the benefits of the Green route 
and has not been developed by the project team. 
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The inherent benefits offered by the tunnel on the Green route that are not afforded by a cutting 
include: 
 
• Lesser grades required to pass low through the ridge rather than over it; 

• Lesser footprint required; 

• The tunnel maintains fauna connectivity across the Toolijooa Ridge by tunnelling under an area of 
high significance endangered ecological community (EEC); 

• The tunnel minimises impacts on known endangered flora species; 

• The tunnel minimises impacts on Aboriginal heritage by maintaining the form and surface landscape 
of the Toolijooa ridgeline; and 

• The tunnel minimises impact on the visual character of Toolijooa Ridge. 
 
A value management study was included as part of the route optimisation process. The value 
management study evaluated the route options under the following assessment criteria: 
 
• Functional. 

• Socio-economic. 

• Natural and cultural environment. 
 
A summary of the assessment criteria and weightings used to evaluate the routes at the value 
management workshop is provided in Appendix B. 
 
The value management workshop concluded that the Green route performed the better of the two 
routes in terms of the values evaluated and best met the project objectives, but was significantly more 
costly than the Pink route. At the time of the value management workshop, based on the level of 
information available, the cost difference was calculated to be in the order of $105 million. This was 
revised to $80 million to $90 million shortly after the value management workshop – refer Appendix A. 
 
With the magnitude of the apparent cost difference, the workshop group could not determine if the 
Green route provided greater value for money over the Pink route and therefore recommended that 
the cost of the routes be examined more closely such that a decision could be made with certainty. 
 
The purpose of this report is to identify those aspects of each route that are likely to have the greatest 
influence on both cost and other than cost criteria in recommending the preferred route in the vicinity 
of Toolijooa Ridge. Further investigation and analysis of these aspects was undertaken to enable the cost 
estimates to be refined and assessments of other than cost criteria to be re-evaluated and/or confirmed 
as per the workshop findings. The aim is to provide sufficient data to allow a determination of the value 
for money of both the Pink and Green routes and recommend one as preferred. 
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Figure 1.1: Pink route 
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Figure 1.2: Green route 
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2.0 Methodology 
Generally those aspects that most influence construction and operational cost are functional related. 
Socio-economic, environmental, and some functional issues predominantly influence ‘other than cost’ 
characteristics. The assessment of cost and ‘other than cost’ leads to the determination of value for 
money. 
 
Whilst the value management study concluded that the Green route best met the ‘other than cost’ 
project objectives, it was also concluded that the degree of refinement in the preliminary concept design 
cost estimates was not sufficiently adequate to enable the Green route to be determined as preferred. 
To address this conclusion, the project team identified a number of aspects which were believed to 
remain unresolved from the value management workshop and worthy of further scrutiny. 
 
The aspects identified as worthy of further scrutiny include: 
 
• Functional: 

- Tunnel construction and operation. 

- Cutting construction and maintenance. 

- Road safety issues associated with the proposed upgrade and residual highway. 

- Interaction with local road network including the residual highway. 

- Opportunities to improve grades and the warrant for auxiliary lanes. 

- Property impact and access. 

- Need for traffic management during construction. 
 

• Natural and cultural environment: 

- Consideration of further ecological data from the spring survey, understanding the need / value 
of fauna connectivity with particular regard to the north-south fauna movement corridor along 
Toolijooa Ridge. 

- Aboriginal and European heritage issues. 

- Urban design issues and opportunities. 
 
Additional targeted geotechnical site investigation and flora and fauna surveys have been undertaken 
since the value management workshop to provide more data specific to the Pink and Green routes. 
Design refinement was also undertaken to optimise grades and batter slopes, include auxiliary lanes, 
consider urban design, fauna passage and constructability issues. The refined designs for each route are 
shown in Figure 1.1 and Figure 1.2. 
 
Following the additional studies and design refinement, the effect on the score against each of the 
assessment criteria was discussed. The intention was not to recalculate the score but rather to 
determine if the refined route scored better or worse than the route as it was assessed at the value 
management workshop. 
 
A cost estimate for each refined route was calculated with an explanation of why the estimated costs 
had changed. 
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3.0 Functional aspects 
Functional aspects requiring further scrutiny, at this stage, include: 
 
• Tunnel construction and operation. 

• Cutting construction and maintenance. 

• Road safety issues associated with the proposed upgrade and residual highway. 

• Interaction with local road network including the residual highway. 

• Opportunities to improve grades and warrant for auxiliary lanes. 

• Property impact and access. 

• Need for traffic management during construction. 
 

3.1 Tunnel and cutting construction and maintenance 

The preliminary concept design assumptions were based on preliminary geotechnical investigation. 
Additional targeted geotechnical investigations were undertaken to provide a greater certainty of ground 
conditions. The purpose of the additional investigation was to gain greater appreciation of the issues 
relating to the construction and operation of the tunnel and/or cuttings. 
 
These additional investigations enabled assumptions regarding aspects such as batter slopes and tunnel 
support requirements to be revised.  
 
Six strategically located boreholes were taken in the vicinity of the potential cutting and tunnel 
alignments. The specific objective of the additional geotechnical investigation was to address the 
following construction and operation issues: 
 
• Suitability of rock for exposed cutting or tunnelling. 

• Suitability of soils – particularly at tunnel portals. 

• Suitability of excavated materials for use as engineered fill. 

• Effect on, or effect of, groundwater by cutting or tunnelling. 

• Potential modifications to route alignment to improve the interaction with ground conditions. 
 
A separate factual and interpretive report details the findings of the additional investigation. The 
conclusions of the investigation were: 
 
1) The predominant rock mass in the vicinity of the large cutting on the Pink route is volcaniclastic 

arenite. It appears that a small cap of altered latite is present on the peak of the ridge. The 
volcaniclastic arenite is hard and high strength but highly susceptible to weathering. Some jointed 
blocks may require some rock bolting, shotcreting, or anchored wire netting. 

2) It is unlikely that the volcaniclastic arenite would be suitable for use as concrete or asphalt 
aggregate. 

3) The predominant rock mass in the vicinity of the tunnel on the Green route is also hard and high 
strength volcaniclastic arenite highly susceptible to weathering. Tunnelling may lead to block failure - 
especially in the crown area. Rock bolting and tunnel lining is likely to be required. 

4) Joint mapping within boreholes indicate that the rock has a high percentage of closely spaced 
narrow joints with rough surfaces. The rock mass appears pervious enough to seep ground water 
to the cut or the tunnel. 
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5) In the long term the tunnel or cutting are likely to cause lowering of the water table and drop the 
saturation level of the ridge in extent and elevation. During construction allowance for controlling 
temporary and permanent runoff will be required. 

 

3.1.1 Tunnel alignment 

The most significant finding for the Green route was the tunnel support requirements at the portals. 
Since rock bolting is required for tunnel support at the portals, it was necessary to plot a vertical tunnel 
alignment which achieves a minimum of five metres of overburden at each portal. The tunnel vertical 
alignment was lowered to achieve five metres of overburden at the eastern portal and 5.5m at the 
western portal. 
 
Lowering the tunnel alignment has only marginally affected the grades on approach to the tunnel. A five 
per cent grade is now included in the tunnel whereas previously the five per cent grade was solely on 
the eastern approach to the tunnel. The tunnel length is now 400m compared to 350m when 
considered at the value management workshop. There is opportunity to reduce this to 365m with a 
resultant 1.5m additional cut depth at the western portal. 
 
The lower tunnel alignment has resulted in increased cut depth and length at both ends of the tunnel. At 
the eastern end a cutting of 450m length becomes progressively deeper on approach to the portal. At 
the portal it is deepest at 15m and 115m wide. At the western end, the cutting is 250m in length with a 
maximum depth of 16m and width of 115m at the portal. 
 
The tunnel portals now have a relatively large cut face. The slope of the natural terrain and presence of 
the endangered ecological community in the immediate vicinity of the eastern portal requires the portal 
face to be vertical. An appropriate engineering and architectural treatment would be required for this to 
be achievable. 
 

3.1.2 Batter slopes 

To reduce footprint and maximise agricultural land, a steep cut batter profile was adopted on the Pink 
route. A cutting treatment similar to that adopted at Mount Conjola was discussed. The Mount Conjola 
treatment could be adopted on this cut – ie significant landscaping separating the cut face from the road. 
This could be adopted for the interim four lane configuration and resumed if a six lane configuration was 
required in the future.  
 
The shallower batter slopes adjacent to the tunnel portals were ‘laid back’ to achieve a batter slope 
more in harmony with the adjacent terrain.  
 
The cut batters were revised as follows: 
 
• Batter slopes steepened from 1:1 to 0.5:1 in the deepest parts of the cutting on the Pink route. 

• Batter slopes flattened from 1:1 to 2:1 in the cuttings on the Green route. 
 

3.1.3 Construction materials 

It is very unlikely that the predominant volcaniclastic arenite rock mass would be suitable for use as 
concrete or asphalt aggregates. It is likely to be useful as general fill material and may even be suitable as 
select fill. 
 
The altered latite encountered at the crest of the ridge is likely to be relatively isolated in extent and 
small in volume. 
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3.1.4 Water table 

The tunnel and cuttings are both likely to adversely affect the water table on the ridge. This affect can be 
mitigated to some extent on the tunnel alignment by fully tanking the tunnel bores. This requires the 
tunnels to be fully lined and constructed to withstand water pressure. No allowance has been made in 
the revised cost estimate for fully tanking the tunnel bores but it is acknowledged that it is possible to 
engineer a solution. Advice received indicates that this could add approximately 20 per cent to the 
tunnel cost. 
 
There is no way of mitigating the affect of a cutting on the water table. Both routes now have significant 
cuttings in the ridge and are likely to impact the water table to similar degrees.  
 

3.1.5 Tunnel cost 

The preliminary concept design was refined to incorporate the revised assumptions and the cost 
estimate was re-calculated. The tunnel cost was independently re-calculated from first principles by 
Bamser at $119M. This compares to a cost of $112M re-calculated by Maunsell. 
 

3.1.6 Tunnel vs significant cutting maintenance 

An estimate of tunnel electricity costs alone by RTA Motorway Projects is in the order of $0.35M per 
annum. Whilst other maintenance costs for the tunnel haven’t been estimated in detail, RTA Motorway 
Management has indicated annual maintenance and operation costs (including electricity) for a 400m 
tunnel in an isolated rural location are likely to be in the order of $2M per annum.  Hence the tunnel 
operational costs are in the order of $2M per annum more than the operational costs for the Pink route 
cutting. 
 

3.1.7 Summary 

It can be concluded from the further investigations and resultant revisions to the Green route, in 
particular around the tunnel and associated approaches, that the Green route is now more intrusive and 
requires greater excavation on the ridge than was assessed at the value management workshop. These 
revisions have corresponding adverse impacts on the non-functional criteria discussed elsewhere in this 
report.  
 

3.2 Road safety 

The specific road safety aspects worthy of further consideration were: 
 
• Difference in the types of connection between the highway upgrade and the residual highway 

(interchanges). 

• Difference in length of residual highway reverting to local road. 

• Tunnel operation safety. 
 
The Pink and Green routes have been refined to address each of the above issues. Each of these 
revisions and how they differ from the routes as assessed at the value management workshop, is 
discussed below. 
 

3.2.1 Interchanges 

The preliminary concept designs assessed at the value management workshop did not include provision 
for interchanges. It has subsequently been decided that any connections with the residual highway or 
Toolijooa Road are required to be grade separated to provide an appropriate level of road safety. 
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The project team investigated various arrangements for interchanges to connect the residual highway to 
the upgrade. For both Pink and Green routes it was decided to locate the interchange in the vicinity of 
Toolijooa Road. This location has the combined benefit of connecting the residual highway to the 
upgrade and providing a high standard solution for maintaining the link between Toolijooa Road and the 
residual highway and connecting Toolijooa Road to the upgrade. The interchange arrangement would 
differ slightly between the Pink and Green routes but for the purpose of comparison they can be 
considered the same. Toolijooa Road is likely to be taken under the Pink route upgrade and over the 
Green route upgrade. Both interchanges would have north facing ramps only at this junction. 
 
The interchange arrangement where the Pink and Green routes converge, near Austral Park Road, has 
not been decided. However, the interchange arrangement at this location would be grade-separated and 
essentially the same for both routes. 
 
The cost estimate now includes allowance for interchanges. However, since the interchange 
arrangements are essentially the same for both routes the cost difference is not significant. 
 

3.2.2 Residual highway 

Locating the interchange at Toolijooa Road for both routes does not require a refinement of the Green 
route assessed at the value management workshop. However, to maintain the connectivity of the 
residual highway, the Pink route has been shifted to be wholly separate from the existing highway. Hence 
the total length of residual highway is now identical for Pink and Green routes. 
 
The length of residual highway reverting to use as local road was considered a significant road safety 
issue at the value management workshop. The length of residual highway associated with the Pink and 
Green routes is now the same and is no longer a route differentiator. 
 

3.2.3 Tunnel operation safety 

A road tunnel is a unique road environment requiring special controls to minimise the risk of serious 
incidents. In line with current practice, separate tunnels would be used for opposing traffic flows. The 
two tunnels would be connected by pedestrian cross passages at regular intervals and, in the event of 
incidents, motorists would be able to evacuate to the unaffected tunnel. 
 
It is anticipated that dangerous goods, except class 1 (explosive) and class 2.1 (flammable gases) would 
be permitted to use the tunnels. This necessitates the installation of sophisticated remote controlled fire 
and smoke suppression systems. 
 
The existing highway would revert to a local road and would also serve as an alternative above-ground 
route for those classes of dangerous goods not permitted in the tunnels. The existing highway would be 
readily accessible via the proposed grade-separated interchanges. 
 
The safety requirements for the tunnel would be subject to a separate risk assessment if this route were 
to progress to concept design. 
 
Using the potential differentiating characteristics of interchanges, length of residual highway, and tunnel 
operation as indicators of road safety, it can be concluded that the two routes are similar with the Pink 
route marginally safer as it does not require dangerous goods to travel on a poorly aligned residual 
highway. This conclusion is similar but not as strong as that reached at the value management workshop. 
The Pink route assessed at that time had a shorter length of residual highway and was considered the 
safer of the two routes. 
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3.3 Interaction with local road network 

Toolijooa Road and the residual existing highway are the two local roads interacting with the Pink and 
Green routes. In terms of functionality, both routes interact with these local roads in the same manner. 
This aspect is not a route differentiator. This was not apparent at the value management workshop since 
the issues associated with the location of interchanges had not been identified. 
 
In terms of visual impact, the connection of the Pink route with Toolijooa Road is less obtrusive than the 
same connection with the Green route. Toolijooa Road is likely to pass under the Pink route whereas it 
is likely to pass over the Green route at a cutting. However scope still remains for this interchange 
design to be refined during concept design of either route. 
 
It is concluded that the manner in which the two routes interact with the residual highway and 
connecting local roads is the same for both routes. This conclusion does not change the conclusion 
reached at the value management workshop since this potential distinguishing aspect was not considered 
at the workshop. 
 

3.4 Grades 

None of the alignments evaluated at the value management workshop made provision for climbing lanes. 
Criteria for climbing lanes have since been developed and applied to the revised Pink and Green 
alignments. As a result, climbing lanes would now be required on both approaches to the deep cutting 
on the Pink route. This is considered a negative aspect of the Pink route and adversely affects the score 
attributed to the functional aspects of the Pink route at the value management workshop. 
 
It should be noted that the severity of the grades was considered and assessed at the workshop, but the 
need for climbing lanes was not considered at that time. Hence the largest adverse affect of including 
climbing lanes is the resultant increase in construction cost. The climbing lanes would not increase the 
footprint of the formation as it is designed to provide for a future third lane in each direction. 
 
Some relatively small refinements have been made to the grades on the Pink and Green routes. These 
have been made to improve the earthworks profile and slightly improve the grade on the southbound 
approach to the tunnel on the Green route. A small refinement in the vertical alignment of the Pink 
route has lessened the maximum depth of the large cutting by approximately three metres to 24m. 
 
A further five metre increase in cutting depth, and an increase in fill depth from 10m to 14m on 
departure from the ridge, would reduce the grade from eight per cent to five per cent on the southern 
approach. This may eliminate the need to provide a climbing lane on the southern approach. Further 
assessment is required during the concept design to determine if these design refinements would result 
in a net benefit for the Pink route. 
 

3.5 Property access and impacts 

The divergent sections of the Pink and Green routes are to meet M Class requirements. Hence local 
roads and property accesses are required to pass either under or over the upgrade and not connect 
directly to it. 
 
The routes do not cross any local roads - apart from Toolijooa Road. Since the value management 
workshop, the alignment of the Pink route has been shifted to be independent of the existing highway 
crossing at Broughton Creek. This was assumed to be the case when the route was assessed at the value 
management workshop. 
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Both routes impact on existing land parcels, land-use, and individual dwellings. How land holdings will be 
resized and reallocated would not be determined until detailed negotiations take place with individual 
land holders. However, both routes would need to include provision for access to the local road 
network. Both routes include substantial lengths of embankment which facilitates the inclusion of 
underpasses for the purpose of property access, flood relief, fauna passage, or a combination of these. 
 
Aside from impact on land parcels, the routes also directly impact dwellings and would require 
demolition of those dwellings and potential reconstruction elsewhere on the land parcel. The Pink route 
directly impacts five dwellings and has nine others within 200m – one of which is currently under 
construction. The Green route directly impacts one dwelling and has nine others within 200m – three of 
which are close to the existing highway. 
 
It is concluded that both routes are likely to impact equally on property access with the Pink route 
having a greater direct impact on dwellings. The longer term adverse social affect could be considered 
the impact on nearby dwellings which remain. In this regard the Pink route also has the greatest adverse 
impact. 
 
The Pink route has been improved in some aspects relating to property access since the value 
management workshop. This is due to the re-alignment of the Pink route and use of the existing highway 
as a service road from Toolijooa Road to one kilometre west of Toolijooa Road. 
 

3.6 Construction traffic management 

As assessed at the value management workshop, the Pink route included approximately 1200m of ‘on-
line’ upgrade. The refined Pink route is now entirely ‘off-line’ and can be considered identical to the 
Green route in terms of issues related to constructing under traffic. This would improve the score given 
to the Pink route for ‘constructability’. 
 
It is now apparent, from the additional geotechnical investigation, that the large cutting on the Pink route 
would require blasting to excavate the high strength volcaniclastic arenite. The proposed cutting is in 
proximity to the existing highway, which is likely to require periods of delay for traffic on the existing 
highway during blasting. Blasting would also be required to remove similar rock from the cuttings on the 
Green route but the distance from the existing highway is less likely to require periodic closure of the 
existing highway. 
 
Since both routes are now entirely offline, it can be concluded that the construction traffic management 
required for each route would be similar. However, the need for blasting on the Pink route in close 
proximity to the existing highway could result in regular periods of delay for traffic on the existing 
highway during construction. For this reason the Pink route score is adversely affected in terms of 
construction traffic management. 
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4.0 Natural and cultural environment aspects 
The following natural and cultural environment aspects were identified as having the greatest potential 
for impact and/or improvement on the Pink and Green routes and therefore worthy of further 
consideration: 
 
• Fauna connectivity with particular regard to the north-south fauna movement corridor along 

Toolijooa Ridge. 

• Aboriginal and European heritage issues. 

• Visual (Urban design issues and opportunities). 
 
The specific issues relating to each of these aspects, and the influence on cost and ‘other than cost’ of 
each, are discussed below. 
 

4.1 Fauna connectivity 

The Preliminary Biological Report prepared by Biosis, as subconsultant to the project team (Biosis 
Research, 2007) identified the vegetation along Broughton Creek as a functional north-south corridor 
within the study area. Linked to some extent to the vegetation along Broughton Creek is a potential 
corridor, comprising patches of distinct or partially linked vegetation along Toolijooa Ridge and Harley 
Hill. The potential corridor vegetation along Broughton Creek and Toolijooa Ridge are defined as ‘Areas 
of High Conservation Value’ in the Kiama Municipal Council LEP. The two corridors would potentially be 
impacted by both the Pink and Green routes to varying degrees. 
 
These habitat corridors, along with forest remnants extending from the escarpment into the lower 
foothills along the western margin of the study area and a narrow roadside corridor along Beach Road 
are likely to influence the movement and distribution of some species at the local scale, particularly 
species that have restricted habitat components (eg rainforest) in and around the study area.  
 
The general lack of existing corridors within the study area elevates the importance of these two 
corridors for maintaining local and regional fauna movements. Consequently, to minimise the impact of 
the preferred option on local and regional fauna, it is important to maintain and enhance these corridors 
wherever possible and mitigation measures such as fauna crossings need to be considered. 
 
Fauna connectivity on the Broughton Creek alignment can be maintained by appropriately designing the 
creek crossing structure to incorporate fauna passage. The required solution at Broughton Creek would 
be similar for both routes and is not therefore a differentiating characteristic for the purpose of 
determining the preferred option between Pink and Green across Toolijooa Ridge. The impact on the 
Toolijooa Ridge corridor however is an option differentiator because each route impacts fauna 
connectivity differently. 
 
The six lane configuration of the Pink route in deep cutting would effectively sever the Toolijooa Ridge 
fauna corridor and an additional fauna crossing structure would be required to minimise impacts on 
fauna connectivity. Biosis have recommended (Biosis Research, 2009) that the installation of a vegetated 
land bridge to span the Pink route is the only viable option to maintain connectivity.  
 
The alternative option, the construction of a fauna underpass is not considered appropriate as numerous 
species (both threatened and non-threatened including kangaroos, wallabies, gliders, possums and small 
ground dwelling birds) known to occur in the study area are not likely to use an underpass of the length 
that would be required in this instance. 
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Based on previous experience with similar large road projects (F3 to Branxton and Pacific Highway 
upgrades) it is the opinion of Biosis that the Department of Environment and Climate Change (DECC) 
would also reach the same conclusion during their assessment of the project and require the 
construction of a vegetated fauna overpass as part of the environmental impact mitigation. DECC has 
previously required fauna crossing structures on recognised corridors that are less functional than the 
Toolijooa Ridge corridor.  
 
Further to the advice of Biosis and anticipated impact mitigation required by DECC, a land bridge has 
been assumed in the cost estimate for the Pink route. It is proposed that the bridge be located at 
approximately Ch4375. This point corresponds to the existing vegetation and is a relatively narrow 
section of the cutting. 
 
The primary function of the tunnel on the Green route is to avoid the Endangered Ecological 
Community (EEC) on Toolijooa Ridge. By preserving the EEC and other native vegetation on the 
ridgeline, fauna connectivity is maintained and no additional mitigation structure is required to maintain 
fauna connectivity for the Green route. 
 
Based on the advice provided by Biosis and the findings of the preliminary Biological Report it can be 
concluded that the Green route has a lesser impact on fauna connectivity in the vicinity of Toolijooa 
Ridge than the Pink route. 
 

4.2 Aboriginal and European heritage 

Navin Officer has provided a discussion comparison of the cultural heritage issues associated with the 
Pink and Green routes in the vicinity of Toolijooa Ridge (Navin Officer, 2009). 
 
Table 4.1 presents a summary of potential impacts and proposed mitigation requirements for each route 
relative to each identified cultural heritage item. The final column presents a summary comparison of the 
relative impacts and mitigation requirements. Where one route would impose a degree of impact or a 
required mitigation program substantially greater in scope than the other, it is italicised.  
 
A review of Table 4.1 shows that across a majority of heritage items, direct impacts could either 
potentially be avoided, or there is no significant difference between the routes in the degree of impact 
or the required mitigation actions. However, in a number of key items, notably those involving impact to 
the physical nature of the upper slopes and terrain of Toolijooa Ridge, the Pink route presents a greater 
degree of impact and limited opportunities to mitigate these impacts. These impacts would adversely 
affect the Aboriginal cultural values and the European cultural landscape values of the ridge, as well as 
potentially occurring Aboriginal archaeological deposits.  
 
There are no heritage items where the Green route poses a greater potential impact or mitigation 
requirement than the Pink route, and it can be concluded that based on a review of cultural heritage 
issues, the Green route represents a lesser impact in its alignment than the Pink route. The Green route 
also provides a greater potential for effective mitigation of potential impacts than that associated with the 
Pink route. 
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Table 4.1: Summary comparison of route impacts and proposed mitigation 

Heritage item Pink route impact  Pink route mitigation Green route impact Green route mitigation Route impact comparison 

Potential Aboriginal 
archaeological 
deposits along 
Broughton Creek 

Potential impact to 
archaeological deposits 
associated with three creek 
crossings 

Archaeological testing of 
potential deposits and 
archaeological salvage if 
required 

Potential impact to 
archaeological deposits 
associated with three 
creek crossings 

Archaeological testing of 
potential deposits and 
archaeological salvage if 
required 

Both routes have a similar 
degree of potential impact and 
scope of mitigation actions 

Potential Aboriginal 
archaeological 
deposits along 
Toolijooa Ridge  

Potential impact to 
archaeological deposits on 
crest and upper slopes 

Archaeological testing of 
potential deposits and 
archaeological salvage if 
required 

Crest and upper slopes 
avoided 

No archaeological 
program required  

Pink route would have 
substantial potential impact and 
mitigation requirements  

Lesser impact or mitigation 
required on Green route 

Brookside Aboriginal 
Encampment 

Potential impact to 
archaeological deposits 
along creek banks 

Archaeological testing of 
potential deposits and 
archaeological salvage if 
required 

Potential impact to 
archaeological deposits 
along creek banks 

Archaeological testing of 
potential deposits and 
archaeological salvage if 
required 

Both routes have a similar 
degree of potential impact and 
scope of mitigation actions 

‘Little Mountain’ or 
Dicky Wood’s 
Meadow’ 
battleground 

Potential impact to 
archaeological remains 
within area of potential  

Monitoring of construction 
disturbance to natural soil 
profile; Adopt elevated 
carriageway  

Potential impact to 
archaeological remains 
within area of potential  

Monitoring of 
construction disturbance 
to natural soil profile; 
Adopt elevated 
carriageway  

Both routes have a similar 
degree of potential impact and 
scope of mitigation actions 

Toolijooa Ridge 
(Aboriginal cultural 
values) 

Major and intrusive impact 
to crest and upper slopes 

Archaeological testing of 
potential deposits and 
archaeological salvage if 
required 

Minimise visual impacts, 
revegetate and mitigate 
impact to wildlife corridor 
values 

No impact to crest and 
upper slopes, substantial 
impact to lower slopes  

Minimise visual impacts 
and revegetate 

Pink route would have major 
impact on Aboriginal cultural 
values 

Green route impacts 
substantially less and better 
potential to mitigate 
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Heritage item Pink route impact  Pink route mitigation Green route impact Green route mitigation Route impact comparison 

Broughton Creek 
Bridge 

Potential for direct impact, 
however corridor allows 
alignment which avoids 
direct impact 

Where feasible, conserve 
bridge as part of service 
road 

Conduct archival record if 
bridge to be impacted 

No impact Conserve bridge as part 
of service road 

Pink route has potential to 
directly impact bridge, but 
corridor allows alignment 
which would avoid direct 
impact  

Both routes require retention 
of bridge as part of service 
road 

Sedgeford Conservation would affect 
alignment of pink route at 
SW end 

Avoid direct impact where 
warranted by assessed 
significance 

Conduct archival record if 
homestead and/or 
grounds are to be 
impacted 

Conservation would 
affect alignment of green 
route at SW end 

Avoid direct impact 
where warranted by 
assessed significance 

Conduct archival record if 
homestead and/or 
grounds are to be 
impacted 

Mitigation in the event of direct 
impact is the same regardless 
of the route adopted 

Brookside Potential direct impact to 
Brookside, depending on 
feasible alignment  

Avoid direct impact where 
warranted by assessed 
significance 

Conduct archival record if 
homestead to be 
impacted 

Potential direct impact 
to Brookside, depending 
on feasible alignment  

Avoid direct impact 
where warranted by 
assessed significance 

Conduct archival record if 
homestead to be 
impacted 

Current preliminary concept 
design shows a direct hit by 
the Pink route and a near miss 
by the Green route depending 
on the ultimate alignment 

Clare Moy Cottage  Potential direct impact to 
cottage, however corridor 
allows alignment which 
avoids direct impact 

Avoid direct impact where 
warranted by assessed 
significance 

Conduct archival record if 
homestead to be 
impacted 

No impact No mitigation required Pink route has potential to 
directly impact the property, 
but corridor allows alignment 
which would avoid direct 
impact (current design avoids 
the cottage) 
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Heritage item Pink route impact  Pink route mitigation Green route impact Green route mitigation Route impact comparison 

Southern Illawarra 
Pastoral Landscape 

Major impact to Toolijooa 
Ridge  

Minimise visual impacts 
and re-establish 
vegetation; Include cultural 
heritage themes in any 
upgrade artwork 

Impact to lower slopes 
of Toolijooa ridge only;  

Minimise visual impacts 
and re-establish 
vegetation; Include 
cultural heritage themes 
in any upgrade artwork 

Pink route would have greater 
impact with reduced ability to 
mitigate 

Green route has lesser impact 
and mitigation likely to be 
more effective, although the 
degree of difference is reduced 
by the larger cuttings required 
by the realigned Green route 
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4.3 Visual (urban design issues and opportunities) 

The Green route performed significantly better than the Pink route in the value management process in 
terms of urban design and visual characteristics by best satisfying the urban design considerations and 
goals that were developed at the commencement of the project. 
 
Physically, the primary difference between the routes is the large cutting on the Pink route compared to 
the tunnel on the Green route.  The visual and urban design limitations and opportunities of the cutting 
are woven directly into many other factors in the project including: 
 
• Corridor footprint. 

• Detailed geotechnical investigations to understand the potentials and constraints of the rock, soil 
and groundwater. 

• Flora and fauna issues and connectivity. 

• Aboriginal and European Heritage impacts. 

• Balance of cut and fills. 

• Quality of excavated material and ability for re-use. 
 
There are also the intangible elements of landscape character and landscape experience which are more 
difficult to evaluate, probably best described in the value management workshop as the ‘wow’ factor.  
 
Both routes have been revised since they were evaluated at the value management workshop. Some 
aspects which resulted in the Green route performing significantly better have been adversely affected by 
the refinements to address the functional aspects of the routes. 
 
The key urban design characteristics / elements associated with the two refined routes are outlined 
below: 
 

4.3.1 Pink route 

Approach to cutting 

Following the existing Princes Highway alignment the Pink route climbs towards Toolijooa Ridge to the 
north of the small ridgeline in the vicinity of Millers Lane. Approaching the start of the main cutting, the 
highpoint of Toolijooa Ridge is to the south and the road corridor crosses the steep north facing side 
slopes. It is at this point that the Cambewarra Range would become visible through and behind the 
cutting on the north side of the road.  
 

Major cutting through Toolijooa Ridge 

The overall length of the cutting would be in the order of 900m with some sections of the cutting being 
up to 24m deep.  The largest cut batters have a north aspect and are orientated towards the slopes to 
the north and the Broughton Creek Valley to the north-west; and while not in a highly visible catchment, 
the cuttings would be visible for some distance due to their elevation.  
 
Travelling through this cutting the road user would have restricted views to the mountains to the west 
and would be unable to experience the full extent of the view until the cutting on the north side of the 
road dissipates.  
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High embankment across Broughton Creek 

As the Pink route exits the cutting on the western slope of Toolijooa Ridge the existing terrain slopes 
down to the Broughton Creek floodplain at greater than 10 per cent on average.  To counter this steep 
transition a significant embankment needs to be constructed. The anticipated height is up to 10m with an 
overall length of up to 400m.  While not highly visible this is a significant intervention into this landscape 
character zone.  From this elevation the road user would be afforded expansive views of the lower 
Broughton Creek Valley and lower escarpment to the south west.  
 

Overall visual and urban design limitations and opportunities 

As established through the value management process, the Pink route does not satisfy the urban design 
requirements as well as the Green route. Further investigation of the limitations and opportunities for 
both routes undertaken since the value management workshop has challenged these findings. This is a 
result of significant cuttings being introduced on the Green route on both ends of the tunnel. 
 
Future urban design work for the Pink route would require an integrated multi disciplined approach that 
combines geotechnical, heritage, flora and fauna, landscape and road design to ensure an optimum 
design outcome. Combining the collective potential of each of these categories a satisfactory outcome 
could be achieved within the limitations of the corridor. The visual mitigation measures would need to 
be balanced against the other requirements of geotechnical and road design. 
 
The visual impact of the refined Pink route would still be more significant than that of the refined Green 
route and the road user experience would not be as dramatic or diverse.   
 

4.3.2 Green route 

Eastern portal 

After following the existing Princes Highway alignment, the Green route leaves the existing alignment just 
before Toolijooa Road and travels between two spurs running down in a south easterly direction from 
Toolijooa Ridge. East of Toolijooa Ridge the route is contained in a small visual catchment and intimate 
rural landscape character area in the vicinity of Millers Lane.  
 
The eastern portal is located at the narrowest and lowest part of the ridge between two spurs.  This is 
an ideal location for the portal as the road corridor tunnel meets the contours perpendicular and visually 
the area is contained by ridges to the north, south and west with the alignment following around on a 
gentle slope up to the eastern portal. 
 
Design refinements undertaken since the value management workshop have resulted in significant 
cuttings, up to 17m in depth, being introduced on approach to the portals on both sides of the ridge. 
This is considered an adverse impact as it interrupts the landscape and makes the tunnel entrances more 
pronounced. 
 

350m- 400m twin tunnels through Toolijooa Ridge 

The twin 350m-400m tunnels take the roadway underneath areas of slope with grades in the order of 
30 per cent or more and transport the road user from one landscape character type to another.  The 
small scale catchment contained on the eastern side of Toolijooa Ridge is dramatically juxtaposed against 
the far larger dramatic escarpment and floodplain landscape context at the western portal. The tunnel 
would be the transition between these two experiences and would build expectation over about a 12 
to 15 second experience.  
 
Visually the tunnel has a significantly lesser impact than the cutting by taking away the surface intrusion 
footprint and the alignment integrates within the natural landscape by recognising the limitations of slope 
and land cover and responding accordingly.  
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Western portal 

The Green route exits the western portal in a small valley that is enclosed on each side by relatively 
steep ridges running parallel to the route alignment. The slope on the southern ridge is impacted by the 
Green route as it turns south after leaving the tunnel requiring a 300m long cutting with a maximum 
anticipated depth of 17m.  
 
The portal exits relatively close to the bottom of the slope reducing the need for any large embankment 
transition onto the Broughton Creek floodplain.   
 
Visually, the large cutting on the south side of the corridor would be reasonably contained to the north 
by the north-west – south-east spur of Toolijooa Ridge. The cutting would also be at relatively low 
elevation in relationship to the adjacent floodplain.  
 

Overall visual and urban design limitations & opportunities 

The Green route better satisfies the urban design requirements when compared to the Pink route. The 
Green route also offers a unique and diverse road user experience. The experience of the landscape 
east of Toolijooa Ridge would be dramatically different to the experience on the western side of the 
ridge and enhanced by the ‘portal’ transformation afforded by the inclusion of a tunnel. The visual impact 
of the Green route would be less than that of the Pink route although the margin is less than when 
evaluated at the value management workshop.  
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5.0 Cost estimate 
At the time of the value management workshop the apparent cost difference between the Green route 
and Pink route was $105 million (in 2007 dollars). A more accurate method of calculation subsequent to 
the value management workshop (refer Appendix A) determined the cost difference to be $90 million 
(in 2007 dollars). Both of these estimates of difference were determined by dissecting the probabilistic 
cost estimates for entire options – ie options spanning from Gerringong to Bomaderry. 
 
For the purpose of this report, estimates have been derived from first principles for the uncommon 
sections of the Pink and Green routes – ie from approximately Toolijooa Road to approximately Austral 
Park Road.  
 
Instead of applying probabilistic estimating techniques, a fixed mark-up was applied as contingency and 
management. To demonstrate the sensitivity of the estimates to the mark-up, a range of contingency 
was applied – 25 per cent and 50 per cent. This provides a range in potential cost difference between 
the Pink and Green routes. 
 
Table 5.1 shows each key cost item and the cost difference between the Green route and Pink route 
with a 25 per cent and 50 per cent contingency applied. 
 

Table 5.1 Key cost items and cost difference between the Green and Pink routes (25% and 50% contingency) 

Key cost item Pink Route 

25% contingency 
and 20% 

management 

($ 2008) 

Green Route 

25% contingency 
and 20% 

management 

($ 2008) 

Pink Route 

50% contingency 
and 20% 

management 

($ 2008) 

Green Route 

50% contingency 
and 20% 

management 

($ 2008) 

Property acquisition $11.1M $9.5M $13.3M $11.4M 

Environmental* $1.0M $1.0M $1.3M $1.2M 

Noise mitigation $5.8M $5.2M $6.9M $6.2M 

Earthworks $42.3M $31.3M** $50.8M $37.6M** 

Drainage $7.0M $5.6M $8.4M $6.8M 

Pavement $22.6M $16.6M*** $27.1M $19.9M*** 

Structures $62.3M $47.8M $74.8M $57.4M 

Interchanges $19.0M $19.0M $22.8M $22.8M 

Tunnel n/a $112.2M n/a $134.6M 

Miscellaneous $7.9M $7.0M $9.5M $8.4M 

Provision for traffic $3.2M $1.8M $3.8M $2.1M 

 $182M $257M $219M $308M 

Difference $75M $89M 

*Not including fauna overpass which has been captured as a structure cost. 

** Not including cut earthworks associated with the tunnel which has been attributed to the tunnel cost. 

*** Not including pavement associated with the tunnel which has been attributed to the tunnel cost 

 
It is reasonable to conclude that the difference in construction cost for the two routes is in the order of 
$75 to $90 million (in 2008 dollars). 
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The Pink route is more costly than the Green route in every key aspect excluding the tunnel. The Pink 
route is longer and has more pavement due to the need for climbing lanes. It is the relatively large cost 
of the tunnel that results in the Green route being more costly overall than the Pink route. Pavement, 
structures, and the tunnel are the key cost items contributing to the cost difference. The earthworks for 
both routes can now be considered similar. This was not the case when assessed at the value 
management workshop. The tunnel as a complete element is estimated to cost in the order of $112 to 
$135 million (in 2008 dollars).  
 
The differentiating structure is the fauna overpass required for the Pink route. The other significant 
bridge structures required to cross Broughton Creek are the same for both routes. 
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6.0 Road user benefit-cost ratio 
The purpose of the economic analysis is to estimate the total transport costs – road user plus the RTA – 
of both routes and to assess whether the additional capital and operating costs of the Green route are 
justified by the lower road user costs associated with the less steep grades and shorter length of that 
route. Road user benefit-cost analysis only considers the benefits to the road user of vehicle operating 
costs and travel time costs. This analysis does not consider less quantifiable benefits such as social and 
environmental costs as discussed in Section 4. 
 
The capital cost estimates are $182 million for the Pink route and $257 million for the Green route (in 
2008 dollars, from Table 5.1). In addition to normal maintenance costs associated with each route 
(assumed to be $103,000 per km), maintenance of and power supply to M&E systems is estimated to 
add $2 million and $350,000 per year respectively to the cost of the Green route.1 
 
Traffic volumes are the same for both routes, however there will be different vehicle operating costs 
(VOCs) and travel time costs (TTCs) between the routes because of the effect of steep grades (ie 
grades in excess of four per cent) on vehicle travel speeds.  This will be the case particularly for heavy 
vehicles.  
 
Estimates of road user costs were based on route gradient profiles and information /data from 
Austroads, Economic Evaluation of Road Investment Proposals: Harmonisation of Non-Urban Road User 
Cost Models (AP-R264/05, 2005) and RTA Economic Analysis Manual (July 2008 update, Appendix B). 
 

Total transport costs 

Table 6.1 presents the results of the analysis over a 30-year analysis period from year of opening (2013).  
Cost streams have been discounted to the present financial year (2008/09) at seven per cent real 
discount rate. 
 

Table 6.1 Total transport costs of uncommon Pink route and Green route ($million in present value at 7% discount rate, 
2008/9 prices) 

  
Pink route 

 
Green route 

Green route 
incremental to Pink 
route 

Capital costs a 162 229 + 67 

O&M costs 4 28 + 24 

Vehicle operating costs 177 161 - 16 

Travel time costs 160 142 - 18 

Total 503 560 + 57 
Note: 
a With 25 per cent contingency. 
 
Table 6.1 shows that: 
• The Green route has higher capital and O&M costs than the Pink route, $91 million in present value 

terms, due to the higher costs of constructing and maintaining a tunnel; 

• The Green route has lower road user costs than the Pink route, $34 million in present value terms, 
due to its less steep grades and shorter length; 

                                                      
1 Cost estimate for maintenance of M&E systems is based on 10% of capital cost. Source of annual cost of power supply is as for preceding 

footnote.    
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• The incremental benefit-cost ratio of the Green route is 0.38 (with incremental O&M costs 
included in the denominator); and2 

• The Pink route has lower overall transport costs than the Green route, $57 million in present value 
terms, or a positive cost differential of around nine per cent. 

 
With cost estimates using a 50 per cent contingency (rather than 25 per cent as in Table 6.1), the 
positive cost differential in favour of the Pink route increases from $57 million in present value terms 
(around nine per cent) to $67 million (around 11 per cent).  
 

Bamser tunnel cost estimate 

Bamser has provided a cost estimate for the tunnel of $119 million in 2009 dollars (excluding price 
escalation, including management costs but the inclusion of an allowance for contingency is unclear).  
The above economic analysis includes a cost estimate for the tunnel of $112 million (excluding price 
escalation, including management costs and 25 per cent contingency).  The conclusion above should still 
stand as it is likely that the Bamser tunnel cost estimate would be at most only about 10 per cent less 
than that used in the economic analysis.  Even if the Bamser estimate uses a 50 per cent contingency, the 
incremental benefit-cost ratio increases to 0.47.  
 

Conclusion 

The Green route incurs additional capital and O&M costs of $91 million (in present value terms) 
because of the higher costs of constructing and maintaining a tunnel.  The lower road user costs resulting 
from the less steep grades and shorter length of the Green route (savings of $34 million in present value 
terms) are not sufficient to out weigh the additional capital and O&M expenditures.  The incremental 
road user benefit-cost ratio of the Green route compared to the Pink route is 0.38, without considering 
less quantifiable benefits such as social and environmental costs as discussed in Section 4. 
 
 

                                                      
2 Or 0.16 with incremental O&M costs included in the numerator. 



 

Gerringong to Bomaderry Princes Highway Upgrade - Toolijooa Ridge Preferred Option 
June 2009 – AECOM Australia Pty Ltd Page 24 

7.0 Summary 
Further investigations and additional analysis conducted subsequent to the value management process 
have been undertaken with the aim of providing sufficient data to allow a redetermination of the value 
for money of both the Pink and Green routes and informing a recommendation to develop one as part 
of the concept design of the overall preferred option. These findings are summarised in Table 7.1. 
 
In the assessment of cost and ‘other than cost’ criteria the Green route generally performs better than 
the Pink route. Those areas where the Pink route performs better than the Green route are generally 
limited to cost including: 
 
• The Green route has higher capital and O&M costs than the Pink route, $91 million in present value 

terms, due to the higher costs of constructing and maintaining a tunnel; 

• The Green route has lower road user costs than the Pink route, $34 million in present value terms, 
due to its less steep grades and shorter length; and 

• The Pink route has lower overall transport costs than the Green route, $57 million in present value 
terms, or a positive cost differential of around nine per cent. 

 
The lower road user costs resulting from the less steep grades and shorter length of the Green route 
(savings of $34 million in present value terms) are not sufficient to out weigh the additional capital and 
O&M expenditures.  The incremental road user benefit-cost ratio of the Green route compared to the 
Pink route is 0.38, without considering less quantifiable benefits such as social and environmental costs as 
discussed in Section 4.  This indicates that the marginal benefits of the Green route do not justify the 
additional costs. 
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Table 7.1: Summary of the findings 

Consideration Pink route comments Green route comments Better performing 
route 

Confirmation of Value 
Management Workshop 

findings Y/N 

Functional considerations 

Tunnel and cutting 
construction and 
operation 

• Deep cutting is now 24m deep 
compared to 27m as assessed at Value 
Management Workshop and remains 
approximately 900m in length. 

• Tunnel is now 400m long compared to 350m 
as assessed at Value Management Workshop. 

• Both approaches to the tunnel now require 
substantial cuttings in the order of 16m depth, 
up to 115m wide, with one cutting 250m in 
length and the other 450m. 

• Earthworks quantities now similar to those for 
the Pink route. 

• Savings in road user costs are less than the 
estimated operation and maintenance costs 
for the tunnel. 

Pink No. 
Tunnel has lengthened 
and approach cuttings 
have become deeper. 

Road safety- 
Interchanges 

• Interchange configurations at northern 
and southern ends are essentially the 
same for Pink and Green routes. 

• Northern interchange located at 
Toolijooa Road. 

• Southern interchange located at the 
southern end of ‘the big dipper’. 

• Same as for Pink route. No discernable 
difference.  

Interchanges were not 
considered at Value 

Management Workshop. 

Road safety- residual 
highway 

• The length of residual highway is the 
same for both routes. 

• Residual highway would revert to local 
road. 

• Same as for Pink route. No discernable 
difference 

No. 
At the time of the Value 
Management Workshop, 
the Green route had a 
longer length of residual 

highway. 
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Consideration Pink route comments Green route comments Better performing 
route 

Confirmation of Value 
Management Workshop 

findings Y/N 

Functional considerations 

Road safety- 
tunnel/cutting 
operation 

• Climbing lanes will result in weaving 
movements at diverges and merges. 

• The use of fire and smoke suppression 
systems limits the increased risks associated 
with tunnel operation. 

• Residual highway provides an alternative ‘over 
land’ route for classes of dangerous goods not 
permitted in the tunnel and for tunnel 
incident management. 

Pink, with reduced 
margin 

Yes, reduced. 
All dangerous goods can 

travel the Pink route 
where as some dangerous 

goods would travel the 
poorly aligned residual 
highway for the Green 

route. 

Interaction with local 
road network 

• Northern interchange located at 
Toolijooa Road also connects the existing 
highway. 

• Southern interchange located at the 
southern end of ‘the big dipper’ connects 
the existing highway. 

• Same as for Pink route. No discernable 
difference. 

The interaction of each 
route with the local road 

network was not 
considered at Value 

Management Workshop. 

Grades • 6% grade on the northern approach and 
8% on the southern approach requires 
climbing lanes on both approaches and 
through the cutting. 

• Opportunity to reduce the 8% grade to 
5% by deepening the cutting from 24m 
to 29m and increasing the fill from 10m 
to 14m depth. 

• Minor grades on both approaches to the 
tunnel with 5% grade within the tunnel. 

Green with 
reduced margin  

Yes but to a lesser degree. 
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Consideration Pink route comments Green route comments Better performing 
route 

Confirmation of Value 
Management Workshop 

findings Y/N 

Functional considerations 

Property access • Pink route now includes the same length 
of residual highway as the Green route. 
Thus properties serviced from the 
existing highway have similar treatments 
for both routes. 

• The Pink and Green routes have similar 
embankments across the Broughton 
Creek flood plain which offers 
opportunity to pass property access 
under the upgraded highway. 

• Same as for Pink route. No discernable 
difference 

No. 

Property impacts • 5 direct impacts on dwellings. 

• 9 near misses (within 200m), 1 under 
construction, 4 very close to the existing 
highway. 

• Severs a goat stud making it inoperable. 

• Severs 2 horse agistment properties. 

• 1 direct impact on dwellings. 

• 9 near misses (within 200m), 3 very close to 
the existing highway. 

• Severs 2 horse agistment properties. 

Green  

Construction traffic 
management 

• Need for blasting of high strength 
volcanistic arenite in close proximity to 
the existing highway may result in traffic 
delays during construction. 

• Tunnel and associated cuttings are remote 
from the existing highway and unlikely to 
impact on highway traffic. 

Green No, but same result for 
different reason. 

Natural and cultural environment considerations 

Fauna connectivity • Cutting severs potential fauna movement 
corridor across Toolijooa Ridge. 

• Could require a fauna overpass structure 
to maintain fauna connectivity. 

• Tunnel maintains potential fauna connectivity 
across Toolijooa Ridge and does not require 
a dedicated fauna overpass structure. 

Green Yes 
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Consideration Pink route comments Green route comments Better performing 
route 

Confirmation of Value 
Management Workshop 

findings Y/N 

Natural and cultural environment considerations 

Aboriginal heritage • Major and intrusive impact to Toolijooa 
Ridge crest and upper slopes and 
associated impact on Aboriginal cultural 
values. 

• Potential impact to archaeological 
deposits on crest and upper slopes. 

• Little opportunity to mitigate impacts. 

• No impact to Toolijooa Ridge crest and 
upper slopes. 

• Substantial impact to lower slopes. 

• No impact to archaeological deposits on crest 
and upper slopes. 

• Better potential to mitigate impacts.  

Green Yes 

European heritage • More potential to impact the Southern 
Illawarra Pastoral Landscape by disturbing 
upper slopes of Toolijooa Ridge. 

• Reduced risk to European heritage item, 
Clare Moy’s cottage, following change to 
alignment. 

• Lesser risk to European heritage item, Clare 
Moy’s cottage and Southern Illawarra Pastoral 
Landscape by limiting disturbance to lower 
slopes of Toolijooa Ridge. 

Green, with 
reduced margin  

Yes, but to a lesser 
degree. 

Visual (urban design 
issues and 
opportunities 

• Visual impact of the cutting. 

• Lesser opportunity for diverse road user 
experience, although the alignment is 
curved and there is a potential of views 
from a side cutting. 

• Larger visual footprint. 

• Increased impact of larger cuttings associated 
with the tunnel approaches. 

• Better satisfies project urban design 
objectives. 

• Greater opportunity for impressive views and 
more diverse road user experience. 

Green, with a 
reduced margin 

Yes, but to a lesser 
degree. 
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Appendix A Cost estimate explanation 

The cost estimates prepared for the short-listed options used probabilistic estimating techniques. The 
estimates for the options were compiled by calculating the costs of different route segments and then 
combining these to form total costs for an overall option. A risk model was then applied to each option 
to calculate the ‘probabilistic’ estimate. 
 
The cost estimates of the key cost items have been compared using ‘raw’ construction costs – ie without 
risk, planning, and management applied. The risk component of each route was calculated separately by 
comparing the probabilistic cost estimate of those pairs of options containing both the Pink and Green 
routes – ie Options 1 & 2 and Options 4 & 5. 
 
Note that the cost estimates of the routes used at the value management workshop were 
approximations only. This is because the probabilistic estimate is calculated using a risk model for an 
entire option. To calculate an approximate cost estimate for part of an option (ie a route) requires a 
constant for contingency and management to be applied to the ‘raw’ construction costs. This leads to 
discrepancies which were not considered significant at the level of definition required at the route 
selection stage.  

 
For reference, the difference between the probabilistic estimate for an option vs the estimate for an 
option derived by applying a constant mark-up is shown in the table below. 
 

Option Description Approximate 
sum of sections 

(‘Value 
Management 
Workshop’) 

($2007) 

Probabilistic 
(‘RODR’) 
($2007) 

Diff % Diff 

Option 1 Upgrade existing with outer Berry 
(Red/Pink/Blue/Purple) 

$735M $755M -$20M -2.6% 

Option 2 North saddle with outer Berry 
(Red/Green/Blue/Purple) 

$840M $830M $10M 1.2% 

Option 3 South saddle and outer Berry 
(Red/Yellow/Blue/Purple) 

$890M $870M $20M 2.3% 

Option 4 Upgrade existing with North 
Street (Red/Pink/Orange/Purple) 

$735M $750M -$15M -2.0% 

Option 5 North Saddle with North Street 
(Red/Green/Orange/Purple) 

$840M $835M $5M 0.6% 

Option 6 South saddle and North Street 
(Red/Yellow/Orange/Purple) 

$890M $875M $15M 1.7% 

Option 7 Railway (Red/Brown/Purple) $780M $805M -$25M -3.1% 

 
However, these discrepancies can be considered more significant when an analysis is undertaken to 
determine the ‘true’ cost difference between discrete route segments. A more appropriate method of 
determining the cost difference between the uncommon Pink and Green routes is to compare the 
difference between the probabilistic estimates of Options 1 & 2 and Options 4 & 5. 
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As reported at the value management workshop the approximated cost of the Pink route was $235 
million and the Green Route $340 million. The understanding at the time was that the cost difference 
was therefore $105 million. However, as suggested above, a more appropriate method of comparing the 
costs of the uncommon Pink and Green routes is to compare the probabilistic cost estimates as 
reported in the Route Options Development Report of: 
 
• Option 1 ($760M) & Option 2 ($840M); and 

• Option 4 ($750M) & Option 5 ($840M).  
 

The ‘true’ cost difference is therefore $80 million to $90 million (not $105 million as estimated at value 
management workshop). The ‘risk and management’ component of this cost difference is shown in the 
table below. 
 

Option Probabilistic cost 
estimate 

‘Raw’ 
construction 

cost 

Risk and management component 

Option 1 $760M $439M $321M 

Option 2 $840M $500M $340M 

 $19M Difference 
(ie $19M of the $80M cost difference is risk and 
management component). 

Option 4 $750M $438 $312M 

Option 5 $840M $499 $341M 

   $29M Difference 
(ie $29M of the $90M cost difference is risk and 
management component). 

 
For ease of computations and clarity, only the cost differences between Option 1 & 2 will be used as the 
basis for further analysis. 
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Appendix B Value management workshop scoring 

The following assessment criteria and weightings were used to evaluate routes at the value management 
workshop. 
 

Themes 

Functional Socio-economic Natural and cultural environment 

Criteria Wt Criteria Wt Criteria Wt 

Route length, grade 
efficiency, travel time, 
vehicle operating cost. 

22% 

Minimise impact on 
agricultural lands and 
business – areas, classes, 
numbers and severance. 

21% Impact on threatened 
species. 14% 

Constructability and 
ease of construction. 6% 

Loss of residences in 
communities – 
consequential viability of 
communities. 

25% Impact on endangered 
ecological communities. 14% 

Minimise number of 
accesses (controlled 
and direct). 

22% 
Connectivity and 
accessibility impacts for 
communities. 

25% Impact on habitats and 
wildlife corridors. 12% 

Vertical and horizontal 
alignment – including 
orientation. 

22% Impact on views, from 
communities, of road. 7% Impacts on wetlands and 

catchments of wetlands. 9% 

Overall network 
safety – new and 
residual roads. 

28% Road traveller experience 
and ‘wow’ factor impacts. 8% Impact on Aboriginal 

heritage. 13% 

  

Impacts on non-agricultural 
businesses. 15% Impact on European 

heritage. 13% 

 

Impact on surface water 
quality. 6% 

Assessment of carbon 
footprint size. 0.5% 

Noise impacts. 7% 

Potential to change 
flooding characteristics. 3% 

Impacts on ground water. 7% 

Climate change 
impact/vulnerability. 0.5% 

 
Each criteria was scored by the workshop participants on the following scale. 
 

5 Excellent 

4 Very Good 

3 Good 

2 Fair 

1 Poor 

 
The summation of the score multiplied by the weighting provided a total score for a route. The routes 
were ranked by this score. 




