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1 INTRODUCTION 

1.1 BACKGROUND 

Cardno has been commissioned by Stockland to develop a Paramics model as part of a response to comments 
made by the Roads & Traffic Authority of NSW (RTA) in respect to the proposed junction layout at Lawrence 
Hargrave Drive (LHD)/Wrexham intersection at Thirroul. The existing junction of LHD/Wrexham Road is a priority 
controlled junction with one effective traffic lane in each direction on LHD, as shown in Figure 1.1. 

Figure 1.1 Conceptual Layout of LHD/Wrexham Road – Existing 
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It is proposed to upgrade this junction configuration to allow for projected increases in background vehicular 
traffic growth over the next 10 years, as well as that traffic which is likely to be generated by the proposed 
development adjacent to Wrexham Road, including the Sandon Pont Development. 

As part of the development assessment (DA) of the Sandon Point Development, Stockland committed to 
upgrading the LHD/Wrexham Road intersection to a signalised junction. The original commitment included 
providing two through traffic lanes on Lawrence Hargrave Drive in both directions (northbound and southbound), 
as shown in Figure 1.2. 

An alternate intersection configuration has been proposed and put before the RTA for consideration, which 
includes only one through traffic lane southbound on LHD, as shown in Figure 1.3.  
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Figure 1.2 Conceptual Layout of LHD/Wrexham Road – Signalised  
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Figure 1.3 Conceptual Layout of LHD/Wrexham Road – Alternate Signalised 
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The RTA raised concerns about the future performance of this intersection and its impact on the coordinated 
signals through the Thirroul town centre. The purpose of this study therefore is to assess the operation on 
Lawrence Hargrave Drive (LHD) with the proposed alternate layout configuration, for the proposed signalised 
intersection of LHD/Wrexham Road which serves as the main access to the proposed Sandon Point development 
in Thirroul. 

In doing this we have also taken into consideration the interactions of other junctions upstream and downstream 
from the proposed changes at LHD/Wrexham Road. This was done through the application of micro-simulation 
modelling software (Paramics) which helped with assessment of likely impacts that various treatment types 
would have on Lawrence Hargraves Drive and neighbouring junctions. 

The level of detail taken into account at the micro level of traffic modelling means that each vehicle interacts 
with other vehicles and the network itself, in a unique way on each model run when different seeds are applied. 
Using different seeds simply means that variability is introduced into the modelling (and results) and is therefore 
more likely to give a better representation of the randomness found in traffic behaviour. Importantly, it gives a 
better appreciation of the impacts that changes at one location in the network could likely have on other 
locations, even those which are seemingly significant distances away.  

1.2 STUDY AREA 

The modelled study area comprises of LHD between Hewitts Avenue to the south and Raymond Road to the north 
as shown in Figure 1.4.  

Within this study area there are 

 Three (3) existing signalised intersections 
- LHD/Phillips Street. 
- LHD/Railway Parade. 
- LHD/Raymond Road. 

 Six (6) existing priority-controlled junctions 
- LHD/Hewitts Avenue (upgraded to roundabout with below junction in future scenarios). 
- LHD/Prince Street (upgraded to roundabout with above junction in future scenarios). 
- LHD/High Street. 
- LHD/Wrexham Road (upgraded to signalised in future scenarios). 
- LHD/Lachlan Street. 
- LHD/Station Street. 
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Figure 1.4 Study Area 

 

1.3 PURPOSE OF REPORT 

The purpose of this modelling report is to document the process carried out to build, calibrate and validate the 
current situation models for the 2101 AM and PM peaks hours, and also to present the subsequent analysis and 
findings in relation to several assessments carried out for the road network with and without the proposed 
development in place. 

A further purpose was to improve where possible the operations of LHD through using the opportunities that new 
and progressive development brings.  
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To this end, the report is divided into the following sections: 

 Section 2 - Paramics Model Development outlines the development process of the 2010 base AM and PM 
peak models. 

 Section 3 - Model Calibration and Validation provides detailed information and results for the model 
calibration and validation process. 

 Section 4 – Describes the model scenarios that have been developed. 
 Section 5 - Model Outputs & Findings presents and discusses the qualitative and quantitative outputs and 

findings of the various treatment options relative to the 2010 existing scenario and also relative to future 
year 2020 treatments. 

 Section 6 - Conclusions and Recommendations provides a summary of the findings along with the study 
recommendations. 

1.4 REFERENCE DOCUMENTS 

The following documents have been referenced for this study: 

 Review of Traffic Access to Sandon Point – Intersection of LHD & Wrexham Road written by Christopher 
Hallam & Associates Pty Ltd (4th December 2008). 

 Traffic Access to Sandon Point – Intersection of LHD & Wrexham Road, Thirroul written by Christopher 
Hallam & Associates Pty Ltd (7th April 2009). 

 Commission of Inquiry into Sandon Point Traffic & Transport Report Christopher Stapleton Consulting Pty 
Ltd (Feb 2003). 

 Sandon Point Concept Plan 2006 Traffic Review - Christopher Stapleton Consulting Pty Ltd (May 2006). 
 Sandon Point Part 3A Project Plan Application Traffic Impact Report – Christopher Stapleton Consulting 

Pty Ltd (June 2007). 
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2 MODEL DEVELOPMENT 

2.1 INTRODUCTION 

Paramics micro-simulation software was selected as the modelling tool of choice to deliver the required tasks for 
this project. Paramics is a suite of high performance software tools for microscopic traffic simulation. It 
represents a radical approach to the understanding, representation and analysis of vehicle traffic, where 
individual vehicles are modelled in fine detail for the duration of their entire trip, providing the accurate traffic 
flow information and the visual observations necessary for the analysis of congested road networks.  

Paramics represents traffic flow from the standpoint of the individual driver; therefore traffic engineers are able 
to distinguish between minor sub-optimal design variations without resorting to deterministic proxy. All known 
components likely to significantly affect traffic flow are represented, across the full range of road network types.  

Cardno is committed to micro-simulation modelling and in particular Q-Paramics, and has a strong capability in 
its application with staff involved in its use varying between 1 and 10 years experience. 

2.2 SCENARIO 1 (S1) – EXISTING MODELS 2010 

Paramics models were calibrated and validated to represent average weekday conditions for the current 
conditions during the AM and PM Peak Hours, 2010. 

A current model is simply one that represents the existing average conditions for a designated period; the 
existing year for this study is 2010. 

Paramics models which represent the existing conditions as at June 2010 (named in this report as Scenario 1 
(S1)) were built to represent the following Peak Hour time periods: 

 2010 Current AM Peak 08:00 to 09:00 (Full model period: 07:00-10:00) 
 2010 Current PM Peak 15:30 to 16:30 (Full model period: 14:30-17:30) 

Note that each model was also built with a 1-hour warm up and 1-hr cool down period to ensure a good 
representation of traffic conditions either side of the peak hour modelled. 

All models have been calibrated and validated to provide a good representation of existing conditions. The 
criteria and results for which are provided later in this report.  

2.3 DATA SOURCES 

Some data was made available for use by RTA during the model build process, including the proposed layouts of 
the Bulli overpass and the proposed roundabout intersection at LHD/Hewitts Avenue/Prince Street.  

In addition, we also used the traffic control signals (TCS) plans supplied by RTA to code up the layout and phase 
arrangements of the signalised intersections in the study area. All existing and proposed intersection layouts are 
shown in Appendix A. 
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Additional data also had to be collected for the current year during the AM and PM peak periods in order to 
provide a complete reliable data set, which could be used for calibrating and validating the 2010 Existing Models. 
Data was collected on Thursday 10 June 2010 at Lawrence Hargrave Drive, Thirroul. Survey Times were 3 hour 
periods in the AM and PM peaks: 

 06:00 to 09:00 
 15:30 to 18:30 

This additional data collected includes the following. 

Full Intersection Counts (separated into heavies and lights and included pedestrian counts) were done at the 
following signalised junctions: 

 LHD/Raymond Road. 
 LHD/Phillip Street. 
 LHD/Railway Parade. 

Turning Volumes Only - no through movements required (separated into heavies and lights) for the following 
priority controlled t-junction intersections: 

 LHD/Station Street. 
 LHD/Church Street. 
 LHD/Lachlan Street. 
 LHD/Wrexham Road. 
 LHD/High Street. 
 LHD/Laneway just north of High Street. 
 LHD/Prince Street/Hewitts Avenue (currently operating as a staggered T). 
 LHD/Hewitts Avenue (N). 
 LHD/Laneway just north of Hewitts Avenue (N). 
 LHD/Hewitts Avenue (S). 

Queue Lengths were collected at all approaches at the following signalised junctions: 

 LHD/Raymond Road. 
 LHD/Phillip Street. 
 LHD/Railway Parade. 

Travel Time Surveys (Northbound and Southbound) were collected along LHD from King Street to Princes 
Highway with time taken at the following station intervals:  

 LHD/King Street (Start/End). 
 LHD/Raymond Road (Intermediate). 
 LHD/Phillip Street (Intermediate). 
 LHD/Princes Highway (Start/End). 
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At all signalised intersections throughout the study area, full vehicle movement and queue length traffic data 
was collected. The through traffic volumes at all other modelled intersections, where traffic counts were not 
provided, was determined based on site observations, surrounding land uses and anomalies identified with mid-
block traffic flows calculated at the upstream and downstream signalised intersection(s). 

2.3.1 Aerial Photographs 

Aerial photography images from Google Earth were the source upon which the model network was built; the 
aerial photographs were also cross-checked with site inventories to ensure accuracy in the model network 
configuration. 

2.3.2 Site Inspections and Video Inventory 

Cardno carried out site inspections during the model build process to collect an array of data; a video survey was 
also carried out for the entire study area. Information collected includes: 

 Parking restrictions. 
 Turn bans. 
 Lane configurations. 
 Junction operations. 
 Lane usage. 
 Driver behaviour. 
 Queues. 
 Pedestrian activity. 
 Car park operations. 
 Shopping centre locations. 
 Bus Stops. 
 Public Transport. 
 Signal timing. 

Details of the service times and stop locations for all on-road public transport in the study area were collated 
using information available on the internet and / or from site inventories.  

2.3.3 Restrictions / Pedestrians / Zoning 

Lane allocation, Turn Bans, Restrictions 

Site inventories were used to identify lane allocations, turn bans and restrictions, as well as how these may 
change during the simulation time period. 

Pedestrian Activity 

The important locations where pedestrians cause delays to traffic were identified through site inventories. The 
impacts were accounted for in the model where appropriate. 

Zoning, Bus Stops, Taxi Ranks, On-Street Parking, Car Parking Restrictions 

The above were coded into the model as they currently exist on the ground and were used to identify impacts on 
traffic movements.  



SANDON POINT PARAMICS MODELLING 
MODEL DOCUMENTATION REPORT     

FR106062_18 Aug 2010  13 

2.4 MODEL DEVELOPMENT  

Paramics assigns vehicles through the network on the basis of the lowest travel cost route. The travel cost of a 
route is calculated on the basis of travel time, travel distance and monetary cost. Cost factors are specified for 
each of these parameters and link specific cost factors can also be applied. Paramics also enables assignment on 
the basis of “all or nothing” assignment, “stochastic” assignment or “dynamic feedback” or a combination of 
these.  

The choice of assignment used for all models was the “all or nothing” assignment as there is no route choice in 
any of the models. 

2.4.1 Major/Minor Routes and Familiarity 

Paramics enables the user to define ‘major’ and ‘minor’ links and the proportion of drivers, which are either 
familiar or unfamiliar.  

The effect is that all familiar drivers see the link costs as they are calculated whereas unfamiliar drivers see the 
cost of all minor links factored by two. This results in unfamiliar drivers preferring major routes to minor routes, 
whilst familiar drivers have no preference. Given that there is no route choice in the models for this assessment, 
the major / minor routing has minimal impact for modelling purposes. 

2.4.2 Zoning System 

Zones are defined as locations where vehicle trips originate and terminate, i.e. trip ends. The zoning system for 
the Paramics model is detailed, with the all important access/egress points coded in. 

In total, 13 zones have been coded into the models with Zone 001 and Zone 002 as the zones for Lawrence 
Hargraves Drive north and south respectively. Other zones are as shown in Figure 2.1. 

2.4.3 Traffic Signals 

In the 2010 Base modelling, signal phasing, green splits and inter-greens were coded into the Paramics model 
based on site data taken from Cardno site inventory visits on 16th June 2010 Wednesday in the AM and PM peak 
periods. Given that there were no SCATS history files made available for our modelling, this method of extracting 
signal information regarding cycles, phases, sequences and timings was the best available. 

The SCATS system used along LHD allows for adaptive phase lengths at intersections to improve the efficiency 
of individual junctions and corridors. In Paramics the signals were coded to reflect a fixed time average during 
the peak periods and the linkages between signals were maintained.  
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Figure 2.1 Zone Numbering 

 

2.5 TRAFFIC DEMAND & ASSIGNMENT 

The AM and PM peak demand matrices were developed to produce a one hour peak matrix, with a ramp up 
period to ensure that the peak hour matrix represents the busiest hour in both the morning and evening periods, 
not simply the busiest clock hour.  

The traffic assignment method used for the base modelling is ‘All-or-Nothing’. This method was considered to be 
the most appropriate given there is no route choice within the modelled study area. Major and minor links are 
still coded in for good practice.  

2.5.1 Demands Matrix Development 

The trip matrices for each of the models (AM and PM) have been calculated from the following sources: 

 Surveyed Turning Movement Counts. 
 Cordon Link Counts. 

2.5.2 Matrices 

Two (2) Matrices were developed for each of the 1 hour AM and PM peak models. Matrix 1 represents the 
background traffic demands and Matrix 2 represents the development traffic demands.  
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2.5.3 Smoothing 

Smoothing was applied to the recorded traffic flows in order to ensure a well calibrated & validated Paramics 
model was achieved. 

Smoothing is a process of good practice in micro-simulation modelling where, if flows out of one junction and 
flows into the next are unequal, and then one set of figures is adjusted to ensure that both sets are equal. The 
exercise is carried out throughout the network on a proportional basis until all flows match. Paramics is a model, 
and as such it requires that the flows throughout the network match up, especially for the matrix estimation 
process to be utilised; it is therefore essential for this smoothing process to take place. The balanced AM and 
PM peak traffic flows are presented in Appendix B. 

2.5.4 Demand Profile 

A 15 minute demand arrival profile was applied to the matrices. The shape of the profile for both the AM and PM 
peak was based on the traffic count data as surveyed by SkyHigh on 10 June 2010.These profiles specify the 
timing of proportional release of vehicles into the models, and were developed from the 15-minute interval 
turning movement counts. Different individual profiles were applied to all external zones based on the numbers 
of vehicles released during each 15 minute period, relative to the total amount released in the peak hour being 
modelled. 

Using this methodology provides a robust representation of the varying local dynamics within different locations 
in the model. For example the profile of vehicle releases from Phillip Street may be completely different to the 
release profile from the Railway Parade area, and the release profile from the zone covering Lawrence Hargraves 
Drive south, may be completely different to both of these again. Applying these types of localised profiles 
therefore, allows more accurate simulation of trips and local issues; this profile technique is applied to all of the 
Base models. 
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3 MODEL CALIBRATION & VALIDATION 

3.1 SIMULATION PARAMETERS AND ADJUSTMENTS 

A major element of successful calibration was to ensure that the LHD between Princes Highway and King Street 
route was being simulated accurately, and also that signal operations within the model area were realistically 
represented. In order to produce goodness of fit in each model, numerous model attributes were carefully 
checked and driver behaviour and lane usage monitored to ensure accurate representation of model conditions 
was achieved. 

3.2 MODEL CALIBRATION  

There are no adopted standards in Australia for calibration and validation of traffic models, although there are 
standards in NSW developed by the RTA. Some of the most up to date standards are often taken from the RTA 
and UK Design Manual for Roads and Bridges where calibration criteria for traffic models require 85% of GEHs 
to be <5.  

In reality, traffic volumes vary from day to day and from location to location. The GEH statistic was developed to 
cope with these types of different ranges in flows. Instead of comparing absolute or relative flow differences 
therefore; a wide range of flows can confidently be deemed as being statistically accurate using the GEH 
formula. For example, where an absolute difference of 100 vehicles/hr can be important in a flow of 200 
vehicles/hr, it is largely irrelevant in a flow of several thousand vehicles/hr. 

The purpose of the above calibration criterion for the existing models is to match the traffic volume information 
at all key junctions and links with the following requirements for each hour for each of the three models: 

 GEH statistics for Zone release, turns and other volumes with no fewer than 85% less than 5. 

GEH compares the differences between observed flows and modelled flows on a link by using the following 
formula: 

( ) ( )( )AOAOGEH VVVV +×−= 5.0/
2

 

Where:  

OV  = Observed traffic flow (vehicles/hour)  

AV  = Assigned (or modelled) hourly traffic flow (vehicles/hour) 

The model calibration was carried out for each modelled hour in each of the 2 Existing Models. The following 
section provides the calibration results for each of the 2 Existing Models for the AM and PM peak period. 

*In accordance with best practice, all modelled scenarios for this study were run with RTA’s 
recommended seed values of 28, 560, 2849, 7771 and 86524 to ensure robustness of the models. The 
results for each scenario presented in this report are based on the average of 5 model seed runs.  
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3.3 CALIBRATION RESULTS 

Table 3.1 and Table 3.2 show the calibration summary for each of the existing models. As can be seen, the 
calibration criteria have been exceeded significantly for each hour of each model. Detailed modelled flows and 
GEH statistics are attached in Appendix B. 

Table 3.1 AM Peak Calibration Results Summary 

Data Type GEH < 2 GEH < 5 

Intersection Counts 97% 100% 

Link Counts 96% 100% 

Overall 96% 100% 

Table 3.2 PM peak Calibration Results Summary 

Data Type GEH < 2 GEH < 5 

Intersection Counts 95% 100% 

Link Counts 96% 100% 

Overall 96% 100% 

3.4 MODEL VALIDATION 

Once the Paramics model was calibrated, a data set separate to that used during the calibration process, was 
used to validate the model. The method used was to compare the modelled travel times of vehicles through the 
network with the actual observed times. 

3.4.1 Travel Time Validation 

The required criterion for travel time validation was: 

 85% of movements to have modelled travel times within 15% (or 1 minute, whichever is higher) of the 
observed travel times. 

In this case, where a corridor model is built, we aimed to have travel times north and south through the model to 
be within 15% or 1 minute whichever was greater. Model travel times on Lawrence Hargrave Drive were 
therefore compared with the actual times as recorded on site by SkyHigh Traffic Survey Consultants. As was 
done during calibration, the validation was carried for each modelled hour using the average of 5 seed runs, in 
both the existing AM and PM peak hours. 

The sections that were subject to travel time validation tests were: 

 Vehicle travelling northbound on LHD from Princes Highway to King Street. 
 Vehicle travelling southbound on LHD from King Street to Princes Highway. 

 

 



SANDON POINT PARAMICS MODELLING 
MODEL DOCUMENTATION REPORT     

FR106062_18 Aug 2010  18 

3.4.2 Travel Time Validation Outputs 

The model validation outputs for each of the AM Peak and PM Peak models were robust, with travel times in 
both directions giving a solid representation. A summary of the validation results for each of the models is 
described in Table 3.3, Graph 3.1 and Graph 3.2, which show the validation summary for each of the existing 
models. The validation criteria have again exceeded the validation criteria. 

Table 3.3 Travel Time Validation Results Summary 

Southbound Through the Model 

LHD SB from King St - Princes Hwy AM PM 

Averaged Observed Time (mins) 0:02:17 0:02:16 

Averaged Model Time (mins) 0:02:16 0:02:20 

Averaged Difference (mins) 0:00:01 0:00:04 

Averaged Travel Time Difference (%) 0.73% 2.94% 

Northbound Through the Model 

LHD NB from Princes Hwy - King St AM PM 

Averaged Observed Time (mins) 0:02:16 0:02:25 

Averaged Model Time (mins) 0:02:14 0:02:15 

Averaged Difference (mins) 0:00:02 0:00:10 

Averaged Travel Time Difference (%) 1.47% 6.90% 

Travel times to be within 1 minute or 15% (whichever is higher) of the observed travel times 
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Graph 3.1 AM Peak Travel Time Validation 

 

Graph 3.2 PM Peak Travel Time Validation 
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The matching of modeled and observed traffic volumes and travel times give strong calibration and validation 
results, which represent models that are accurately replicating existing conditions within the study area. 

3.4.3 Queue Length Validation 

Modelled queue lengths along Lawrence Hargraves Drive were compared qualitatively for signalised approaches 
at the intersection of LHD/Phillips Street, LHD/Railway Parade and LHD/Raymond Road and compared to the 
corresponding observed values on site. This additional validation was carried for each modelled hour using the 
average of 5 seed runs, in both the existing AM and PM peak hours.  

The model validation queuing checks for each of the AM Peak and PM Peak models were robust with the 
difference between the maximum observed queue lengths and modelled queue lengths not exceeding more than 
4 vehicles for any of the approaches. This is an excellent representation of queuing within the model. 

A summary of the results for Queue Length Validation are illustrated in Table 3.4 and Table 3.5; as can be seen 
from the results, there are negligible differences between the observed and modelled in terms of operation. 

Table 3.4 AM Peak Maximum Queue Lengths on Approach (vehicles) 

Intersection Approach Surveyed Existing 2010 (S1) 

LHD/Phillips St 

Northbound 12 15 

Southbound 13 16 

Phillips St 7 6 

LHD/Railway Pde 

Northbound 8 8 

Southbound 12 10 

Railway Pde 7 4 

LHD/Raymond Rd 

Northbound 8 11 

Southbound 12 10 

Raymond Rd 4 2 

Table 3.5 PM Peak Maximum Queue Lengths on Approach (vehicles) 

Intersection Approach Surveyed Existing 2010 (S1) 

LHD/Phillips St 

Northbound 18 17 

Southbound 10 14 

Phillips St 9 6 

LHD/Railway Pde 

Northbound 11 7 

Southbound 12 10 

Railway Pde 8 7 

LHD/Raymond Rd 

Northbound 12 15 

Southbound 12 9 

Raymond Rd 3 2 
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3.5 SUMMARY 

Each of the base micro-simulation models (AM and PM), for the existing situation, have been calibrated and 
validated to exceed industry guidelines.  

The models therefore represent typical average conditions for the AM and PM weekday peak periods, and 
incorporate pedestrian impact on traffic delays in the modelled area where appropriate. 

3.6 CONGESTION LOCATIONS AND POINTS OF NOTE 

The following are brief descriptions of areas in the current year base models, where there are currently issues 
from a traffic operation perspective: 

 Queues extend back from Phillips Street to Wrexham Road for northbound vehicles in the PM peak. 
 Heavy right turning vehicle movement from LHD into Phillips Street results in queues extending back to 

Railway Parade and in some instances, back to the Railway Bridge. 
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4 MODELLING SCENARIOS 

Once the 2010 Existing Models were qualified as being robust and representative of existing road conditions, it 
was then possible to develop the model scenarios including future 2020 models to produce representations of the 
same AM and PM peak hours to test the impacts of the development.  

For the purposes of this study, the following models have been developed: 

 Scenario 1 (S1) – Existing AM and PM Models as exist in June 2010. 
 Scenario 2 (S2) – 2010 AM and PM Base Models (S1 + with known upgrades for 2010 included). 
 Scenario 3 (S3) – 2010 Base with Development Models (S2 + Development). 
 Scenario 4 (S4) – 2020 Base Models (2020 with no development). 
 Scenario 5a (S5a) – 2020 Base with Development Models (S4 + development). 
 Scenario 5b (S5b) – 2020 Base with Development Models (S5a with signal optimisation). 
 Scenario 5c (S5c) – 2020 Base with Development Models (S5b with lane widening on LHD at Phillip Street 

junction). 

The following provides more details of each of the future models. 

4.1 SCENARIO 2 (S2) – 2010 BASE MODELS 

With the Bulli overpass near to completion and scheduled to open in late 2010, it has been agreed with the RTA 
that the 2010 Base Models for this project would be developed to include the operational impacts of the Bulli 
Overpass and a new Roundabout at the currently staggered junction where Hewitt’s Avenue and Prince Street 
intersect with LHD.  

The base models are as per S1 models with the addition of the following: 

 Bulli Overpass – modelled using dummy signals south of Hewitts Avenue to allow simulation of the 
bunching effect of the Bulli overpass operation as requested by RTA. 

 Roundabout at the intersection of LHD/Hewitts Avenue/Prince Street. 

The purpose of doing this was to create baseline conditions in the future with the Bulli Bypass Overbridge and 
new roundabout in place, which could then be further developed to include the proposed development and any 
associated road network and/or signalised changes. Then all scenarios could be compared with each other 
objectively.  

After coding up Base models for 2010 with the bypass and roundabout in place and also coding up the 
Development scenarios, visual and quantitative analyses were carried out to determine the issues and develop 
possible treatments to test. These treatments mitigate for the additional vehicular impacts in terms of both 
safety and operation, with development in place.  
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4.2 SCENARIO 3 (S3) - 2010 BASE WITH DEVELOPMENT MODELS 

The 2010 Base with Development model consists of the same model network as that for S2 with the addition of 
the following: 

 Signalisation of LHD/Wrexham Road Intersection (Refer to Appendix C for proposed intersection layout). 
The signalised intersection operates with 3 phases and does not allow right turn filters from LHD into 
Wrexham Road.  

 Signals are optimised and coordinated with the upstream and downstream signalised intersections.  
 Removal of car parking on LHD between High Street and Wrexham Road in the northbound direction. 
 Removal of car parking on LHD between Wrexham Road and the lane way access in southbound direction. 
 Removal of 3-4 car parking spaces on LHD on both sides of LHD immediately north of Wrexham Road. 
 Increased traffic flows on Wrexham Road representing development traffic to and from the Sandon Point 

Development (including other developments potentially using this access also). Development traffic flows 
are based on turning volumes into/out of Wrexham Road as presented in the “Review of Sandon Point 
Access” report by Christopher Hallam & Associates Pty Ltd dated 4th December 2008 (Refer to Appendix 
D). 

4.2.1 LHD/WREXHAM ROAD JUNCTION TREATMENT 

In 2010 with the development in place, the following changes were made to LHD/Wrexham Road junction in the 
Paramics models: 

 Full signalisation installed. 
 Signals linked into existing system. 
 Provision on Wrexham Road for dedicated left and dedicated right turning lanes into LHD. 
 On LHD northbound – additional though/right-turning lane added. 
 The right turners from LHD into Wrexham Road receive no right-turn filter in a conflicting movement. 

Instead they turn right during the ‘northbound-through and right-turn’ phase which is dedicated to those 
movements with no conflicts. 

 On LHD southbound – additional short left turn from LHD into Wrexham Road. 
 Parking removal at various locations depending on Scenario being tested. 

 
The LHD/Wrexham Road signalised junction is shown in Figure 4.1. 

4.2.2 PARKING ON LHD 

As previously noted Scenario 3 requires the removal of 3-4 car parking spaces on LHD on both sides of LHD 
immediately north of Wrexham Road. Figure 4.2 and Figure 4.3 following illustrates the removal parking between 
the Scenario 2 and Scenario 3. 
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Figure 4.1 2010 Wrexham Road LHD junction as coded into Paramics with signals 

 

Figure 4.2 2010 Base Before Parking Removal (S2) 

 

Parking 
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Figure 4.3 2010 Development Scenario 3 With Parking Removal 

 

4.3 SCENARIO 4 (S4) – 2020 BASE MODELS 

The Base modelling for 2020 consists of the same model network as that for S2, but with increased through 
traffic flows. The traffic flows that have been used in the Base models for 2020 were derived from growth factors 
as determined from guiding requirements as discussed with RTA. The assumption here is that through trips are 
likely to grow in the region or 3% linearly, per annum. With this as a guide, the future year models for 2020 
had this increase applied to all trips between the northern and southern ends of the model (i.e. between both 
ends of LHD northbound and southbound, and also between the southern end of LHD and the Philip Street zone. 

A summary of 2020 Model setup, with no development in place and with 2020 through-traffic growth 
therefore is: 

 Model network as per S2. 
 Increased through traffic flows (3% per annum) in both directions between the northern and southern 

ends of the model along LHD. 
 Increased through traffic flows (1% per annum) in both directions between the southern end of LHD and 

the Phillips Street zone. 
 
 
 
 
 
 
 
 

Parking 
REMOVED 
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4.4 SCENARIO 5A (S5A) - 2020 BASE WITH DEVELOPMENT MODELS 

The S5a models were developed to analyse the traffic operation of the future traffic flows on the existing road 
network with the signalisation of LHD/Wrexham Road and the additional development traffic. In summary, the 
model consists of the following: 

 Model network as per S3 with same parking removals. 
 2020 base traffic demands. 
 Added Development traffic demands associated with the Sandon Point development and other 

developments (this is in addition to 2020 base traffic demands). 
 Optimisation and coordination of the upstream and downstream signalised intersections. 

4.5 SCENARIO 5B/5C (S5B/S5C) - DEVELOPMENT TREATMENTS  

Once the 2020 Base with Development Traffic models were built, visual and quantitative analysis was used to 
determine possible measures that could mitigate possible safety and operational impacts of increased delays to 
road based traffic. Each of the options developed contains a suite of adjustments such as amended road 
configurations and/or signal changes.  

Ultimately, 2 treatments options were tested and are reported following; the elements of each treatment are 
detailed below.  

Both options involved some signal optimisation. It is noted that Paramics does not have a signal optimisation 
module, so these changes were carried out manually and on an iterative basis until a balance was achieved.  

It is acknowledged here that SCATS will do a more comprehensive task of adapting to changes in traffic flows 
and marriages between junctions, and so the signal optimisations carried out in our assessments are likely to be 
improved upon even more by the RTA’s traffic management operations team. 

4.5.1 Scenario 5b 
 Removal of additional western side parking along LHD between Wrexham Road and Lachlan Street. 
 Optimisation of signals to allow more green time for through traffic travelling on LHD. 

 
The removal of further parking on LHD is shown in Figure 4.4. 

4.5.2 Scenario 5c 
 Removal of western side parking along LHD between Wrexham Road and Lachlan Street (as per S5b). 
 Optimisation of signals to adjust the offsets. 
 Currently the intersection LHD/Phillips Street operates with two northbound approach lanes south of LHD, 

one left only and one through only lane (refer to Figure 4.5). Under Scenario 5c it is proposed to convert 
the left only kerbside lane into a combined left-through lane. This requires some local widening of the 
northbound departure lane to accommodate two lanes on the departure (refer to Figure 4.6). A concept 
drawing of the proposed intersection upgrade is provided in Appendix E. 
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Figure 4.4 2020 Development Scenario 5b and 5c With Parking Removal 

 

Figure 4.5 Conceptual Layout of LHD/Phillip Street 
– Existing 

 

Figure 4.6 Conceptual Layout of LHD/Phillip Street 
– Scenario 5c 

 

 

 

 

 

Additional 
Parking 

REMOVED 
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4.6 SUMMARY OF SCENARIO NETWORK CHANGES  

Table 4.1 provides a brief overview of the key network changes between each of the scenarios. 

Table 4.1 Summary of All Model Network and Signal Differences between Scenarios 
MODEL SCENARIO NETWORK / SIGNAL TREATMENTS TRAFFIC DEMANDS 

S1 - Existing 2010 Existing road network (pre-Bulli overpass) Existing 2010 

S2 - Base 2010 

Existing road network +  
Roundabout @ LHD/Prince/Hewitt + 
dummy signals to represent the Bulli 
Overpass impacts 

Existing 2010 

S3 – Base + Dev 2010 

As per S2 road network +  
Traffic Signals @ LHD/Wrexham  
with through/through-right lane on 
northern approach,  
some parking removed on LHD.  

Existing 2010 +  

Development traffic demands 

S4 - Base 2020 As per S2 road network  2020 Background traffic demands 

S5a – Base + Dev 2020 As per S3 road network  
2020 Background traffic demands + 
Development traffic demands 

S5b – Base + Dev 2020  

As per S5a +  
remove NB parking on LHD between 
Wrexham and Lachlan + 

Signal optimisation 

2020 Background traffic demands + 
Development traffic demands 

S5c – Base + Dev 2020  
As per S5b +  
extra NB lane @ LHD/Phillips Street  

2020 Background traffic demands + 
Development traffic demands 
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5 MODEL OUTPUTS  

5.1 OVERVIEW 

This section compares the performances of all 2010 and 2020 models for both the AM and PM peak periods 
based on several measureable criteria. 

The criteria on which each of the AM and PM models were assessed quantitatively and qualitatively are: 

 Vehicle Flows (junction throughputs). 
 Queue Lengths (at signalised intersections). 
 Travel Times - northbound and southbound. 
 Intersection Level of Service (LOS). 

The presented data are colour coded as per Table 5.1 to differentiate between each of the modelled scenarios. 

Table 5.1 Colour Coding for All Modelled Scenarios 

No. Scenario Description 

S1 Calibrated Existing Model 

S2 Base Model 2010 

S3 Base + Development Model 2010 

S4 Base Model 2020 

S5a Base + Development Model 2020 

S5b Base + Development Model 2020 Option 1 

S5c Base + Development Model 2020 Option 2 

5.2 VEHICLE FLOWS (JUNCTION THROUGHPUTS) 

Vehicle flows were extracted from all models for each arm of the major junctions in the model. These were then 
compared against each other for each junction across all models; the results follow. 

Figure 5.1 to Figure 5.4 illustrate vehicle flow differences between each of the AM Peak Models, at each of the 
major junctions. PM peak volumes are presented in Figure 5.5 to Figure 5.8. Full network volumes are presented 
in one sheet in Appendix F; this gives a good overview of the flows across the entire model in every scenario.  

Results for LHD/Wrexham Road junction show that the vehicles in and out of the proposed development are 
broadly constant in each scenario with development in place in 2010 and 2020. This illustrates that the scenarios 
in 2020 which provide workable solutions with development in place, are including the full development 
generated traffic in the network as opposed to holding them back inside the development. 

Given that this is robust micro simulation modelling with the variability of 5 seed runs in AM and PM for all 
models, there will always be variability between numbers; it is the broad sense of difference (or lack of) that is 
relevant and important here. 
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Figure 5.1 AM Peak Vehicle Flows for LHD/Wrexham Road 

 

Figure 5.2 AM Peak Vehicle Flows for LHD/Phillips Street 
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Figure 5.3 AM Peak Vehicle Flows for LHD/Railway Parade 

 

 

Figure 5.4 AM Peak Vehicle Flows for LHD/Raymond Road 
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Figure 5.5 PM Peak Vehicle Flows for LHD/Wrexham Road 

 

Figure 5.6 PM Peak Vehicle Flows for LHD/Phillips Street 
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Figure 5.7 PM Peak Vehicle Flows for LHD/Railway Parade 

 

Figure 5.8 PM Peak Vehicle Flows for LHD/Raymond Road 
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Figure 5.1 to Figure 5.8 showed the flow differences at the 4 main junctions; Appendix F shows the modelled 
differences across the network as a whole in more detail.  

Generally, for both the AM and PM peak hour periods, it can be seen that the flows along LHD (northbound and 
southbound) are broadly the same in 2010 for the existing scenario (S1) and the 2010 scenario with the 
overbridge and roundabout in place (S2). This is to be expected as the changes in traffic release flows remained 
the same. 

In S3, 2010 Base with the development in place, the development generated traffic is added and the flows 
through the network are increased, yet easily accommodated by the 2010 Base network with the signalised 
changes to the Wrexham Road / LHD junction. With these signals in place, and with linkages and signal 
optimisations, the flows within the model area in 2010 with the development in place are amply catered for.  

The 2020 Base model (without the proposed development) when compared to the 2020 scenarios with 
development S5a, S5b and S5c, clearly shows the increase that the proposed development traffic add to the 
network. Generally there are similar levels of vehicles getting through the junctions and along the links (refer to 
Appendix F), in each of Scenarios 5a, 5b and 5c, with 5b (parking removed and signal optimisation) generally 
showing the best flows northbound on LHD with the signal optimisation in place. 

Overall, the flows as illustrated above need to be placed into the broader context of travel time results, queue 
lengths and Level of Service (concerning intersection delay), in order to fully appreciate the impacts from year to 
year and between different scenarios; the following sections provide these outputs. 

5.3 AM AND PM QUEUE LENGTHS  

Table 5.2 and Table 5.3 show the queue lengths experienced at each approach for the signalised intersections, 
namely: 

 LHD/Phillip Street. 
 LHD/Railway Parade. 
 LHD/Raymond Street. 

As a result of the management of flows in the model by way of signal optimisation and car parking removal, the 
differences in queue lengths are negligible between the models at the signalised intersections. 

On LHD, the increases are mostly in the range of 3-5 vehicles and on Philips Street there is some queuing back 
into the zone in all future scenarios.  Regarding this, it should be noted that the use of fixed time signals in these 
Paramics models, although they are offset and linked to other signals, will actually perform better when switched 
to SCATS, as the adaptive capabilities of the SCATS system will be more responsive to queues and delays.   

Notwithstanding this, the queues on Phillips Street occur anyway in 2020 with no development (S4).  In some of 
the scenarios with development in place, notably the PM in all development scenarios, Philip Street actually 
operates better because of the signal optimisations, with development in place. When the RTA does optimise all 
future situations within SCATS, the results below will realistically be much improved.  

Overall, the model operates as well in the future with the proposed development in place, with signals improved 
and parking removed. 
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Table 5.2 AM Peak Maximum Queue Lengths on Approach (in PCUs – Passenger Car Units) 

Intersection Approach Surveyed S1 S2 S3 S4 S5a S5b S5c 

LHD/Phillips St 

Northbound 12 15 15 14 14 17 17 12 

Southbound 13 16 17 17 17 17 15 18 

Phillips St* 7 6 6 5 (6) (56) (12) (26) 

LHD/Railway Pde 

Northbound 8 8 10 10 13 13 12 20 

Southbound 12 10 12 13 13 15 14 12 

Railway Pde 7 4 4 2 2 2 2 4 

LHD/Raymond Rd 

Northbound 8 11 8 9 18 17 16 17 

Southbound 12 10 12 16 12 20 20 18 

Raymond Rd 4 2 3 0 0 0 0 0 

* NOTE – the numbers in brackets show the number of vehicles queuing back into the model zone where relevant (i.e. 
blockages) 

Table 5.3 PM Peak Maximum Queue Lengths on Approach (in PCUs – Passenger Car Units) 

Intersection Approach Surveyed S1 S2 S3 S4 S5a S5b S5c 

LHD/Phillips St 

Northbound 18 17 17 16 15 19 17 15 

Southbound 10 14 13 17 18 19 18 14 

Phillips St* 9 6 8 (12) (28) (18) (20) (4) 

LHD/Railway Pde 

Northbound 11 7 10 12 7 11 12 18 

Southbound 12 10 13 15 13 17 15 15 

Railway Pde 8 7 8 8 6 7 5 7 

LHD/Raymond Rd 

Northbound 12 15 15 18 14 20 18 18 

Southbound 12 9 8 15 9 20 20 19 

Raymond Rd 3 2 3 2 0 0 3 0 

* NOTE – the numbers in brackets show the number of vehicles queuing back into the model zone where relevant (i.e. 
blockages) 

5.3.1 LHD/Wrexham Road 

Given that there are currently no signals at the Wrexham Road intersection with LHD, actual model screen shots 
are provided in Figure 5.9 to Figure 5.12, which illustrate the 2020 Base with no development in place compared 
to the 2020 with development in place, Scenario 5b. 

The purpose of showing these comparisons is that with parking removed and also the optimisation of signals at 
LHD/Wrexham Road, 2020 S5b actually has a higher northbound throughput flow and no significant impacts on 
queuing. 

Although there is a higher volume in 2020 PM with development in place in S5b, the additional road capacity 
caters for it and results in robust network performance. Additional queuing information is shown in Appendix G 
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Figure 5.9 AM 2020 Base with No Development  

2020 Base AM Peak Queue Length Screenshot

 

Figure 5.10 AM 2020 Scenario 5b with Development  
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Figure 5.11 PM 2020 Base with No Development  

2020 Base PM Peak Queue Length Screenshot

 

Figure 5.12 PM 2020 Scenario 5b with Development  

2020 Base+Dev  (S5b) PM Peak Queue Length Screenshot
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5.4 AM AND PM TRAVEL TIMES  

Average travel times were measured for vehicles travelling on LHD between Princes Highway and King Street 
during the AM and PM peak hours, both in the northbound and southbound direction. King Street is located at the 
position of the northernmost external Paramics zone. 

The reason for measuring times from these zones is to analyse the impacts on the operation of LHD with the 
increased flows in various scenarios, through the entire model along the corridor mainline. 

Table 5.4 and Table 5.5 show the travel times comparisons between all of the 2010 and 2020 AM and PM Peak 
Models for both the southbound and northbound directions. 

Table 5.4 AM Peak Travel Times Comparison (mm:ss) 

From-To Surveyed S1 S2 S3 S4 S5a S5b S5c 

LHD NB from Princes Hwy - King St 02:16 02:14 02:21 02:34 02:29 02:42 03:11 02:55 

LHD SB from King St - Princes Hwy 02:17 02:16 02:23 03:11 02:35 03:52 03:16 03:33 

Table 5.5 PM Peak Travel Times Comparison (mm:ss) 

From-To Surveyed S1 S2 S3 S4 S5a S5b S5c 

LHD NB from Princes Hwy - King St 02:25 02:15 02:32 02:39 02:47 04:46 03:34 03:31 

LHD SB from King St - Princes Hwy 02:16 02:20 02:27 03:11 02:53 04:37 03:42 03:53 

The travel times show an increase in travel times between 2010 and 2020; this is expected given the increased 
volumes. Travel times in Scenario S5a, which has the development in place with no significant treatments, 
shows some significant increases. However, when treatment options are introduced in Scenarios S5b and S5c, 
these travel times are generally much improved. 

5.5 AM AND PM INTERSECTION LEVEL OF SERVICE (LOS)  

In an urban environment the performance of the road network is usually critical at intersections. The NSW Roads 
and Traffic Authority have adopted a method of assessing intersection performance using the level of service 
(LoS) criteria. LoS is a continuum from ‘A’ good operations to ‘F’ with unacceptable delays and queues. Table 5.6 
provides a description of intersection level of service. 

Table 5.6 Intersection Level of Service Criteria 
LoS Average Delay per Vehicle 

(secs/veh) 
Traffic Signal/ 
Roundabout 

A  < 14 Good operation 

B  15 to 28 Good with acceptable delays & spare capacity 

C  29 to 42 Satisfactory 

D  43 to 56 Operating near capacity 

E  57 to 70 
At capacity; at signals, incidents will cause excessive delays 
Roundabouts require other control mode 



SANDON POINT PARAMICS MODELLING 
MODEL DOCUMENTATION REPORT     

FR106062_18 Aug 2010  39 

Level of Service measurements were extracted from all models at the 4 critical signalised junctions along LHD. 
Table 5.7 and Table 5.8 below highlights the Level of Services differences between each of the modelled AM and 
PM Peak Models respectively. It should be noted that the LoS extracted from Paramics Analyser is based on the 
Highway Capacity Manual method. We have taken this as being acceptable given the RTA’s request for Paramics 
to be used in these analyses. 

The tables show that the intersections generally operate at a LoS A or B. LHD/Phillips Street is operating at LoS 
B in the AM and PM peak period in the future scenarios.  

The results suggested that neither the background traffic growth or development traffic have impacted on the 
operation of the critical intersections along LHD in terms of level of service. 

Table 5.7 AM Peak LoS Comparisons 

Intersection S1 S2 S3 S4 S5a S5b S5c 

LHD/Wrexham Rd A A A A A A A 

LHD/Phillips St B B B B B B B 

LHD/Railway Pde A A A A A A A 

LHD/Raymond Rd A A A A A A A 

Table 5.8 PM Peak LoS Comparisons 

Intersection S1 S2 S3 S4 S5a S5b S5c 

LHD/Wrexham Rd A A B A C B B 

LHD/Phillips St A A B B B B B 

LHD/Railway Pde A A A A B A A 

LHD/Raymond Rd A A A A A A A 
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6 FINDINGS AND CONCLUSIONS  

6.1 FINDINGS  

Overall the findings from the Paramics modelling are positive, in terms of achieving development treatment 
scenarios in 2020 AM and PM, which operate on a par with the 2020 scenario with no development in place. 

In order to achieve this, parking needed to be removed at several locations along LHD, signals installed at 
LHD/Wrexham Road, and signals optimised between junctions in the model. In addition, some minor additional 
capacity treatments were allocated at LHD/Wrexham Road junction, which facilitated ease of movement into and 
out of the proposed development. 

6.1.1 Best Performer 

The 2020 Scenario 5b (S5b) is the best performer. In terms of LoS it is results in similar delay as 2020 without the 
development in place. 

The flows, LoS and queuing results, as well as the visual modelling observations carried out by traffic engineers 
and transport planners, clearly show that 2020 Scenario 5b ultimately performs on a par with the 2020 Base with 
no development, with the requirement that the network and signal adjustments are implemented. 

It is our recommendation that the proposed development proceed with the traffic and network treatments as 
tested in Scenario 5b, implemented. 

6.2 CONCLUSIONS 

The purpose of this study was to use Paramics micro-simulation to assess the operation on Lawrence Hargrave 
Drive (LHD) in the vicinity of Wrexham Road, with the proposed development at Sandon Point, and the associated 
additional traffic in place.  

Paramics traffic models were built for the existing conditions which were robustly calibrated and also validated 
with independent data, to exceed requirements.  

Then 2010 Base models with the Bulli Overpass Bridge and the roundabout at Hewitt’s Road in place, were built; 
it is these model networks which represent the 2010 Base, and upon which all future 2020 models were built.  

In line with RTA requirements background traffic was grown and the development traffic was added; all 
scenarios were independently tested and compared quantitatively and qualitatively in Paramics until a preferred 
solution emerged. This preferred solution, or best performer, clearly catered for the 2020 background traffic plus 
the additional traffic generated by the proposed development. The process was transparent; the solutions work 
and they are implementable and are cost effective and realistic.  
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Of all the models tested in 2020, Scenario 5b (with parking removed and signal optimisation) provided clear 
benefits to all road users, as well as amply catering for 2020 traffic with the proposed development in place. The 
signal optimisation in reality will be managed even more effectively when the RTA implements it into SCATS 
given the dynamic and adaptive capabilities within that system. The signals in this modelling were fixed time 
averages; having the adaptive capability of SCATS will likely improve even further upon these results.  
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 TCS Plans & Proposed 

Intersection Layouts from RTA 
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Appendix B 
 Existing AM & PM Traffic 

Flows and GEHs 
 



 2010 AM Peak Existing Traffic Volumes Data

Balanced Counts Lawrence Hargrave Dr Modelled Flows Lawrence Hargrave Dr GEH Lawrence Hargrave Dr

524 782 483 795 1.827 0.46

759 23 768 27 0.33 0.8
T L 99 Raymond Rd T L 98 Raymond Rd T L 0.1 Raymond Rd

T R R 25 69 T R R 10 46 T R R 3.59 3.03
499 76 L 44 473 71 L 36 1.18 0.583 L 1.26

575 803 544 804 1.311 0.04

575 803 544 799 1.311 0.14

716 87 708 91 0.3 0.42
T L 87 Station St T L 91 Station St T L 0.42 Station St

T R R 0 No RT 117 T R R No RT 121 T R R No RT 0.37
575 0 L 117 544 No RT L 121 1.31 No RT L 0.37

No RT

575 833 544 829 1.311 0.14

  

575 833 544 829 1.311 0.14

ZONE 2

ZONE 13

ZONE 12

ZONE 2

ZONE 13

ZONE 12ZONE 12

ZONE 13

ZONE 2

73 L 62 771 75 L 50 779 0.23 L 1.6 0.29
Church St 108 35 R R T Church St 110 35 R R T Church St 0.19 0 R R T

117 L T 96 L T 2.03 L T
55 502 46 469 1.27 1.498

557 806 515 814 1.814 0.28

557 806 521 811 1.551 0.18

766 40 766 45 0 0.77
T L 71 Railway Pde T L 76 Railway Pde T L 0.58 Railway Pde

T R R 18 50 T R R 8 39 T R R 2.77 1.65
539 31 L 32 513 31 L 31 1.13 0 L 0.18

570 798 544 797 1.102 0.04

570 798 541 798 1.23 0

0 0
51 L 45 753 51 L 50 748 0 L 0.73 0.18

Phillip St 340 289 R R T Phillip St 331 280 R R T Phillip St 0.49 0.53 R R T
174 L T 166 L T 0.61 L T

129 519 116 490 1.17 1.291ZONE 9

ZONE 11

ZONE 10

ZONE 9

ZONE 11

ZONE 10

ZONE 11

ZONE 9

ZONE 10

648 1042 606 1028 1.677 0.44

648 1042 616 1026 1.273 0.5

16 L 12 1030 16 L 12 1014 0 L 0 0.5
Lachlan St 18 2 R R T Lachlan St 18 2 R R T Lachlan St 0 0 R R T

21 L T 21 L T 0 L T
9 632 9 600 0 1.289

641 1032 613 1013 1.118 0.59

1030 2 1010 3 0.63 0.63
T L 6 Wrexham Rd T L 7 Wrexham Rd T L 0.39 Wrexham Rd

T R R 1 5 T R R 1 5 T R R 0 0
640 4 L 4 612 4 L 4 1.12 0 L 0

644 1034 616 1014 1.116 0.63

1031 3 1009 4 0.69 0.53
T L 5 Laneway (North of High Street) T L 6 Laneway (North of High Street) T L 0.43 Laneway (North of High Street)

T R R 4 6 T R R 4 6 T R R 0 0
640 2 L 2 614 2 L 2 1.04 0 L 0

ZONE 8

ZONE 7

ZONE 6

ZONE 8

ZONE 7

ZONE 6ZONE 6

ZONE 7

ZONE 8

642 1033 616 1011 1.037 0.69

17 L 8 1025 17 L 10 999 0 L 0.67 0.82
High St 45 28 R R T High St 46 29 R R T High St 0.15 0.19 R R T

15 L T 17 L T 0.5 L T
7 625 7 601 0 0.969

632 1053 608 1028 0.964 0.78

10 L 12 L 0.6 L
0 T 4 1045 4 0 T 4 1022 4 0 T 0 0.72 0

Prince St 21 11 R R T L Hewitts Ave (North Prince St 23 11 R R T L Hewitts Ave (North Prince St 0.43 0 R R T L Hewitts Ave (North
17 L T R R 9 15 L T R R 8 0.5 L T R R 0.34

13 613 9 T 0 11 601 5 T 0 0.58 0.49 1.512 T 0
L 7 L 7 L 0

664 1063 617 1040 1.857 0.71

ZONE 1

ZONE 5

ZONE 4 ZONE 3

ZONE 1

ZONE 5

ZONE 4 ZONE 3

ZONE 1

ZONE 3ZONE 4

ZONE 5



3.30‐4.30 Lawrence Hargrave Dr PM PEAK 3.30‐4.30 Lawrence Hargrave Dr

ACTUAL COUNTS BALANCED COUNTS ### Modified

763 608 ### Assumed Through Traffic
801 653 ### Actual Counts

### Mid‐Block Volumes

590 18
T L 59 Raymond Rd 635 18

T R R 42 78 T L 74 Raymond Rd
721 41 L 36 T R R 42 92

759 56 L 50

762 626
815 685

815 617

T L 0 Station St 617 0
T R R 0 No RT 127 T L 0 Station St

0 L 127 T R R 0 No RT 127
No RT 815 0 L 127

ZONE 2

ZONE 13

ZONE 12

No RT

815 744

99 L 84 815 744
Church St 112 13 R R T

106 L T
22 89 L 84 660

Church St 102 13 R R T
106 L T

22 726

766 673

748 673
643 30
T L 84 Railway Pde

T R R 33 91
733 54 L 58 748 673

787 701 643 30
T L 89 Railway Pde

T R R 25 83
723 59 L 58

839 693
782 701

62 L 107 586
Phillip St 225 163 R R T

ZONE 11

ZONE 10

423 L T
316 777 784 701

1093 749 52 L 109 592
Phillip St 215 163 R R T

425 L T
316 732

1048 755
26 L 29

Lachlan St 28 2 R R T
43 L T

14 1048 755

14 2 26 L 29 726
Lachlan St 28 2 R R T

43 L T
4 14 1022

T L 8 Wrexham Rd
T R R 1 4

4 L 3 1036 728

4 3 724 4
T L 8 Wrexham Rd

T R R 1 4
1035 4 L 3

3
T L 4 Laneway (North of High Street)

T R R 3 5 1039 727

ZONE 8

ZONE 7

ZONE 9

1 L 2

1 2 724 3
T L 4 Laneway (North of High Street)

T R R 3 5
1038 1 L 2

12 L 13
High St 12 R R T

L T 1039 726
32

32 12 12 L 13 713
High St 24 12 R R T

45 L T
32 1027

7 L
T 10 7

Prince St 0 R R T L Hewitts Ave (North 1059 725
L T R R 8
20 14 T

L 7
7 L
0 T 10 708 7

34 7 Prince St 7 0 R R T L 21 Hewitts Ave (North
30 L T R R 8 15

20 1044 14 T 0
L 7

2
T L Hewitts Ave (South)

R R 0 1078 715
0 L 6

ZONE 6

ZONE 5

ZONE 4 ZONE 3

ZONE 1



8.00‐9.00 Lawrence Hargrave Dr AM PEAK 8.00‐9.00 Lawrence Hargrave Dr

ACTUAL COUNTS BALANCED COUNTS ### Modified

484 745 ### Assumed Through Traffic
524 782 ### Actual Counts

### Mid‐Block Volumes

722 23
T L 86 Raymond Rd 759 23

T R R 25 66 T L 99 Raymond Rd
459 63 L 41 T R R 25 69

499 76 L 44

522 763
575 803

575 803

T L 0 Station St 716 87
T R R 0 No RT 111 T L 87 Station St
590 0 L 111 T R R 0 No RT 117

No RT 575 0 L 117
No RT

590 575 833

ZONE 2

ZONE 13

ZONE 12

590 575 833

78 L 62 575 833
Church St 108 30 R R T

117 L T
55 512 73 L 62 771

Church St 108 35 R R T
117 L T

55 502

567 806

557 806
766 40
T L 74 Railway Pde

T R R 18 52
549 34 L 34 557 806

583 800 766 40
T L 71 Railway Pde

T R R 18 50
539 31 L 32

599 798
570 798

51 L 45 753
Phillip St 340 289 R R T

174 L T

ZONE 10

ZONE 11

174 L T
129 548 570 798

677 1042 51 L 45 753
Phillip St 340 289 R R T

174 L T
129 519

648 1042
16 L 12

Lachlan St 18 2 R R T
21 L T

9 648 1042

9 2 16 L 12 1030
Lachlan St 18 2 R R T

21 L T
2 9 632

T L 6 Wrexham Rd
T R R 1 5

4 L 4 641 1032

4 4 1030 2
T L 6 Wrexham Rd

T R R 1 5
640 4 L 4

3
( h f i h )

ZONE 9

ZONE 8

ZONE 7

T L 5 Laneway (North of High Street)
T R R 4 6 644 1034

2 L 2

2 2 1031 3
T L 5 Laneway (North of High Street)

T R R 4 6
640 2 L 2

17 L 8
High St 45 28 R R T

15 L T 642 1033
7

7 28 17 L 8 1025
High St 45 28 R R T

15 L T
7 625

10 L
0 T 4 4

Prince St 21 11 R R T L 13 Hewitts Ave (North 632 1053
17 L T R R 9 16

13 9 T 0
L 7

10 L
0 T 4 1045 4

22 18 Prince St 21 11 R R T L Hewitts Ave (North
17 L T R R 9

13 613 9 T 0
L 7

ZONE 6

ZONE 5

ZONE 4 ZONE 3

1
T L Hewitts Ave (South)

R R 0 635 1063
0 L 3

ZONE 1



 2010 PM Peak Existing Traffic Volumes Data

Balanced Counts Lawrence Hargrave Dr Modelled Flows Lawrence Hargrave Dr GEH Lawrence Hargrave Dr

801 653 773 647 0.998 0.235

635 18 629 18 0.239 0.000
T L 74 Raymond Rd T L 78 Raymond Rd T L 0.459 Raymond Rd

T R R 42 92 T R R 18 50 T R R 4.382 4.984
759 56 L 50 755 60 L 32 0.145 0.525 L 2.811

815 685 815 661 0.000 0.925

815 685 816 661 0.035 0.925

617 68 598 63 0.771 0.618
T L 68 Station St T L 63 Station St T L 0.618 Station St

T R R 0 No RT 127 T R R No RT 123 T R R No RT 0.358
815 0 L 127 816 No RT L 123 0.035 No RT L 0.358

No RT

815 744 816 721 0.035 0.850

815 744 816 721 0.035 0.850

89 L 84 660 86 L 83 638 0.321 L 0.109 0.864
Church St 102 13 R R T Church St 101 15 R R T Church St 0.099 0.535 R R T

106 L T 105 L T 0.097 L T
22 726 22 730 0.000 0.148

748 673 752 653 0.146 0.777

748 673 752 654 0.146 0.738

643 30 629 25 0.555 0.953
T L 89 Railway Pde T L 86 Railway Pde T L 0.321 Railway Pde

T R R 25 83 T R R 7 58 T R R 4.500 2.977
723 59 L 58 745 61 L 51 0.812 0.258 L 0.948

782 701 806 680 0.852 0.799

784 701 806 679 0.780 0.838

0 0
52 L 109 592 54 L 97 582 0.275 L 1.182 0.413

Phillip St 215 163 R R T Phillip St 219 165 R R T Phillip St 0.272 0.156 R R T
425 L T 401 L T 1.181 L T

316 732 304 752 0.682 0.734

1048 755 1056 747 0.247 0.292

1048 755 1068 744 0.615 0.402

26 L 29 726 26 L 27 717 0.000 L 0.378 0.335
Lachlan St 28 2 R R T Lachlan St 28 2 R R T Lachlan St 0.000 0.000 R R T

43 L T 40 L T 0.466 L T
14 1022 13 1042 0.272 0.623

1036 728 1064 718 0.864 0.372

724 4 714 4 0.373 0.000
T L 8 Wrexham Rd T L 8 Wrexham Rd T L 0.000 Wrexham Rd

T R R 1 4 T R R 1 4 T R R 0.000 0.000
1035 4 L 3 1063 4 L 3 0.865 0.000 L 0.000

1039 727 1067 717 0.863 0.372

724 3 714 1 0.373 1.414
T L 4 Laneway (North of High Street) T L 2 Laneway (North of High Street) T L 1.155 Laneway (North of High Street)

T R R 3 5 T R R 3 5 T R R 0.000 0.000
1038 1 L 2 1064 1 L 2 0.802 0.000 L 0.000

1039 726 1065 716 0.802 0.372

12 L 13 713 11 L 13 703 0.295 L 0.000 0.376
High St 24 12 R R T High St 23 12 R R T High St 0.206 0.000 R R T

45 L T 45 L T 0.000 L T
32 1027 32 1054 0.000 0.837

1059 725 1086 715 0.824 0.373

7 L 8 L 0.365 L
0 T 10 708 7 #N/A T 10 706 9 0.000 T 0.000 0.075 0.707
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1.0 INTRODUCTION 
 
 
This report has been prepared in response to a letter from the Roads & Traffic 
Authority of NSW, to the Department of Planning, dated 28 August 2008, in which 
additional information was requested.  
 
The Roads & Traffic Authority (RTA) recommended that the access to the Sandon 
Point area be via Wrexham Road and/or Point Street.  The current masterplan for the 
site proposes use of both of these streets for access.   
 
This report assesses the traffic implications at the Lawrence Hargrave 
Drive/Wrexham Road intersection.  The starting point for this analysis is the report 
prepared by Christopher Stapleton Consulting Pty Ltd titled Sandon Point Traffic 
Review May 2006.  This report also uses traffic modelling that was undertaken for this 
study. 



2.0 DESIGN TRAFFIC FLOWS 
 
 
INTANAL analysis of the intersection of Lawrence Hargrave Drive and Wrexham 
Road has previously been undertaken and presented.  The starting point for this 
analysis was the traffic projections undertaken as part of the 2001 TRACKS traffic 
modelling.  These 2001 projections were upgraded to 2006 design traffic flows using 
growth factors.  The latter design flows were used in the INTANAL analysis.  These 
flows are used in the aaSIDRA analysis discussed in Section 3.  Table 2.4 of the 
Christopher Stapleton Consulting report provides a summary of design traffic flows at 
different locations in the road network.   
 
For the assessment of the Lawrence Hargrave Drive/Wrexham Road intersection, the 
figures in Table 2.4 of the CSC report, for Lawrence Hargrave Drive north of 
Wrexham Road provide the starting point.  Note that in this Table, the “2001 
Assessment Flows” are in fact the 2001 TRACKS flows growthed up to a design year 
of 2006, as noted under Table 2.4. 
 
For traffic growth projections, we understand that the TRACKS model assumed a 
morning peak hour growth rate of 3.1% per annum, and an afternoon peak hour 
growth factor of 3.0% per annum.  Assuming compound growth, for +10 years, the 
AM peak flows would increase by 35.7%, while the PM peak flows would increase by 
34.4%.   
 
Excluding the Sandon Point traffic into and out of Wrexham Road, the 2006 and the 
2016 two-way peak hour flows on Lawrence Hargrave Drive at Wrexham Road 
would be: 
 
Lawrence Hargrave Drive – Vehicles/hour (two-way) 
 
Peak  2006  2016  (2026)  
 
AM  1457  1977  (2071) 
 
PM  1427  1918  (2141) 
 
 
The figures for 2006 are the base “current” flows used in the analysis of the 2006 
situation, to which Sandon Point traffic via Wrexham Road is added.  For figures for 
2016 are the base flows for that year, to which Sandon Point traffic is added.  The 
(2026) figures are from Table 2.4 of the CSC report and are the year 2026 TRACKS 
traffic projections for Lawrence Hargrave Drive at Wrexham Road, without Sandon 
Point traffic.  It can be seen that these figures are only marginally more than the 
nominal year 2016 figures, and suggest that perhaps the 3.1% and 3.0% annual traffic 
growth rates might be high in this location.  The minimum assumption we would 
make is that the “2016” figures could be assumed to apply to 10 years from today – 
2018.  



3.0 TRAFFIC ANALYSIS RESULTS 
 
 
Layout and Design Flows 
 
Figure 1 shows an aerial view of the intersection of Lawrence Hargrave Drive and 
Wrexham Road, with lanes marked up to reflect the installation of traffic signals at 
this location.  The analysis of this intersection has made the following assumptions: 
 

• Northbound: kerb lane used for northbound travel, with centre lane used 
for a right turn bay, 80 metres long; kerb lane tapers back to centre lane 
north of the intersection 

• Southbound: kerb lane used for left turn traffic, and is 80 metres long; 
centre lane continues to be used for southbound traffic 

• Wrexham Road: left-turn lane out of Wrexham Road 50 metres long; right 
turn lane is continuous 

 
Figure 2 presents this information diagrammatically, as taken from the aaSIDRA 
model.  Also shown on Figure 2 are the year 2006 design traffic flows, with Sandon 
Point, with AM peak hour flows, and PM peak hour flows in brackets. 
 
As is further discussed, if the long term traffic projections occur, there will be a 
higher demand for through movement along Lawrence Hargrave Drive.  Peak hour 
peak direction flows are of the order of 1200 veh/hr in one lane.  For the approach to a 
traffic signal-controlled intersection, additional capacity will be desirable in due 
course, when flows reach these levels.  Figure 3 presents a long-term intersection 
layout option that utilises the full four lanes of Lawrence Hargrave Drive.  This would 
be appropriate for at least the approaches and departures from this intersection.  
Lawrence Hargrave Drive could revert to one through lane per direction beyond the 
influence of the intersection. 
 
  
SIDRA Analysis 
 
The SIDRA analysis has been undertaken for six scenarios: 
 

• 2006 flows with Figure 2 layout (AM and PM) 
• 2016 flows with Figure 2 layout (AM and PM) 
• 2016 flows with Figure 3 layout (AM and PM) 

 
The SIDRA files have been separately provided to the RTA.  The Movement 
Summaries are reproduced at the end of this report.  Table 3.1 summarises the key 
outputs. 
 
 



TABLE 3.1 SIDRA Outputs for Lawrence Hargrave Drive/Wrexham Road 
 
Year Peak Layout Level of 

service 
Avg delay 
(secs/veh) 

Degree of 
saturation 

2006 AM Fig 2 A 9 0.69 
 PM Fig 2 B 11 0.65 
2016(2018) AM Fig 2 C 20 0.94 
 PM Fig 2 B 15 0.87 
2016(2018) AM Fig 3 A 8 0.50 
 PM Fig 3 A 9 0.47 
 
 
For the base year of 2006 the Figure 2 layout will work very efficiently. 
 
For the design year of 2016 (which is probably later than this, as discussed), the 
intersection level of service becomes B or C, which are still satisfactory, based on 
Table 4.2 of the RTA’s Guide to Traffic Generating Developments, but the degree of 
saturation of the intersection does increase substantially.  This is due to one-way peak 
hour flows of about 1200 veh/hr in one lane.  This is satisfactory mid-block but delays 
will occur at intersections. 
 
With the Figure 3 layout, these capacity issues dissipate and the level of service 
reverts to A in both peak periods.   
 
The conclusion is that the Figure 2 layout is appropriate for the short to medium term, 
and can be implemented.  If and when the longer term traffic flow increases occur, the 
Figure 2 layout can be simply converted to the Figure 3 layout using lane lining and 
other paintwork.  Civil works will not be required.  The simple trade-off is on-street 
parking on Lawrence Hargrave Drive versus through traffic flow efficiency.   
 



 
FIGURE 1   SCHEMATIC LAYOUT OF INTERSECTION OF 
          LAWRENCE HARGRAVE DRIVE & WREXHAM STREET 



 

 
 
FIGURE 2   INTERSECTION LAYOUT FOR MEDIUM TERM 
  YEAR 2006 PEAK HOUR TRAFFIC FLOWS:  AM (PM) 



 

 
FIGURE 3 INTERSECTION LAYOUT FOR LONG TERM 
  YEAR 2016 (2018) PEAK HOUR TRAFFIC FLOWS:  AM (PM) 



 



 



 



 



 



 



 
 

 

 
 

 

 

 

 

Appendix E 
 Intersection Upgrade for 

LHD/Phillips St (S5c) 





 
 

 

 
 

 

 

 

 

Appendix F 
 Full Network Volumes 



468
AM Peak 0800 - 0900 463

569
#### S1 Calibrated Existing Model 2010 71 473 564
#### S2 Base Model 2010 503 76 462 651
#### S3 Base+Dev Model 2010 521 77 557 635
#### S4 Base Model 2020 615 60 553 675
#### S5a Base+Dev Model 2020 594 75 644
#### S5b Base+Dev Model 2020 Option1 31 513 699 62 626 781
#### S5c Base+Dev Model 2020 Option2 (Extra Lane) 32 523 679 76 652 773

280 51 29 608 726 848
301 51 532 30 588 932
280 52 547 27 695 768 761 796 914 994 1004 1011 1024
314 52 641 31 675 27 23 23 23 23 23 23 1022
280 34 618 31 707 799 1054
311 49 722 804
316 57 707 853 36 10

755 766 776 799 912 960 993 1013 952 35 9
45 44 40 40 40 40 40 1000 34 12

1033 33 11
1079 33 12

787 31 8 34 10
790 25 6 32 11
846 29 3

50 50 48 48 44 48 45 933 21 6
748 754 773 888 928 963 993 976 26 4

116 490 1011 25 7
131 501 1065 26 6
131 582
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PM Peak 1530 - 1630 734

865
8888 S1 Calibrated Existing Model 2010 S1 60 755 865
8888 S2 Base Model 2010 730 S2 57 724 953
8888 S3 Base+Dev Model 2010 710 S3 56 832 988
8888 S4 Base Model 2020 837 S4 53 851 1059
8888 S5a Base+Dev Model 2020 832 S5a 45 931
8888 S5b Base+Dev Model 2020 Option1 S1 61 745 905 S5b 55 973 638
8888 S5c Base+Dev Model 2020 Option2 (Extra Lane) S2 56 717 959 S5c 48 1032 660

165 54 S1 S3 59 813 1030 738
160 54 S2 782 S4 44 826 749
159 52 S3 757 S5a 49 895 629 668 710 737 791 782 799 810
152 40 S4 891 S5b 55 950 18 18 16 18 6 7 18 800
153 41 S5a 870 S5c 50 1007 640 S1 S2 S3 S4 S5a S5b S5c 836
152 47 S5b 945 660
162 53 S5c 1005 720 32 18

1074 629 652 690 723 765 772 773 755 26 24
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S1 S2 S3 S4 S5a S5b S5c 802 28 22
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Appendix G 
 Queue Lengths Screenshots 
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