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1 Introduction 

1.1 Background  

Halcrow Pacific Pty Ltd (trading as Halcrow MWT) was commissioned by QGC - 
A BG Group Business (QCG) to undertake a microsimulation assessment for the 
Environmental Impact Statement (EIS) of the proposed Queensland Curtis LNG 
(QCLNG) Project (‘the Project’).  The Project includes the development of 
existing coal seam gas fields in the Surat Basin of western Queensland, the 
construction of a liquefied natural gas (LNG) processing and export facility on 
Curtis Island near Gladstone in central Queensland and the construction of a 
pipeline network linking the gas fields to the processing and export facility. 

The coverage of this study relates exclusively to the Project’s LNG processing and 
exporting facility.  This report is to be read in conjunction with the Road Impact 
Assessment (the ‘RIA’), Queensland Curtis LNG Project EIS Traffic and Transport 
Impact Assessment (Halcrow MWT, 2009), contained in the overarching 
Environmental Impact Statement (EIS) document. 

1.2 Purpose of this Report 

The purpose of this report is to further enhance the findings of the RIA, which 
was developed from a comprehensive set of SIDRA analyses.  Although SIDRA is 
a robust and industry accepted software package, its intersection evaluation can be 
somewhat limited when more complex network considerations come into play.  
This could include situations where intersections are closely spaced or operating 
under signal co-ordination.  Microsimulation packages can incorporate all of these 
network considerations, in addition to providing a visual medium in which to 
observe the modelled future scenarios.  For the purposes of this project, 
microsimulation modelling was undertaken within the latest Paramics V6.5 
software package. 

A site investigation in 2008 of the broader Gladstone transport network revealed 
that there are two areas that would benefit from additional microsimulation 
modelling.  These areas are: 

 The section of Glenlyon Road which is bound by William Street in the north and 
Tank Street in the south; and 

 The Dawson Highway/Phillip Street signalised roundabout. 

These locations are show in Figure 2-1. 
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1.3 Structure of this report 

The microsimulation assessment is presented in this report in the following 
sections: 

 Section 2 describes the scope of the assessment. 

 Section 3 describes the model development process (methodology) and outlines 
the raw data that was utilised in order to create the models. 

 Section 4 presents the results of the network analysis; and 

 Section 5 presents the study conclusions. 
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2 Scope of Assessment 

2.1 Study Area  

The scope of the assessment was separated into two model areas.  These areas are 
indicated in Figure 2-1. 

Model 1 encompasses the following intersections: 

 Glenlyon Road /William Street; 

 Glenlyon Road /Port Access Road/Railway Street; 

 Glenlyon Road /Bramston Street/Dawson Highway; 

 Glenlyon Road /Herbert Street;  

 Glenlyon Road /Tank Street; and 

 Bramston Road /Goondoon Street.  

The Model 1 area was selected as it encompasses the key confluence of the two major 
roads within Gladstone City and will therefore form part of the likely route choice for 
peak construction generated traffic when Auckland Point is utilised.  Site 
investigations also revealed that this area has the greatest potential for impact due to 
the existing levels of congestion observed during the peaks.  In addition to the above, 
the intersections within the modelled area are closely spaced (in the vicinity of Port 
Access Road) and signal co-ordination exists for the intersections located at Port 
Access Road and Bramston Street.  

Model 1 – Glenlyon Road Model 2 – Phillip St Roundabout 

 

Figure 2-1 Study Area 
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Model 2 incorporates the area surrounding the Dawson Highway/Phillip Street 
roundabout.  This region was selected not only because of the observed levels of 
congestion, but also due to the presence of signal metering on the roundabout.  As 
mentioned in the RIA, SIDRA is able to roughly approximate intersection 
performance through a series of iterations involving analysis of performance ‘with’ 
and then ‘without’ the meter.   Given the coarseness of this technique it was 
considered that microsimulation was a more appropriate tool for evaluating likely 
future year performance.   

2.2 Scenarios for Assessment 

The scenarios for assessment are summarised in Table 2-1.  These scenarios represent 
a selection of the full assessment undertaken for the RIA.  The selected scenarios 
represent the base reference scenario (i.e. Construction Camp Option D) along with a 
complete set of reference years without the proposed development.  It should be 
noted that due to the adopted traffic assignment, there is no difference in modelled 
volumes at either model locations for road bridge option 1 and 2.  Therefore, the 
assessment only includes the scenarios pertaining to road bridge option 1. 

Table 2-1 Traffic Assessment Scenarios 

Construction Operation 
Scenario / Year 

No 
Dev Train 1 Train 2 Train 3 Train 1 Train 2 Train 3 

Road 
Option 

Camp 
Option 

Scenario 1 / 2008        N/A N/A 

Scenario 2 / 2010        N/A N/A 

Scenario 3d / 2010        N/A D 

Scenario 4 / 2013        N/A N/A 

Scenario 5d / 2013        1 D 

Scenario 7d / 2013        No Bridge D 

Scenario 12 / 2018        N/A N/A 

Scenario 13d / 2018        1 D 

Scenario 15d / 2018        No Bridge D 

Scenario 16 / 2021        N/A N/A 

Scenario 17 / 2021        1 N/A 

Scenario 19 / 2021        No Bridge N/A 
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3 Model Development 

3.1 Network Coding 

The latest available aerial photograph was used at the time of model development to 
detail the microsimulation traffic models. This method allows for the precise 
replication of the existing road layout, including lane allocation, precise turn pocket 
lengths, turning lanes, and lane widths.  The coded base case networks are shown in 
Figure 3-1 and Figure 3-2. 

Traffic signal information throughout the base networks has been based on the use of 
fixed time signals and information obtained from DMR.  Where signal coordination 
exists between intersections, details have been included within the model to replicate 
the existing conditions.  A summary of DMR provided signal phasing data is included 
in Appendix A. 

 

Figure 3-1 Modelled Existing Network –Area 1 (Glenlyon Road) 

Port Access Road 

Tank Street 

William Street 

Dawson Highway 

Glenlyon Road 

Bramston Street 

Herbert Street 
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Figure 3-2 Modelled Existing Network – Area 2 (Phillip Street Roundabout) 

3.2 Base Assumptions 

Default Paramics model parameters have been used in the majority of the modelling 
process.  These are validated and calibrated to replicate typical traffic conditions and 
have been used successfully in a vast number of simulation projects. Specific 
parameters have been changed in line with Halcrow-MWT standard practice and these 
include vehicle composition and the generalised cost coefficients.  The value changes 
are based on fully adopted values by the New South Wales RTA and general peer 
acceptance of these values as best practice in replicating general Australian conditions. 

3.3 Base Demand Matrix Estimation 

3.3.1 Estimation Process 

In order to replicate the existing traffic conditions for both the morning and evening 
peak hour periods, a ‘matrix estimation’ process was undertaken. This considers the 
relationship between link and turn flows and the desire to travel between origin and 
destination zones.  The result is a matrix of trips that best replicates the observed trip 
patterns and is validated against known traffic count information. 

Analysis of classified turning count data revealed that varying trip patterns emerge for 
different vehicle classifications.  In order to accurately model current travel behaviour, 
4 separate matrices were developed for the base models.  These matrices are detailed 
as follows: 

 

Dawson Highway 

Phillip Street 

Signal metering 
operational during 
afternoon peak 

Signal metering 
operational during 
morning peak 
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 Matrix 1 – Light vehicles – includes AUSTROADS class 1 and 2; 

 Matrix 2 – Heavy rigid vehicles – includes AUSTROADS class 3, 4 and 5; 

 Matrix 3 – Heavy vehicles – includes AUSTROADS class 6, 7, 8 and 9; and 

 Matrix 4 – Oversize heavy vehicles – includes AUSTROADS class 10 and 11.   

3.3.2 Base Traffic Generating Assumptions 

The findings presented in this report are based upon the traffic generating 
assumptions and methodology discussed within the RIA.  Since undertaking the 
microsimulation modelling exercise elements of the traffic generation have been 
revised, a summary of these changes is provided in Table 3-1 below. 

Table 3-1 RIA Original and Refined Assumptions 

Original Assumptions1 Refined Assumptions2 

1. 2000 personnel for the Train 1 and 2 
construction phase; 

2. Fortnightly rotation assumption of 10 days 
on/4 days off; 

3. Hybrid Construction Camp Option D all non 
local personnel residing in the camp (i.e. 
45% of total workforce); 

4. Anticipated pipeline movements are: 

 Dawson Highway – 168 trucks/day for 
167 days; and 

 Gladstone Mt Larcom Road – 54 
trucks/day for 21 days; and 

5. Operations Phase Train 1 and 2 – 104 
personnel, and Train 3 130 personnel. 

1. 1500 personnel for the Train 1 and 2 
construction phase; 

2. 9 days on a fortnight (i.e. 5 days on/2 days off, 
then 4 days on/3 days off, being 90 hours per 
fortnight); 

3. Hybrid Construction Camp Option D all non 
local personnel residing in the camp (i.e. 30% 
of total workforce); 

4. Gladstone Port for the receipt of 260kms of 
42” pipe in 18m lengths, 3 lengths/truck – 
equates to on average 20 trucks/day.  On 
average 1.08 km/day of pipe moved over 25 
day duration, equating to 10-11 month pipe 
transportation. Transport of 25km of 
pipe/ship/month, total 11 ships on average by 
end 2011. 

5. Operations Phase Train 1 and 2 – 76 
personnel, and Train 3 – 100 personnel. 

1 Used within RIA and microsimulation model 

2 Not used in RIA or microsimulation but covered by the original assumptions 

 The refined assumptions are important considerations when reviewing the 
microsimulation results.  The results included within this report represent a ‘worst 
case scenario’ and demonstrate that there is significant ‘headroom’ factored into the 
microsimulation, exemplified by the following: 

 Anticipated peak employee requirements are to be reduced by 25%, from 2000 
personnel to 1500 personnel; 

 Employee movements will be distributed over 4 movements in a fortnight rather 
than the 2 movements currently assumed within this report; 

 Anticipated daily truck movements will also decrease; and 
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 Operations personnel will be slightly reduced from the 104 assumed within this 
report to 76 for Train 1 and 2.  A slight reduction is also anticipated for Train 3 
operations, with 130 personnel being reduced to 100 personnel. 

The proposed mitigation measures presented in this report are based upon the ‘worst 
case scenario’ and are not reflective of the refined assumptions mentioned in Table 3-1 
above. 

3.3.3 Validation Process 

The developed base matrices are assigned to the modelled road network after which 
link and turn data is extracted and compared to the base count data set to ensure that  
the two data groups match (within an acceptable GEH range). 

Once the assignment estimation loop is completed and the vehicle flows are accepted 
the overall model is deemed to be validated and ‘fit for purpose’. 

In order to assess the relationship between the assigned flows and the observed data 
set, the GEH statistic has been used. The GEH statistic is commonly used in 
modelling to evaluate the accuracy of modelled volumes when compared to actual 
flows. The standard protocol used for modelling validation is to endeavour to 
establish GEH values below 10, with any value between 5 and 10 representing a good 
match while GEH values less than 5 are considered to be very good matches and 
values over 10 should be investigated and where necessary either explained or 
rectified.  

The model validation tables in Appendix B demonstrate that the base micro-
simulation models for the project are considered to be suitably accurate 
representations of actual flows within the 2 model cordons.  All turn movements have 
an acceptable GEH factor of less than 5 during both morning and afternoon peak 
periods. 

 

GEH is a statistical analysis method developed by Geoffrey E. Havers in the 1970’s in the United 

Kingdom and is a form of Chi-squared statistic. It is now adopted as a key measure of network 

validation throughout the traffic modelling industry. 

 

The formula for the GEH statistic is:   GEH = √( (M-C)2 / (0.5 ×(M+C)) ) 

where M = modelled flows and C = observed values 

3.4 Future Demand Matrix Estimation  

3.4.1 Background Traffic 

In line with the historical data analysis undertaken for the RIA, an annual growth of 
5% and 3% (compounding) has been adopted for rural and urban roads, respectively.   
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3.4.2 Development Traffic 

Separate matrix files were developed for all future years with the development.  
Development generated traffic was determined through the traffic generation and 
assignment process detailed within the RIA.  Development related matrices are 
detailed as follows:  

 Matrix 5 – Development Traffic Light Vehicles – includes AUSTROADS class 1 and 
2; 

 Matrix 6 – Development Traffic Heavy Vehicles – includes AUSTROADS class 3 
and 9; and 

 Matrix 7 – Development Traffic Bus – equivalent to AUSTROADS class 3. 
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4 Network Analysis   

4.1 Existing Network Configuration  

The ‘do nothing’ network (i.e. the existing network configuration, see Figure 3-1 and 
Figure 3-2) was tested with the future demand matrices, ‘with’ and ‘without’ the 
proposed LNG facility.  Results are presented in Sections 4.1.1 and 4.1.2 below.  

4.1.1 Model 1 – Glenlyon Road 

A summary of SIDRA and Paramics findings for Model 1 at Glenlyon Road are 
presented in Table 4-1.  The SIDRA findings are taken from the results provided in 
the Queensland Curtis LNG Project EIS Traffic and Transport Impact Assessment (Halcrow 
MWT, 2009) whilst the Paramics findings are a summary of visual inspection, coupled 
with analysis of the extracted network operational characteristics (results provided in 
Table 4-2).   

Table 4-1 Model 1 Network Performance – Commentary ‘Do Nothing’ 

 SIDRA* Paramics 

Scenario 1 

Scenario 2 

Individual intersections are either at 
or close to saturation.  The only 
intersection operating with acceptable 
DOS is Port Access Road. 

Visually, the network operates 
adequately.  No improvements are 
required.  

Scenario 3d All intersections are operating at or 
above saturation. 

Paramics confirms that the network 
requires remedial works.  Visual 
inspection indicates that the cause of 
degradation originates from the heavy 
demand into and out of Port Access 
Road from Glenlyon Road.   

Scenario 4 

Individual intersections are either at 
or close to saturation.  The only 
intersection operating with acceptable 
DOS is Port Access Road. 

The network operates adequately in 
the morning peak, however, slight 
adjustments to the signal phasing is 
required in the afternoon peak.  
Additional green time allocation for 
the southbound movement will 
improve operations to acceptable 
levels. 

Scenario 5d All intersections are operating at or 
above saturation. 

Paramics confirms that the network 
requires remedial works.  In the 
morning peak the source of the 
congestion originates from the 
Dawson Highway/Glenlyon Road and 
Port Access Road intersections, with 
heavy northbound movements being 
unable to clear the intersections 
within the allocated green time.  As 
would be expected, the reverse 
occurs in the afternoon peak. 

Scenario 7d All intersections are operating at or 
During the morning peak, the network 
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above saturation. 

Scenario 12 

Scenario 13d 

Scenario 15d 

performs adequately for Scenarios 
7d, 12, 13d and 15d.  However, 
signal reconfiguration is required in 
the afternoon peak to accommodate 
the oversaturated southbound 
movements under a ‘do nothing’ 
network. 

Scenario 16 

Scenario 17 

Scenario 19 

Not tested within SIDRA. 

During morning peak operations, a 
small amount of vehicle blocking is 
observed at the Tank Street 
intersection.  Reconfiguration of 
signal timing will rectify the issue.  For 
the afternoon peak, the issues 
identified in the previous Scenarios 
(i.e. 7d to 15d) are also observed for 
Scenarios 16, 17 and 19.  Therefore, 
similar to the above, additional green 
time allocation is required for the 
southbound movement from Glenlyon 
Road (north).  

* Information pertains to Glenlyon Road intersecting at Port Access Road, Dawson Highway and Tank Street 

     Information extracted from Queensland Curtis LNG Project EIS Traffic and Transport Impact Assessment (Halcrow MWT, 2009) 

The data presented in Table 4-2 was extracted from Paramics and colour coded 
according to the severity of performance degradation.  The severity has been judged 
through consideration of the number of blocked vehicles, the decrease in average 
vehicle speed and general engineering judgement obtained from visual inspection of 
the models.   

The number of blocked vehicles represents the number of vehicles which are queued 
outside of the model boundary at the end of the simulated period.  This is effectively 
an indication of the latent demand and increased numbers of blocked vehicles indicate 
undesirable operations.  However, the presence of blocked vehicles does not 
automatically indicate poor network performance.  In cases where signalised 
intersections are located close to the model cordon, the reported number of blocked 
vehicles could simply be the usual queuing during a red phase.  Upon return to green, 
all vehicles would then be released and the number of blocked vehicles would then 
return to zero.  Another situation where the presence of blocked vehicles would be 
deemed to be acceptable is when there is adequate space for vehicles to queue, and the 
presence of the queue would not impact upon the operations of the rest of the 
network.  An example of this is Port Access Road, where the adjacent intersection at 
Tug Berth Access Road is located more than 800m from Glenlyon Road.          

The vehicle kilometres travelled (VKT) is the summation of all kilometres travelled 
for all vehicles which have passed through the network during the simulated period.  
A decrease in the VKT indicates that a smaller proportion of trips have been able to 
be completed during the simulation period.  The vehicle hours travelled (VHT) is the 
summation of travel time for all vehicles which have passed through the network 
during the simulation period.  Increases in VHT represent greater delays.   
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The five items that have been reported upon are intermingled and a decrease in 
performance in one criterion is matched with a decrease in performance in all other 
criteria also.  For example, a substantial increase in the number of blocked vehicles 
indicates that congestion levels have increased, which therefore leads to decreased 
travel speeds and VKT and increased VHT. 

Based on the results reported in Table 4-2, an alternative network configuration has 
been detailed for Scenario 3d (see Section 4.2.1).  The revised network was then tested 
against all other future demands which did not perform adequately under the ‘do 
nothing’ network configuration (i.e. Scenarios 5d through to 19).  No further 
modelling is required for Scenarios 1, 2 or 4. 
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Table 4-2 Model 1 Network Performance – Model Results (Existing Network) 

  Scenario 

  1 2 3d 4 5d 7d 12 13d 15d 16 17 19 

AM Peak 

Ave veh speed (km/hr)1 39 37 6 36 6 31 26 23 24 19 23 19 

VKT2 2640 2775 2305 3035 2305 3435 3475 3775 3650 3710 3830 3680 

VHT3 70 80 375 85 375 135 135 175 165 205 165 210 

No. blocked vehicles4 0 0 1720 0 1720 30 30 40 20 80 80 110 

% veh blocked5 0.00% 0.00% 39.03% 0.00% 44.75% 0.76% 0.76% 0.96% 0.49% 1.86% 1.85% 2.55% 

PM Peak 

Ave veh speed (km/hr)1 15 14 6 10 5 4 5 5 4 5 4 5 

VKT2 2615 2615 2630 2980 2580 2310 2630 2630 2480 2570 2475 2630 

VHT3 250 250 440 300 515 535 575 575 570 585 560 545 

No. blocked vehicles4 0 50 1470 160 960 1000 1330 1170 1290 1320 1450 1280 

% veh blocked5 0.00% 1.46% 31.16% 4.28% 22.90% 25.03% 30.75% 25.60% 28.89% 27.98% 30.50% 27.03% 

1 The average vehicle speed is taken as the mean speed for all vehicles within the simulated period and includes geometric delays and stopped time at intersections   
2 VKT = Vehicle Kilometres Travelled 
3 VHT = Vehicle Hours Travelled 
4 The number of blocked vehicles represents the number of vehicles which are queued outside of the model cordon at the end of the simulated period  
5 Represents the number of blocked vehicles as a proportion of the matrix total 

 
Legend 

 

Network performs adequately, no further modelling required 

Minor adjustments are required in order to improve operations to acceptable 

Serious network deficiencies, further investigation required 
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4.1.2 Model 2 – Dawson Highway/Phillip Street Roundabout 

Similar to the process detailed for Model 1, a summary of SIDRA and Paramics 
findings for Model 2 at the Dawson Highway/Phillip Street roundabout are presented 
in Table 4-3.  The SIDRA findings are taken from the results provided in the 
Queensland Curtis LNG Project EIS Traffic and Transport Impact Assessment (Halcrow 
MWT, 2009) whilst the Paramics findings are a summary of visual inspection, coupled 
with analysis of the extracted network operational characteristics (results provided in 
Table 4-4).   

Table 4-3 Model 2 Network Performance – Commentary ‘Do Nothing’ 

 SIDRA* Paramics 

Scenario 1 

Scenario 2 

Visually, the network operates adequately.  No 
improvements are required. 

Scenario 3d 

During morning peak operations, the southern Dawson 
Highway and eastern Phillip Street approaches are 
oversaturated.  For the afternoon peak, the heavy 
southbound demand from the northern Dawson 
Highway approach restricts vehicles from entering the 
roundabout at Phillip Street.  In the afternoon, the 
northern Dawson Highway and eastern Phillip Street 
approaches are oversaturated.           

Scenario 4 

Scenario 5d 

The blocked vehicles during the morning peak 
originate from the Phillip Street approach.  Signal 
reconfiguration is likely to improve operations back to 
acceptable. 

Scenario 7d 

Scenario 12 

Scenario 13d 

Scenario 15d 

Scenario 16 

Scenario 17 

Scenario 19 

Unsignalised 
roundabout 
arrangement identified 
serious operational 
deficiencies for all 
future and base year 
conditions (excluding 
the 2008 AM Peak). Similar problems to those identified for Scenario 3d 

are inherent to Scenarios 7d through to Scenario 19.  
During the morning peak the southern Dawson 
Highway and eastern Phillip Street approaches are 
oversaturated, whilst in the afternoon, the northern 
Dawson Highway, eastern Phillip Street and western 
shopping centre approaches are oversaturated.  
Operations get progressively worse with each future 
year. 

* Information extracted from Queensland Curtis LNG Project EIS Traffic and Transport Impact Assessment (Halcrow MWT, 2009) 

Similar to the process discussed above in Section 4.1.1, the data presented in Table 4-4 
was extracted from Paramics and colour coded according to the severity of 
performance degradation.  The severity has been judged through consideration of the 
number of blocked vehicles, the decrease in average vehicle speed and general 
engineering judgement obtained from visual inspection of the models.   

Based on the results reported in Table 4-4, an alternative network configuration has 
been detailed for Scenario 3d (see Section 4.2.2).  The revised network was then tested 
against all other future demands which did not perform adequately under the ‘do 
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nothing’ network configuration (i.e. Scenarios 5d through to 19).  No further 
modelling is required for Scenarios 1, 2 or 4. 
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Table 4-4 Model 2 Network Performance – Model Results (Existing Network) 

  Scenario 

  1 2 3d 4 5d 7d 12 13d 15d 16 17 19 

AM Peak 

Ave veh speed (km/hr)1 43 24 13 18 15 10 12 11 9 9 9 9 

VKT2 2830 2935 3195 3095 3160 3200 3335 3345 3335 3430 3415 3440 

VHT3 65 125 250 180 210 335 285 315 380 370 380 380 

No. blocked vehicles4 0 10 170 80 160 550 320 390 680 630 650 660 

% veh blocked5 0.00% 0.29% 4.16% 2.09% 4.00% 12.19% 7.21% 8.61% 14.15% 12.99% 13.36% 13.48% 

PM Peak 

Ave veh speed (km/hr)1 48 44 11 26 18 11 11 10 9 9 7 9 

VKT2 3320 3490 3445 3725 3745 3785 3830 3865 3860 3970 3170 3985 

VHT3 70 79 315 150 210 360 345 375 3970 465 370 465 

No. blocked vehicles4 0 0 380 30 70 650 470 550 880 810 660 850 

% veh blocked5 0.00% 0.00% 7.80% 0.63% 1.43% 11.90% 8.54% 9.83% 14.90% 13.48% 10.95% 14.04% 

1 The average vehicle speed is taken as the mean speed for all vehicles within the simulated period and includes geometric delays and stopped time at intersections   
2 VKT = Vehicle Kilometres Travelled 
3 VHT = Vehicle Hours Travelled 
4 The number of blocked vehicles represents the number of vehicles which are queued outside of the model cordon at the end of the simulated period  
5 Represents the number of blocked vehicles as a proportion of the matrix total 

 

Legend 

 
Network performs adequately, no further modelling required 

Minor adjustments are required in order to improve operations to acceptable 

Serious network deficiencies, further investigation required 
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4.2 Future Network Configuration 

Based on the outcomes of the ‘do nothing’ analyses a number of scenarios have been 
flagged as requiring remedial works.  The ‘do something’ solutions, along with the 
model results, are presented in Sections 4.2.1 and 4.2.2 below. 

4.2.1 Model 1 – Glenlyon Road 

The ‘do nothing’ results presented in Section 4.1.1 indicated that upgrade works will 
be required for 2010 ‘with development’ conditions (i.e. Scenario 3d). Extensive 
model testing has concluded that to accommodate the anticipated 2010 ‘with 
development’ volumes, the following works will be required: 

Glenlyon Road/Port Access Road Intersection 

 To accommodate the heavy afternoon peak, development generated traffic 
demand from Port Access Road into the Dawson Highway, a dual left turn 
signalised slip lane is required on the Port Access Road approach (shown in 
Figure 4-1); and 

 Similar to existing, signal coordination needs to be retained between the Port 
Access Road intersection and the Dawson Highway intersection.  However, the 
signal cycle time also needs to be extended to 150 seconds.  

Glenlyon Road/Dawson Highway/Bramston Street Intersection  

 To allow for coordination between this intersection and Port Access Road, the signal 
cycle time requires to be extended to 150 seconds; 

 The northern approach should be reconfigured to cater for a dual right turn lane 
(middle lane to be shared through/right) and the turn pocket should be extended 
as far north as practicable (bearing in mind the constraints of the rail bridge); 

 The eastern approach is to remain as two approach lanes.  However, the lane 
designation for the median lane should accommodate a shared right/through 
movement.  This means that the eastern approach will allow for through 
movements on both approach lanes; and 

 Following the reconfiguration of lane designation on the northern and eastern 
approaches, modifications to the signal phasing arrangements are required. 

Glenlyon Road/Tank Street Intersection  

 The microsimulation modelling confirms that the already proposed four laning of 
Glenlyon Road between Bramston and Derby Streets is required.  No other 
modifications are required. 

Note that there are some discrepancies between the RIA and microsimulation 
findings.  Where discrepancies exist, the findings of the microsimulation supersede 
that of the RIA.    
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Figure 4-1 Model 1 – Upgraded Network 

Addition of dual left turn 

signalised slip lane from 

Port Access Road 

 

Extension of cycle time 

to 150 seconds 

(Scenario 3d only) 

Northern approach to 

incorporate dual right 

turning lanes  

Eastern approach to 

incorporate two through 

movement lanes 

Signal phasing and 

timing (inc. cycle time) 

to be modified  

Tank Street intersection 

to match the proposed 

four laning along 

Glenlyon Road between 

Bramston and Derby 

Streets 
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The results for the upgraded network (Model 1) are provided in Table 4-5 below.  As 
can be seen in the results, the proposed network operates satisfactorily for all future 
years, ‘with’ and ‘without’ the proposed development. 

It should be noted that the traffic distribution changes after 2010 (Scenario 3d).  This 
is due to the presence of the road bridge, or the shifting of water transport access to 
the end of Alf O’Rourke Drive rather than Auckland Point.  Model testing has shown 
that the revised traffic volumes (post 2010) are able to be accommodated within the 
layout presented above with some minor signal phasing changes.  In addition to this, a 
cycle time of 150 seconds is no longer required and the Dawson Highway and Port 
Access Road intersections are able to operate satisfactorily with a cycle time ranging 
from 100 – 120 seconds. 
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Table 4-5 Model 1 Network Performance – Model Results (Upgraded Network) 

  Scenario 

  1 2 3d 4 5d 7d 12 13d 15d 16 17 19 

AM Peak 

Ave veh speed (km/hr)1   18  37 37 33 32 33 30 32 31 

VKT2   4660  3735 3490 3600 3935 3805 3630 3705 3870 

VHT3   260  100 95 110 120 115 120 115 125 

No. blocked vehicles4   0  0 0 0 0 0 0 0 0 

% veh blocked5   0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

PM Peak 

Ave veh speed (km/hr)1   17  32 36 35 31 34 33 32 32 

VKT2   5025  4300 3995 4115 4520 4390 4585 4600 4590 

VHT3   300  135 110 115 145 130 140 140 140 

No. blocked vehicles4   150  0 0 0 0 0 0 0 0 

% veh blocked5   4.66%  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

1 The average vehicle speed is taken as the mean speed for all vehicles within the simulated period and includes geometric delays and stopped time at intersections   
2 VKT = Vehicle Kilometres Travelled 
3 VHT = Vehicle Hours Travelled 
4 The number of blocked vehicles represents the number of vehicles which are queued outside of the model cordon at the end of the simulated period  
5 Represents the number of blocked vehicles as a proportion of the matrix total 

 

 

 

 

Legend 

Network performs adequately, no further modelling required 

Given the constraints of the site, operation is acceptable 

Serious network deficiencies, further investigation required 

Assessment has not been undertaken 
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4.2.2 Model 2 – Dawson Highway/Phillip Street Roundabout 

The ‘do nothing’ results presented in Section 4.1.2 indicated that upgrade works will 
be required for 2010 ‘with development’ conditions (i.e. Scenario 3d).  Based on the 
existing geometric constraints of the site, only one improvement may be 
accommodated, and this involves the inclusion of a left turn slip lane from Phillip 
Street into Dawson Highway (south), as shown in Figure 4-2.  The modelled 
configuration has been cross-checked against the requirements set out in the Road 
Planning and Design Manual – Part 14 Roundabouts (DMR, 2006) and preliminary 
investigations indicate that the slip lane can be accommodated.  However, the exact 
geometry and hence, suitability will need to be drawn and detailed by a qualified road 
designer using appropriate software tools such as AutoCAD.   

 

Figure 4-2 Model 2 – Upgraded Roundabout 

 The results (see Table 4-6) indicate that the upgraded roundabout is able to provide 
acceptable performance for Scenario 3d, 4 and 5d.  However, if Scenario 7d proceeds 
further upgrade to signalisation will be required by 2013.  Otherwise, the upgrade to 
signalisation will be required at 2018, regardless of whether the development proposal 
proceeds.  

Addition of left turn 
slip lane  
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Table 4-6 Model 2 Network Performance – Model Results (Upgraded Roundabout) 

  Scenario 

  1 2 3d 4 5d 7d 12 13d 15d 16 17 19 

AM Peak 

Ave veh speed (km/hr)1   15 29 17 10 14      

VKT2   3245 3225 3215 3220 3445      

VHT3   220 115 195 335 255      

No. blocked vehicles4   130 10 110 520 220      

% veh blocked5   3.18% 0.26% 2.75 11.52% 4.96%      

PM Peak 

Ave veh speed (km/hr)1   29 30 31 13 17      

VKT2   3885 3770 3930 4010 4155      

VHT3   135 125 125 310 245      

No. blocked vehicles4   30 10 10 420 200      

% veh blocked5   0.62% 0.21% 0.20% 7.69% 3.64%      

1 The average vehicle speed is taken as the mean speed for all vehicles within the simulated period and includes geometric delays and stopped time at intersections   
2 VKT = Vehicle Kilometres Travelled 
3 VHT = Vehicle Hours Travelled 
4 The number of blocked vehicles represents the number of vehicles which are queued outside of the model cordon at the end of the simulated period  
5 Represents the number of blocked vehicles as a proportion of the matrix total 

 

 

 

 

 

 

 

 

 

Legend 

Network performs adequately, no further modelling required 

Given the constraints of the site, operation is acceptable 

Serious network deficiencies, further investigation required 

Assessment has not been undertaken 
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The upgraded signalised arrangement is indicated in Figure 4-3. 

 

Figure 4-3 Model 2 – Upgrade to Signalisation 

The proposed configuration includes the following: 

Northern Approach 

 Three stand up lanes and a short left turn slip lane.  The stand up lanes are to consist 
of two dedicated through lanes and a dedicated right turn lane; and 

 Three exit lanes, which is an increase from the existing of two.  The kerbside lane is 
proposed to be a short downstream lane of approximately 100m. 

Eastern Approach 

 The left turn slip lane required as a result of Scenario 3d is retained as part of the 
signalised configuration; and 

 Similar to existing, Phillip Street will remain as two stand up approach and exit lanes. 
However, the approach is to accommodate a dual right turn lane, with the kerbside 
stand up to incorporate a shared through and right turn movement. 



Network Analysis   

Queensland Curtis LNG Project EIS - Microsimulation Assessment 
16 April 2009 (16/04/2009) 

Southern Approach 

 Due to the anticipated heavy northbound movement in the future year morning 
peaks, the southern approach requires four approach lanes consisting of three 
through lanes (kerbside lane to be a shared left and through) and one short right turn 
lane; and  

 The intersection located directly to the south also requires some minor adjustments 
so that the transition from the two lanes on Dawson Highway to the four lane flare 
is more gradual.  Instead of the dedicated left turn auxiliary lane which is currently 
provided for the park access, it is proposed that this become a shared left and 
through lane as indicated in Figure 4-3 above.        

Western Approach 

 The proposed configuration on the western approach will match the existing 
provision of two approach and two exit lanes. 

The results presented in Table 4-7 indicate that the signalised arrangement provides 
adequate capacity for all years, leading up to and including 2021 ‘with’ the proposed 
development (i.e. Scenario 19).  
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Table 4-7 Model 2 Network Performance – Model Results (Upgraded to Signalisation) 

  Scenario 

  1 2 3d 4 5d 7d 12 13d 15d 16 17 19 

AM Peak 

Ave veh speed (km/hr)1      26 37 36 26 34 34 32 

VKT2      3780 3740 3825 4025 4120 4125 4150 

VHT3      150 100 105 160 120 125 130 

No. blocked vehicles4      0 0 0 0 0 0 0 

% veh blocked5      0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

PM Peak 

Ave veh speed (km/hr)1      25 27 23 19 20 19 18 

VKT2      4240 4325 4370 4555 4680 4670 4645 

VHT3      170 160 200 250 230 245 265 

No. blocked vehicles4      10 20 30 80 20 40 100 

% veh blocked5      0.18% 0.36% 0.54% 1.35% 0.33% 0.66% 1.65% 

1 The average vehicle speed is taken as the mean speed for all vehicles within the simulated period and includes geometric delays and stopped time at intersections   
2 VKT = Vehicle Kilometres Travelled 
3 VHT = Vehicle Hours Travelled 
4 The number of blocked vehicles represents the number of vehicles which are queued outside of the model cordon at the end of the simulated period  
5 Represents the number of blocked vehicles as a proportion of the matrix total 

Legend 

Network performs adequately, no further modelling required 

Given the constraints of the site, operation is acceptable 

Serious network deficiencies, further investigation required 

Assessment has not been undertaken 
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5 Conclusions 

The microsimulation assessment for the proposed QCLNG project has been 
completed.  A number of scenarios were assessed and these included the base 
reference scenario (i.e. Construction Camp Option D) along with a complete set of 
reference years without the proposed development.   

The assessment was undertaken with due consideration of the findings of the RIA, 
Queensland Curtis LNG Project EIS Traffic and Transport Impact Assessment (Halcrow 
MWT, 2009) and has built upon the recommendations presented in that report.  
Based on the network analyses of the two modelled areas, a summary of remedial 
works are as follows: 

Works to be completed by 2010 – Scenario 3d 

 Port Access Road to incorporate a dual left turn signalised slip lane, along with an 
extension of signal cycle time to 150 seconds; 

 Dawson Highway/Glenlyon Road Intersection to incorporate minor lane 
reconfigurations on the northern and eastern approaches.  Signal cycle time also 
to be extended to 150 seconds;  

 Tank Street intersection to accommodate already proposed four laning of 
Glenlyon Road between Bramston and Derby Streets; and 

 Phillip Street roundabout to incorporate a left turn slip lane from the Phillip 
Street approach into the Dawson Highway (south). 

Works required post 2010 – Scenario 5d – 19 

 Cycle times and signal phasing to be optimised for Port Access Road, Dawson 
Highway/Glenlyon Road and Tank Street intersections to allow for the change in 
development generated traffic distribution;  

 If the proposed road bridge between Curtis Island and Gladstone does not 
proceed, the roundabout at Dawson Highway/Phillip Street will need to be 
upgraded to full signalisation by 2013; and   

 If the proposed road bridge between Curtis Island and Gladstone does proceed, 
the signalised roundabout is able to provide adequate service until 2018.  Upgrade 
to full signalisation will be required in this year, even without the presence of the 
proposed development. 

The results presented within this report and summarised above, represent a ‘worst 
case scenario’ and are not reflective of the refined assumptions discussed in Section 
3.3.2.   
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Appendix A. Base Coding – Signals & Int. Layout 
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Appendix B. Base Year Validation 
 



560 28 7771 86524 2849
L 12:2:13 45 44 50 54 37 57 48 8 0.497531
T 12:2:14 419 420 437 425 429 401 422 13 0.165765
L 13:2:14 25 25 27 21 33 31 27 5 0.468879
R 13:2:12 0 0 0 0 0 0 0 0 0
T 14:2:12 738 720 721 751 747 758 739 18 0.05151
R 14:2:13 97 98 111 106 93 97 101 7 0.402015
L 14:19:18 44 55 49 56 51 46 51 4 1.025849
T 14:1:20 390 385 411 385 395 375 390 14 0.003097
R 14:1:16 10 7 8 5 16 5 8 5 0.479331
L 18:1:20 6 5 5 3 5 8 5 2 0.338062
T 18:1:16 5 6 6 8 9 6 7 1 0.816497
R 18:1:14 54 68 79 68 65 76 71 6 2.212175
L 21:1:16 30 31 32 27 25 36 30 4 0.036454
T 21:1:14 774 743 745 783 765 771 761 17 0.447944
R 21:1:19 13 6 5 14 12 7 9 4 1.272143
L 16:1:14 8 6 8 6 10 8 8 2 0.003764
T 16:1:19 6 5 4 6 10 5 6 2 0
R 16:1:20 14 12 9 9 11 11 10 1 1.030677
L 20:3:26 27 27 24 16 24 22 23 4 0.854486
T 20:3:29 249 246 284 257 259 249 259 15 0.624546
R 20:3:23 134 126 115 126 127 125 124 5 0.919472
L 26:3:29 1 0 0 0 0 0 0 0 1.429889
T 26:3:23 91 72 79 94 90 92 85 9 0.594599
R 26:3:25 66 62 68 65 71 61 65 4 0.129187
L 29:23:4 29 32 33 18 27 26 27 6 0.339562
T 29:3:25 471 449 459 470 461 476 463 10 0.38292
R 29:3:26 14 13 10 18 16 17 15 3 0.210819
L 30:25:21 279 270 256 294 267 279 273 14 0.354172
T 30:3:26 263 260 283 241 254 231 254 20 0.555599
R 30:3:29 143 140 140 134 147 117 136 11 0.637077
L 40:39:33 117 125 126 105 111 109 115 10 0.210687
T 40:6:41 202 206 230 207 204 197 209 12 0.448556
R 40:6:38 50 43 54 62 54 57 54 7 0.505971
L 39:41:35 52 60 53 47 63 52 55 6 0.410152
T 39:6:38 104 99 86 115 100 104 101 10 0.316228
R 39:6:40 91 91 86 76 96 91 88 8 0.309474
L 41:6:38 41 38 47 47 40 38 42 5 0.15523
T 41:6:40 412 395 416 407 399 414 406 9 0.267859
R 41:6:39 79 76 87 74 85 81 81 6 0.179109
L 38:40:37 12 12 7 17 8 10 11 4 0.277828
T 38:6:39 247 261 243 248 235 249 247 9 0.012723
R 38:6:41 24 18 38 19 26 24 25 8 0.202031
L 9:8d:8a:10 16 10 18 14 16 12 14 3 0.516398
T 9:8d:8b:11 75 77 78 81 74 58 74 9 0.162418
R 9:8d:8c:26 24 24 18 26 13 16 19 5 0.97825
U 9:8d:8d:9 0 0 0 0 0 0 0 0 0
L 10:8a:8b:11 20 24 20 26 17 27 23 4 0.605273
T 10:8a:8c:26 65 61 56 63 68 55 61 5 0.555258
R 10:8a:8d:9 21 30 16 19 26 26 23 6 0.509372
U 10:8a:8a:10 0 0 0 0 0 0 0 0 0
L 11:8b:8c:26 69 53 79 71 77 84 73 12 0.473162
T 11:8b:8d:9 181 180 195 170 151 174 174 16 0.525411
R 11:8b:8a:10 39 43 40 48 29 34 39 7 0.032067
U 11:8b:8b:11 0 0 0 0 0 0 0 0 0
L 26:8c:8d:9 84 82 82 73 92 74 81 8 0.349519
T 26:8c:8a:10 106 100 120 96 95 100 102 10 0.404023
R 26:8c:8b:11 114 121 120 109 108 100 112 9 0.217029
U 26:8c:8c:26 0 0 0 0 0 0 0 0 0

TURN SUMMARY - AM

South

East

North

West

Location ID
Seed Values

CountMvmtApproach GEHAvg St Dev

North

G
le

n
ly

o
n

 
R

d
/W

ill
ia

m
 S

t
G

le
n

ly
o

n
 R

d
/R

a
ilw

a
y

 S
t/

P
o

rt
 

A
c

c
e

s
s

 R
d

South

West

South

East

North

North

G
le

n
ly

o
n

 R
d

/D
a

w
s

o
n

 
H

w
y

/B
ra

m
s

to
n

 S
t

G
le

n
ly

o
n

 R
d

/T
a

n
k

 S
t

East

West

South

East

North

West

G
o

o
n

d
o

o
n

 S
t/

B
ra

m
s

to
n

 S
t

South

East



TURN SUMMARY - PM 

560 28 7771 86524 2849
L 12:2:13 49 27 43 59 52 54 47 13 0.288675
T 12:2:14 891 908 915 868 848 870 882 29 0.30901
L 13:2:14 81 86 80 67 90 92 83 10 0.220863
R 13:2:12 0 0 0 0 0 0 0 0 0
T 14:2:12 501 497 490 487 483 492 490 5 0.503199
R 14:2:13 34 39 35 30 39 32 35 4 0.170251
L 14:19:18 50 43 48 40 39 35 41 5 1.269201
T 14:1:20 899 924 917 871 876 901 898 24 0.024852
R 14:1:16 24 26 31 23 25 29 27 3 0.572787
L 18:1:20 20 10 26 13 22 19 18 7 0.458831
T 18:1:16 5 6 4 6 4 8 6 2 0.260623
R 18:1:14 41 44 43 41 35 45 42 4 0.08056
L 21:1:16 43 37 38 38 48 35 39 5 0.592738
T 21:1:14 473 473 462 462 461 454 462 7 0.507471
R 21:1:19 17 16 18 6 8 18 13 6 0.977902
L 16:1:14 21 18 15 12 23 22 18 5 0.578842
T 16:1:19 14 10 15 16 5 7 11 5 0.969452
R 16:1:20 59 62 64 66 66 58 63 3 0.537315
L 20:3:26 59 51 60 59 57 51 56 4 0.409463
T 20:3:29 638 656 666 624 628 658 646 19 0.324391
R 20:3:23 281 285 276 252 270 265 270 12 0.667419
L 26:3:29 22 19 18 24 21 17 20 3 0.428078
T 26:3:23 225 240 223 213 183 220 216 21 0.624867
R 26:3:25 68 73 72 58 67 64 67 6 0.15716
L 29:23:4 40 26 39 43 53 35 39 10 0.127128
T 29:3:25 259 246 245 248 240 236 243 5 1.017541
R 29:3:26 18 18 15 22 15 18 18 3 0.094809
L 30:25:21 206 207 198 200 210 207 204 5 0.123079
T 30:3:26 191 193 208 172 175 174 184 16 0.484067
R 30:3:29 110 116 103 100 112 99 106 8 0.356437
L 40:39:33 104 96 112 101 120 122 110 11 0.575237
T 40:6:41 561 570 562 525 551 568 555 18 0.265356
R 40:6:38 75 69 83 80 72 56 72 11 0.389635
L 39:41:35 154 159 160 166 161 154 160 4 0.478852
T 39:6:38 167 164 150 165 191 156 165 16 0.139665
R 39:6:40 96 83 94 85 100 112 95 12 0.096846
L 41:6:38 46 55 43 44 46 50 48 5 0.233882
T 41:6:40 217 207 204 224 206 176 203 17 0.91013
R 41:6:39 19 15 20 15 15 20 17 3 0.471405
L 38:40:37 3 1 2 4 3 1 2 1 0.372747
T 38:6:39 106 105 94 105 135 98 107 16 0.135533
R 38:6:41 16 17 13 20 18 21 18 3 0.437854
L 9:8d:8a:10 16 12 17 11 13 17 14 3 0.516398
T 9:8d:8b:11 75 72 55 89 64 70 70 13 0.58722
R 9:8d:8c:26 46 46 46 38 39 34 41 5 0.754858
U 9:8d:8d:9 0 0 0 0 0 0 0 0 0
L 10:8a:8b:11 20 18 21 27 16 27 22 5 0.393731
T 10:8a:8c:26 131 125 119 108 110 122 117 7 1.251374
R 10:8a:8d:9 21 24 18 30 22 28 24 5 0.713618
U 10:8a:8a:10 0 0 0 0 0 0 0 0 0
L 11:8b:8c:26 139 138 128 133 105 123 125 13 1.152625
T 11:8b:8d:9 181 191 191 177 195 178 186 8 0.398418
R 11:8b:8a:10 39 42 43 47 40 44 43 3 0.655131
U 11:8b:8b:11 0 0 0 0 0 0 0 0 0
L 26:8c:8d:9 74 69 85 70 62 62 70 9 0.48551
T 26:8c:8a:10 94 107 112 83 100 87 98 13 0.383549
R 26:8c:8b:11 100 90 89 91 84 97 90 5 1.002354
U 26:8c:8c:26 0 0 0 0 0 0 0 0 0
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TURN SUMMARY - AM 

560 28 7771 86524 2849
L 3c:3ba:3bb:3 200 189 185 197 195 194 192 5 0.559431
T 3c:3ba:3bc:22 386 382 377 391 370 374 379 8 0.374833
R 3c:3ba:3bd:3f 52 54 57 49 50 61 54 5 0.296481
U 3c:3ba:3ba:3c 3 0 0 0 0 0 0 0 2.44949
L 3:3bb:3bc:22 384 412 388 406 412 398 403 10 0.967773
T 3:3bb:3bd:3f 83 88 72 86 91 87 85 7 0.196513
R 3:3bb:3ba:3c 210 225 222 218 200 203 214 11 0.281221
U 3:3bb:3bb:3 26 23 27 21 30 24 25 4 0.19803
L 22:3bc:3bd:3f 87 77 78 89 93 83 84 7 0.324443
T 22:3bc:3ba:3c 1,138 1132 1136 1115 1152 1143 1136 14 0.060434
R 22:3bc:3bb:3 491 482 489 491 475 486 485 6 0.271504
U 22:3bc:3bc:22 0 0 0 0 0 0 0 0 0
L 3f:3bd:3ba:3c 63 60 48 53 64 60 57 6 0.756069
T 3f:3bd:3bb:3 46 32 41 44 44 45 41 5 0.66411
R 3f:3bd:3bc:22 30 31 36 23 29 24 29 5 0.258639
U 3f:3bd:3bd:3f 0 0 0 0 0 0 0 0 0
L 10:8:7 25 23 18 24 27 29 24 4 0.161296
R 10:8:3 25 30 30 13 29 28 26 7 0.19803

East T 3:8:7 678 677 695 696 710 704 696 12 0.720735
L 3:8:10 44 49 47 57 34 44 46 8 0.327593
T 3:8:7 718 677 695 696 710 704 696 12 0.812237
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560 28 7771 86524 2849
L 3c:3ba:3bb:3 491 510 455 474 449 520 482 32 0.404778
T 3c:3ba:3bc:22 862 838 854 894 892 869 869 24 0.250413
R 3c:3ba:3bd:3f 103 109 99 104 125 107 109 10 0.519936
U 3c:3ba:3ba:3c 4 0 0 0 0 0 0 0 2.828427
L 3:3bb:3bc:22 594 619 605 626 642 568 612 28 0.733017
T 3:3bb:3bd:3f 115 110 120 125 121 101 115 10 0.037268
R 3:3bb:3ba:3c 153 152 153 141 154 142 148 6 0.390646
U 3:3bb:3bb:3 75 64 66 71 65 78 69 6 0.731185
L 22:3bc:3bd:3f 89 91 74 87 82 84 84 6 0.581284
T 22:3bc:3ba:3c 606 563 553 614 644 635 602 42 0.183721
R 22:3bc:3bb:3 269 292 297 277 260 268 279 16 0.573208
U 22:3bc:3bc:22 0 0 0 0 0 0 0 0 0
L 3f:3bd:3ba:3c 143 136 147 132 134 152 140 9 0.276029
T 3f:3bd:3bb:3 60 61 55 66 59 57 60 4 0.073035
R 3f:3bd:3bc:22 162 150 167 173 172 137 160 16 0.173438
U 3f:3bd:3bd:3f 0 0 0 0 0 0 0 0 0
L 10:8:7 135 161 142 142 149 158 150 9 1.289166
R 10:8:3 101 90 102 112 107 95 101 9 0.019891

East T 3:8:7 836 898 841 855 805 888 857 37 0.728626
L 3:8:10 34 26 30 32 27 34 30 3 0.743625
T 3:8:7 861 898 841 855 805 888 857 37 0.122816
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Appendix C. Paramics Video Files 

 




