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1. Introduction 
1.1 Background 

Initially RailSys computer models were developed to compare journey time estimates over 
different alignments as part of the route selection process.   

After a preferred route was chosen it was modelled as one continuous route using distance, 
gradient and speed restriction data provided by ARTC and other data generated during the 
alignment design process. 

Assumptions were made about the intermodal trains that will operate on the inland railway.  
Drawing on latest practices, a ‘reference train’ was specified, and used to inform both 
alignment design and the financial and economic modelling.  The reference train is described 
as a ‘superfreighter’ throughout the study. 

Using information gathered during the financial and economic modelling, a service 
specification was written.  The service specification detailed the quantum and type of traffic 
likely to travel on the inland railway, the desirable departure times of trains from the terminals 
and any other commercial and operating aspects that are relevant to the operation of the 
trains.  Important considerations included train priority, train capacity and the locations where 
stops were required for operational reasons. 

Undertaking a thorough financial and economic evaluation of the proposed Melbourne to 
Brisbane inland railway requires realistic estimates of a range of above and below rail 
operating costs.  Section 5 of this appendix contributes to the financial and economic 
analysis by providing the above rail train operating costs. 

1.2 Objective 
There are three objectives for this appendix: 

• To calculate the overall journey time, including operational delays 

• To quantify the number of crossing loops required to reliably operate the railway 

• To estimate the above rail operational costs. 

1.3 Outline 
RailSys is a complex computerised train modelling tool that is capable of simulating train 
journeys and modelling the interaction of trains in a timetable to measure the operational 
impact of various infrastructure decisions.  Section 2 describes the inputs to the model; the 
detailed characteristics of both the track and reference trains on the inland railway.  The 
service specification was used to ensure that the physical characteristics of the route and the 
trains, and the financial and economic modelling were both based on common and realistic 
assumptions about train demand and supply on the inland railway.  The service specification 
is described in section 2.4 of this appendix. 

The timetable exercise, explained in section 3, was undertaken to estimate journey times 
including operational stops and passing loop requirements.  Passing loop locations were 
estimated using simulated train runs in the RailSys model.  These runs identified locations at 
regular time intervals along the route that would: 

• Provide a realistic minimum number of passing loops for the timetabling of trains  
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• Identify the minimum number of passing loops for the purpose of costing the 
construction and operation of the inland railway. 

The method used to determine the minimum number of passing loops is also described. 

Preliminary timetables for intermodal freight operations were developed.  Two outline 
timetables for the intermodal traffic were considered in the analysis, namely: 

• Two superfreighters each way each day, representing a possible timetable between 
Melbourne and Brisbane for Inland Rail demand of around 2 mtpa 

• Eight superfreighters each way each day between Melbourne and Brisbane, 
representing an intermodal freight demand of 8 mtpa (2050). 

Train operating costs on the inland railway were estimated to inform the financial and 
economic analysis.  Section 5 of the appendix discusses the method used to determine the 
train operating costs.   
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2. Background data 
2.1 The RailSys simulation model 

RailSys is a complex computerised train modelling tool, capable of simulating train journeys 
and modelling the interaction of trains in a timetable to measure the operational effect of 
various infrastructure decisions.  Inputs to the model include detailed characteristics about 
both the track and trains.  For the track the minimum inputs are: 

• The length 

• Gradient 

• Loop and junction layouts 

• Speed limits along the route 

• Signalling system. 

For the trains, input must include: 

• The power output of the locomotives 

• Rolling resistances 

• Mass of the train and locomotives 

• Maximum speed 

• Braking performance. 

The model produces detailed simulations of train runs over the track and is also capable of 
simulating the interaction between trains at junctions.  In this study, RailSys was used to: 

• Produce estimates of the journey times over the chosen alignment 

• Write the notional timetable that provided journey times inclusive of operational 
stops. 

Data used in the RailSys model of the final alignment came from a number of sources. 

Speed restrictions were sourced from ARTC published data for existing alignments, with 
restrictions over certain bridges assumed to have been eased when the inland railway 
commences operation.  For Melbourne to Cootamundra, the speed limits assumed by ARTC 
after completion of their north-south corridor upgrade program were used.  For new 
alignments it was assumed that a line speed of 115 km/h is achievable except where curves 
restrict speed, where standard values were used, based on the preliminary alignment 
design.  
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Table 2-1 Source data  

Type Source Date 

Inland Rail Alignment Study plans Project team 2009 
Queensland Standard and Dual Gauge 
Information Pack 

QR Network Access 
 

2006 

Updated Rail Infrastructure Corporation 
RailSys model 

RailCorp 2006 

Train Operating Conditions manual, 
updated via website 

ARTC 2008 

GPS track location survey data ARTC 2008 
Rolling stock performance Halcrow and Industry data 2008 

2.2 Chosen route characteristics 
The study assumed the following route characteristics, based on ARTC published strategies: 

• A single line railway can provide enough capacity (eight trains per day) for the 
long-term forecast of 8 mtpa of intermodal traffic between Melbourne and Brisbane 
in 2050.  Between Melbourne and Cootamundra, traffic flows predicted by ARTC on 
the existing coastal route are expected to drive the demand for double track, and this 
was assumed to be completed before Inland Rail starts operating 

• Track capacity of 21 tonne axle loads (tal) at 115 km/h, allowing coal trains of 25 tal 
to go at 80 km/h 

• A line speed of 115 km/h, except those sections of track remaining at Class 2, where 
a maximum speed limit of 80 km/h was assumed 

• A ruling gradient of 1 in 50.  There is an existing 6 km section of 1 in 50 at Heathcote 
Junction in Victoria which governs the Melbourne – Sydney corridor1 

• Double stack clearances.  In line with current trends on the east – west corridor and 
ARTC’s draft 2008 Network Wide Clearance Strategy, the inland railway is assumed 
to be able to carry double stack containers using well wagons. 

2.3 Chosen train characteristics 
The reference train has the following characteristics:  

• Three 3,220 kW AC drive locomotives hauling 73 wagons made up of a mixture of 
bogie container flat wagons and bogie container well wagons 

• The train is 1,800 m long, 40% double stacked, and capable of 115 km/h on (level) 
21 tonne axle load (21 tal) track 

• The train is assumed to be carrying 292 Twenty foot Equivalent Units (TEU) 
weighing 10 t per TEU, including the containers themselves 

• The payload including containers weighs 2920 t, creating a gross trailing load of 
4456 t 

• It is capable of meeting typical fast freight train timings over routes that incorporate 
gradients as steep as 1 in 40 over short distances.  

                                                      
1 Between Wagga Wagga and Junee there are short sections of 1 in 40, however it is conceivable that within the life of the inland 
railway these 1 in 40 grades could be eased leaving the existing 1 in 50 grades in Victoria as the adopted ruling grade. 
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Two other train types were modelled in order to provide an interaction of train types when 
preparing timetables for the superfreighter trains.  The trains were modelled because they 
have a different speed profile and priority compared with superfreighters. 

• The Sydney to Moree passenger train was represented by a Diesel Multiple Unit with 
a top speed of 140 km/h 

• Queensland coal trains are assumed to be similar to existing 72 wagon trains on the 
25 tal Hunter Valley system.  They are 1,300 m long with a capacity of 5,400 tonnes 
of coal, creating a trailing load of 7,200 tonnes.  These Hunter Valley coal trains are 
hauled by four 81 class locomotives, (or similar kW AC traction locomotives), and 
are assumed to be capable of 80 km/h both loaded and empty.  It was assumed that 
both standard and narrow gauge trains could have these characteristics.  

Other train types, such as grain and ore trains, were not modelled during this study.  It was 
assumed that the schedules for these trains are flexible and that superfreighter trains would 
have priority. 

2.4 Service specification 
A service specification is a method of ensuring that a train timetable provides the services 
that customers want.  This form of service provision, providing a ‘demand-led’ railway, 
contrasts with an ‘operationally-led’ one where service is provided according to whatever 
assets are available at a given time, or for a certain budget – called a ‘cost-led’ railway.  In 
the Inland Rail Alignment Study, the service specification was used to integrate aspects of 
the demand study, the design of the alignment and an analysis of operational issues.  

A service specification should be sufficiently detailed to identify the assets and services 
required for a given timetable.  However it should also be broad enough to provide 
operational flexibility in the delivery of those services whilst still satisfying demand with the 
minimum asset requirements.  

A service specification must include:  

• The origin, destination and volume of traffic expected to use the line 

• The number, type and capacity of trains that are to be used 

• The desirable departure times, speed and frequency of those trains 

• Any relevant commercial and operating assumptions 

• Operational constraints applicable to the trains and routes. 

2.4.1 Number of trains 
The economic analysis estimated annual tonnages for use in the service specification.  
Because northbound freight flows are higher than southbound, northbound figures were 
used to ensure that sufficient capacity was provided on Inland Rail trains.  The annual 
tonnage estimates were expressed in terms of numbers of trains per day by dividing the 
annual tonnage by the load, and by assuming that trains can run 350 days per year.  

This resulted in the need for two reference trains (superfreighters) per day in each direction 
around 2020.  In the longer term forecasts, estimated to be around 2050, the number would 
rise to eight superfreighters per day in each direction. 
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Eight coal trains were timetabled in each direction between Oakey and Acacia Ridge, 
avoiding a Brisbane passenger peak curfew that is assumed to ban freight trains between 
Acacia Ridge and the Port of Brisbane during the periods 06.30 to 09.30, and 16.00 to 19.00. 

In Queensland, it is assumed that the line between Oakey and Acacia Ridge is dual gauge, 
allowing Queensland intrastate traffic to be carried in narrow gauge trains.  

It is assumed that superfreighters generally have priority over all other trains, including coal 
trains. 

No adjustments were made for cancellations, light loading, traffic peaks, planned or 
unplanned maintenance works. 

2.4.2 Preferred journey times 
The demand analysis found that for intermodal traffic between Melbourne and Brisbane 
there is a strong preference for trains to depart in the evenings, and to arrive before 06.00 in 
the morning.  In this study, this is assumed to be two days later. 

An analysis of recorded truck departure times showed it is possible to identify customers’ 
departure time preferences, unconstrained by rail capacity issues.  The analysis found that 
typically most traffic wants to depart during factory opening hours.  However there is also a 
peak around 17.00 -19.00 when factories want to dispatch at, or just after, the end of shifts. 

For estimating desirable train departure times, a two to three hour pick-up and delivery time 
was added, since trucks can depart with goods direct from the factory but trains must depart 
from terminals to which the product must be delivered. 

For the purpose of timetabling trains, the following customer driven departure times from 
both Melbourne and Brisbane were assumed: 

Table 2-2 Train departure times 

Priority Departure time 

1 22.00 

2 16.00 

3 Noon 

Lower priority 08.00, 14.00, 18.00, 20.00, Midnight 

This scenario has 08.00 as the only train departure between midnight and noon.  This choice 
of times assumes that the afternoon and evening period is so popular for departures that this 
outweighs any demand for services to be spread evenly throughout a 24 hour period.  

Eight trains per day can carry the demand identified in the economic analysis until 2050.  It 
would therefore seem reasonable that providing infrastructure for superfreighters to run at 
two hourly headways is a minimum requirement.  This could provide for up to 12 trains per 
day. 

After determining an indicative timetable and loop locations for eight trains per day, train 
paths and passing loops could be removed to plan for the lower traffic levels in earlier years 
of Inland Rail.  The approach would mean the loop spacing in early years would be 
appropriate for ‘infilling’ in later years. 

 



   ARTC 

Melbourne – Brisbane Inland Rail Alignment Study – Final Report 7 
Appendix G – Train Operaions   

3. Timetable exercise 
Certain procedures must be followed when writing a timetable to ensure that train 
movements are planned realistically, and that a consistent approach is taken in relation to 
allowances and operational needs. 

3.1 Timing allowances 
A 5% performance allowance was added to all the technically possible minimum run times 
generated by RailSys.  This allowance covers variability in such things as driving style, 
rollingstock maintenance and typical weather variations.  Other timetable rules and 
allowances were applied as follows: 

Table 3-1 Timetable rule and allowances 

Rule Allowance 

Departure time Can be flexed 30 minutes either side of customer driven times 
listed in service specification. 

Time between arrivals 
at loops 

Minimum of 5 minutes between the arrival of trains at loops. 

Time between 
departures from loops 

Target of 5 minutes between departures, which can be reduced 
to a minimum of 3 minutes if desired for ease of timetabling. 

Crew changes Minimum stop of 10 minutes near Parkes and 10 minutes near 
Narrabri. 

The allowances described above are based on current practices.  This creates a standard 
crossing time of 10 minutes (with a minimum crossing time of 7 minutes) for every stopped 
train.  Although developed for signalling systems slower than the proposed ATMS, this 
crossing time has been retained for this timetabling exercise.  

ARTC does not routinely allocate recovery time in its schedules and no recovery time has 
been allocated in this exercise.  The proposed ATMS transmission-based signalling system 
will speed up average passing loop crossing times compared with older signalling systems in 
use today.  The 10 minute loop time may be considered a partial substitute for a recovery 
time allowance. 

3.2 Results – 2 train timetable 
The two train timetable, representing possible superfreighter services in the early years of 
operation of the inland railway, was based on a route that differs from the final inland rail 
alignment in three places: 

• The existing route between Illabo and Stockinbingal via Cootamundra is used 

• The existing Class 2 track between Parkes (Goobang Junction) and Narromine is 
used, at an assumed line speed of 80 km/h 

• The existing Class 2 track between Narrabri and Moree is used, at an assumed line 
speed of 80 km/h. 
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Table 3-2 Northbound services 2 train timetable 

Compulsory stops - 10 minutes for crew change near Parkes and near Narrabri 

Table 3-3 Southbound services 2 train timetable 

 

Compulsory stops - 10 minutes for crew change near Narrabri and near Parkes 
The average journey time, including assumed crew stops near Parkes and near Narrabri was 
20 hours 21 minutes. 

Running time on the same route can vary because gradients affect the time taken to brake 
and accelerate at different passing loop stops.  

Fast journey times, such as those shown above, are only possible where the superfreighters 
are given priority over every other train.  With only two superfreighters in each direction each 
day, it can be assumed that these trains could generally be given priority over other traffic, 
and that other traffic would not significantly slow the speed of superfreighters. 

Journey times below 22 hours could lead to lower crew costs than are currently possible on 
the coastal route.  The inland railway has the potential to enable Melbourne – Brisbane trains 
to be sufficiently fast for the use of only two crew shifts, although this requires the minimum 
of stops and possibly the use of dormitory cars to ensure the crew changeover takes place at 
the optimum location.  

If use of a dormitory car as well as in-line refuelling is assumed, such that the only stops 
would be to cross other superfreighter trains, average journey times as fast as 20 hours and 
11 minutes would be possible.  

3.2.1 Results – 8 train timetable  
The eight train timetable represented operation of the inland railway when intermodal 
Melbourne – Brisbane traffic had grown to around 8 mtpa.  It assumed all of the inland 
railway alignment had been constructed, including the greenfield section between Illabo and 
Stockinbingal and the Class 2 to Class 1 track upgrades.  A section of the train graph 
produced by RailSys during the timetable exercise is shown in the figure below and the 
journey time results are contained the following tables. 

 

                                                      
2 During the timetable writing process, a 45 minute stop for refueling and crew change at a dedicated facility near Parkes was 
assumed. However, all the results given here are for trains that do not need to stop for refueling. 35 minutes has been removed 
from the results to reflect that only 10 minutes for a crew change near Parkes is allowed for. 

Train 
Running Time 
hrs . mins 

Dwell Time2 
hrs . mins 

Journey Time 
hrs . mins 

Number 
of Stops 

16.00 19.48 0.20 20:09 2 
22.00 19.48 0.19 20:08 2 

Train 
Running Time 
hrs . mins 

Dwell Time2 
hrs . mins 

Journey Time 
hrs . mins 

Number 
of stops 

16.00 19.52 0.56 20.48 3 
22.00 19.55 0.30 20.25 3 
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Figure 3-1 Example  superfreighter train graph 

 

Table 3-4 Northbound services 8 train timetable 

Train 
Running Time 
hrs . mins 

Dwell Time3 
hrs . mins 

Journey Time 
Hrs . mins 

Number 
of Stops 

08.00 18.33 2.04 20.37 7 
Noon 18.31 1.40 20.11 6 
14.00 18.23 1.15 19.38 4 
16.00 18.32 3.00 21.32 6 
18.00 18.39 2.40 21.19 8 
20.00 18.41 3.14 21.55 9 
22.00 18.40 2.50 21.30 9 
Midnight 18.49 4.43 23.32 12 

Compulsory stops - 10 minutes for crew change near Parkes and near Narrabri 
 

 

                                                      
3 During the timetable writing process, a 45 minute stop for refueling and crew change at a dedicated facility near Parkes was 
assumed. However, all the results given here are for trains that do not need to stop for refueling. 35 minutes has been removed 
from the results to reflect that only 10 minutes for a crew change near Parkes is allowed for. 
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Table 3-5 Southbound services 8 train timetable 

Train 
Running Time 
hrs . mins 

Dwell Time3 
hrs . mins 

Journey Time 
hrs . mins 

Number 
of stops 

08.00 18.31 1.50 20.21 5 
Noon 18.25 1.19 19.44 3 
14.00 18.33 1.34 20.07 5 
16.00 18.31 1.22 19.53 5 
18.00 18.29 1.07 19.36 4 
20.00 18.23 0.40 19.03 4 

22.00 18.26 0.44 19.10 4 

Midnight 18.25 0.30 18.55 3 

Compulsory stops – 10 minutes for crew change near Narrabri and near Parkes 
The average journey time was 20 hours 26 minutes.  The fastest train achieved 18 hours 
55 minutes, and the slowest was 23 hours and 32 minutes. 

The average number of stops per train was 6, within a range of 3 to 12. 

Using the same timetable allowances as ARTC meant the minimum dwell time for a train 
stopped in a passing loop was 7 minutes.  

The average time spent stopped per train was 1 hours 55 minutes, an average of 20 minutes 
per stop per train. The average running time was 18 hours and 34 minutes. 

In the eight train scenario, nearly all trains make crossing manoeuvres near Parkes and 
Narrabri.  The two assumed 10 minute crew changes would therefore not affect journey 
times significantly.  In this timetable exercise, it was not realistic to assume further journey 
time gains can be made from the use of dormitory cars. 

Adding other traffic to the timetable will increase the number of stops and would increase the 
journey times.  However one of the major advantages of Inland Rail is that superfreighter 
traffic would have priority over almost all other traffic on the route, which would help to 
minimise the effect of the additional traffic on superfreighters.  

Single line section utilisation can be kept low by the construction of more frequent loops 
where there are other traffic flows.  The favourable terrain and low density of development 
should make this generally an easier task on the inland railway alignment than on the coastal 
route.   

Significantly, the scheduling of superfreighters would be unhindered by the constraints of the 
passenger services in and around Sydney.  For Melbourne – Brisbane traffic this allows a 
much closer matching of paths to demand than is currently possible via Sydney. 

As transit times are extended due to more or longer stops, three shifts using crew changes 
at Parkes and near Narrabri may be required.  The existing depots at these locations are 
likely to grow in importance as interstate and coal traffic grows.  This would make these 
locations desirable crew change-over points as there are increasing efficiencies of scale in 
rostering as depots grow in size. 

It has been assumed that no new train crew depots would be required for the operation of 
the inland railway. 
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4. Passing loops 
4.1 Assumptions  

The eight train timetabling exercise used the proposed alignment for the inland railway from 
Melbourne (South Dynon) to Brisbane (Acacia Ridge) via Junee, Illabo to Stockinbingal, 
Parkes, Narromine to Narrabri, Moree, North Star to Yelarbon and Inglewood to Kagaru.  

The timetabling exercise assumed that, as per ARTC published strategies, the following 
work has been carried out by the time the inland railway commences operations: 

• Double track is built between Melbourne and Junee, such that this section does not 
constrain superfreighter timetabling 

• Two 1,800 m long loops are built at Springdale and Wards Lane, between 
Stockinbingal and Parkes. 

It was also assumed that Greenbank loop, between Kagaru and Acacia Ridge, would be 
extended to 1,800 m. 

Additional passing loop locations between Parkes and Oakey were modelled.  Between 
Oakey and Kagaru there will be significant coal traffic, requiring much greater passing loop 
provision in this area. 

This exercise aimed to: 

• Provide a realistic minimum number of loops for the timetabling exercise 

• Identify the minimum number of loops for costing purposes. 

It is assumed that, in general, building loops as traffic develops is the most economic 
approach to providing capacity.  Extra loop capacity required to maintain reliability and 
flexibility can be provided as required.  

4.2 Methodology 
For every given timetable, the optimum location of passing loops will be different.  Thus 
simply placing loops wherever trains would cross in one particular timetable is not a realistic 
basis for determining the location of passing loops.  The location of passing loops was 
therefore decided before the timetable was written. 

Because the inland railway is primarily designed for superfreighter trains, loop spacing 
between Illabo and Oakey was determined using the characteristics of those trains.  
Between Oakey and Acacia Ridge coal traffic is expected to be significant, and here the 
different characteristics of coal trains were also taken into account.  

For superfreighters, the service specification suggests that a frequency of two hourly is 
required for trains travelling in the same direction.  Where trains travelling in opposite 
directions meet, the line must have a minimum loop spacing that allows trains in both 
directions to follow each other at two hourly intervals.  Allowances must be made for trains 
stopping, passing and starting at loops at either ends of sections.  Between Melbourne and 
Wirrinya (south of Parkes), the ARTC proposed double track and loop upgrades provide this 
capacity.  
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4.2.1 Parkes (Goobang Junction) to Oakey 
If typical ARTC timetable allowances are assumed, a minimum allowance of 7 minutes must 
be made for trains that stop at every crossing point.  It was decided that a section length 
representing the non-stop travelling distance covered by a superfreighter in about 
53 minutes would be the longest to ensure sufficient loop frequency.  

Between Melbourne and Wirrinya loop, south of Parkes, ARTC’s planned and proposed 
upgrades are expected to provide sufficient loop capacity for the inland railway. North of 
Wirrinya, locations were identified at 53 minute intervals from Wirrinya along the length of 
two RailSys model superfreighter runs, one northbound and one southbound.  This divided 
the route into potential sections.  Trains travelling in opposite directions over a section have 
different run times because of the different gradients encountered in each direction.  The 
midpoint between pairs of 53-minute length sections was used to identify loop locations, thus 
represented the average of the two possible sectional running times for each section.  

4.2.2 Oakey to Acacia Ridge 
In terms of infrastructure provision, the most significant traffic on the inland railway after that 
carried by superfreighters will be coal traffic from the proposed Darling Downs coal fields to 
Brisbane, both because of the volume of traffic and the difficulty of providing capacity over 
the Toowoomba Range. 

The minimum headway demand for the Oakey - Acacia Ridge section is driven by the 
combination of coal and intermodal traffic, but the proposed long tunnel on a steep gradient 
outside Gowrie may constrain headways.  This is because the tunnel would require forced 
ventilation to clear exhaust fumes, particularly after the passage of uphill (Melbourne bound) 
superfreighters.  The alignment study team has assumed this constrains uphill superfreighter 
trains to minimum 30 minute headways.  The service specification used in this study did not 
require frequencies greater than 2 hourly in each direction, and thus tunnel ventilation did not 
constrain the timetabling exercise.  

Assuming peak period restrictions in Brisbane, there are only 18 hours per day in which eight 
coal trains can be run in each direction on this section of the inland railway.  This would 
require a headway of 2 hours 15 minutes for a regular interval service. 

Where coal and superfreighter traffic are combined, it is likely that about an hourly frequency 
for trains travelling in the same direction would be the minimum requirement.  Taking traffic 
in both directions into account would require the section occupation of each train to be 
around 30 minutes. 

Using the same 7 minute minimum timing allowance for the superfreighter trains, loaded coal 
trains - the slowest trains - must achieve a start to stop sectional running time of 23 minutes 
to achieve a 30 minute section occupancy time. 

It should be noted that coal traffic may not run to an even interval service because coal 
deliveries to port may have peaks to meet shipping requirements.  This would require a loop 
spacing closer than every 23 minutes. 

This analysis does not include any other traffic running on the line.  Capacity would have to 
be provided for this, even if that traffic is of lower priority than the superfreighters and coal 
trains. 
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Coal trains are assumed to be limited to 80 km/h whilst superfreighters can travel at 
115 km/h.  This means that at least one loop would need to be between Grandchester and 
Greenbank loop to allow superfreighters to overtake coal trains.   

4.2.3 Loop location: Gowrie - Gatton 
The section between Gowrie and Gatton contains a long tunnel, several viaducts and 
gradients of up to 1 in 50 for 6.5 km.  Placing passing loops on this section would have a 
significant impact on infrastructure cost, train speeds and headways.  

There may be merit in planning and constructing of loops (or at least formations for them) 
ahead of traffic growth, in order to reduce the cost and difficulty of capacity expansion in the 
future. 

An initial assessment was made by placing eight coal train paths on the RailSys train graph 
of an interim superfreighter timetable and observing where the potential crosses took place.  
By moving the coal train paths it is possible to move the crossing locations to see how these 
interact with the paths of superfreighters and other coal trains as well as the assumed peak 
period bans in the Brisbane metropolitan area. 

To allow for superfreighters and coal trains meeting on the Gowrie – Helidon section, two 
passing loops would be required in addition to retention of the existing double track between 
Helidon and Laidley where the inland railway uses the existing formation. 

Whilst it is possible to timetable trains without a passing loop on the 13 km section of steep 
gradient between Gowrie and Gatton, this will constrain the paths of coal trains (modelling 
suggested the section transit time would be approximately 32 minutes).  Also, loops would 
still have to be very close to the top and bottom of the gradient.  A consequence of this is 
that trains starting from the bottom loop would immediately encounter the rising gradient. 

Assuming a loop at Gowrie, at the top of the gradient, a 20 minute uphill sectional running 
time on a steady 1 in 50 gradient would be achieved with a loop centred approximately 
12 km from Gowrie.  Modelling was used to simulate the effect of various combinations of 
gradients on the placing of a loop and the sectional run times.  This suggested a loop on the 
gradient, approximately 12 km from Gowrie, may be required and was included in the 
proposed route.  

Reducing the gradient at that loop is not of great benefit to sectional running times because 
other sections of the line would then have to be steeper to achieve the same height gain.  
The speed loss from the prolonged length at a steeper gradient extends sectional running 
times more than the speed loss of the train having to start from a loop on a gradient. 

4.3 Reliability and loop frequency 
This study was limited to consideration of the minimum number of loop locations necessary 
to accommodate the proposed superfreighter and coal traffic.  Single line railways are 
extremely sensitive to delays where trains meet at crossing loops, because delays are 
multiplied with each crossing manoeuvre that runs late.  In theory the maximum capacity per 
day of a single line railway could be defined as the number of minutes in a day minus the 
time required to enter and leave that section at each end, divided by the number of minutes 
that a single line section is occupied by a train.  In practice, a section in use 100% of the time 
would be extremely unreliable in operation because any delay to one train would affect all 
other trains using that section. 
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Typically, single line railways are considered to be operating close to maximum practical 
capacity if sections are occupied for more than 60 – 80% of the time that trains are running.  
If 50% occupation is a desirable target, sections would need to be short enough so that each 
one is occupied for only half the total time available when trains are running.  This study 
attempted to identify a minimum loop spacing, i.e. the maximum section length where all the 
trains can just be accommodated as desired by the service specification without unrealistic 
timetable delays.  This distance was then used to estimate a likely loop frequency that builds 
in some reliability.   

4.4 Results: provision of passing loops 
It has been assumed that passing loops can be added as traffic on the inland railway grows.  
Given the very long timeframes involved and the uncertainty about traffic flows decades into 
the future, the study did not attempt to calculate a maximum capacity for the inland railway, 
only to indicate minimum loop provision and resulting journey times for the demand 
scenarios identified during the economic analysis. 

The results below apply only to the eight train timetabling exercise, achieved with the 
assumed route and passing loop scenarios.  Many other scenarios are possible, and these 
results are only indicative of one outcome from many possibilities.  They confirm the 
minimum number of loops required to satisfy the demand indicated in the service 
specification.  

It was assumed that by the time operation of the inland railway commences, ARTC has 
constructed double track between Melbourne and Junee.  

Between Wirrinya and Oakey, notional passing loops at an average of 53 minutes apart for 
superfreighter trains were assumed.  All 9 of these notional new loops had to be used in the 
timetabling exercise. 

The average section length, calculated using the mid-point of model train runs in opposite 
directions, was 86.4 km.  

The longest sectional run time was over a slightly undulating alignment north of Moree, 
where gradients had little effect on trains in either direction, taking 57 minutes start to stop to 
cover the 90 km.  

Between Oakey and Kagaru, new loops were assumed at a maximum of 23 minutes apart 
for an uphill (westbound) coal train.  This required 5 new loops, as well as assuming that an 
existing 29.6 km section of narrow gauge double track between Helidon and Laidley (where 
the inland railway uses the current alignment) is rebuilt as dual gauge double track. 

The average section length was 17.8 km.  The longest section running time was up the steep 
gradient from Helidon, taking 27½ minutes start to stop to cover the 22.2 km.  

This loop frequency proved sufficient for the superfreighter and coal traffic in the timetable 
exercise.  Only 2 of the 16 trains waited for more than an hour for a cross, and none was 
overtaken or delayed by having to wait for the train in front to proceed.  However, this only 
proved the theoretical minimum number of loops necessary, not the practical minimum. 

During the busiest period (overnight 20:41 to 09:53, 791 minutes) the busiest section in the 
centre of the route (between new loops modelled near Narromine) was occupied by 
13 trains.  Subtracting the five minute allowance between trains entering or leaving the 
section for each of the 12 crossing moves gives a useable period of 731 minutes.  This 
section was occupied for 54 minutes by each train.  This is an utilisation of 96%, confirming 
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that this loop spacing is the minimum theoretically possible to cater for this traffic.  Complete 
utilisation of single lines would not allow a reliable service, particularly given the very long 
1,731 km trip length and typical freight train timekeeping.  

A target 50% occupation level would require this section to be occupied for only 
366 minutes.  For the same 13 trains separated by 5 minute allowances, this is an average 
of 28 minutes running time per train excluding allowances. 

This would be represented by sections that are, on average, half the length of those 
modelled in the notional timetable, and thus twice the number of loops of that modelled.  It 
can be assumed that another timetable could be written that uses all these loops equally as 
well as the timetable exercise undertaken, whilst providing the same or better level of 
service, with a maximum of only 50% section occupancy utilisation during the busiest 
periods of the timetable. 

Crossing moves took place along the whole of the single line section of the proposed route.  
Regular interval loop spacing is highly desirable to achieve reliability and to allow timetable 
flexibility, and so the above methodology was extended to cover all of the single track 
sections of the chosen route. 

It was therefore estimated that double the number of modelled loops, 32 between Parkes 
(Goobang Junction) and Brisbane (Acacia Ridge), combined with retention of a double track 
section between Helidon and Laidley, would provide superfreighter journey times as 
estimated in the timetable exercise and have flexibility for realistic service planning and 
recovery from delays.  The location of these loops is shown in the figure below. 
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Figure 4-1 Location of loops 

Because superfreighters can be given priority, it may not be necessary to increase their 
journey time when other traffic is introduced.  In practice, however, the reliability of all trains, 
including non-stop trains such as superfreighters, is influenced by the single line utilisation 
rate.  For this reason, other forms of traffic must be considered when deciding the location of 
passing loops so that all trains can be timetabled satisfactorily without increasing the single 
line utilisation rate above the target.   

Further study would reveal the detail of other traffic flows on the route for which additional 
passing loops would be required.  Availability of this information will ensure that the desired 
utilisation rate is maintained over the whole route. 
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5. Train operating costs 
The three major drivers of operating costs examined in this appendix are crew, rollingstock 
maintenance, and fuel.  These drivers are studied for the notional reference train operating 
over the chosen alignment. 

Crew costs and rollingstock maintenance costs have been extrapolated from past trends, 
and applied to likely operating scenarios for the inland railway.  Fuel costs are estimated 
specifically for the chosen inland railway alignment because fuel consumption is highly 
dependent on the alignment traversed by the train. 

The fuel consumption per train per trip was calculated for the reference train using 
RAMASES, a computer program designed for the task.  Fuel consumption was estimated 
using base data gathered during Halcrow’s work to bring the first 3,220 kW AC drive 
locomotives into service in Australia.  These locomotives are currently being used on long 
distance intermodal freight services.  

The operating costs are presented in the following units: 

• Train crew costs are in dollars per trip 

• Rollingstock maintenance costs are in dollars per trip 

• Fuel consumption for each route section is in litres per trip for a reference train 
travelling north. 

This study assumes the design and operation of the inland railway is principally driven by the 
operation of intermodal container trains running between Melbourne and Brisbane.  It is 
assumed that train operating and maintenance practices on the inland railway will be similar 
to current interstate intermodal operations. 

The following areas were excluded from the study of train operating costs: 

• Intermodal terminals, their locations and constraints 

• The potential benefits derived from improved operating practices 

• Rollingstock utilisation 

• Analysis of the existing coastal route 

• The capital or leasing costs of rollingstock 

• Track access charges. 

5.1 Train crew 
Train operators use a range of crewing practices.  Some operators have centralised depots 
from which staff are conveyed long distances by road to crew trains.  Some use a number of 
smaller rural depots, based on legacy locations.  Others employ staff on a very flexible basis, 
going directly from home to work.  These practices are likely to evolve over time, and thus 
costs can only be estimated at this stage.  Trains are assumed to have two members of crew 
on duty at all times. 
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5.1.1 Train crew depots 
Some trains on the east – west corridor operate with crews in dormitory cars.  If the journey 
time was just under 22 hours only two shifts of train crew would be required although this 
assumes that the train is prepared and shunted at either end of the trip by others, whose 
cost is not allocated to the inland railway.  The train crew changeover might have to take 
place at Narromine, or in the sparsely populated centre of the route, north of there.  
Dormitory cars could be used as a method of rostering only two crew shifts per trip without 
the need for specially built crew accommodation.  This would reduce the carrying capacity of 
each train by the length and weight of a dormitory car.  Dormitory cars are generally 
unpopular with crews.  Without a depot, all operators would be forced to use dormitory cars if 
they wished to achieve the cost saving available through the use of only two crews per trip.  
The Melbourne – Brisbane corridor is shorter and more densely populated than the east – 
west corridor.  Dormitory cars are not costed in this analysis. 

Existing freight train crew depots on the inland railway route are located at: Melbourne freight 
terminals, Junee, Cootamundra, Parkes, Narrabri, Toowoomba and Acacia Ridge.  

It is likely that Parkes would be used as a crew depot if one is required, because: 

• A 9 to 12 hour journey time to and from Melbourne would be possible 

• Most Inland Rail trains would call there 

• It is the junction with the east – west corridor. 

As traffic density rises and journey times are extended, another depot may be required 
further north.  The potential for coal traffic, generated south of Narrabri in the Gunnedah 
basin towards Werris Creek, suggests that train operators would find Narrabri a desirable 
location for a crew depot. 

The cost of setting up a new train crew depot is not included in this study. 

5.1.2 Train crew costs 
The cost estimate is based on typical existing operations, and uses the following rates: 

• An average rate for a driver, covering weekend premiums, is around $70 per hour 
per driver.  This rate includes supervision, depot management, ancillary and 
corporate overhead costs 

• Accommodation is paid for where drivers cannot finish their shifts at the depot where 
they are based, at around $100 per person per night 

• A meal allowance of $25 per person per meal is required three times per day.  The 
maximum train crew shift length is likely to be 12 hours. 

A conservative approach to train crew cost was taken.  A driver's roster will contain shifts of 
differing efficiency, depending on the length of trips and type of duty covered by each shift.  
With some part of every shift taken up with non-driving time such as travelling, preparation 
and break times there is a difference between driving time and paid hours.  Based upon 
experience of current operating practices, it has been assumed that only 50% of a driver’s 
typical annual hours are used for driving.  The average time required for driving each trip 
was therefore doubled to represent the proportion of actual annual cost of train crew 
allocated to operating Inland Rail trains.  A simplified assumption for cost purposes is as 
shown in the table below.  Of the three sets of crew used, it has been assumed that the pair 
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working from Parkes to Narrabri can return to their home depot without requiring overnight 
accommodation.  

Table 5-1 Crew costs 

Section Average hours Meals Accommodation 

Melbourne – Parkes 8.5 hours 3 1 night 

Parkes - Narrabri 4.5 hours 2 Nil 

Narrabri - Acacia 
Ridge 

8 hours 3 1 night 

Total 21 hours 8 2 nights 

    

For 50% utilisation 42 hours 8 2 nights 

For 2 person crew 84 hours 16 4 nights 

For a 20.5 hour journey time using three sets of crew, the cost is estimated to be $6,540 per 
trip.  Other costs, including hire cars, are not included.   

5.1.3 Summary of crew costs 
The average crew cost per trip would be influenced by journey time, the ability of the train 
operator to use that crew the following day on return journeys, the convenient location of 
depots and the ability to match crew availability with the train timetable. 

A typical crew cost is estimated for the inland railway that includes an allowance for these 
inefficiencies.  This cost estimate assumes that no new crew depot is built for the inland 
railway. 

The typical crew cost for a 20.5 hour journey time totals $6,540 per single trip. 

5.2 Rollingstock maintenance 

5.2.1 Locomotive maintenance 
Typical locomotive fleets operating across Australia are maintained in accordance with the 
manufacturer’s recommendations.  The major suppliers of freight locomotives use either a 
distance or time based frequency for determining programmed servicing.  

It should be noted that current major freight operators’ mainline locomotives are each 
travelling on average 260,000 km or more per year on the East – West corridor.  Although 
the distance over the inland railway would be less than that to Perth, utilisation may be 
higher if there are more trains per day than on the East – West corridor.  An annual use of 
250,000 km can be estimated. 
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Typical work undertaken on mainline locomotives operating across the ARTC mainline 
corridors is outlined in the table below: 

Table 5-2 Locomotive maintenance costs 

Description of maintenance task Cost 
($/km) 

Trip servicing / lubrication check 
Undertaken at the fuel point after each return trip 
Examination 
Recommended every 122 days or 3 per year - duration 1 day, employing 6 staff 
Repairs 
Undertaken during fuelling, servicing and examination 

0.70 
(per locomotive) 

Major bogie, traction motor and wheel replacement 
Undertaken every 0.8 million km or every 3 years 0.30 

Major overhauls 
Undertaken every 1.6 million km or every 6 years 0.50 

Total cost to maintain a mainline locomotive travelling 250,000 km per year 1.50 

Although costs for locomotive maintenance are estimated, the cost of providing and running 
the necessary workshops are not included as part of this study. 

5.2.2 Wagon maintenance 
Wagon fleets, as operated by major rail operators across Australia, are generally maintained 
on a distance based regime.  The wagons that are proposed for the reference train are 
container flats or well wagons.  These wagons are cheaper to maintain than hopper, tanker 
or louvre type vans that have bodies or door mechanisms.  

Container wagons are generally serviced at 250,000 km intervals, with major parts examined 
for condition and repaired or replaced if they are deemed not able to remain within 
serviceable limits to the next service.  Bogies and wheel sets are condition monitored and 
replaced as required and bearings are re-greased every 7 years.  

Accident damage, although less predictable than maintenance, can also be included in the 
cost per kilometre basis.  A refurbishment cost is included after 15 years.  As with 
locomotives, the capital cost of workshops is not included as part of this study.  

Wagons generally do not travel the same distances as locomotives per year due to longer 
turn round times while loading and unloading.  Hence the average wagon will operate 
between 125,000 and 150,000 km per year.  

As with locomotives, the capital cost of workshops is not included as part of this study.  
Maintenance costs for container type wagons operating in mainline operational services are 
estimated at $0.05 per km. 

5.2.3 Summary of rollingstock maintenance costs 
Locomotives can be assumed to run 250,000 km per year.  The total cost to maintain a 
mainline locomotive during its economic lifetime is estimated at $1.50 per km. 

Assuming a length of 1,731 km, a single trip on the inland railway should be allocated a total 
of $7,790 of the lifetime locomotive maintenance costs, for the three locomotives on the 
reference train. 
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Container carrying wagons can be assumed to run 125,000 km per year.  The total cost to 
maintain these wagons in mainline operational service during their economic lifetime is 
estimated at $0.05c per km. 

A single trip on the inland railway should be allocated a total of $6,318 of the lifetime wagon 
maintenance costs, for the 73 wagons on the reference train. 

5.3 Fuel 
The power and resistance characteristics of the reference train were estimated using data 
gathered from Australian and overseas industry.  Alignment distances, speed limits, 
gradients and the length and radius of curves were obtained from ARTC data and from the 
study alignment designs.   

The data was input to RAMASES, a computer program which simulates the running of a train 
over an alignment for power consumption modelling. 

From the power estimates produced by RAMASES, the amount of fuel required was 
estimated using fuel consumption figures derived from previous studies and engine supplier 
data for locomotives operating at various speeds and hauling trains over various grades and 
curves.  The fuel consumption figures are expressed in litres per trip and litres per gross 
tonne kilometres x 1000 (L/gtk). 

Many factors cause the fuel consumption of a given train to vary significantly.  Locomotive 
combination, load of the train, gradients, curves, driving style, wind resistance of the load 
and crosswinds are all significant, as is the number of times a freight train has to be stopped 
and accelerated back to line speed.  These factors can vary consumption figures by up to 
20%, so there is no exact figure for a given train on a given route.  A typical average was 
estimated. 

Details of the RAMASES simulation including stopping and starting the train 5 times along 
the inland railway route shows that the reference train consumes approximately 33,433 litres. 
This equates to 3.97 L/gtk – Refer to Figure 5-1 RAMASES and the Inland Corridor and 
Table 5-3 Fuel Consumption. 

 
Figure 5-1 RAMASES and the Inland Corridor 
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Table 5-3 Fuel Consumption 

Section from Section to Net energy  used 
(kWh) 

Fuel used during 
journey (Litres) 

South Dynon Freight Terminal  Albury 24,472.592 5,844 
Albury Parkes  31,880.689 7,607 

Parkes  Narrabri North  36,028.635 8,565 

Narrabri North  North Star  15,116.849 3,604 
North Star  Oakey  19,080.954 4,542 

Oakey  Acacia Ridge 13,705.904 3,270 
Total    33,433 

Fuel consumption for a typical northbound reference train (comprising 3 locomotives and 
4,456 trailing tonnes) was estimated to be around 33,433 litres, which represented 
approximately 3.97 L/gtk. For an average north and southbound trip, this is estimated as 
3.89 L/GTK reflecting that less tonnes are generally carried on a southbound train. 

5.4 Summary of train operating costs 
Train crew costs on opening of the inland railway are estimated to be $6,540 per single trip 
between Melbourne and Brisbane when journey time is around 20.5 hours. 

The share of rollingstock maintenance cost per trip for the reference train is estimated to be 
$14,108. 

Fuel consumption is 33,433 litres per trip, equalling 3.97 L/gtk. 

Table 5-4 Summary of train operating costs (February 2010 dollars) 

Operating costs Estimated cost per trip 
Crew cost $6,540 
Rollingstock maintenance cost: 

-locomotive 
-container 

 
$7,790 
$6,318 

Fuel $27,750 
Total $48,398 

Fuel price source: Austroads 2008, Sydney 2007 resource price for diesel, Table 2.4, p6 - resource price of $0.83/L 

 


