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Introduction

Bulk commodities such as wheat, coal or minerals usually have to be transported Song distances
from their point of production (farm or mine) to a port for export or to & processi..y plant,
Usually there are competing modal possibilities for the transportation of these commodities,
with modal choice being determined by minimisation of private costs. However, minimising
private costs does not necessarily provide the most acceptable solution from a social point of
view.

Efficiency of transportation has important implications for resource use and, in the case of
exports, for maintaining Australia’s competitiveness on intemational markets, Hence, reform of
transport is an important component in *e Federal Government’s overall approact: to economic
reform. The development of models and their application to problems constraining the efficient
transportation of goods provides policy-makers with an important tool to address issues
associated with reform.

The problem reported in this paper is that of transporting coal from the Hunter and Newcastle
Coalfields to the Port of Newcastle, and from the Southern Coalfield to Balmain and Port
Kembla. The investigation has two aims. The first is to develop a model to determine the least
cost method of transporting bulk commedities where some transport modes involve substantial
fixed costs. The second aim is to apply the model to select the least social cost method of
transporting export coal from the coalfields.

A mixed integer linear programming mods] was developed to detsrmine the least social cost
combination of transport modes. The method involves estimating the costs of competing road
and rail transport options over a selection of routes to determine the optimal modal configuration
in social cost terms, Account is taken of the fixed costs of transport infrastructure maintenance
required to keep railway lines open. Added to this are road and rail operating costs (which vary
with the tonnages of coal transported), the costs of reloading of coal between minesite and port
and the costs of road accidents. If data were available to value general environmental impacts
such as noise poliution, dust poliution and greenhouse gas emissions, then the model could be
extended to take these social costs into acconnt.
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Background

Federal and State Governments have in place a series of reform measures to iniprove the
efficiency of transportation. Thess measures are part of governments* aims o improve
efficiency of resource use through economic reform. However, this process of economic reform
places additional pressure on the transport sector as a service industry responzible for the
movement of freight and people across sectors,

Railway efficiency has national, as well as State implicaiions, All public railway systems are
operating in deficit, with the States using rail subsidies to sover the costs of urban and
passenger services and, to a lesser extent, the unprofitable reas among freight activities, Cost
recovery rates for non-urb.n rail at the national level in 1986-87 ranged £ v 24 per cent for
‘less than car load’ freight to 140 per cent for coal and minerals (Raiiway Industry Council
1950).

Restructuring of the rail industry is being pursued through Federal an.... fitate government
initiatives. The objective of such restructuring is to develop rocdium and long term strategies to
improve the competitiveness of rail.

The road freight industry is also under continuing review by Federal and State governments,
For example, the Federal Government is pursuing the issue of preater uniformity of regulations
across States. Recently, the Inter-State Commission (1990) revased a series of
recommendations for road cost recovery in a report on the road freight industry which, if
adepted, will affect the relative cost efficiency of road freight transport.

The coal industry plays an important rolz in the Australian economy, with coal accounting for
12.7 percent of Australia’s commodity export earnings in 1988-89. Given the economic
significance of coal, it is important to maintain its export share in an increasingly competitive
world market. Because the costs of handling and transporting export coal are prominent in the
supply chain, amounting 30 2o 45 per cent of the f.0.b. trimmed cost of delivery, itis
appropriate to examine the transport configurations which minimise land transport costs,

Expoit rather than domestic coal has been chosen for the analysis becaase it offers more scope
for modal transfer. Demestic coal is typically short-hauled by road or taken by conveyor from
minesite to consumer (such as a power station). The volumes of coal exportsd from New South
Wales are substantial, providing measurable externality effects arising from modal shifts,

The Hunter Region coal transportation network

The Hunter and Newcastle Coalficlds are served by the Port of Newcastle, the largest coal port
in New South Wales. A total of 16 export mines is under review, 12 in the Hunter Coalfield and
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four in the Newcastle Coaificld. Total coal deliveries from these mines to the Port of Newcastle
in 1988-89 are estimated to be 21.0 million tonnes. uotal exports from the Port of Newcastle in
1988-89 were actually %9.2 million tonnes, including the production from Ulan mine in the
Western Coalfield, from Gurnedah Coalfield, and from Wallarah mine to the south of
Newcastle whose output is transported by sea to Newcastle.

The main transport links for all Hunter Coalfield mines 1 to 12 and two Newcastle Coalfield
mines 13 and 14 are either the Newcastle-Werris Crezk main railway line or the New England
Highway. The railway line also carries export coal from Ulasi #nd from Gunnedah. Ulan and
Gunnedah rail movements are not directly considered because both are sufficiently distant from
port for rail to be clearly the optimal mode. However, the use of road transport from the nearby
mines has important implications for funding construction and maintenance of road
infrastructure. Coal-induced infrastructure demands and their funding are leading concems of
the Association of Coal Related Councils and the Hunter Regional Association of Councils.
Community concerns regarding the high incidence of heavy vehicles travelling through towns in
the Hunter Region have been identified by the Associations and by Jakeman and Simpson
(1987). Lower Funter councils have voiced specific concems abo-t the rates of road
deterioration arising from truck haulage of coal and the potentially adverse impacts this haulage
may have on tourism.

In this paper, a number of road and rail transport options have besn identified for each of the
Hunter and Newcastle Coalficlds’ export mines. These include road options which could be
regarded as unacceptable from the community viewpoint, but are assessed (below) to be sub-
optimal. The transport alternatives are shown schematically in Figure 1. Although reloading
costs at rail terminals may affect modal choice, these costs do not represent a high proportion of
total transport costs.

The currenz transport arrangements are shown in Figure 1 as option ‘a’ except for mines 1 and
2. These mines use both options ‘a’ and ‘b’ as the current arrangements, Thus, 1a, 1b, 2a, 2b
and 3a represent current transpost arrangements for mines 1, 2 and 3. Altemnative transport
options for the mines ere indicated as 2¢ and 3b. As may be seen, a rumber of collieries do not
have adjacent road-to-rail reloading facilities. Consequently, two inland coal loaders serve as
foczal points for a number of export mines.

The Mount Thorley Coal Loader (MTCL) is the largest rail loading terminal handling some 25
per cent of Newcactle's coal exports from four mines in the surrounding area, with capacity for
higher throughput. ‘The Liddell coal loader, at point C in Figure 1, while smaller than MTCL,
transfers to rail export coal from five mines. Conveyor belts or road are used to deliver coal to
rail Joading facilitics.
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‘The Southern Coalfieid transportation network

Transport options are considered for 11 export mines in the Southem Coalfiel. whi * accounted
for ©.7 - iiion tonnes of coal in 1988-89, Some 6.6 million tonnes wers loaded atPonKembla
Coal Loader, and 1.2 million tonnes at Balmain Coal Loader. The mmaining 1.4 million ton
‘was domestic coal, the majosity of which was transporte ‘ﬁ‘ommnwwmdlmodw!’m
Kembla steelworks, The steelworks had a total coal intake of 7 million tonnes, Including
Westem Coalfields deliveries, Port Kembla exported 8.8 million tonnes and Balmain 2 miltion
tonnes, in 1988-89.

The Southemn Coalfield operations centred on Port Kembla and Balmain differ considerably
from the Hunter Region in a number of ways. The topography in Southem Coaiﬁeld isnotas
favourable to road and rail transport and coal traing share a very heavily trafficked suburben and
interurban rail system. The schematic representation of the transport options is shown in is
Figure 2.

Road transport features prominently in the Southern Coalfield, with over 8.6 million tonnes
being carried predominantly by road in 1988-89. The Coal Resources Development Commitiee
(1989) reported in a study of the Southem Coslficld that the high volume of coal hanled through
commercial and residential areas gave rise to much criticism from residents and local councils.
The amenity of the commercial centres of Picton, Corrimal and Fairy Meadow and of residentis?
areas in the vicinity of the transport routes was adversely affected.

There are few direct links between mines and Port Kembla. Coal can be transported by rail
either via Moss Vale to Port Kembla Coal Loader, or on the metrepolitan lines to Balmain Coal
Loader. It is also possible to use the metropolitan lines, and interurban lines to transport coal to
Port Kembla. The proposed Maldon to Dombarton rail link is included as an option in the
analysis. A hypothetical loading site is included at Wilton on the Maldon-Dombarton railway.

Two further problems affect rail transportation from ths Southem Coalfield. They are limitations
on train capacity due to steep gradients on the existing lines. In addition, no coal trains are
permitted on Sydney metropolitan lines during commuter peak periods, namely 5.30AM -
9.30AM and 2.30PM - 6.30PM. For these reasons higher operating costs prevail for most rail
coal transportation in the Southern Coalfield, than in the Hunter Region.

Roads also have steeper grades and curves than are encountered in the Hunter Region, resulting
in higher operating costs for trucks. The Port Kembla Coal Loader is operated on & seven day a
week basis, but closes between 6pm and 7am. The resulting down time for coal trucks also
increases operating costs, while limited stockpile capacity at Port Kembla results in an uneven
demand for transport services.



Social versus private cosfs

Failure to develop freight services in resporse to a changing economic environment, or to
provide a regulatory framework which allows adjustments to occur will inevitably reduce
efficiency of resource use with subsequent costs to the economy. Transport, like any oth-t
sector of the economy, competes for resources within competitive cepital and labour marke.:
Inefficiency in one sector has important implications for the competitiveness of other sectors of
the economy, and for overall economic performance. ‘

In some cases, market failure may resultin society bearing part of the economic rosts cmmng a
divergence between the private and social costs associated with tha provision of transport
services. The inability of the road transport sector to achieve acceptable outcomes in the areas of
load fimits, design standards and safety provisions is one example of market failure which
contributes to such divergence, Similarly, externalities such as accidents, local air and noiss
pollution, and other environmental impacts, although generated by users of transport services,
are costs borne by society.

Another arca which illustrates divergence between private and social costs in freight transport
that of road damage. For the most part, road damage costs caused by freight vehicles and
coaches are borne by other road users. Failure of road charges to properly reflect costs to
private individuals means that, unless other correcting mechanisms are introduced, soms
misallocation of resources is likely to occur, resulting in a less efficient combination of transport
services to meet the freight task,

In the analysis undertaken here, private and social costs incumed by transport activities were
included where possible. For some variables such as quality of life, it was not possible to obtain
an estimate of the reduction in utility resulting from trucks or freight trains passing through
urban areas, However, the linear programming approach does provide scope for sensitivity
analysis to be conducted on the shadow prices relevant to such externalities, The purpose of
using a total cost objective function was to estimate the impact of transportation activities on
overall efficiency of resource use.

Research Method

The existing transport system was modelled using mixed integer linear programming, The
existing transport system included the routes and modes currently used to transport coal,
together with alternative routes and modes that could be used, without the construction of new
roads, railways (apart from the Maldon to Dombarton rail link), conveyor belts, slurry pipes or

coal loading facilities. The effect of constructing such new facilities can be included in the model
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mlauvely easily, but data collection and the calculation of the present value of costs andmum
: ated with these investment alternatives i isquite dcmandmg.
Mixed integer LP model

Mixed integer linear programming was chosen because of its ability to model the fixed cost of
the maintenance of rail lines. The linear programming model can be stated algebraically (sce
~ Les, Moore and Taylor (1985) for details) as ‘

[

¢ (or maximise)
Z =CyXy + CoXg buoit CX; + Cjyy Xy g h Xy (1)
subject to

851Xy + 8Ky Fuk B Hai Xy gk F Xy (S, =, 2) by
for i=12,..,m @

xx, xz, ey xj = 0 or 1 xj*l; xj*Zg o"e 3 Xn 20 (3)

The x’s in all the above equations represent the value of the various activities specified in the
model. The integer variables (represented by xy,Xy,..., X;) are, in this case, the segments of the
rail mainlines and branch lines. Each segment s either maintained at a given fixed cost and
therefore usable having a value of 1 in the linear programming solution, or itis not maintained
and is therefore unusable, and has a value of 0 in the solution. The maintenance of segments is
defined in such a way that if, for example, the segment from Singleton to Antiene junction is
maintained and therefore usable, all other segments from Antiene to Port Waratah must also be
maintained. In the model, the inclusion of an activity in the optimura solution provided for an
arbitrarily high volume of coal to be carried. This was reflected in the 8;; coefficients in the
model which were negative to provide transport capacity in the right hand side of the equation
system, the b coefficients in equations (2).

The fixed costs associated with the maintenance of mainki-e and branch line segments were
calculated using various assumptions detailed in Table 1 and amplified in the discussion of
results, The fixed costs are specified in the linear programming model as the ¢y, ..., G

coefficients in equation (1).

The free variables X;,, ... , X, represent the transport activities. The costs of these activities are
calculated by multiplying the variable cost by the distance of each of the transport methods used
for each segment of the trip. Provision was made for the use of different loaded and unloaded
varizble costs for cach transport method. Altematively, average variable costs may be used for



both the forward and return trip for each transport segment. ‘Where coal had to be msshipp;sd
fromroad to rail, a reloading cost was used in the cost calculations, The CiprronrCp
coefticients in equation (1) are the variable costs associated with each transport activity, Each
transport activity was specified in 1000 tonne units. Transport of coal was represented by a
seties of ones and minus ones in the 85,1, «» » 8y, CosHicients in the equations labelled (2).

The constraint relationships and the right hand side coefficients b ensured th. ¢ assumption
that the rail lines were maintained, if they were to be used, was enforced, The other significan
set of constraints in the model was that all coal produced had to be transposted to & port. Matrix
‘pictures’ of the completed models for the Hunter Valley and the Southern Coalfield are shown
in Figures 3 and 4.

The linear programming models were constructed in computer spreadsheets which allowed the
calculation of the fixed line maintenance costs and the variable transportation costs based on the
distances and costs outlined in Tables 1, 2, and 3, A FORTRAN programme was written to
read the spreadsheet file, and to translate it into standard MPS format. This approach provides
flexibility to allow additional activities to be incorporated into the model and for data to be
updated in an efficient manner. The linear programming models were solved using a mixed
integer version of MINOS (see Murtagh and Saunders 1987) on a Macintosh computer,

Data requirements

In this analysis, private costs included direct road and rail transport costs from mine to port and
transfers from conveyor or truck to rail. The analysis excluded costs which hold constant
regardless of the transport options examined. Hence, the analysis excluded the costs of coal
preparation and conveyors at the minesite, and the costs which follow the discharge of coal at
the port, namely stacking, blending and reclaiming.

Social costs included costs of road damage arising from coal trucks and costs of fatal accidents
and injury involving the trucks, These costs were ascribed a monetary value in this analysis,

For costing purposes railways were classified as mainline and branch line, Mainlines referred to
are the Werris Creek and Gosford lines in the Hunter region. The Southem Coalfields mainline
railways were the Sydney to Moss Vale line, Moss Vale to Wollongong line, the Iliawarra line
and the proposed Maldon to Dombarton railway. Branch lines included all rail loops and rail
sidings. Apart from a very small kilometrage, all branch lines are privately owned and operated.
In the absence of data on costs of private line operation, the same maintenance costs were
assumed as for mainlines,



For the purpose of road damage costing roads were classified into two categories, viz highways
and arterials, and local roads (Bureau of Transport and Communications Economics 1988a; D P
Luck, personal communication, 1989). The highway/arterial category included a majority of
roads assigned to coal movements in this exercise, Leading examples of this category were the
New England Highway from Muswellbrook to Newcastle and the Wilton and Mount Keira
Roads between Picton and Wollongong, However, highly-rafficked sections of other roads
were also included. The second category included all reraaining roads with low traffic volumes,
and were termed local, Treffic counts for arterials in the Hunter and I'awarra areas, selected for
coal transport options, were in excess of 2000 Average Annual Daily Traffic (AADT). Traffic
counts for locals were less than 1000 AADT, with no counts encountered between 1000 and
2000 AADT (Roads and Traffic Authority 1938, Department of Main Roads 1986),

Road damage costs were computed in terms of damage estimates per Equivalent Standard Axle
Load kilometre (ESALkm), All road transpostation was assumed to be carried out by six-axle
articulated trucks of 40 tonne Gross Vehicle Mass (GVM). It was assumed that there is no
backloadinyg of freight by these trucks, Estimated ESALS for loaded and empty 40 tonne GVM
trucks were 3.73 and 0.21 respectively, Computation of axle loads of loaded and empty trucks
and the resulting damage fectors was consistent with National Association of Australian State
Ro:d Authorities practice (National Association of Australian State Road Authorities 1976a;
1976b).

Road accident costs were derived from the rates of fatal accidents and injuries in terms of
vehicle-kilometres travelled by heavy vehicles and the average number of fatalitics per accident
(Federal Office of Road Safety, personal communication, 1990). These rates were then
converted into costs using estimates developed by the Bureau of Transport and Communications
Economics (1988b).

Noise and air pollution costs for trucks were estimated, based on rural and urban cost estimates
in Inter-State Commission (1990). However, these costs were not included in the model in the
absence of similar estimates for rail. The analysis did not zttempt to estimate the fuel and time
costs of congestion.

Data inputs to the model

Information on current transport arrangements, coal production, export and transported
tonnages was derived from a number of sources including the Joint Coal Board (1989a; 1989b;
personal communication, 1990), the Department of Primary Industries and Energy (1990; C
Erown, personal communication, 1990) and the New South Wales Department of Minerals and
Energy (1989),




Estimates of rail operating costs were based on Monash University, Centre of Policy Studies
investigations by Freebaim and T ace (1988), incorporating work by Easton (1988).
Supplementary information was uutained from the Industries Assistance Commission (1988;
1989), Booz.Allen and Hamilten (1989) consultants to State Rail and the BTCE submission to
the Royal Commission into Grein Storage, Handling and Transportation (Bureau of Transport
and Communications Economics, 1987), Estimates of road operating costs were sourced from
Bureau of Transport Economics (1984) and Luck and Martin (Bureau of Transport and
Communications Econciuics, 1988a). The read operating costs for the Southem Coalfield were
adjusted from the ‘level terrain’ truck operating costs for the Hunter Region by means of 2
World Bank mode] (Watanatada et al, 1987), which takes into account the cost impacts of road
gradients and curves.

The main inputs to the linear programming model were the total distances by railway and road
types between mine and port and the tonnages transported. For most mines, saleable coal
production figures for 1988-39 were used as a proxy for tonnes transported in that year. To
complete the data input specification the costs of the various transport and reloading activities
in Table 1 and 2. The cost data inputs to the mode] are iternised in Table 3, including the fixed
and variable costs of road transpost, variable costs of road transport, reloading costs and
externality costs.

Results

Initially, the analysis was to be based on three assumptions: rail transport incurs the total fixed

cost of maintenance, rail transport incurs part of that cost, and rail transport does not contribute
to maintenance cost.

The empirical results generated from the mixed integer linear programming models are presented
in Tables 4, 5 and 6. The tables show the optimum transport modes and the social marginal
costs of transporting an extra torne of coal from each mine by the optimal modes. The
calculations hold for one thousand tonnes of coal only, but they may be assumed to hold, in this
case, for tonnages up to the capacity of the rail lines, coal loaders, and similar equipment, The
optimal transport modes are derived under the assumption that coal transport is required to pay
the entire fixed cost of rail mainline maintenance, as well as the same cost for the ‘coal only’
branch lines, Tables 4 to 6 also show the social opportunity cost of transporting coal using any
sub-optimal mode.

The assumption that coal transport be required to pay all of the fixed costs of mainline
maintenance is obviously unrealistic. It was used as a *higher cost’ assumption. A more realistic




assumption is that coa! transport would pay a share of the fixed costs in propoition to the total
freight volume on the various mainline segments, and that passenger services would at-\pay a
“fair’ proportion of these fixed costs, In overstating the fixed costs of rail maintenance propesly
atibutable to coal transpost, the model underestimates the opportunity costs of non-optimal
road, or mixed road and rail transport modes. It proved difficult to collect data on the volume of
coal versus other commodities transported by rail, on some lines. Thus an alternctive
assumption that coal transport would not be required to pay any of the fixed costs of rail
mainline maintenance, but would be required to pay these costs on the branch lines, was run in
a modified model, The difficulties in allccating fixed costs points to the need to include all
transport tasks (eg wheat transport) in the model,

Hunter Valley

An interesting result from the analysis is the high social opportunity costs incurred by mines 1
and 2 using a road transport mode to haul coal to port (options RD1A and RD2A in Table 4).
For mine 1 they are about $14.70 per tonne, and over $11,20 per tonne for mine 2, The social
costs are probably higher than the private freight costs paid to transport coal from these mines,
Unfortunately, it was impossible to collect data on the actual freight costs paid by the various
mines, for the various transport modes, as this is regarded as commercially sensitive
information, The development of coal loading facilities at Liddell has resulted in mine 1 phasing
in rail transport at the expense of road over a three year period. Similarly, while the loop line to
Drayton has been completed only recently, it appears that mine 2 is cusrently using rail transport
through Liddell as part of a medium term goal to substitute rail for road transport of coal.

All of the other mines (with the exception of mine 5) were using transport modes that minimised
net social cost. These modes were mixed road and rail (RR), or rail only (RL). Mine 5 was
using a sub-optimal mixed road and rail mode with an opportunity cost of about $2.40 per
tonne. The optimal mode i, this mine would be to transport coal to the Mount Thorley Coal
Loader, for subsequent rail transport to the port.

The major result of the empirical study is quite clear, Rail transport is much cheaper than road as
a means of transporting export ccal in the Hunter Valley, in terms of net social cost, This result
is strengthened, given that the analysis used the unrealistic assumptior that coal transport using
the rail mode is required to pay all of the fixed cost of main rail line maintenance, The solution
to the modified model gave exactly the same transport mode choice as the original model, The
only difference was in the value of the objective function. This result also strengthens the model
results, as this solution was expected,




Southern Coalfield

The results for the Southern Cozifield are little different from those of the Hunter Valley (see
Tables 5 and 6). A mixture of road and rail transport is used, and most mines are transporting
coal by the least social cost method, or a method close to the optimum, An exception is the
transport of a relatively small tonnage of coal from mines 1, 2 and 3 through Moss Vale 1o Port
Kembla, The opportunity cost for this route is $14.20 per tonne,

It was assumed in the model that the proposed Maldon to Dombarton line was available for use.
The results indicated transport via that route was the cheapest for Mine 4,

The mines in the; Oakdale area provide interesting problems for analysis. The optimum transport
mode for them is by road and then rail to port at Balmain, If Balmain were closed for coal
export, then the optimum transport route for these mines woald be by road to Port Kembla,
This is a somewhat surprising result, given that the model indicates that the Maldon to
Dombarton line should be open to transport coal from Mine 4. The opportunity cost of uging -5
Maldon to Dombarton line, for coal from the Oakdale mines, would be $0.65 per tonne, with =+
operating cost of $0.0635 per tonne km assumed on that line, including a $0,02 per tonne .
replacement cost for the Maldon-Dombarton project. This replacement cost is computed o the
basis of additional domestic coal and Wesiem Coalfield export coal being carried on the M don
to Dombarton link. The Maldon to Dombarton line has potential to carry other traffics, includ'ng
grain and mineral products, An allocation of capital costs over the full range of traffics wouls;
lower the cost for the Oakdale area mines. More analysis needs to be conducted on the ques'{on
of the advisability of constructing the Maldon to Dombarton line, given the sensitivity of these
results. Such analysis of options for investment in wansport infrastructure would require the
extension of the current single period static model to a multiperiod model.

The social cost of closing the Balmain port can be estimated by comparing the objective function
values for models with and without coal loading permitted. The cost was estimated at $3.86
million per year. If, for example, the social costs of noise, dust and congestion at Balmain were
greater, then it would be reasonable to close the coal loader.

Lonclusions

The analysis of transportation problems usually involves a range of options that need to be
considered simultanecusly. In addition, given the structure of the transport industry and
possibilities for substitution and complementary relationships between transport modes, it is
necessary to analyse the interactions that occur in meeting a given transportation task. Finally,
given the divergence between private and social costs that arises in transportation activities, any




=12~

assessment of the performarce of sectors in the industry needs to evaluate the ¢ffects of their
conduct on overall efficiency of resowce use,

The issue of coal transportation from the Hunter aad the Southem Coalfields is characterised by
such problems. In attempting to determine the least cost combination of mooes to meet the
transportation task, a mixed integer linear programming model was developed. Its application to
the coal transportation issue illustrates the potential use of such « technigizs for examining
transportrtion problems.

The results generated by the analysis generally highlighted the comparative advantage of rail
relative to road in transporting bulk commodities. "This comparative advantage was based on a
model that incorporated social costs incurred in meeting the task. While some components of
social cost are difficult to quantify, the use of the approach does provide for some evaluation to
be made of the impact of such social costs on the combination of modes.

Finally, while a least cost combination may be determined in a static framework, such an
optimal solution does not mean that current activities are operating optimally, The technigue
does provide policy makers with a tool for determining current inefficiencies in the system and
options for investment in infrastructure to improve efficiency. Ideally, such an extension of the
current model would incorporate investment options within a dynamic framework.
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Table 1 Transport Task Data Inputs to Linear Programming Model

~- Hunter Vailey

Tonnes Rail (km) Road (km)
1988-89*  Transport

Mine 1° 500 1A - . 127
250 1B 101 6 22
Mine 2° 400 2A . - 118
250 28 101 6 10
2¢ 113 8 .
Mins 3° 225 3A 113 8 .
3B - . 1m
Mine 4 320 4A 101 6 .
4B - - 103
Mine 5¢ 760 SA 101 6 -
5B 75 11 28
5C - . 102
Mine & 3930 6A 101 6 R
6B 75 11 21
6C . - o8
Mine 7 1520 7A 75 11 17
78 - - 93
Mine 8 940 2A 15 1 13
8B . - 86
Min~ 9 1 980 9A 75 11 .
SB - . 16
Mine 10 3 060 10A 75 11 -
108 . - 74
Mine 11 830 11A 75 14 -
118 - - 70
Mine 12 360 12A 57 . -
12B . - 57
Mine 13 960 13A 27 3 4
13B - - 32
Mine 14 14B - - 54
1370 14A 34 32 -
Mirne 15 580 15A 17 - -
15B - - 18
Mine 16 750 16A 17 - .
16B - . 18

(a) Saleable coal production, rounded to nearest 10 000 tonnes,

(b) Options A’ plus 1B end 2B represent current transport arrangements,
{c) Saleable conl transporicd.

Source: BTCE estimates.

Highway/
arterial

e v, . DU as
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-
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Table 2 Transport Task Data Inputs to Linear Programming Model
— Southern Coalfield ' ‘

Tonnes Rail (lan) Road (km)
1988-89®  Transpost Highway/

Mine (°000) option Mainline Branchline  arterial
Mine 1 400 1A - - 54 32
20 1B 56 4 24 12
110 1cC 163 4 24 12
1D 81 4 24 12
1E 145 4 2 12
Mine 2 240 ZA - - 54 32
130 2B 56 4 24 12
€0 2C 163 4 24 12
2D 81 4 24 12
28 145 4 2% 12
Mine 3 360 3A - . 54 32
190 B 56 4 24 12
90 3C 163 4 24 12
3D 81 4 24 12
3E 145 4 24 12
Mine 4 130 4A 186 i - -
440 4B 122 1 - -
600 4C 97 1 - -
4D 168 1. - -
4E . - 66 -
Mine § 400 5A 40 4 - -
5B - - 43 2
5 54 - - -
Mine 6 800 GA 27 1 - -
200 63 . - 30 1
oC 74 1 - -
Mine 7 1120 1A - - 4 »
il 40 - 24 .
7C 143 - 24 -
m %0 - 24 -
Mine 8 1880 8A - - 1. 2
8B 15 2 - -
8C 79 2 - -
Mine 9 1010 9A - 12 - -
9B . - 10 -
9C 94 12 - -
Mine 10 650 10A - 10 - .
10B . - 10 -
16T 94 10 - -
Mine 11 190 11A - - 4 8
11B 20 - - 5
1c 114 - - ]

(a) Saleable coal production, rounded to nearest 10 000 tonnes.

Source: BTCE estimates.
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Table 3 Cost Data Inputs to the Linear ngmmmlng Models
Type Description Mainline Branchiine Highway Local

Operating (c/:onne km)*» 4,14 4,14
Operating (c/tonne km)* 6.62 6.62 - -
Operating (c/onine km)® 6.35 6.35 - -
Road® Damage (c/tonne km) - - 1.8 1.7
Accidents - (¢/veh km) - - 0.5 0.5
Operating (c/tonne km)® - - 833 833
Operating (¢/tonne km)® - - 914 914
Reloading  Conveyor or truck
to rail ($tonne) 1.00

(a) Excludes SRA’s rail infrastructure investment costs, estimated to be 2 to 3 ¢/export tonne
or les< *han 0.1c/tonne km,

(b) Hunter Region

(c) Southern Coalficld

(@ Propesed Maldon-Dombarton line. Includes amortisation of capital cost, but chieaper
operating costs than other Southern Coalfield ;lmcs If the capital costs were excluded, the
operating cost would be 4.35¢/tonne km,

(¢) Noise and air pollution costs for road, estimated to be 0.38c/tonne km, are not included in
the model.

Source: BTCE estimates.
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Table 4 Optimum transport modes — Hunter Valley

Mode (current ‘and quantity
Mine mode in falics) ("000 tonnes)

Mine 1 RDIA
RRI1EB
Mine 2 RD2A
RR2B
RR2C
Ming 3 RL3A
RD3B
Mine 4 RL4A
RD4B
Mine 5 RRSA
RR5B
RD5C
Mine 6 RRG6A
RR6B
Mine 7 RR7A
RDTB
Mine 8 RRS8A
Mine 9 RL2A
RDSB
Mine 10 RL1GA
RDI0B
Mine 11 RL1IA
RD11B
Mine 12 RR124
RD12B
Mine 13 RRI13A*
RDI3B
Mine 14 RLI4A*
RD14B
Mine 15 RR15A
RDI15B
Mine 16 RLIGA*
RDI16B

* indicates tha: this is an alternative optimum mode

v

§°§°§°§cogc§o$cga§c§c¢§c§cc§b§§¢c§c

Social marginal costs
cost of transporting

$13.53
$10.02
$8.86

$8.74
$9.86

$11.03
$11.80
$7.12
$7.12
$8.37
$12.82
$5.64
$10.51
$5.59
$4.07

$1474

$1121
$0.30
$1285

$1233
$239

$12,13

$5.27
$12.14

$14,22
$13.49
$9.39
$9.80
$10:32
$5.37
$0,00
m‘ m
$0.00
$1.00

$0,00
$0.00
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‘Table 5 Optimum transport modes — Southern Coslfield

PR
Mine mode in italtcs) {°000 tonnes)

Mine 1 RDIA
RRIB
RRIC
RRID
RRIE
Mine2 RD24
RR23
rR2C
RR2D
Mine 3 RD3A
RR3B
RR3C
RR3D
RR3E
Mine 4 RL4A
RL4B
RL4C
R1LAD
RD4E
Mine 5 RL5A
RDS5B
RLSC
Minc 6 RLGA
RD6B
Mine 7 RD7A
RR7B
RR7C
RR7D
Mine 8 RDS8A
RLSB*
RLSC
Mine 9 RL39A
RD9B
RDEC $14.03
Mine 10 RL10A® $0.00
RD10B 650 $2.11
RLIOC 0 $13,77
Mine 11 RDI1A 0 $0.06
RR11B 190 $4.92 $0.00
RR1IC 0 $17.36

* indicates that this is an altemnative optimum mode

3

Boocoole

P

$17.05

$17.05 :
$14.20
179
$15.84
§740
$4.06
$4.99
$3.15
$2.380

$2.87
$6.24

$2.51
$14.96
$16.94

$0.00
$9.42
§0.27

oooe:"o-cfgccob

g
=3
S

$8.92
$5.83

8ooBo

$3.7

et
ol
Beoeo

§8.85

$3.25

ot

o
2
S

$2.11

(—~2 -




Table 6 Optimum transport modes -~ Southern Coalfield (with no wal ?.oaded

at Balmain)
Socialmwglnalcom Opportunity cost
Optimal mode ‘cost of tran ofusinga
Mode (current end quantity byopﬁmalmode  sub-optimal modo
Minz mode in Ialics) (000 tonnes) 1 tonne of coal {($ per tonne)
Mine 1 RD1A 730 $19.50 ,
RRIC 0 $11.76
RRID 0 $0.65
Mine 2 RDZA 430 $19.50 o
RR2C 0 $11.76
RR2D 0 $0.65
RR2E 0 $9.35
Mine 3 RD3A 640 §19,50
RR3C 0 $11,76
RR3D 0 $0.65
RR3E 0 $9.35
Mine 4 KLAA 0 $15.86
RL4C 0 _ 57,40
RIAD 1170 $8.92
RD4E 0 $4.99
Mine 5 RLS5A 400 $5.83
RD5B 0 $3.75
Mine 6 RLGA 1000 2.7
RD6B 0 $2.87
Mine 7 RD7A 120 $8.85
RR7B 0 $11.36 $2.51
Mite 8 RD8A 1880 $3.25
RL8B* 0 $0.00
Mine 9 RL9A®* 0 $0.00
RDIB 1010 $2.11
Mine 10 RLIOA® 0 $0,00
RDI10B 650 $z11
Mine 11 RDIIA 0 $0.06
RRHIB 190 $4.92

* indicates that this is an altemative optimum mode
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Figure 1 Hunter and Newcastle Coalfields transport schematic




HUNTER COALFIELD
Mines

Muswaellbrook No. 2
Bayswater No, 2
Drayton

Liddeli

Howick

Hunter Valley No. 1
Lemington

Wambo

Warkworth No. 1
Mount Thorley
Saxonvale

Great Greta

Rail Terminals

XTI ZON

Drayton loop (adjacent to 3)
Liddell loop

Mount Thorley Coal Loader (MTCL)
Saxonvale loop (adjacent to 11)
Branxton siding

Thornton loop

Cessnock Coalfield

(South Maitland Railway P/L)

nmo>

NEWCASTLE COALFIELD
Mines

13 Bloomfield
14 Pelton/Ellalong
15 Woest Walisend
16 Teralba

all Termilnals
T Teralba

PORT RAIL TERMINALS

Kooragang Island loop
Port Waratah Coal Services loop

PLACE NAMES

Antlens
Ravensworth
Singleton

MTCL branch -
mainline junction
East Greta junction
(Maitland)

J  Thornton junction
B Newdell junction

Key to export mines, rail terminals and placenames
transport schematic (Figure 1)
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SOUTHERN COALFIELD

Mines PORT COAL LOADERS
1 Brimstone No. 1 Pert Kembla

2 Oakdale Balmain

3 Nattal

4  Tahmoor |

5 Metropolitan PLACE NAMES
6 Ceal Cliff

7 West Cliff L  Lidcombe
8 South Bulli T Temps

9 Kemira Ma Maldon
10  Nebo D Dombarton
11 Avon W Wilton

Mv Moss Vale

Rall Terminals

Glenles
Tahmoor
Metropolitan
Coal Cliff
Kemira
Nebo

Avon

FPZROZT-D

Key to export mines, rail ferminals and placenames
transport schematic (Figure 2)
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Figure 3 The linear programming model for the Hunter Region transportation network
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Figure 4 The linear programming model for the Southern Coalfield transportation network





