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Introduetion 

Bulk commodities such as wheat, coal or minera1susuallyhave.tobe .transpQrtedlo~g dist$\¢es 
from tbeirpoint·ofproductian(farm or mine) to a port -fQtexpot't(Jr'.to .proteSsL~p1ant. 

Usually tberearc competing modal possibilities for the tr!nSpOrtation oftbcsetoJ.1.'l'nOc1iuc$, 
with modalchoice being determined by minimisatiooofprlvate costs. :HOwevet.minimising 
private costs does not necessarily provide the mostacceptab1e solution. from. a ~alpolnt of 
view. 

Efficiency of transportation bas imr~'Ortant implications for resourte usc ··a.nd,in thecae of 

exports, for maintaining Australia's COmpeti~vCMSs onintcmatiOlUll markets. 'Hen<:e"n:fonnof 
transport is an importartt component in t".e Federal Govemment'soveniU'8pproaeb ioeconomic· 
reform The development of modelsa.,d their application to problems constraining the efficient 
transportation of goods provides policy .. makers with an important tool to acldressissues 
associated with .refonn. 

The problem reported in tbiJ paper is that of 1l1U'IJpU1ing coal.from the Huntcr and Newcast1c 
CoaIfie1dsto the Port of Newcastle, and tiomthe Southern -('.oa1fieldto Balma.inandPort 
Kembla. The investigation bas two abm. ThefU'St is to develop a model to de&et1nine the least 
cost method of transporting bulk commodities where somettanspoft modcsinvolvesubstantial 
'fixed costs. The second a.im is to apply the lllOdelto select the leut $OCialcostmethod of 

transporting export coal fromtbc coalfields. 

A mixed integer linear programming model wllSdevdoped todct...-rmine the leastsoclalcost 
combination of transport modes. The method involves estimating the COlts of oompetitlg road 
and rail transport options over a selection of routes to de:crmine the optimal modal configuration 
insoclal cost tennS~ Account is taken of tb~ fixed costs of transport infrastructure maintenance 
rcquiredto keep railway lines open. Added to this are road and rail operating costs (which vary 
withtbe tonnages of coal transported), the costs of reloading of coal between minesitcand port 

and the costs of road accidents. Ifdata were available to value general environmental impacts 
such -as noise pollution, dustpoUution and greenhouse gag emissions.tbenthe model could be 

extended to take these social costs into account. 



'Background 

Feder~u and State Govemment$ have in placo a. 'series .oftefO!lll~'iO~.tbc 
efficiency of transportation. Tbesemeasuresare pm:tofgo~ts·aims·'lo .i~~ 
efflCiencyof.Iesouree use through economicrefornt However,dlispl'()CC$$Q(~~rQtm 
places additional ptssureon .the ttanspQrt·sectof 1$ • servif;t. indlIstJ.y ,~$pOI'Wb1cfot abo 
movement of freight and people 8ClO.SS .sectors, 

Railway efficiency has national, as well ps State'ilnPUt;alk)ns. Allpqb& ~...uw.ysystenus_ 
operating in deficit, with the States using rail subsidies to t:OVetthe COlt$.of urban and 
passenger services and, to a lesser extent, theunprofitabl¢:'1U'CU attkmSfreigbt itCtivities.Co$t 
recovery rates for non .. urb.mrail.atthc nationa11evelln 198~87Bnged r :~rt24~(;Cnt fot 
'less than car load' freight to 140 per cent fer coalandminerals(RailwayIndultry Council 
1990). 

Restructuring of thendl industry is being pursued through f'ede.ral ah ... f~tatcgovemment 
initiatives. The objective of such restrutturing ista develop Jncdium and lon& tcnn strategies to 
improve tbe competitiveness of rail. 

The road might industry is also under continuing review by Federal and Stategovermnents. 
For example, the Federal Government is pursuiogtheissue of Tf.iPteruniiormity ofJegulations 
across States. Recently, the Inter-State Commission (1990) re~ a serlesof 
reoommendations for road cost recovery in I report on the road freipt industry which, if 
adcpted, will affect the relative cost efficiency of road freight transport. 

The coal industry plays an important role in the Australian economy, with coal accounting f<r 
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 ex)Xlft coal are prominent in the 
supply chain, anlOunting 3000 4S per cent of the f~o.b. trimmed cost of delivery f it is 
appropriate to examine the transpOrt configurations which minimise land transport. costs. 

Export rather than domestic coal has been chosen for the analysisbectlUSe it offers more .scope 
for modal transfer. Domestic coal is typically short-hauled by road or taken by conveyor from 
minesite to consumer (sucbu Q power station). 1be volu.mcs of coat export:xl from New South 
Wales are substantial, providing measurable exterr.ality effects arising from modal shifts. 

The Hunter Region coal transportation network 

The Hunter and Newcastle Coalfields a.re served by the Port of Newcastle, the largest coal pan 

in New South Wales. A total of 16 export mines is under review, 12 in the Hunter Coalfield and 
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fourintbe Newcastle Coalfield. Total coal deliveries·fromtheso :ntinc:s!Otbc RQrt ofNew~t1e 
in 1988~89 :irt estinlated to ·be21.0 millioIltonnes.Pli.~~exportSfrom.the·PQrt of NewcastJein 
1988 .. 89 wemactuaUy 19.2 million tonnes, .including;~ ~on.frmn.VJan. JIlinein.~ 
Westem Coalfield, ftomGlJCJledah Coalfield, and fn:mtW8l1arah .nUne.·.U) .tbosouthof 
Newcastle whose output is transpOrted.by seatpNewcasde. 

The mainttansport Unks for all Hunter·Coalfleldmmes 1 to 12 and.two Newcas~Coa1field 
mines 13 and 14 are either the Newcastle-Werris 'Creckmainrailway line ex dtc Ncw:EnaIand 
Highway. lberailway lineal$O callies ClCpoIt coal{tl)nltJhaXi,;;ndfIOtnG~UIanli1d 

Ounnedahrailmovementsa:re ootdirecl1y~ because bQth .. ~ sufficientlydistantfrosn 
port for rail to be clearly the oplimalmode .. However,the u.seof"medttansportfromtbenearby 
mines bas importantimplicanons farfundingconsttuctionand11Wn~.ofrQad" 
infrasu:uc~~ Coal·induced infragtructuredemands and their funding am,1eading.conccms.Of 
the Association of Coal Related Councils andtbeHunter RegionalAs$OClatioobfComlcil$. 
Community concems regarding thehighincidencc of heavy vehic1esu:avdlin,t.hroIJgh~tSin 
the Hunter Regionha\t-ebeen ,identifiedbythcAJsoclations ·tmdi:)y lakeman and Simpson 
(1987). Lower HuntercouncU!i have voicedspecificconcemsaboi'l the ratesof'road 
deterioration $risingfiom truck haulage olcoa! anddte potentiaUyadversc impsctldtishaulage 
may baveon tourism. 

IndUs paper, a number of road andnilltransport options have ~·iaentified foreaehoftbe. 
Hunter and Newcastle Coalfields' export mines. TheJe'inctuderondopdons whicb(;Ouldbe 
iegardedas un~ptable from the community viewpoinr,but are assessed (below) to be sub
optimal. Thetmnsport alternatives ~sbown schematicallyinFigwe 1.Aldlougb reloading 
costs at rail terminals may affect modal cboice.tbcsecosts donotJ'Cpresent .hiShproponion of 
totaltmnsport costs. 

The CUllen, tnmsportammgemcnts are shown in Figtln' 1 • option 'a' ,except for nUDes 1 and 
2. These mines use both options 'a'and 'b' .asthe C\lttent a.mngcmelltlJ~ Tbus,la. lb, 211. 2b 
and 3arepresent cl1l'mnttransport ammgementsfor mines 1.2 and 3 .. Alternative transport 

options fm-the mines arc indicated as 2c and 3& .. As may be seen, a fi1Jmberof·coDieries do not 

have adjacent road .. to--rail reloading facilities. Consequently, two jDlan4coall~ $erVcu 
focrupoints fora numberofelCport mines. 

TheMannt Thor1eyCoal Lordet (MTQ.,) utile larscstrai1loading tenninalbandlingsomc2S 
percent of New cas tIc's coalexport$ 'from four mincsin the s~lat~ witbcapacit)'for 
highertbroughput 'Ibe Liddell coallooder.atpointCin Figure 1, whUclllUtll«dum :MTC.L, 
tranSfers to rail export coal from five mines. Cooveyor belts or road are used to deliver coal to 

rail loading facilities. 



Tbe$(;uther.n CQ2ln~idt"'ll$portlati~Qnetwork 

rt$l$pOrtoptionsarccon~fotll.eXpDrt·mtnesin:i~·Sauthem··~.w~ ·t)1CC0Jtn~ 

forr.: ::..!!dontQnltCS of ~in, .1988~89fS0Q1C6~6.~.·.~. ~ '~,atPort ~bla 
Coal~JAnd' 1~2,milUon~.·.Ba,trnain·.eo.tJ..oadcr.1be~.'1.4,~ton~, 
'WlI dbme.Uc·coai. ,tbeJDajarityofwldchw ... ~.tromDliQe.9,an.4 .lOto..~·.Jbt 
JtemhJa .steelworb~ 1.be:lteelworksWa~'«:el in.fi1miUion,tonne*. :Jntluc1h", 
Welte-ill Coalr1eld$deliYeries,Port~bJa.e~;8.8,tQiUiQo toMeI· '~'14'B~,2'QlUUon 
tonnes, ln1988-89. 

The SouthernCoa1fieldoperati~ cen~ onPOlt 'KCtnblaandB~4iffet~ly 
fromtbe Hunter R.egioninanUOlber.of ,wa)'s~ TbelOpOgnqmyjn.SQutbetnCoalfieldis:not.
favourablctoroadand·nUltranSPQl14Dd.(;()ttl.~ .~. ~beavily tmfficked,ubmban.and 
interurbanmU system. Tlteschemat.icreprenntation of~ttIJlJPQn options is,shQwn ·in···· ... 

Figure 2. 

Road ,ttmlsportfeatures prominentlyio ·theSouthcm Coalfi.,ld,withovet 8.6 ntillic:m .~$ 
being catriedpredotninandy by roodin 1988-89. 11le Coal R.esourcesl>eve!oplnenJComnUttec 
(1989) ~portedin a study of the Southem Coatrtew,tbat rhelugh volume of coal ;luudedthrotlgh 
commercialandresidtmtial"arcasgaveriseto rrmch critici$1ll ,fiom IeSidentsand'~ councils. 
The amenity of.the cotnmereial centres of Picton,Corrimal and Fairy .Meadow Jmd of~siderui91 
areas in the vicinity of the transport routes waspdversetyaffec~ 

There arc few direct links between mines and Port Kembla..Coal·.can betranspotted by rail 
either via Moss Vale to Port KemblaCoalI..oader, or on ·the.metropoliWllincstQ Balmain Coal 

Loader. It is also possible to use the metropolitan lines, and interurban linesto·~coalto 
Port Kembla. Tbcproposed .Ma1dooto Dombartontail link is included as an option in. the 
analysis. A hypothetica11oading site is included at WiltonC)D ,the Ma1don~Dombartonrai1way. 

Two funberproblems affectrall tnmsponaoonfmnl ~ Southern Coalfield They are limitations 
on train capaci~ due to steep gradients on the existing lines. In additiQll, no .C(,)a1 trains a,n, 

permitted on Sydney metropolitan lines during commuter peakperiods,namely S.30AM .. 
9.30AM and 2.30PM - 6.30PM. For these reasons higher operating costsprevaU for most rail 
coal transportation in the SouthemCoalfield. than in the Hunter Region. 

Roads also have steeper grades and curves than are encountered in the Huntcr Region, resulting 
in bigher opuating costs for trucks. The Port Kembla Coal Loader is operated on a seven day a 
wcekbasis, but cIQSes between 6pm and7wn. The resulting down time for coat trucks also 
increa. .. ;es operadngwsts, while limited stockpile capacity at PM Kembla results in an uneven 
demand for transport services. 
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SDcia.1 verspspdvate .,eQ$fs 

Failw:e to 4eveIop freigbt·senice$ in respor..seto .clwlginl·~envin>nnlent Ott() 

providcarcsuiatoJytiwneworkwlUch.uow$ adjustments to 0CCt¢ :wiIlinevifab11~"'~ 
efficiency,ofresoUfCC usewithsub&equcntC()$~ tothe~y.i~$pQ1t,·Uke AnYe>th. ~ 
$CCtor of the economy, compete8forreS()~$ ,within competitive c,pital.an4~ ~-;t.: 
Inefficiency in one sect()l'.basirnporumt iQlPlica.1iQn$ if(lr~ ~tinveJle$s (lfother·~ or 
tbeeconomy, andfClf overall econornic perfornumce. 

In·SQmC ~"tnattetfaillln' may result in$OCi~ty:bearin& part of the ec;onosniccosf$ ~ga 
diverg~ncebetween the private, and, social CO$tsasS()Cia~ with .~,.a ptovision.()f.~ 
services. Tbcinability of,the.J."()ttd ~'sectorito ac.bie~a.cteptab1e~U»ttle$in '~ •. ~.'()f 
10$iUmlt$, designstandMds and.$afctyprovisions is~.c~lcof~ttaU~ "tQch 
contributes to such divergeocc.SiQ:illarly. 'Qxten1alities $UCh .~nts, l~.,mldnobt 
pollution, and otberenviromnental impactS,altboush ·pmted bYUSCl'$oflranspm,t. ~~S, 
arc costs borne by society. 

Another area whichillll$tnltCsdiversencc between,privatcJfidsoclal ~JSin·tmsbt ~.is 
that of road daItUlge.Forthemost .. ~.~ damage costscal1~l>yfrolshtvebiCles;and, 
coacbes are home 'by other road u$C1'$.FaU\11'Cof·roadc1w~s to pro~ly JC,f1ect··~sts :to 
private individuaismeans that, un1essotbercor.recting ~ba.nismspreintroduce¢'~ 
misallocation of·resourcesis likely to occur, .~sultingin a less efficient combination of~ 
services to meet the freight task. 

In the analysis W1~here, privatcand socid costs incurred bytranspottactivities W~ 
included where possiblc. For somevariablc$ Bucbu quality oflifet 1t was .~po$$ibletoobtain 
ali estimate oftbereduction in utility resuldngftom trucks or tieightuains pusUlgdu:ouglt 
urban areas. However, the linear programming approach dges.providescope for~nsitivlty 
analysis to be conducted on the sbadow pricestelcvantro such extenutlities.'lbe p~ of 
using a total cost objective function was to estimate the impact oftranspOrtlltion .activities on 
ovcrallefficiency of resource use. 

Resear.:b Method 

Theexisdng transport SysteOl was modelled .using mixedmtcger linear pn>gramming. The 
existing transportsysteminclU(1ed.theroutes and modescUll'ently ·used.totran~port.coalt 
together with alternative routes and modestbat could be used, without tbe construction of new 
mads. rail\V~ys (apartfromtheMaldon to Dombartonraillink), conveyor belts, slurrypipesQr 
coat loading facilitie$. 1beeliect ofconsfl'uctiQg such new facilities can be included in the model 



'~~tiyc'Y'easily" :butJjatD. r»llecdQn.amIthe~ul3Jion of~tbI;IPll>sentv8lut;of ~ Jm4~UU'n$ 
\e.s~~Witb 'dl¢~ ln~~tment~~~s .. isqlJlte«letWtn4i.nS! 
Mixed int~g~t LPmo4el 

Mix~in~gCJ'~pro~gW~ ~bo#n ~4)fit.l"'Uity:to ~l" fiXedcO$tof 
the·mainten~ Qt·~Une$. 'Ule.linetu'l?~glllOdclcan~:·$~··a1seb~y\(-= 
1#. ~andTaylQt{198S) for~tails)1lS 

spbjectto 

~lXl + aj2x2 +".+~jXj +ljj+lxj+l+··· 1- am", ($'==t~)bi 
for i=1~2 •••. t1Jl 

(1) 

(3) 

Thex's in all the ahov" equations repteMlut tbevalue of the various .activities ·~\m·~ 
model. Tbeintegervariables(represente<iby X:l'''2'~''' xj)are, in this case, the $Cptent$.pf.~ 
rail mainlines ~branch 1ines. EachsegmenUs eitbertnaintainedata given fbte4cost and. 
tberefOfC usab1cbaving a valu~ of 1 intbe lineatprogratntningsolution, ori~is .1lOtI11ainudne(i 
and is therefore unusable, and has a value oro in tbe sOlutior .. The mainteQ1UlCCofse~nts is 

defined in such a way 'that if, for .example, the segment from Sinslet()n:to Antie~jU1lCtionis 
maintained and therefore usable, all Qthersegments .fromAntieneto ,PortWI1l1Uah ll1ust~be 
maintained In the model, the inclusion of an activity in '~'opthnurn solution :p1Vvicl.ed:f~ tm 

arbitrarily high volwneofcoal to be au:ried. nus was reflected in .~8jj cocfficientsintbe 
model which were negative to provide transpon .capacity in ,dlC right band ,side of the equation 
system, the b coefficients in equations (2). 

The fixed costs associated with the mainterumce oflll8inhz'e and branch line $Cgmcnt$ were 
calculated using various assumptions detailed in Table 1 and amplified in the discussion of 
tC$ults. The fixed costs ere specifiedinlhe linear programming model as the Ct. ,."cJ 
coefficients in equation(l). 

The free variablesxj+l' •.• ,xnrepresent the transport activities. The costs of these activities are 

calculated by multiplying the variable cost by d1edistance of each oftbe b'anSpOrtmethodsused 
for eacb segment .ofthef;rip. Provision was.nwie for the use of different loaded and unloaded 

variable costs for each transport method. Alternatively. average variable costs may be used for 



bOth,'~.fOtWan;l a,nd~tunl~pf()te3Cn·~ ~~tlt. ·~C~~Wbe~$8~Pped. 
;frODr~tonillll a~~dillg~ w~"sed.L'1.~· CO$t:~atcu4Uon.,·~ ~J+l".' JOn 

\~~fticient$'jn equation (1)'~ tbe variab~ ~ts·~texJwl.thep.t,htnm~~~tivit)'~J3acb 
Jnttlsport lU:d.vity was$peCi6edin 1.000 tonneurdt$. Transp(l'tQfCQ3l wurepre~te4.bYIi 
$Cries ofonesaIl(l,minu$ Qn~sintheltij+l' •• t '·'mn.CQeffiQentsint.be·eqpaJioJ1S'lAbeUed (~) .. 

'The constraintn:lationshipsand the rishthand $i~,~fficients b.CIl$wed·th. ,e,.A$$\JD1PtlQ~ 

mat the mil lines ~ ~taine.d.iftheyw~Ul·~U~WP.. enfOl'Cf4. Thc;QdJ~sipificant 
~t of,constraint.~ in the mo<1c;l w .. that . .u coalpfOdu~ lladlO ~,~ tolipor~ 'Mattbf. 
'pic~s' of the comp1e~mode1sfQr the llUllt;rV.u~ .ADd·rllcSoumem~eld 'In'shown 
in Figures 3 and 4. 

'The linear prognutltllingmodels were.CQnBtnlcted in COQlpt;l~~~ts which ~w~ !Il? 
calculation oftJtefixed line maintenance co$tSan(1the variableU'8nsportQ.tionGQ$tSb~ e>n.~ 
distances and costs outlined in Tables 1.2 •• nd S.AFORTRAN pro~ ,WlS written to 
read the spreadsheet rue" and totraIlslateit "nUl sUlQdard .MPSfonrutt;.'lbiJapproQ.Ca;ptQVides 
flexibility to allowad4itional activiti(:s to be incorporated :intothe mocJdpd for data, ,to b<> 
updated in an effICient manner. The linear progratnQling ~l$ WCIeJ(}lved\1$ipg.A mixed. 
integer version ·of MINOS (see Murtagh and SaunQe.rs1987) onaMacin«>sb computer. 

Data requirements 

In this analysis. private COS~ included direct road and rail tranijlOl1 COSlS front '.mitv;. ,to pon 81ld 
UJm$fersfrom conveYQr OJ' truck to rail The analysis excluded costs which holdCQnstlnt 
~ganUess of the transport options examined, He~. theanalysise;K.cludedtbecosts.of ~ 
preparation and conveyors at ~ minesite. Md the costs which followthc dLc;cbmgeof CQalat 
the port, namelystacldng, blending and reclaiming. 

Social costs included CQsts ·of road damage arl$ing from coal tnlclts81ld ~sts of tatalaccl~nts 
and injuryinvolvingtbe trucks. These costs wel'C ascribed a .monetary value in this analysis. 

For costing purposes railways were cJassjfied as mainline and bntnch line. Mainlines Jeferredto 
a.tetbe Wenjs Creek and Oosford lines in the Hunter regioo. The Southern Coalfieldstn1Unline 
railways were the Sydney to Moss VaIcline, Moss Vale to Wollongon8Jine,the lUawana ~ 
and the proposed ,MaldQnto Dombartonrailway. Branch lines included allraU loopsandJ'8il 
sidings. Ap4U1 from a very smallldlometrage, all brancb lines areprlvate1y owned.and operated. 
In the absence of data on costs ,of private lincoperation, the same maintenance ~ts were 
assmned.a$ fQrmainlines. 
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F9l" th~ purpo~ofroaddamag~A»sting madswmcJ.t1sslfied.inttltwocategodcs"vi~ highway, 
and axteri.ala, and lQcal·~ (B111'CaU of Transp9rt. and CQnununicatiorul BcQnornics 1988a; D P 
Luek,personal cotnmJUUc«ti()Jl.1989). Th~:bighway/at1Crial~8<ny Jncl~ a. majority.of 
roads as$igned to coal rnovcmcnts in tbi. e~l$C. ~g CMmP".Qf.tbis catc.SOfY we~me 
New Bngland Highway from MllSwellbrooJc to Ne~ast1e .~··.tboWiltQn.t:md. Mount~h'a 
Roads betw~n Pictontmd Wonongong.Howcver,high1y .. traf'fick~ $eCtiQnsofodtcr~ 
were also included. The second category .includedall rer.J)aining roads with low traffic volu.mes, 
and W~ tenned locaL Treffic counts for ~rial$ in tbe Hunter and lUllwarra~, ~1~fQr 
coal transport optiQns, were ine~S$ of 2000 A VCt~ge Annual Dally Traffic (AAt>l').'n'affic 
counts for locals were less dum lOOOAAIYt, widt QOc;ot.1nts MC9un~ betw"n 1000 and 
2000 AADT (Roads anc1 Traffic Authority 1988. ~panment of Main Roads 1986), 

Road damage costs were computed inter41Sofd1lnlage estimates·por J!quiv.ntStan~;ble 
Load kilometre (ESALkm).AU l'O~nansportation was a$stUU;d. tobec~ OOtby.ix~~ 
articulated trucks of 40 tonne GI08~ Vehicle Mas •. (GVlIl).lt was "suQle4 ,dUlt ~.J:e is no 
backloading of freight by the$C trucks. E$thnated2SALs for.k>acled and empty40~nn~ GVM 
trucks were 3.73 and 0.21 respectively. CoQ1putaUon of axle lo~ ofloaded MdeJDJ)ty .. ~ 
LiM tberesulting damage u.ctors W8$coU$istent withNation~ Association of Austl:llUanSf4tc 
RMAuthorities practice (National Association of AustraUan Sta.teRQaCl Authorit1~$ 1916a; 
1916b). 

Road accklentCQit$ were derived from tberates offatalaa;idents andinjQlicsinWtnl$ of 
vchicte,.ldlometrcs travelled by heavy vehicle, L\nd .dlc· average number of fata1iti~ per accident 
(Federal Office of Road Safety, personal communication, 199Q). 1be$C tllte$ were dten 
converted .into costs l1$ing estimates developed by the B\lIetlu ofTnm$p()rt and CQmrnunications 
Economics (198gb). 

NQise and air pollution costs for trucks wereestimatcd, based on .nuaiand urban COS~ esUnuucs 
in Inter-State Commission (1990). However, these costs were nOt iuclud.edin ~ JllO(.!el in the 
absence of sinular eoalDates for rail. The analysis did not attempt to eslimatc the fuel and time 
costs of congestion. 

Data inputs to the model 

Information on ClU'Ient transport arrangemenm, cQalproduction, export andtranspprted 
tonnages was derived from a number of sources inc}utlingthe JointCQallJoard .(l989a; 1989b; 
personal t:ommunication, 1990)t the Department ofPrlIlUU')' JndustJies and Energy (l990;C 
Brown, personal COlllll}wUcatiQU, 1990) andtbe New South Wales Department of Minentls and 
lintrgy (1989), 

.. jl : .. T '! I 



Es~~$of·nm~llltinS~tsMJCb~on,Mon~ Vnivmi1Y,'~n~~of;Qli.PyS~s. 
ip.ve$ti~tiQn$ byfteet,airn a.zmtr' .. t\Ce ,(1988),~~g wqrk;1JY ;2It$~(19S8). 
Supplemenuuy WQnnatJon Wfi$ V~~ ftom ,the Jn~tricsA.fJi$~·~$$l<m,098g; 
1989), aQPz,Al1eQ3tJdlhn1i1tqn(l989)~QDlUlt1IDt$ ·~SU1tC~ .. 1J:1d .~. BTCJlsu~mi.$$ionto 
~'Roya1 CQmmissionmtoO~SlQQ~, lJMdllD$and T.~on(B~uofT@li~ 
.and·CQnunllDicatiQUs Ec?nQmic$, 1987),&lima~$'Qfroado~ra#nS~s.t$w~ '~fmm 

Bureauof1'J'anspottEconomics (l984)~dL~kMd :M8l1in(a~:oftnmsport lID6 
Communications EconQrUics, 1988a).The road.openUng,co~t#tor thC:'$o~~ CQ~el~ W~~ 
a4justed front the 'level temin' U'\lCkopemtingcost$fQr tbell\IDtet Re~nby ~ of». 
Worlc113ankDlOdel(Waumatada et aI, 1987). wbich .'ir1t!)~Qlmt.mecOitiml!ac .. Qtroad 
gradicntsandcVl"Vcs. 

The main .inputs to the linearprognunming ~l ~the·tQtaJ. di$taneesby railway ·.and,~ 
types between mine andpon and the tonnages ~ported. PorJnQ:$~mill<'s,$-.I~le CQ~ 
productipn figures for 1988-!j9 wer,e used.lUI a Pfox.y fortQAIle$~rtedjntlmtye~. To 
complete the data iIlput~U1~tion .the~:;tsof the varlops .. tran$p()l't .. ~cl ~loadin$ACtlvities 

weJ'r. pre~!ltcdona per .idlOQJetre, wane ldl()ll1e~ or·.tQtUlC .. ba$i$,'lbe$Cfi~s .. ~p,resente4 
in Table 1 and 2. The cost data inputs to tbemodel are itemised.in Table 3,jncludin$·the ~ 
and variable ccsts of roadtnlnSp<lI1, variable coslSofroad ,t11lnsport,~loading CQ~ts ilnd 
externality costs. 

Initially, the analysis was to be based on dn'ee assumptions; railttansport jncm .dle· ~ f~C!d 
costofmaintena.tlCc, rail transport incurs pan of that CO$t, 8A4 r;Wtnul$~dQes . pot. @utribute 
to maintenance cost. 

The empirical Jes1llts genC11lte4 from the mixed integer linear pro~gmodels pxe preliCoted 
in Tables 4, 5 and 6. The tables show the oPtil1l11tn transpon n.lQ(Jesan(i""esocialmarginal 
costs of transPQrting an extra tonne of cqal from each mine by the OPtimal ,J1lOdes. The 
calculations hold for onethouWld tonnesof coal Qnly, but they maybe assumed to bold, in this 
case, for tonnages up to the ctJPaclty oftheraU!ines; COfll loaders, ~d sinillar equi~m. The 
optirnaltransport modes are derived under .theR$swnption tbJlt coal transport is requited to pay 

, ' . 

the entire fixed. cost of rail mainline maintenance, as well as tbesame,cost.f()f the -coal only' 
branch lines. Tables 4 to 6 also show the sqciaJ. opportunity cost ofttanspQrting cQalusing any 
sub-optimalmode. 

The assumption that coal transpPrt be required to pay all of the fixed costs of mainline 
:maintenance is obviously unreaUstic.Jt was used as a ·higbercost' assumption. A mom realistic 
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amunpt;ioni.3tb{1t~· ~ WCXlW paYJ·sJ\§rC Qttbe&ed,;QstiiA~portion tome.~ 
tidshtvQlumeontbeva.n(.)U$ nuUnllne ,$eplenl$, Ind-tb.tpN$Cfl8C,t iJervice$'wQu14 at~\Jl1l1 A 

'1'" ,PwoniQAQf th~fixed~$ts, 'Jp ,~lV~;rSlatips,lbetin.r4em" ofraU.maifl~~prQpuiy 

~ttrib\ltab~ to .coaltrap~ 'mo ,tt.)Q(felUl14e~ti.nU\te$lbe ,Q~~';()Sts()f'JWn-i)l?Pmat 
nmd, .Qrnlixed roaa ,a,n4 ,ralltmn3p()rt~$~"iltptOv~ditr1CWttocc>uectidAta gntbe v()lu~ Qf 
coalvenll3 ,otb~ cQJnttlOditi~tran$pQl1C41)y tail,.,()Q,~mclme$. ThQJ.lUJ al~,tiv" 

a$$Umption tbatcoalttallspon would not .~ req\l~t,opa)' ~y of ~,~ ,~tJ,()fnul. 
mainline .ma!ntenance, b~t wQU14 })etequir.e4 ,tQP3ytbese .. ~~. 00 ·.~b~bJipe~, '.\vp ·tun.in 
a modir..ed model. 1bedifficultie$ in~lcC3tbJBm~costspoint,to ,ibe, needtoinct~ aU 
n'aDsport tasks (eg wheat tnulspon) lntbe ~l. 

JJunter Valley 

An interesting result from ~ana1)'$bisthe hip '~QPportunityCQ$tsbwurn:d. bymineJJ 1 
and 2 using a road transport mode·tQ haul coal tQpQl1 (optionslU>lA·.amdRD2A in Tab~4). 
For m.ine 1 they rucabout .$ 14,7Q per tonne, andover .$11.20 ,per '·lOtroe fQrmine2. Tbc$PClal 
CQSts are probably hignerthan thepriva~ freight.cQSts ,paid to l1'aJtsportcQal fimnthe~ ~s. 
Unfortunatt:ly, it was impossible to collectda,ta on ,thc~tum (reigbtCO$UJ paldby the VmlOU$ 

mines, for ~ vanQ\lstnmsportl1lOdes, as this is regard.edas WII1D'Jen:lal1y ~n$itiv~ 
jrionnation. The developmentofcoalloliding faci1i~s ~t LiQdell bAS te$1.llted inminelp~$ 
in nUl transport at the expense ofroad over a thrt.e year period. Sirnil~ly,. while .th~l®p line to 
Drayton has been completed only ~nt1y, it appe~that mine 2i$ currentlyU$mg~ntnut$PQn: 
througb Liddell asplU'tof amemllllJ tennsoalto #Jubsututenul for rQa(l~'pOrtofCQal. 

All of tbe other Dlines (with the excep!ion ofmilK.'5) w<:l'Cusill&tran.$p011modes 'thatJllinimised 
net social cost 'I'besemodes were mixe4 ·~and ;rail (RR), or r~ only (RL). Mi~ 5 WIl$ 

using a sUl}.optimal mixed road and rail mode with an oPWl'tllnity CQ$tofat)()l~t$2.4Q ~r 
tonne. The optimal nwdc i\~; 'thi$llline WQuldbe.totransport·coal todte Mount 'nlOrley·Coal 
Loader, for subsequent rail transport to the p<)l't 

The major result of the empirical study is quite c1ea.'. !taU transpQrtis Jlluchcb~I»r tbM road as 
a means of tl"anSponing export cc~jn the HunlCr Va)lI}y t in tel1l13of net$OtialCO$t Thl$~$ult 
is strengthened, given mat the analY$is used tho lllln'alistic assumptionIDat coal t:nm~PQrtpsing 
the mIrnode is requi:red ·«)pay all of the fi~c()st ofmain ·nUllfuQ nJaintenance. The wluUQJl 
to the lllOdified model gavec1QtCtly the$,;une tnul$portJllOde choiccas the original model. The 
only diffe~nce was in the value of the objective function. This l"esultalso &U'engthemJ the ll10del 
results. as this solution was. expected 
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Tb¢ ~$ults for the SO$ltbern Coal&1d are liUle 4Uf~nmt 'tiom tnO$C()fthe Bun~r V~Y'(see' 
Tables 5 and 6). A~tmeQfn:m4an4nUl ,SJ'{Ul$pQI1jS,P.~tandiJllQ$tmin~$~ tra.P~portiD,g 

.CQ(ll by the l~t~i;dC()st metbo4, or a memQOQIQsctQthe,Qptinmm, ATJeJ~pd.on;is ,~, 
mmsponofA teIativ~lysmal1 tonnage Qf com i1om' ~ 1, ~and3 throl1~ Mos$V~toPQl1 
KembJa.1.'heQPppnpnitycos,tfortbisrou~i$$14.20 ~J'toooe. 

It was asspmed in the mo4elthatthe propo$e4 ~don ,to DonlOarton.)ine, was av1dl@lefor~. 
The results jndica.~ transPQrt via that mule wu "~ cheapest for .Mme4. 

The mines in tht, Oakdale area provide interesting problems fQr ,amUysis. 'IbeopPrnurn..-anfPQ,l1 
J).1()de for them is by roadandtben rail to port,~, :aabnain.lfBJ.lnuUn wereclpsed forCQAl 
export, then the optimum transport route fQl'the$e~swooldbe by ,J'Qad lO,'P<nt'Kembl~ 
This is a somewhat surprising ,Jes\Jlt, given tbat dlemodel jndica~s that theMEildon tQ 

Dombarton line should be open t9 transport coal front Mine 4.Tbeopponunit;y ,~P6t ,of llr.hg th~ 
Maldon to Dombarton line. for coal from tbeOakdalc mines. would be $O~6Sper tonne, wIth P.'f 

operating cost of $0.0635 per tonne km assumed on ,tAAl line, including a $0.02 w toone }::tt' 
replacement cost for the Maldoo-Dombartonproject. This replacement cost is c~puted '>I} IDe 
ba$is of additional domestic coal and \Ves~ ,Coalfield export coal beiug carried ontbe M~don 
to DombarfOn link. The Maldon to Dombnrton line bas potential to cany other traffics, incluQ atg 
grain and mineral products. An allocation of capital cost., over the full range of traffics WOulf t 

lower the cost for the Oakdale area mines. More analysis needs to be condQCted.on tbcques'Jon 
of the advisability of constructing the Maldon to Dombanon line, given tlle sensitivity of.tbe~ 
results. Such analysis of options for investment in aansPQrt infrastructure wowd J'.equire 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 
Irillion 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 coalload.er. 

Conclusions 

The analysis of transportation problems usually involves a range of options that need to be 
c()nsidered simultancoosly. In addition, ghren the structure t)fthe transport industry and 
poosibilities for substitution and complementary relationships between transpon roodes. it is 
necessary to analyse the interactions that occur in meeting a given transportation task. Finally, 
given the divergence between pri~ate and social costs that arises in transportation activities. any 
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~ssrnentoftbe :perf~()fsectorsin ~,industly needstoevaluatc'th~,cffectsof,tbeir 

conduct on ovetaltefficiencyofl'eSQlUCc'usc .. 

The issue Dfcoal transportation ftom tbeHunter and theSou(hetn~1d.sis¢b~~b;y 
suchpr<>btems. In attempting ,to de~rminetbc'lea$t,cost eombinationofltlQOes to meettbe, 
ttansponation :task, a~ integtt linearprognutl!DingtnOdel wlS deve1ope<L Its'lpplication' to 
the coaltnulsportation usuc illustrates the potential use of such cttecbniqt?:: for ~amining 
tmn~Altion problems. 

The :results generated by the analysisgenerallyhigbligbtedthccompuati-veJidvanta'ge: ofnlU 

relative to roadintran$pOrtingbulkcommodities. ·lbis~n1pfttltiyeadvantagc 'wq '.~OQ' 

model that incorporated social CQstsiJ1CUl'1'ed inmeedng tbctask..Whllesomecqnponentsof 
social cost ate·difficult to quantify, the use oCme approach.does.,providefotsomeevalwmonw 
be made of the impact of such s.ocialcostsonthe combination of modes!' 

Fmally, whne a least cost combination maybedetcnninccUna static t:ramework,such In 

QPtimal solution does not mean that cutrentactivitiesare operating opdmaUy~ '~~fiique 
does providepoUcymakers witb a tool for determiningcurrentinefliciencles in ·tbesy~and 
options for investmentininfras1ructure to improvcctrtclency .. Ideally~such ancxasion'ofthe 
cUlTCntmodelwould incorporate .investment options withinad)'JUUIlic framework. 
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Table 1: TransportTnskD.ta lnputstoLinearPnlvaDJII1ID,g, ;MfHleI 
-Hunter Valley 

TOMe$ RaU(kJn) R0a4(km) 
1988-8~ ~ Hipw.y! 

~ (.000) ~b .Mainlino. 'tnncb'Une qW' 

Mine 1° soo lA ,127' 
2S0 IB 101 6 '22 

Mino2c 400 2A 118' 
2S0 28 101 6 'to 

2C tt3 8 
,Mme3c 2,250 31t. 113 8 

3D III 
Mine 4 320 4A- 101 6 

4B lOS 
MblcSc 760 5A 101 6 

S8 7S 11 28 
SC 102 

Mine 6 3930 6A 101 G 
6B 75 11 21 
6C 98 

Mines 7 1520 7A 15 11 17 
7B 93 

Mine 8 940 SA 15 11 13 
8B 86 

Mu-."9 1980 9A 75 11 
98 ~16 

Mine 10 3060 lOA 75 11 
lOB ',4 

Mine 11 830 ItA 75 14 
118 70 

Mine 12 360 12A 57 
128 57 

Mine 13 960 13A 27 3 4 
13D 32 

Mine 14 14B 54 
1370 14A 34 32 

Mine IS 580 lSA 17 
ISS 18 

Mine 16 750 16A 17 
16B 18 

(a) Saleable coal production. rounded 10 Deale$110 000 COtlIle8. 
(b) OptIons -At plus IB and 2B xepcsentcurre:n transport amngements. 
(c) Saleable coal ttansponed. 
Source: BTCE estimates. 

,I..oaal 

4 
7 
7 , 
,1 

S 

3 
4 

21 
4 

12 
10 

9 .. 
13 

9 

9 

16 
28 
26 

6 
8 

2 

'Dcttirtatiorl' 
Port 

~ 
~ 
NeWCItCIe 
~ 
'Newtastlc 
~ 
.~ 
'~ 
'~ 

.~ , , 

Ncwcude. 
~ 
Ncweutle 
Ncwcude 
Newt:attie. 
,~, 

Ne~ 
~ 
Ncwcado 
NeWCllUe 
NewatIde 
~ 
~ 
~ 
"Ncwraade 
Ncwraade 
NewtdJc 
~ 
Ncwcut.le 
Newcasdc 
NcwcuUc 
Ncwcisdc 
~ 
Newc.ude 
Newcaade 
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Table 2 Transport TaskD,," mputstoLinear Programminl 'Model 
- Southern Coalfield 

TOIJQC$ Rail (Ian) ROId(km) 
1988·8~ ~ ,}liBJlwayl ~ 

Mine COOO) option Mainline 'Bmnchllno 'aterial Local iPort 

Minet 400 lA 54 3Z Kembla 
220 m 56 4 24 12 'Balmain 
110 Ie 163 4 24 .12 l(embla 

ID 81 4 24 12 ~blt<, 
IB 145 4 24 12 ~i' M!no2 240 2A 54 32 XemtJ:a 

130 2B 56 4 24 12 ~~-ED 2C 163 .. 24 12 ltembq 
2D 81 ... 24 12 'Kemb1a 
2B 145 4 24 ;12 ~ 

MineJ 360 3A 54 32 Kembla 
190 3D 56 4 24 12 ~ 
90 3C 163 4 24 12 ~bJa 

3D 81 4 24 12 '~' 

38 145 4 24 12 .. ~ 
Mine 4 130 4A 186 1 l(embla 

440 4B 122 1 KetnbJa 
600 4C 97 1 ,~ 

4D 68 1 J(em~ 
4B ,. 66 '1<elrab1a 

MineS 400 SA 40 4 KcJn~ 
58 43 2 lCcmbla 
5C 54 Ba1main 

Mine 6 800 6A 27 1 KCmbla 
200 6B 30 1 ',l(embIa 

6C 74 1 ,~ 
Miae7 1120 7A ,.. 42 ,KerObIa 

1B 49 24 "" lCeanNa 
7C 143 24 ,~ 
7D 00 24 Ba1main 

Mine 8 1880 SA 1 .. 2 'KttnNa 
8B 15 2 K~bJa 8e 79 2 '.Ba1main 

Mine 9 1010 9A 12 'Kanbla 9B 10 :J<eniNa 
9C 94 12 BaImain 

MlnclO 650 lOA 10 ~ 
lOll 10 Ktmbla 
tOC 94 10 .. Bim.ain 

M!ne 11 190 llA 14 8 ~ 
lIB 20 S KetnlU 
liC 114 S Ba1main 

<a> Saleab1ccoal production, rounded CO ne&n:$t 10 000 SOMes. 
Soul.t:e:BTCB estimaleS. 



Rail ~ance($Ilgn) 

()penldng (c/tQnne'km)IP 
.Opmuing,(c/tQnnctm)'C 
Opeqting(¢/tonnelan)d 

·Roa<F Damage. (chDnneJall) 
Accidcntl .. (C/V~hkm) 
Operating (¢/tonneJan)l 
Operatiqg(r/tormckm)C 

Reloading Conve)'orortruck 
to rail ($/tonne) 

9200 
4,14 
6.62 
;6.35 

1..00 

~9\200 

:4.14 
6.62 

i6~3,' 

1.8 7.7 
o.s O~S 

8.33 '.8.33 
9.149.14 

(a) Excludes SRA's rallinfrastmcture mvestmentcost$,.cstitnated to ~'2to3c1~xp()rttOll~ 

or lel~l ~~anO.lc/tonne Ian. 
(b) Hunter'Region 

(0) Southern Coalfield 
(d) Proposed Maldon .. Dombartoilline.Includel~s.tion()fcapiw. {:OJt,btltchetlpCr 

operating costs than otherSoutbem Coalfle14lines. If the capital costs were e~clucb1tthe 
operating cost would be 4.3Sc/tonll(: km. 

(e) Noise and airpmlution costs for road, estimated to be O.38c/tonne Jan, are not inclucledin 
the model. 

Source: BTCB estimates. 
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S,Qct.l DlIIJi1lileQ$~' ~.COit ' .•.....•............ Y'," 
Optimal mode 'CC>St<t~J ,'pC,f.tSinB a 

Mode(~ and quantitY b,y~l~ J41~m"'~' 
,~ modem lJ41lcf!,) (~OOO~) l~Qf~ :($per~) 

,Mine 1 BDIA 0 $14.14 
RlUB 1SO $U.~ 

Mine 2 RD.'A 0 :$uat 
MIlZP 0 $()~30 
alUe 6SO $13~3 

MineS 1l~3A 250 $10.01 
RJl3B 0 .$12!85 

Mine'~ 1l.1,4A 320 1$8.86 
RJ)4B 0 :$1233 

MineS RR5A 0 $~+39 
ImSB 760 $$~74 
RDSe 0 $12.13 

Millet) RRIA 930 $9~86 
RR6B 0 $547 
RIl6C (} $l~14 

Mine 7 IlR1A 520 $U.o~ 
R07B 0 $14.22 

MineS RBI).. .940 $11~80 
'RD6lJ 0 '$13,49 

Mine 9 Bt9A SW $7;12 
lU)9B 0 $9.39 

Mine 10 RLl.t¥A 60 $7.12 
RDIOB 0 $9~80 

Mine 11 B£11A 830 $8.37 
.R.DUB 0 $lO~32 

Mine 12 RRl~A 360 $12.82 
RD12B 0 $5,37 

Mine. 13 RR13A- 0 $0,00 
RDIlB 960 $5.64 SO.flO 

Mine 14 R£14A- 0 $0.00 
RD148 370 $10.51 

Mine 15 RRISA 0 $1.00 
RD1.SB 580 $5.59 

M]ne·16 BtI6"'- 0 $0,00 
RDI6B 7SO $4.07 $0.00 

• indicatea that .thls is an .ttemativc optimum mode 



'Ta.bleSOptintPJU trtmSJlQtt ,mo4le$ ~'SOlttb~rn, ,Co_lliel .. 

Mine·! 

Mine 2 

~·3 

Mme4 

MineS 

Mine 6 

Mine 7 

MineS 

Minc9 

Mine 10 

Mine 11 

MOdo,.(~t 
mode in 1t~1lC8) 

,RIJIA 
RBIB 
JtRle 
:RRll) 
JUUE 
R,D2,.A 
RR~a 
!l~t2C 
lUUD 
RR22 
RIJ3A 
RlllB 
RIl3e 
ltR3D 
lUl3S 
RL4A 
R~4B 
RL4C 
RlAD 
RP4E 
RLSA 
JIDSB 
RLSC 
Rtf A 
RDIB 
RL6C 
Rl)7A 
RR7B 
RR7C 
RR1D 
RDBA 
RL8B* 
RLSe 
RL9A 
ROOD 
RD9C 
RLIQA· 
RDIOB 
RLIOC 
RDIIA. 
IUUlB 
RIUle 

0 
7$0 

0 
,0 
0 
0 

430 
0 
0 
0 
0 

640 
0 
0 
0 
0 
0 
0 

1170 
0 

400 
0 
0 

1000 
0 
0 

1120 
0 
0 
0 

1880 
0 
0 
0 

1010 
0 
0 

650 
0 
0 

190 
0 

" indica~ 'Ulbt this is an alternative optimum mode 

Sb¢lat~~ 
,~Pf~g 
J)y'.~ mQ4lC; 
l~~,~ 

,$17~~ 

,$392 

$5.33 

$3.11 

$8.8S 

$3.25 

$2.11 

$2.11 

~ity~ 
qf'~a 

:.ub.opdm#l ~ 
;($pct~). 

$l.4S 

$t"~Q 
".10 

$n.~79. 
$2;45 

$14~O 
S3,lQ 
$U~19 
n.45 

S14-ZO 
$3.1() 

$l.l.79 
$lS~84 
$7,40 
$4.06 

$4,99 

$3.75 
$2,30 

$2~87 
~a4 

~Sl 
$i4~ 
$16~94 

$0.00 
$9.42 
$0.27 

$14.03 
$0.00 

$13,71 
$().06 
$0.00 

$17.36 
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Tilble6()ptlmgmtrIQ$,PQrtmod@ ·~·.SoMtbern:CQl.lJnela ·(wUbnQWplloa4e4 
at.8allPnin) 

·SQcial~.toa~ ~ni~yCC)St 
~mQdc ·eo.of~S . :()tP$ip,. 

'~(c~ JIl4 q\Jllltity f>Y~.modc ~3.1,~ 
~ m~ in It(ll/~.) (JOOO~) 1 'tQlme,()t~ ($l*~) 

Minel RDI.A 730 $19.50 
RRle .0 $11,m; 
AAU> 0 $0.6$ 
RlUB .0 $9~35 

Mine 2 BD2A 43.0 $19.SO 
RRZC 0 ,$U.76 
RR2l> .0 $0.6' 
RlUB 0 $9!3S 

Mine 3 RD3A 64.0 $191>50 
RR3C a $U~76 
RR3D 0 ;$0.65 
RR32 .0 ;$9.3' 

Mine 4 ~L4A 0 $ 15.S6 
RL4C .0 $7,40 
RIAD 1170 $8.92 
RD4B 0 $4.99 

MineS Bf..5A 400 $5.83 
RDSS 0 $3.75 

Mine 6 RL6A 1000 $3.71 
RDIB .0 n.87 

Mine 7 RD7A 1120 $8.85 
RR7B 0 $11.36 52.51 

MineS RD8A 1880 $3.25 
RUB· 0 $0.00 

Mine 9 Rl.9A· 0 $().OO 
RJ)9S 1.01.0 $2.11 

Mine 1.0 RLIOA- 0 $0.00 
RDI.oB 6SO $2.11 

Mine 11 RDllA 0 $0.06 
RRUB 190 $4.92 

'" indicates that this is ar. alternative optimum mQde 
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16b 

No.tfl 

Opttoll$ ~,,' 

~~:'~rr.~ 
transport 
~rrangemanJ$ 

,20.$). 4betc 
'ndicat~ allemaU"., 
tfaO$POrt Qptlons 

o mine 

~ rail branQh 

.......... rall m$lnline 

-road o reU ,loading site 

MTCL ,A, , m(ijqr loading Y site (rEdI) 

•••••• conveyor 

Figure 1 Hunt., and Newcsstle Coalfields transport schematic 
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HUNTER ·e.OALFlELP 

. MInes 

1 MusweUbrook No. 2 
2 Bayswater No.2 
S Drayton 
4 U@II 
6 Howlck 
6 Hunter VaU$Y No. 1 
7 Lemlngton 
8 Wambo 
9 Warkworth No. 1 
10 l\,1ount Thortey 
11 Saxonvafe 
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NI;WCASTl.e COAl.flel.D 

Mlne!\ 

13 8'QQ,mfJefd 
14pe.HOnlElIalong 
16 West WaU$end 
1~ Teralba 

R,IIT,rmln,ls 
T' Teratba 

PORT RAIL TERMINALS 

KQQragang Island loop 
12 Great Greta Porl WaratahCoalS$rvlcesloQP 

Rail Termlnall 

z 
C 
M 

H 
K 
L 

Draytonfoop (adjacent to 3) 
Uddell loop 
Mount Thorley Coal Loader (MTCL) 
Saxonvale loop (adjacent to 11) 
Branxton siding 
Thornton loop 
Cess·nock Coalfield 
(South Maitland Railway P/L) 

pJ.AceNAMES 

J 
B 

Anti~ne 
Ravensworth 
Singleton 
MTCL branch .. 
mainline junction 
Ea$t Greta Junction 
(Maitland) 
Thornton junction 
NewdeU junction 

Key to euport mine •• rail terminals an~ placenllmel 
transport schematic (Figure 1) 

"r""w';' T 1 :n" ; j ':'$ .... ,. 11 r . : 



. 
m 

.From 
WO$tem 
~Id 

1: Ga l ge 
10&.10c 

2:9b 
3:10b 

.T 

DJrtiM 

~raiJ bra.noh 
+t+HHft raIl mainline 

- road 

o ,,,jl lQadJng ~"e 
A prQPQGed majOr 

Wilton .Y' loadlnQ site (rail) 

• ~~preparatlQn 

.......... conveyor 

Figure 2 Southern Coalfield transport schematic 



SOUTHERN .COALFIELD 

Mines 

1 Brim$tone No. 1 
2 Oakdale 
3 Nett.at 
4 Tahmoor 
6 Metropolitan 
6 Coal Cliff 
7 WS$t CUff 
8 South Buill 
9 Kemira 
10 Nebo 
11 Avon 

Rail Termlnal!l 

G Glenlee 
T Tahmoor 
M Metropolitan 
C Coal Cliff 
K Kemira 
N Nebo 
A Avon 
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PORT COAL LOAD.EAS 

Port ;Kembla 
Balm~n 

PLACE NAM&:$ 

.L Udcombe 
T TemPt 
Ma Maldan 
o \DombartQn 
W WittQn 
Mv Moss Vale 

Key to export mines, rail terminals and pJacenames 
transport schematic (Figure 2) 

1 !' II . 3' ; ; ;- • 
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Rance Table Leaood 
Symbol Value S~ Me&nin. 

ColuMns 
Z > .0000001 MNUj FixedCOlt.ofmainta.infnl main linoJc,ment t to j 
Y > .0000010 BRLij FixedCO$t of malntainlna branch tlne~~ I to j 
X > .0000100 RDxy Raid trmsponfrornm.iDe ~ min,.opdon y 
W > .0001000 RUy Rail ttmJpOrt from nUnc· x.·ttdna optiM y 
V > .0010000 .RRxy Road andtliltrwporl from mfncx usin, opaoo y, 
U > .0100000 inrJu.din4s aretoadin,cwse from road w rill 
T > .1000000 
1 > .9999990 Rows 
A > 1.0000000 RCAPi Rail capacity ~produc.ed. by nllmaintenance Jl'Jd 
B > 10.0000000 -used-by ra.i1tr1nSp01t opdOlll 
C > 100.0000000 MlNEj Mine trcm which coal is required tt) be ~.ed 
D > 1000.0000000 PORT Transport de£tlrwion 
E > 10000.0000000 
P > 100000.0000000 
0 > l000000.00a0000 
H > 10000000.0000000 

Figure 3 The linear programming model forihe Hunter Region transPGrtationn~~ork 



0S3 
F.CAPM\Il'A 
RCAP'l'AMA 
~l 
~1G2 
~Ll 
llCt'~LlBA 
tv::A.~ 
~ 
~ 
acAPrJB 
ttcAPL'rJ 
~.:rm 
~ 
llCAPt£CC 
~B 
RCAPSBPK 
llCAPK.\WI 
~DO 
~ 
~~l 
E¥:AeTT 
l\CmIU 
~ 
a:AP1UP!t 
~ 
~ 
RCAPSBSB 
MIt£1 
IttNE2 
KI"t:Sl 
MI!J$4 
M1ltI5 
MlNEt, 
MnE1 
HINE8 
HtHB9 
MmBIO 
MtMll 
PORm 
POR'J.1t 

HKHHHHHHMMMHMMMMHMBBBBB8SBBRRRRRRRRRRRRRRRRRRRRRARRRRRRa~RRR~RRRaRRR ••• 
NHN~N.NMNNHNNNNNNNRRaRRRRRRbRRRRDARRRDRRRRLLLLDLDtLDLDRRRDLLLDDLDLDRROH 
LLLLLLLLLLLLLLLLLLLLLLLLLLL11111222223333344444555$'"777 •• ,"'111111M5 
HTHGGLMWDaLTTHCSMWGGTKNK"CSABCDEA~CDEABCDBABCDEABCABCADCDADCASCODOIIIT 
VHG12BVOPttJMIC8DDGGTKKIKCa AICAaex 
t lGI. WOKJ TETSP 12 liP CS P 

2 0 TeaK K CB £ 
C 

cccaCCCACBBBCCCCBCBBABBBBABBBBBB9BBBBBBBBBDSSAUAAAAAAABBBAADAA&AABAAB 0 
-B V V V V sa 

-a v v v v vv so 
-8 V V V V V V V V V $ 0 

-B V V V $0 
-a v v v v v vv v V so 

-a v v v v V .so 
-B v V v v SO 

-B V V V v v ~o 
-B VV VV 'IV V V V V SO 

-B V V V .so 
-B vv V V :SO 

-B V V V so 
-B V V V ;SO 

-a v v VV v v V so 
-B V V vv v v v .so 

-B v V \tv V V V SO 
-B V V V V Y so 

-:D Y v v V $'0 
-A V V V V V V $0 

-A VV 'IV VV SO 
... A VVYV sO 

-A V SO 
-Ii .; so 

-It YV .s: 0 
-A Y v~o 

-It V vso 
-A V V $.0 

11111 ~c 
11111 ~e 

11111 ~t 
11111 ~D 

111 ~c 
111 ~c 

Iii ~D 
111 ~D 
'll~D 

11 ~c 
11~c 

-1 -1 .. . -1. ....1.. -1. -:1 -1 -1 . .... .$ Q 
-1 -1-1-1"'1 -1-1-1-1 -1-1 ... 1-1-1 -1":1-1,-1 -1-1 -1-1 -1. ... 1 .. 1-1 -1-1 .... 1-1 :$·0 

Figure 4 The linear programming model tor the Soutber. Coalfae1ci ttansportatioQlletwork 
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