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INTRODUCTION

On 5 September 2004, the Audralian Rail Track Corporaion (ART C) commenced a60 year lease of the
NSV intestaeand Hunte Valley rail lines. ART C previoudy controlled the intergaerail negwork within
the area bounded by Albury ontheNSA / Victoriaborder, Kalgoorliein Wedern Audralia and Broken Hill
in wesern NSV . The commencement of the NSV lease consolidated control of the majority of the interdae
rail nework under ARTC

In 2002, ART C developed a detailed infrastructure invedment program forthe NSAV network in the context
of the lease proposal to NSW. T hisinvesment program was worth $872 million including complementary
invegment on the Melbourne— Albury corridor.

Subsequently, the Commonwealth made available $450 millionto ART Cto inves inthe ngwork, with a
focus onthe NSV North Coag. The Commonwealth has made a further $550 million available for rail freight
projectsthrough Audink, of which $110 million is available for worksto improve freight accessthrough

Sydney.

Itisnow 3yeassnce ART Cs NSV investment program was developed and it needed to be reviewed and
revised in light of subsequent developments. Smilarly, while an indicative soope of works was developed for
the $450 million, there was also aneedto subject it to rigorous analys's, to optimisethe scope of worksin the
context of the available funding and an improved understanding of business needs.

The review and revison process fell naurally into two parts:
e Underganding theneeds of ART C’s major customers andthe freight market they service.

e Understanding how best ART C can improve its serviceto these cusomers, within known and likely
funding limits.

In relaiontothefird of these adiscussion pgoer was providedto major customers and followed-up with
meetings. Discussons covered arange of issues, including:
e predictionsof market growth
o fadorstha will makeamaerial differencetorail’s compeitivenesswith road
e outoomesopeadaorsandthe marke require with resped to transit time, reliability, capacity, yield,
pahing etcto achieveprediced rail marke growth
o how opeaorswill addressissues such as rolling 2ock availahility, terminal capacity and operaion,
and othe issues that will affed the achievement of market growth

In parallel with thismarke evaluation, an extensivereview was carried ou of theexiging infragructure and
operaing paternson the Melbourne— Sydney — Brisbane corridor to definethe current Stuation andprovide
adatum by which improvements could be gauged. The effeds of $aged improvementstha can reasonably be
undertaken within theknown development budgets for the next 10 years havethen been analysedto see wha
kind of service can reaonably beofferedto customers by 2010 and 2015.

Looking further into thefuture, therearea large number of projeas mainly deviaionsonthe North Coag
linetha have been considered in the pad to further reduce transt times,

Thisreport setsout theanalysis undertaken of improvement options and integratesthe outcomesinto afuture

train plan designed to deliver substantial improvementsin transt time reliability, capecity and above and
below rail yield.
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OPERATIONAL OBJECTIVES

ART C hasfour key objedtivesit is pursuing to improvethe performanceof rail freight on the North-South
corridor:

e Reduction of baretranst timesto facilitate commercially efficient Melbourne— Sydney —Brishane
trangts

o Improvementsin thereliahility of trandt timesto providetrain operaorswith certainty of achievable
transt times

e Increasein actual line cgpacity to accommodat e projected medium term rail traffic growth
Reduced above-rail operaing costs, and an acceptable yield for ART C, from an upgraded North-
South corridor

Mog analytical work on potential infragrucure improvements carried ou overthelast fiveyea's has been
underteken onthe premisetha thereduction of achievable transt timesto alevel where overnight transits
between adjacent capital cities would be in the public intereg by encouraging alongterm containment, if not
reduction, in long distanceroad freight movements. It appearsthat freight train operaors may take amore
sanguine view tha until they seephysical evidence of usable transit time reductionsthey would prefer to
pursue longer disance (ie Melboune-Brishane), in preferenceto shorter distance (ie Melbourne-Sydney or
Sydney-Brisbane) journeys becausethey are more competitivewith road with fewer riks. Of particular
intereg isalso the ahility to achieved significant improvementsin asset utilization onthe Melbourne—
Brisbane corridor by reducing the cycletimefrom 96to 72 hours.

Reliahility - tha isthe extent to which actual trangt times vary - is probably the more immediate concern for
train operaors. Reliability should be measured in teemsof the amount of delay over baretranst timesthat
train operaorswould experience when running between termini. Adual transt timesthen becomethe sum of
the baretrangt timesplus areaigic eximae of theamount of delay that particular train services could expect
toreceive. T herefore if reliability isto be improved average delay needsto be reduced, either as experienced
by particular servicesor by thetrain flow as a whole. Delay, particularly in singletrack territory, generally
accrues when trains cannat run free becausetheir pahs are obstructed by conflidingtrains. Delay in double
treck territory ismore likely to occur when there isadisparity between the runningtimesof particular trains
and those of their predecessors. The specific issue in the North-South corridor isthe very high level of delay
expeienced by current train flows, paticularly onthe NSAV North Coad .

Line cgpacity and reliability arerelaedto each other because an increase in line cgpacity should leadto a
reduction in delay andtherefore animprovement in reliability. Thoserailway operaionswhich prize
reliability will often provide nominally excess cgpacity to buy reductionsin delay. Line capacity, whichis
what atrack provider sells, hasto med the dual requirements of being sufficient to keep the growth in sysem
delay in check andof being sufficient for projected medium termtraffic levels.

Yield is specifically the track provider’s concem. When atrack provider is faced with capital constraints,
which isnormally thestuation, thereis clearly aneedto echievethe best outcomein termsof amix of bare
trangt timereduction, delay reduction/reliability improvement and capacity increase All classes of project
that address oneor more of these improvement measures need examinaion and those measures which deliver
the best bareor actual trangt timereurnsfor the lead cod in deareasing order of effectiveness selected until
the capital improvement budget is allocaed.

Inthe light of the above discussion the following strategy was adoptedto pursue ART C’s aims:
o Identify and analyse infragructure improvementsto target baretransit times of 24 hours between

M elbourne and Brisbane and efficient overnight transts between Melbourneand Sydney and Sydney
and Brisbane.
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Provide singletrack capacity to efficiently handle themod optimigtic projections of North-South rail
traffic inthe mediumterm (by and large double tradk cgpacity in atomatically signalled teritory
comfortably exceeds projected traffic levels).

Develop atheoretical train planto validatethe performance outcomesonce all of the infradructure
improvements are implemented.

Because of theuncertainty abou the form of futuretrain plans, aflexible infradrucure draegy was
developed which would be capable of handling different patternsof train flows, for example, both fleged and
regularised train movements. Furthermore, the infragructure would sill haveto perform eficiently astranst
timeimprovements were brought online because thesetranst timereductions would displace the crossing
zones between northbound and southboundtrain flows.

The scope of projedsidentifiedto achievethese performance oucomes was.

Eliminating train gpeed impediments such asthe Wagga Viaducts andthe Murrumbidgee River
crossng a Wagga, the Murray River cossng a Albury and the dowtranst through Wodonga
Applying more aggressivetrack geometry dandards

Commissioning high yielding alignment deviaions

Progressive loop leng hening and regularisation of sectional running timesin single track territory
Mat chingthe spacing of crossing loopsin singletrack territory to localised levelsof traffic
Eliminaing discontinuities in double track sectional clearancetimesthrough the conversion of
remaining double line manual block to automatic signalling

Providing refuging opportunitiesin double treck territory to caer for transt time disparities between
different classes of trains
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THE STUDY AND METHODOLOGY

Involvement

The work recorded in this report has been undertaken by TMG Internaional (TMG). They have been asssted
by BT contractors (BT ), who have provided detailed coding informaion in relaion to all the improvement
projectsconsidered, and Samrom who have provided operaional inpu. Someanalytical input and cost
information has been developed internally by ART C.

Methodology

The concept of serviceto custome's has been conddered in relaion to:
e Trangttime
o Capacity
o Reliahility

Projed stha improvethese asped sof the corridor operaion have been selected on the bass of cost
effediveness. Trandt timeisreduced by raisngthe average speed of trains and/or reducing thetotal digance
traveled.

Speedisraised by:
e Increasing super-elevaion and increasing cant deficiency on existing curves,
e Increasingcurveradii (curveeasing),
e Removing the need for temporary speed regricions.

Digance isreduced by:
e Congtructing deviaions, or new sections of tradk, which by virtue of their better alignment will also
normally increase average speed.

Reliahility isimproved:
e By providing more opportunities for passng and overtaking — loops and refuges — & approprige
locaions.

Theoptions availableto makethese changes have been reviewed and train diagrams preparedto show how
selected works improvethese chosen indicatorsof serviceto cusomers.

Sources of Information

The following sources have been used to provide information about projeastha can be implemented to
improvecustomer service A full list isprovided in the References section of the report. Mod of thereports
included estimaes of projed cods, but inevitably they were prepared at different times and involved different
assumptions and so arenot strictlly comparable. To overcomethisproblem BT hasre-calculatedthe cogsof
all projedsusing a smilar bassand lae-2004 dollars so tha comparisons are meaningful.

Reference Subject Date

1 Sydney-Newcastle Corridor: Investigaion of High Speed Train Services. Oct 1999
Preliminay Evaluation Phase

2 Sydney-Melbourne-Sydney Reduction of Superfreighter Transt Times. (Projed Oct 1999
12)

3 Sydney-Newcastle Rail Upgrade Projed. Feasibility Sudy-Sage 2— Deailed Feb 2000
Evaluation. Evaluaion of Alignment Options DRAFT

4 Action for T rangport 2010. Sydney-Newcastle Rail Projed. Review of Freight Apr 2000
Opportunities.

5 Sydney-Melbourne-Sydney Quperfreighter Corridor Improvements. (Project 11)  Apr 2000
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6 Fassfern to Hexham Rail Corridor Planning, Land Use and Alignment Sudy . May 2000

7 Intergae Rail Network Sudy. Improvemetsin Superfreighte Performance: Jan 2001
Sydney-Brisbane and Melbourne — Sydney Corridors. Final Report

8 Intergae Rail Nawork Audit Final Report (and Summary Report) Apr 2001

9 Bowning to Cootamundra Deviaion Report ~Dec 1999

Project Identification

Thenumerous deviation projedstha have been identified in the background reportshaveall been given
different names and a timesidentificaion numbers. In order to bring some consistency tothis process, all
projectshave been re-named in this dudy using:

e Vtoindicae Victoria
e Stoindicaethe Main South line in NSWV
e N to indicaethe North Coad line in NSW

followed by a number which regpresmtstheround kilomere of the cantre of the projedt on the currat
chainage sygem. Asan example N159 isthe Fassifernto Hexham deviation on the North Coast line in NSWN.

General Assumptions

The following assumptions have been made in orderto undertakethe operaional analyses.

e Desagn Train - the desgntrain was hauled by 3 x NR locomatives, was 1500m long, had atrailing
load of 3900t and amaximum speed of 115 kmh.

o  Soeed Redrictions—there are currently numerous temporary speed redrictions on the Melbourne —
Sydney — Brisbane corridor. In carryingout the analysis of train operaionsit has been assumed tha
these can all be lifted with appropriece maintenanceove the next 5 years. Asaresultthetrain
diagrams provided assume that trains can run a the maximum speed around each of the exiging
curvesto gopropriatetrack geometry gandards, if they are ableto atain it. Thisisdiscussed in more
detail elsewhere.

o Loopsand Refuges— ae of varying lenghs and unevenly didributed along the entirecorridor. It has
been assumed tha for all future works minimum loop/refuge lengh will be 1650m. T he philosophy
of loop locaion is addressed el sewhere.

e Sydney Transt — no d@tempt has been madeto analyse freight train movementsin the Sydney —
Broadmeadow corridor. Designated RailCorp freight pahs shown in the draft 2008 City Rail
timetable have been adheredto for jouneysin either direction between Chulloraand Broadmeadow.

o Increased Superelevaion and Cant Deficiency — isan ART Cinitiaiveto increase speed on curves
and hence reducetransittimes. Analysis has been undertaken assuming it is possible, but no attempt
has been made to daermine possible negative effecs of thisinitiative which could include increased
maintenance cods for both treck andtrains. The cost associaed with these increasesis assumed to be
related only tothecod of converting to full face conaree deepers on relevat curves, reprofilingthe
track andincidental cogs of implementaion. Cogsin relaionto thisitem have been provided by
ARTC and not BT.

o Freight Terminals— it isan inherent assumption that freight terminals are ableto receivetrains when
they arive and dispatch them on thereturn journey when required by the proposedtimetable. No
account has been taken of the inter-modal terminal proposed for Newcastle.
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o FHeetingof Trainsand Long Crossing Loops - ART C has expressed a desire to congruct long
sections (up to 50 km) of duplicaed track, sothat freight trains can be operaedin flegts. Thereisno
reason why such practices cannot be adopted, providedthere is cgpacity for such fleetsto pass
through the Sydney Mdropolitan and Interurban Railways. However, interurban and provincial
passenger train servicesinthe NSV Southern Highlands, the NSA Central Coast and in Newcastle
and the Lower Hunter Valley gopear to condrain path availability totwo trainsper hour in each
direction outsidethe Sydney commuter pesk periods. Furthemore, individual freight cusomers
appea to want to spreadtheir own train flows out in order to make best use of current or projeced
freight terminals. Therefore inthisgudy a strategy of seekingto reduce and regularisethe spacing of
long enough refuges and crossing loopsto cater for perceived capacity and reliability objediveshas
been pursued.

Analysis

Analysis of transit times and operaional congraints has been carried out using the MT RAIN! train
performance modelling system and the SKET CH? timetable and infrastruct ure planning sysem.

The former model was used to egablish thetravel timeimpacs of various infragructure projeds ranging from
changingtradk geomery gandardsthrough to the commissioningof worthy alignment deviaions. The later
model was used to explorethe interactions between infrastructure provision, for example the number of
running lines and/or the provision of long enough refuges or crossing loops spacedto efficiently separate
following and opposingtrain flows and the out-turn line capacity .

! MTRAIN is a proprietary train performance and signa simulation tool owned by TMG Internationa
2 SKETCH isa proprietary timetable and infrastructure planning tool owned by TMG Internationa
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Deviations

TMG used past reports and unofficial enalysis of options by variousinterested individualsto identify the
range of deviaion options available on the North-South corridor.

In all, 146 deviation options were identified. The projeds are geneaaly identified in gopendix 1.

TMG analysedthe benefit of these deviaion proposalson atimesaved bass. M-T rain was used to model the
transt time savings from each of the proposals. Transt time savings were analysed on two bags.

e Asindividual sand-alone projedsand

o Asapart of agroup of deviaions.

Individual projectsusually perform better aspart of agroup of projeds asthey allowstrainsto maintain a
congant higher speed.

BT contradtorsthen costed each of the projects usng edimaed condrudion quantities and curret (late
2004) unit raes.

Projedts werethen ableto be ranked on acog per minute saved basis. In recognition of the synergies from
running a series of projed stogetherto maintain aconsistent train speed, projed s were grouped for final
analyss. Thiswas done on the basis tha wherethe cost per minute saved was less for aproject on astand-
alone bassthan the cog per minue saved for adjacent projeds on agrouped basisit wastreated as a sand-
aloneproject. Otherwise it wasincorporaed into a group of projed s so asto optimisethetranst time saving.

A lig of al deviaion projectswith their cost, time savings and cost pe minute saved isa gppendix 2.

Thefull lig of devidion projeaswith their grouping and rankingis & gopendix 3. Thetotal esimaed cost of
all of the identified projectsis $5.5 hillion. Thefollowing table shows the higheg ranking deviaion projecs
up to avalue of $1 hillion.

Time Cumulative  Cumulative

Cost ($m) Saving CRimn G Time Saving $m /min
(mins) (mins) SEVED

Project e

SEVZE] Cost ($m)

N573-N591 Nambucca Heads (Station) 565.081 Bonville (Station) 596.494 $39.43 8.81 $4.48 $39 43 8.81 $4 48

N401 Taree (Dawson River) 383.300 Johns Riwer 417.801 $76.41 12.53 $6.10 $115 84 21.34 $5 43
N379 Taree North Bypass 375.000 382.900 $20.11 3.19 $6.30 $135.95 24.53 $5 .54
N528 -N559 Tamban (Station) 520.558 NambuccaHeads (Staton) 565.081 $117.54 17.49 $6.72 $253 48 42.02 $6 .03
N495 -N512  Kundabung 487.197 Tamban (Station) 520.558 $71.67 10.13 $7.07 $325.15 52.15 $6.23
N159 Fassifern 142 31 Hexham 175.530 $123.48 16.53 $7.47 $448 63 68.68 $6 53
S386 Demondiille 391.500 Cunningar 380.920 $48.60 6.25 $7.78 $497 23 74.93 $6 64
N433 -N457 Rossglen (Syd. Side) 439.096 Telegraph Point (Not station)  474.000 $85.64 10.77 $7.95 $582 87 85.70 $6 .80
N223 Hexham 176.480 Stroud Road 270.000 $361.33 43.00 $8.40 $944 20 128.70 $7.34
S343 Binalong 350.750 Bowning 334.500 $60.07 7.09 $8.47 $1,004 27 135.79 $7 40

As shown inthetable, the best performing deviation has acod per minue saved of $4.48 million with the
next bes ajumpto $6.1 million and then aprogressveincrease in the cos pe minute saved. The cod per
minute saved is up to approximately $8.5 m by thetimethetotal value of projectsreaches $1 hillion.
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Increasing Train Speed

A review has been undertaken of opportunitiesto increasetrain gpeedto achievethe minimum possible transit
timewithin the congraintsof thetrack geomery of the existing railway.

These opportunities arise from two areas.
e Increasing superelevaion and cant deficiency, thereby allowingtrainsto travel faster on the existing
geometry.
e |dentifying and eliminaing speed restrictions dica ed by facors other than track geomery. T ypically
these include condition related speed redrictionson track and gructures, sighting distances issues and
optimisingthe postion of speed boards.

These issues have previoudy been addressed in detail intheProject 12, Projedt 11 and Intergae Audit sudies
and mog of the necessary works were incorporated inthe NSV Lease business case. This study has reviewed
and validated the progpectivetime savings identified in those previous studies.

Superelevation and Cant Deficiency

Superlevaion (also known as cant) describes the relative positioning of the high and low rail’son a curve.
Superelevaion hastwo primary purposes.
e Toincreasethe spead tha atrain can passthrough a curve by directing the centrifugal forceof the
vehicleintothetrack and

e To reduce fricdion a the wheel / rail intefaceby reducing the distancedifferential that thehigh and
low wheels need totravel through the curve

For agiven level of superelevaion there isan equilibrium speed of thetrain. T hisisthe speed at which the
direction of the catrifugal force exactly ma chesthe superelevaion of the curve

If atrain istravelling fager than the equilibrium speed, this crectes a cant deficiency. Tha is thereisa
deficiency inthe level of superelevaion or cant relativeto the equilibrium speed. If thetrain istravelling

dower than the equilibrium speed there is acant surplus.
Current train speedsin curvesin NSN are based onthefollowing criteria

e Maximum supeelevaion = 125mm (140mm on concrete degperedtrack)
e Maximum cant deficiency = 75 mm (110 mm for the XPT)
o Maximumraeof change of superelevaion = 55mm/sec

Different dandards for superelevaion and cant deficiency areapplied around the world with relaively little
research providingthe foundation for theseledted sandards. In Britain for example the maximum
superelavtion is 150mm, with an absolu e maximum of 200mm and atypical superelevaion deficiency of
110mmwith 150mm for selectedvehicles.

Previous studies have proposed inaeasingthetrack geomery standards for appropriae freight vehiclesto:
e Maximum supeelevaion = 140mm
¢ Maximum supeelevaion deficiency =110mm
e Maximumraeof change of superelevaion = 55mm/sec

Adoptingthese dandardsis contingent on:
e Provison of conaee degpers, or asa minimum adeeperfrail connedion with resilient fagenings,
e A balag profileto dandard with the ballast in clean condition,
No significant vetical or horizontal alignmen irregularities,
Continuous welding of therails,

Page9



North-South Corridor Strategy

Suitable vehicle (and particularly wheel) maintenance,
Wheelfrail profiles mached by grinding,

Level aossng sightingtimesto standard,

Adequate sgnal braking distances,

Clearanceto drucures andtradk centresto gandard.

Non-Geometry Related Restrictions

Non-geomery relaed resrictions have previoudy beenidentified as follows:

Casino-Greenbank CTC

The Casino-Greenbank section currently operaeson an eletric 4aff sygem. Thisrequiresall trains
to stop and manually exchange gaff ingruments. The delay a each location is approximetely 5
minutes.

Sgnal braking distance

With ashift to longer and heavier trains whichtakefurther to stop,thesignal spacing & sosme
locaionsisinadequateto allow atrain to stop between acaution indicaion and a 4op indication. To
address this problem, some sgnalshave a speedredtriction on them to limit train speedto the level
necessary to 4op intheavailable disgance. T his includes much of the Sydney meropolitan area. The
problem will be exacerbated if inareased cant deficiency and superelevaion isintroduced astrain
Speeds on the goproach to signals will be higher.

Temporay eed redricions

The Melbourne-Brishane corridor hastraditionally had a number of long-standing temporary speed
restriction on it due to track and structure condition. Whilethese have declined in recent years, the
opportunity gill exigstoimprovetranst timeby eliminaingthe ranaining long-ganding restrictions.
A particular example isthe Murrumbidgee River Bridge which due to the lengh of theviaducts and
bridge structure, and the low speed, imposes aparticularly severetime penalty onthe corridor.

Permanent speed redridionsthrough yards

Traditionally speed regrictions wereplaced on yard areas in recognition of the dangersof high speed
operaionthrough areas where ground daff were operaing. Dueto the speed regriction, track inthese
areas was often maintainedto a lower gandardthan required for high speed running. Despitethe
amod complete elimination of yard operaions, many of these speedrestrictions andthe lower
standardtrack remain. The opportunity exidsto eliminaethese restridions subject to upgrading of
theyard.

Sgnal andlevel cossing sighting distances

Invarious locaions there are speed redrictions imposed due to either the difficulty of train drivers
sghtingasignal a& sufficient distance, or vehicle drivers sighting atrain & sufficiet disganceat a
level crossing. T hese sighting distance problems are directly relaedto train speed andrequire
remedial worksto improve sghtingtimes. Increasing train gpeed will increasethe number of
locaionswhere sghting is an issue and will require remediaion.

Simulation

T MG undertook a smulation of theentire corridor usng M-T rain to identify those locaions wherethere
woul d be significant benefit from an increase in superelevaion and cant deficiency. Benefit arises wherethe
potatial speed of thetrain withthe higher superelevation and cant deficiency parameersexceedsthe currant
speed limit.

Typically bendit arises for curvestowardthe bottom of downgrades, where train gpeed has built up, andon
the lower part of upgrades, beforethetrain loses momentum. There isfrequently little benefit in inareasing
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speeds through curves toward thetops of grades asthe potertial speed of thetrain islessthan current track
geomery standards permit. | ndeed, inareasingthe superelevaion a these locationsis undesirable as atrain
travelling & lessthan the equilibrium speed will place increased pressure on the low-side rail, increasing
wear.

The sample chart below isillustrative of the oupus. Beween approximately 270 km and 274 kmthetrain
speed with increased superelevaion and cant deficiency is substantially abovethe current speed limit, though
gill condrained by the higher speed limit. In contrad, there isno benefit from increased cant deficiency and
superelevation between 279 km and 285 km wherethetrain speed falls below the currat speed limit and is
uncondrained..

Sample Simulation of Increased Cant Deficiency and Superelevation
Main South 268-29% km
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The NSV Leasebusiness case did not fully address the potential for timesavings from inaeasing
superelevaion and cant deficiency. Asnoted above, it ishighly desrabletha concrete be ingalled on curves
to be subject to the higher track forces arisng from the changed standards. T he business case did not provide
for any additional concrete deeperingto facilitaethe change to the higher 4andards.

The analydsindicaestha thee is substantial additional potential fortrandt time reduction by conade
deepering selected curvesontheMain South. Dueto the relaively gantle gradients and extensive number of
curves ontheNorth Coad,theanalysis suggeststha there is bendit in concreedeepering all curvesonthis
line.

It should also be notedtha by basing speed onthe prevailingtrack geomery, the smulaion also implicitly
models the elimination of the other non-geometry relaed redricions. The NSV L ease business case provided
for mod of these redrictionsto be addressed. | nvestment associaed with increasingtrain geed through
increased cant deficiency and superlevaion will also needto address additional areas where signal and level
crossing sighting distances become an issue.
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OPERATIONAL ANALYSIS

Introduction

Therearetwo issues affedting the adequacy of railway infragrucure on the North-South Corridor between
Melbourne and Brisbane:

i) the patern of futuretraffic;
i) the most appropriate plan of infragructure improvemeans.

T MG modelled a nominal 2015 trefic patern which reflects ahigh-end forecad of potential volume. Users
include:

i) CityRail, astheopeaor of NSV Suthern Highlands provincial commuter passenger savices,

i) Countrylink, asthe operaor of NSV long distance passenger services between Sydney, Canberra,
Griffith and Melboune;

iii) V/Line Passenger, asthe operaor of Victorian intrastate passenger services between Melbourne and
Albury;

iv) Pacific Naional, asthemajor operaor of intragaeand intestae freight services, and

V) PPL, QRN, SCT, ec, astheminor operaorsof intragae and interdaefreight services.

Thesetrain service patems, paticularly those of the interda e passenger and freight train operators, probably
posethe greaed problem when deermining fuure infragructureneeds. These services are expeded to
concetraein particular time windows yet they also haveto teke into account the pradicalitiesof terminal
operaion, whereby the rae of receipt and despat ch of freight trainswill depend upon different terminal
configuraions (which are outsidethe scope of thiswork).

Melbourne - Sydney

Roughly half the North-South Corridor between Sydney and Melbourne isdouble track. Thistrack
configuraion largely eliminates conflics between opposingtrain movements. However, it ill hasto deal
with conflias between following train movements. Theearly completion of automatic signalling will assst in
thismater. However, there will sill be aneedto provide strategically locaed opportunitiesto refuge and/or
overtaketrains. Such opportunitieshave been factored into thefollowing infragruct ure assessmernts.

The bigger problem is expecedto be encountered inthe single track remainder of the corridor. T here will be
aneedto provide:

i) sufficient capacity for fuuretraffic;

i) adequat e flexibility to be able to accommodateflighted and/or regular train movements, and

iii) aslow as pradticable delaysto the movement of trainsto improvethereliability of the wholetrain
flow.

With these issues in mind we havethus explored a range of infragructure aternaives south of Junee,the
current limit of double track inthecorridor. In principle, we need to equalise the sectional running times
between those crossing loops capable of refuging 1500 metrestrains. These limiting sectional running times
should reflect the likely headway's between following trains andthe sectional clearancetimes between
opposingtrains. The limiting sectional runningtimes should be no morethan 30 minutes and preferably less,
eg 15-20 minutes, in order to accommodateflightedtrain movementsas well as expeditingthe passage of
opposingtrain flows asis expededto occur between Cootamundraand Albury.

Afte consultaion with ART C, TMG adopted a common patern of loop lengthening in NSV in order to
provide limiting 15-20 minute sectional running times for intermodal trains while accepting constraintson the
ability to lenghen the crossing loop & Wagga Wagga. Thus, we have chosen to lengthen Harefield, Bomen,
Uranquinty and Culcairnto accommodate 1500 metrestrainsto complament the existing long loops a&

Y erong Creek, Gerogery and Albury. Wehavealso assumed tha Junee will be able to dage long freight
trains entering and leaving the double track.

Themore problemaical sectionistheabutting Victorian NESG. Thisdrech of railway hasirregularly
gpaced crossing loops but more uniformly gpaced intermediae sgnals sotha it isideally configured for
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fleeted traffic running successively northbound andthen southbound. Whilethisis certainly the current
patern of sandard gauge trefic it isnot expectedto bethe future pattern whereby it isexpededtha interstae
traffic can be expected to spread out over the wholeof aworking day and over which formerly broad gauge
traffic can be expeted to be overlaid.

With this futuretraffic is mind we conducted anumber of SKET CH infrastructure experimentsin Victoria (all
with the same arossing loop configuration in NSA) with the previoudy discussed nominal 2015 traffic
pdtern, ie:

i) the exiding patern of lengthened loopsin Victoria, ie Tottenham (10 kmvialG), Someaton (22 km),
Wallan (47 km), Seymour (101 km), Longwood (137 km), Violet Town (170 km), Genrowan (219
km) and Chiltern (272 km) [Case L];

i) amodified pattern of lenghen loopsin Victoria, in addition to the above crossing loops, ie
Tulamaine (23 kmvialG), Donnybrook (34 km), Broadford (74 km), Benalla(196 km) plus a new
loop near Soringhurg (252 km) [Case M];

iii) lengthening all loopsin Victoria, ieadditionto the above loops also Mdntyre (16 kmvialG),
Tallarook (89 km), Alumata (232 km) andWodonga (298 km), but excludingthe new loop near
Sringhurst [Case N;

iv) al long loopsplus divison of the Seymour — Longwood, Longwood — Viold Town and Alumata—
Chiltern sectionswith new long loops & Avenel (119 km), Euroa (154 km) and Sringhurst (252 km)
[Caxe O];

V) all long loopsplus provison of 15-20 kilometre“passing lanes” from Seymour (101 km) to Avenel
(119 km), from Euroa (154 km) to Violg Town (170 km) and Alumatta (232 km) to Soringhurd (252
km) [Case P}; and

vi) duplication between Seymour (101 km) and Wodonga (298 km) [Case Q).

In al cases, sncethe abovetrdfic scenario assumed the incorporaion of former broad gauge traffic (assumed
to bethree weekday pairs of Down and Up intrad e e passenger trains between Soencer Sred and Albury plus
two pairs of Down and Up freight trains between Melbourne and northeagem Victoria), it was assumed that
passenger dops could be made & Seymour, Avenel, Euroa, Balmatum, Viole Town, Benalla Geenrowan,
Wangardta Soringhurst, Chiltern, Barnawartha, Wodonga and Albury.

The revised nominal 2015 traffic patern incorporaed 43555train minutes for 142 trains and 22659 train

minutesfor 35 intermodal trains (including those only running between Chulloraand Cootamundra) in the 24
hours between 1200 on aWednesday and 1200 on aThursday. T able 1 summarisesthetotal delaysfor all
trains and just intermodal trains under near optimal timetable resolution for each of the above cases.

Delay CaseL Cae M CasN Cas0O Cas P Cas=Q
Category Train Train Train Train Train Train

IES ES Minutes minutes minutes ES

Average 4404 2731 2563 1947 1701 1357
All (10.1%) (6.3%) (5.9%) (4.5%) (3.9%) 3.1%)
Trains

Best 2970 2240 2241 1715 1472 1214
Al (6.8%) (5.1%) (5.1%) (3.9%) (3.4%) (2.8%)

Trains

Best 1881 1201 1179 883 720 624
P’modal (8.3%) (5.3%) (5.2%) (3.9%) (3.2%) (2.8%)

HENS
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It can be seen tha these bed raes of delay redudiion occur asthe exiding NESG crossng loopsare all
lengthenedto accommodate 1500 metrestrains after which thethree longes sections aredivided by new long
crossing loops. The substitution of*“passing lanes” for these new crossing loops offers a futher modes
improvement, but & expected cog levelsthereduction in delay minues paforms better than the best ranking
deviation projeds. Accordingly it is preferred asthe optimum scope of works. Duplicaion for 197 kilometres
between Seymour and Wodongathen only yields a minor improvement.

Thetrain grgph produced for the preferred scope, Option P, isattached a gppendix 4.

Sydney - Brisbane

Only onefifth of the North-South Corridor baween Sydney and Brisbane is double track. Thistradk
configuraion largely eliminaes conflias between opposingtrain movements. However, it gill hasto deal
with conflias between following train movemants. Thisis exacerbaed by theintense Central Coad
commuter passenger traffic between Sydney, Gosford, Wyong, Morisset and Newcastle, followed by thebusy
Newcastle Digrict provincial passenger traffic between Newcastle Maitland and Dungog. Whilethere are
infragructure atematives thesehave not ye been developed into afirm plan. Inthe meaitime RailCorp is
working on providing two guaranteed freight train pahsper hour in each direction outsidethe Sydney
commuter pesk periods.

Nevertheless, with four-fifthsof the corridor sngletrack the immedia e infragructure problemswill liethere,
onthe NSV North Coast Line There will be a needto provide:

iv) sufficient capacity for fuuretraffic;

V) adequat e flexihility to be able to accommodateflighted and/or regular train movements,; and

vi) as low as practicable delaysto the movement of trainsto improvethereliability of the wholetrain
flow.

With these issues in mind wethus explored a range of infrastructure atemativesnorth of Maitland and
Telarah, thecurrent limit of doubletradk inthecorridor. Because of the currently dow running times
throughou the North Coast Railway we adopted anumber of infragructure projects which were expresdy
intended to reduce runningtimeswithou direc regard for line capecity. These projedsincluded the
conversion of Electric Train Saff sefeworking to Centralised Traffic Control, changesto track geometry to
raise the geeds of trains aound curves and selected deviaions. Their neat efea should be to reduce bare
runningtimes between T elarah and Acacia Ridge by two hours.

Wethen tumed our atention to measures expresdy intended to address line capecity andthereduction of
delay (necessary forthepromotion of reliahility). Traffic conditionsonthe L ower North Coag, between
Telaah and Craven, areaypical of the red of therailway. Thisis because Newcastle Digrict provincial
passenger trains and export and power generaion coal trains easly double even futuretrain flows. The
solution would be to lengthen all the crossing loops between Telarah and Craven (ie Telarah, Mindaribba,
Paerson*, Kilbride, Wallarobba* Dungog, Monkerai and Sroud Road*) to refuge 1500 metrestrains. The
marked crossing loops are already sufficiently long, thus five additional crossing loops would haveto be
lengthened over what is currently in place.

Wethen hadthealternative of either selectively lengheningthe remaining crossing loops between Craven
and Acacia Ridge to provide long crossing loops25-30 minutes gpart for intermodal trainsor to lengthen all
crossing loops.

The seledive leng hening would require long loops & Berrico, Bulliac*, Mt George, Killawarra*, T aee*,
Melinga, Johns Rive* , Kerewong, Telegraph Point* , Kempsey*, Eungai* , Nambucca Heads*, Raleigh,
Boambee Beach*, Coramba, Kungala, Braungone, Kyaran, Lawence Road*, Rappville*, anew loop &
Namoona, Kyogle*, L oadstone, Glenapp*, anew loop a T amrookum, Bromelton*, Greenbank and Acacia
Ridge*. Themarked crossing loopsare aready sufficiently long, thus twelve additional arossing loops would
haveto be lengthenedover what is currently in place. Melinga was required to reduce sectional running time
between T aree and Johns River. Ontheothe hand, it was thought that Grafton might betoo difficult to
lengthen 0 tha Braunstoneand Kyarran were proposed in itsplace Smilarly, it was thought tha Casino
might be tooto lengthen so that Namoona wasto be condruded in its dead.
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The global 1oop lenghening would require Craven, Goucester, Bundook, Wingham, Kendall, Wauchope

Kundabung, T amban, Madcksville, Bonville Landrigans, Nana Glen, Glenreagh, CamiraCreek and Leevilleto
be additionally lenghened: atotal of fifteen additional loops.

With futuretrafficis mind wethus conductedtwo KET CH infradrucure experiments alongthe NSA North
Coad Railway to test theopeaional impad of these alternaive loop lenghening scenarios, ie:

Vii) global loop lengthening south of Craven and selective loop leng hening north of Craven, asoulined
above [Case L]; and
viii)  global loop lengthening between Telarah and Acacia Ridge, as outlined above[Case M].

The revised nominal 2015 traffic pattern incorporaed 32455train minutes for 151 trains and 19515 train
minutesfor 26 intermodal trainsin the 24 hours beween 1200 on aWednesday and 1200 on aT hursday.
Table1l summaisesthetotal delaysfor alltrainsand just intermodal trains under near optimal timetable
resolution for each of the above cases.

TABLEZ1: SUMMARY OF REVISED SKETCH NSW NORTH COAST INFRASTRUCTURE
SIMULATIONS

Delay CaselL Case M

Category Train minutes Train minutes

Average 2442
All Trains (7.5%) (6.4%)

Best 2041 1759
All Trains (6.3%) (54%)

Best 1493 1183
Intermodal Trains (7.2%) (6.1%)

It can be seen that global loop lengthening only dightly improvesthe operational results so tha selective loop
lengthening should deliver acceptable reliability aswell asatwo hour baretranst timereduction.

Thetrain grgph produced for the prefered scope, Option L, isdtached at appendix 4.
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Conclusions

Thekey conclusons of theanalysis are:

e Increasing train speedthrough inareased superelevation and cant deficiency performsvery well on a
cost per minute saved basis and should be a high priority. Implementaion of higher train speeds also
requires a number of consequential worksto be compleed.

e Loop lengthening works also perform very highly intermsof cog per minue saved. The optimum
scope of worksis:

a
b.

C.

d.

€.

f.

Lengthen al loopsonthe North Coag between Maitland and Weignantels.

L engthen selected loops north of Wesimantelsto givea maximum section runningtime of
around 35 minutes.

Lengthen all loops between Melbourne and Seymour.

Provide 3 sections of double track between Seymour and Albury (with atotal distance of
around 45 km).

L engthen selected loopsto Junee.

Provide a limited number of additional refuging facilities between Juneeand Sydney,
preferable in conjunction with resignalling schemes.

¢ Thehighed ranking deviation works are well justified oncethegains from increased trains speeds and
an optimized loop configuraion have been achieved.
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Appendix 2

Melbourne - Brisbane D eviations Options- Project Information

RAVEL TIMES
FROM 0 PRQJECTDETAI DEVIATIONLENGTH(Km | Esisting Proposed time(mins) Timesaved (ming Costitime saved ($Mmin)
Existing (it
Nev Length | Costperkm fdifferentfrom | Distarce
C ot sM k SM catulated) sved

Sewmour. 97.50 99.20
Wodmoa Bwass 296670 303000
Mirray Rier bridje 649500 648500

S 647 5647 Allury ive @shg 648500 644500 97.08 4.00 501 219 219 282 2.2 $606 $6.06
s 519 s519 Waga South(nc MimumbigeeB rige) | 522230 |Bomen 515800 22,94 6.43 1247 3.45 345 9.02 Exs $254 52,54
s 513 s513 Bomen cuve eing 515500 511000 93.80 450 455 3.04 3.04 151 15 $914 $9.14
s 507 S507 Shepherds 507580 507200 $3.90 038 021 019 019 002 o® $19477 59477
s 490 5490 Harefeld airveeasng 490690 489380 21,63 131 150 147 1.47 003 0@ $72084 2084
s 452 sa52 Bettungra (UP Orly) 456040  |Franpton 447700 99.92 6.550 $15.3 1.79 727 6.43 6.43 084 08 $11895 §18.95
s 439 5439 Franpton 445530 _|Cootanundras aith 433400 %6.44 8.700 $7.61 3.43 1293 .03 8.03 4.90 19 51356 5356
382 S381 CootanundraN a b 428230  [Bownirg 333450 §63.58 .080 16.70 10659 68.30 68.30 38.29 38.2 $1994 §9.94
s 416 5416 Norisors Hill 421580  [indake 411000 %9.98 9.400 118 1158 1005 10.01 153 15 3267 8184
s 405 5405 Walenben 407830 bba 401640 2364 5.990 020 574 456 455 118 19 52003 s19.87
s 39 396 Nubtn 399150  [pemordrile 392650 £9.94 8.000 -150 624 4.14 413 210 21 $1425 s4.19
s 386 5336 Demadiile 391500  Jcunnngar 380920 98,60 8.000 258 1595 9.70 968 625 6.7 $778 $7.75
s s -
S 365 S365 Cunringar 375220 [Bimlong 355750 920,98 8.250 $6.8 122 2066 14.38 1438 628 6.3 $1926 §9.26
s 343 5343 Birmlorg 350750 |Bownirg 334500 %0.07 2.800 548 345 1588 879 878 7.09 7.0 $847 $8.46
s 331 5331 Bownng cuve ezirg 331600 320550 92.82 2.000 s21.4 0.05 138 143 139 -005 -001 $56.30  $4281.9)
s 326 5326 Bownig 328900 |vas Juncton 322100 93.43 9.450 $4.0 265 627 4.03 381 224 2.6 $1939 9766
s 320 5320 Yas incton Wes cune easng 321150 319800 $8.06 1.200 $6.11 015 098 098 083 0.00 05 DIVia $3.70
s a7 5317 Yass lincton Eag cune easng 317800 315250 €7.98 2550 $7.6 0.00 179 1.96 1.96 017 017 §05.79  -$10579
s 308 5305 Cooblie(MundanoonTunne) 300550 |errawa 300000 $3.41 6.650 $8.3 2.90 1315 11.38 8.17 177 4.8 $3017 §0.72
s 212 5272 Errava 207000  |Breacilbare 247000 €06.23 %.250 ss.a 1375 4579 28.13 2658 17.66 192 s1111 K021
s 231 5231 - 5220 | vama 231670 | booa indion 230490 $4.45 118 069 071 062 -02 0w 222,40 ®3.54
S 229 5231 - 5229 | oppasunaion 230490 |Goutim 227540 ®8.20 295 205 197 1.74 0.08 03 535255 %095
s 214 214 Wolondilvir2 212770 215050 82.06 228 147 142 1.26 0.05 02 564116 §52.66
s 102 s192 Neduay 103270 frmmilan 180470 2109 280 181 173 123 008 om 526360 26.36
s 183 5183 5170 | Talona 183110 |Wineilo 182190 s2.08 092 057 053 0.48 0.04 0m 532447 s4a21
s 179 5183 -5179 | Wirnelb 181020 177300 173 3.72 2= A 210 058 05 -§1.95 278.19
s 170 s170 170540 nrase 168470 357 2.07 140 126 113 014 07 $23977 §24.32
S 165 5165 perr se 165600  |Bundinoon 164100 €4.81 150 088 0.88 077 0.00 o 5000 634566
s 152 s152 Werai 153580  |Exder 151000 84.25 258 327 3.03 1.75 024 12 $14270 2253
s 138 5138 - 5130 | Buraco 138080  |Bowral 137380 $8.39 070 049 0.46 0.43 003 0.6 $27969 39,85
s 136 5138 -5130 | Bowral 136090 135380 $4.96 071 074 073 070 001 oo $49572 2393
s 133 5138 -5130 | Boweal 134750 |Mtagog 132000 ®1.65 275 253 217 233 -164 0D -13.20 £08.25
s 130 5138 - 5130 | Mttagmg duncton 130250 129300 369 095 080 083 067 -003 on S15637 80532
s 128 28 Mitaoma 128210 |Aumerton 126880 w012 133 123 110 100 013 03 $7784 $14.00
e $63.75 B.540 : 9 5591 37.75 37.75 p S

142313 175530

Hexram 176480 270000
N 271 Nz71-Nesa | Dhnson Creek Devaton 270000 271604 $9.50 1500 $6.3 0.10 140 123 084 017 LE) $5586 §6.96
N 273 NZ71-N28a | coalshaft reekD eviaton 271916 275237 $0.83 2500 $12.3 082 333 273 158 060 1% $5138 7.62
N 276 NZ1-N2sa | souh Weisnanteb CurveEasimg 275900 276400 $5.09 0.700 $7.3 -020 103 115 073 12 0.2 -912.46 6.98
N 280 N71-Ne8a | wesmartelsDevaton 276900 282704 £6.67 5.000 $5.3 0.80 483 4.38 3.22 045 16 $5926 6.56
N 284 NZ1-N2ga | Terl RoadD evaton 282860 284169 $6.85 1300 $5.2 001 168 167 1.09 001 0® 568472 1161
N 288 N8 -N293 | craven Deviaion 285019 290086 £8.38 4.840 5.8 023 679 6.56 4.05 023 2m $12337 §0.36
N 293 NB8 -N293 | Uppe Avon CurveEasirg 291900 293200 $6.29 1300 $4.81 0.00 303 281 239 022 0.8 $2860 $9.83
N 299 IN29 -N338 | Aon Rive Devaton 296184 301500 £9.87 5.100 5.5 022 555 518 423 037 12 $8072 2263
N 305 N29 -N338 | Souh Gbucester Devation 301665 308620 82.39 6.140 $5.3 081 650 533 439 117 21 52769 §5.35
N 313 ND9 -N338 | Bamimgton Rier Bymss 309631 316391 $4.16 6.200 $10.3 056 597 4.84 392 113 2.6 $5678 81.30
N 320 N29 -N338 | BuliacPinnaleD evaton 316713 323840 97.35 6.150 $15.8 098 744 535 376 209 3.8 $4658 26.45
N 326 N29 -N338 | irradyurie Devaton 324024 328531 97.18 4.180 $11.3 033 413 3.49 245 064 16 $7372 £8.09
N 332 IN29 -N338 | DoonA e Devatio 328871 334142 %8.08 4.540 $12.® 073 613 4.43 3.08 170 36 3417 59.04
N 338 N29 -N338 | Mannirg Rive Crossimg 334401 341563 $9.48 6.200 s11.2 0.96 709 5.48 358 161 38 54316 §9.80
N 346 N6 -N363 | Charty CreekD evaton 342000 350147 $9.10 6570 $5.5 1.58 727 5.95 4.02 132 35 52962 §2.03
N 354 N6 -N363 | Kilavarra CreekD eviaton 350000 358355 $£1.06 4.150 $7.9 421 717 5.27 316 1.90 aa 51635 $7.75
N 363 N6 -N363 | Wes Winghan Devation 359600 365844 £8.28 5.470 $5.7 077 692 561 497 131 1% 52159 51450
N 371 N1 Wirgham Ezst Devation 368611 373928 29.44 5.410 5.4 -009 527 5.03 483 024 0.4 $12267 $6.91
N_376 N3 Wesi Taree Deviaton 375017 377773 6.18 2.450 $6.0) 031 327 2.73 241 054 0.5 52995 518.81
N 379 N9 Tare North Bymss 375000 382900 20.11 5.000 $4.2 2.90 831 512 319 3B $630 $6.30
N 401 N Tare (Davon Rier) 383300 |ohnsRier 417801 6.41 %.500 $2.8 8.00 2315 16.62 1531 1253 3.8 $610 $5.52
N 423 A |ne3 DhnsRier (Staton) 417801 [Rosglen 427200 ®7.36 1.900 $14.0 0.00 789 6.26 482 163 3@ $1678 $8.91
N 423 A |nae3 Part RACO2 notpart ofC E1 417801 427200 7.180 $0.0 032

N 434 N@3 =457 | Rossglen (Syd. Sde) 427200 |HeronscC rek (Staton) 439096 £9.70 9.000 $4.4 2.90 1023 6.1 4.82 413 5.4 $961 $7.34
N 457 N83-N457 | HeronsCr ek (staton) 439096 | TebgraphPoint (Not sati) 474000 95.94 2.250 $3.5 108 2804 239 22.68 414 55 $1110 $8.57
N 481 N 81 Yaratee Park 480792 [Mngaktia 482154 $2.54 1.280 S1L.8 0.08 085 0.79 0.7 0.06 0.5 $4231 6.92
N 495 N5 -Ns12 | Kurdaburg 487197  |Kempey(Station 503572 £8.10 5.730 s2.2 0565 1458 11.87 9.14 271 5.4 $1406 $7.00
N 512 IN®5 -Ns12 | Kenpsey(Station) 503572 |Tanban (Staton) 520558 8357 1.300 s2.9 1.40 1324 10.41 855 283 2@ $1186 $7.16
N 528 N8 -Ns59 | Tanban (Staton) 520558  |Eunai (taton) 534556 $14.91 1.880 $3.8 212 1270 8.68 6.88 4.02 52 $1117 $7.72
N 542 N8 -N659 | Eurgai (Staton) 534556 |Macksile (Staton) 552417 916.69 5.650 $2.8 1.21 1566 11.22 936 4.44 6.3 $1051 $7.41
N 559 N8 - N659 | Macksille (Staton) 552417  [NambiccaH mds (Staton) 565081 £5.95 1.600 s2.21 1.06 1193 8.86 656 307 53 $845 $4.83
N 573 N3 -N691 | Namhiccaheads (Statian) 565081  |Urunga(s ation) 580918 20.53 5500 s1.2 025 1305 10.01 8.42 3.04 a8 $675 $4.43

Uunga(s ation) 580918 [Raldgh (Staton) 586454
St 586454 st 596494

CoffsHa tour - Nana GenD eviaton 610700 644340 $1251

Genreagh Devatio 644340 654270 $0.16 8.880 $6.77 1.05 832 6.27 2.05 32 $2935 §8.12
She woal D evigion No 1 654400 658670 ®1.38 4.200 $5.0 0.07 332 3.39 2.48 -007 o8 -805.49 25.46
She wodl D evidion No 2 658710 663010 7.66 3.850 $4.9 0.45 362 2.89 2.26 0.73 13 $2419 €298
Duncbo Creek Devaton 663490 670040 ®4.82 6.250 3.9 0.30 533 413 3.63 1.20 10 $2069 §4.60
Quyarip Cuve Easng 670400 670900 $1.41 0.500 $2.8 0.00 064 0.67 0.52 03 or -%17.10 €178
Lanitza Devation 671370 674810 #4.80 3.130 $4.8 0.31 305 2.77 233 0.28 0.2 $5284 ®0.55
Pokon CreekCurve Easng 675400 677300 $3.78 1.870 2.e 0.03 172 1.62 1.44 0.10 0.3 $3776 83.49
BraurstoneD evidion 678820 687000 80.15 7.320 $4.L 0.86 787 6.21 5.97 1.66 19 $1817 §5.87
Souh Grafon Devatim 687720 693700 88.60 5.860 $6.9 0.12 751 6.29 6.18 122 1.3 $3164 ®9.02
GaftonE st 704250 706400 €074 2.050 $5.24 0.10 199 1.96 1.25 0.03 0.7 $35805 84.52
Kodkhan Devidion 706640 712380 8.01 5.000 $3.0 0.74 518 4.39 3.31 0.79 1 $2280 $9.63
SouhgateD evaton 712620 714580 $3.47 1.930 $1L.8 0.03 191 1.86 1.26 0.05 0.6 $6947 $5.34
Warraga Creek Deviaton 714880 727280 #0.74 1.750 3.4 0.65 1170 8.77 6.96 2.93 am $1390 $8.59
Lavrerce RoadSouthemExtenson 727760 733950 ®7.55 5.710 $4.2 0.48 598 5.80 3.65 0.18 2.3 $15304 §1.82
Lavrerce RoadC ur \e Easng 736100 740350 $4.56 3.860 $1.8 0.39 584 6.67 4.46 -083 13 -%.50 $3.31
Baryablm Deviaion 740700 751200 w247 9.800 $4.3 0.70 917 6.93 6.02 2.24 3.5 $1896 8348
Camra O ek Devation 751670 759770 83.82 7.460 $4.8 0.64 722 5.48 4.42 174 2.8 $1944 §2.08
AmmlaleD evaton 761840 764550 $9.94 2.400 $4.4 0.31 386 3.23 251 0.63 1% $1578 $7.37
N 766 N %6 - N799 Sekcton Fla Regrade 765140 767320 €0.07 2.060 $4.8 0.12 206 1.90 1.42 0.16 0.61 $6293 8573
N 770 NB6 - N799 | CleatieldD eviaton 768700 772000 €8.10 2.060 8.8 124 343 2.99 238 044 16 $4113 724
N 775 N 86 - N799 MyrtieCreé Curve Esing 774880 775620 $6.75 0.740 $9.3 0.00 252 2.43 1.97 0.09 0.5 $7504 €2.28
N 780 N B6 - N799 Rappvile Devation 775980 783450 #7.28 6.620 $2.6 0.85 578 4.94 3.96 0.84 12 $2057 $9.49
N 784 N %6 - N799 Samdy CreekC u ve Easng No 1 783660 783880 $3.20 0.220 $14.% 0.00 032 0.31 0.22 0.01 0.0 $32032 82.03
N 785 N 86 - N799 Sardy CreekC ur e Easing No 2 784520 785200 $6.37 0.680 $9.7 0.00 095 0.93 0.72 0.02 0.3 $31869 27.71
N 786 N B6 - N799 CoonbellD eviaton 785650 787300 $5.70 1.630 $3.9 0.02 153 1.45 117 0.08 0.3 $7126 §5.84
N 792 NB6 -N799 | Brandh Creek Devaton 789960 793100 $6.90 3.140 $2. 0.00 401 389 334 012 0 $5748 2030
N 794 N 86 - N799 Leevile Cune Eashg 793580 794300 $4.96 0.720 $6.8 0.00 081 0.78 0.67 0.03 ou $16543 85.45
N

North Casino Devaton 807000 808740 54567
N 811 Nes -N816 | summerdownsC une Easng 810000 810920 $3.62 0.900 X 002 173 X 142 009 oa $4025 §1.69
N 812 N@s -N816 | summerdownsNorthCuve easing 811520 811800 $0.82 0.280 0.00 064 X 051 001 0.8 $8207 $6.31
N 813 Nos -N816 | woodands Dip CurveEasing 812290 813400 $9.69 1070 0.04 121 088 0.08 0.3 12118 2938
N 816 N@s -N816 | Faiy Hil Devidion 814020 818360 €1.33 4.160 3 018 391 . 272 045 19 $2517 $9.52
N 822 Ne2-N8a1 | BaramalCune Eashg 821500 822320 $2.61 0820 0.00 293 . 219 007 0 3725 $3.52
N 825 N2 -N84a1 | studiers tane Devation 823850 825590 $5.51 1670 0.07 275 176 028 0® $1968 $5.57
N 827 N2 -N84a1 | Soun kyoge QurveEasirg 827100 827500 $5.76 0500 ! 010 165 d 1.04 013 04 54428 $9.44
N 832 Ne2-Nsa1 | KyogleDevaton 827900 836000 %6.88 7.400 070 807 . 435 1.94 32 52932 §5.29
N 838 Ne@2 -N841 | GreenwoodLagom Curve Easng 837970 838660 $1.83 0690 0.00 22 145 010 0B $1834 s2.45
N 841 Ne2 -Ne41 | Kigra Devation 839460 842600 21.08 2840 030 316 X 2.02 0.42 11 $5019 €8.49
N 866 N &6 Borda C rossirg Devidion 844490 886900 81146 2.190 1222 4847 . 23.33 20.08 251 $1551 §2.39
N 890 N@0 -N902 | Gengpp Devation 887440 892360 26.73 4.160 076 503 313 -062 19 -$13.11 407
N 893 IN©0 -N902 | New Year CreekC une Easng 892880 893800 $2.51 0.860 X 0.06 126 4 078 -005 0.8 -$0.14 $5.22
N 898 N0 -N902 | Laan River Deviaion 895000 901140 $86.91 5330 081 647 381 1.07 2.6 $3450 €3.88
N 902 N@0 -N902 | UglyCreek Qune Easig 901500 902750 €0.13 1250 0.00 124 088 003 05 $33772 2814
N 904 N4 -N923 | TanrookumC reek Devation 903060 905400 €8.74 2260 0.08 189 5 1.49 011 0.0 $17038 $16.86
N 906 TamookumC uve Easng No 1 905860 907000 $4.59 1140 X 0.00 104 X 0.87 005 0.7 $9182 27.00
N 908 TamookumC uve Easng No 2 907500 908800 $3.35 1230 007 111 0.98 003 0.3 $11159 2575
N 910 TamookumC uve Easng No 3 909780 910300 $3.10 0520 0.00 092 X 084 001 0B $30989 $8.74
N 912 Rourd Mowtain$ aith CurveEasirg 911120 913460 $5.73 2340 . 0.00 192 ¥ 172 0.06 0D $9556 £8.67
N 915 Rourd MowtainR o Curve Easng 914500 915940 $2.69 1440 0.00 153 137 002 [ $13474 €684
N 918 Sardy CreekR @d Curve Ezsing 916430 919350 $5.39 2920 0.00 209 X 185 005 0.z $10787 2247
N 923 Sanly QreekD eviaton 921880 924230 7.25 2200 E 015 31 ¥ 2564 022 0.6 $7839 87.49
N 926 BromdtonD evaton 924700 926940 £0.83 2220 002 206 1.76 -002 0.2 $41.28 £6.09
N 929 Alln CreekD evaton 927600 920780 €8.11 2.000 018 203 162 013 o4 $13034 $14.18
N 935 Saulk Road Deviation 932000 938100 €8.29 6.100 . 0.00 525 . 456 009 0.8 $20325 £6.51
N 939 TeuotB rock SouthD evidion 938500 940000 $3.63 1500 0.00 124 1.03 002 02 $18143 u7.28
N 945 TeuotB rock North Devation 940600 949790 88.66 9190 0.00 637 . 551 022 0.8 $17571 $14.95
N 951 Qs Road CuiveEasirg 950950 951460 $1.67 0510 . 0.00 107 X 092 002 0.5 $8326 s1.10
N 953 Oxlgy QreekD ivideD viaton 951740 954700 $7.87 2.860 0.10 22 18 004 0.0 $19685 9.69
N 956 Geenbank CurveEasig 955640 955900 $1.35 0.260 0.00 088 079 -002 0.® -$7.35 s14.97
N 959 Geenbank North Deviaton 957250 961740 £0.00 4.460 . 003 422 X 373 021 0.8 $4761 20.41
N 964 Brown PlnsD evaton 962060 966280 €2.33 4.130 009 338 2.98 -037 0.0 -83.32 £0.83
N 968 Laapina Curve Easng 967180 968350 $5.12 1170 0.00 135 4 118 0.00 0.7 - $0.12
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Appendix 3

Melbourne - Brisbane Deviations Options - Ranking

Cost ($m)

North-South Corridor Strategy

Time
Saving

$m/min
Saved

Cumulative
Cost ($m)

Cumulative
Time Saving

Cumulative
$m / min

N573 - N591
N401
N379

N528 - N559

N495 - N512
N159
386

N433 - N457
N223
343
513

N705 - N714

N721 - N763

N288 - N293

N346 - N363
K272

N822 - N841
V98
N628
439

N890 - N902
396

N808 - N816

N766 - N799
N866

N271 - N284
N423

N951 - N956

N649 - N691
365
326
381
405

N299 - N338

N959 - N970
N376
305
s97
416

N904 - N923

N926 - N945
$649
s128

S231-5229

S138-5130
452
N371
s152
$507

S183-5179
S170
S192
14
490
S165
320
331
817

VOOOLOLVOOOLONZOOVVWNVVZZONVVZIZZOVOVWNZIZZZZZZPZNZI<ZNZIZZZONIZHNIZZZ22Z2Z

NambuccaHeads (Station)
Taree (Dawson Rer)
Taree North Bypass
Tamban (Station)
Kundabung

Fassifern

Demondrille

Rossglen (Syd. Side)
Hexham

Binalong

Bomen curve easing
Grafton Exit

W arragai Creek

Craven

Charity Creek

Jerrawa

Baraimal

Seymour

Coffs Harbour - NanaGlen D
Frampton

Glenapp

Nubba

North Casino

Selection Flat Regrade
Border Crossing Deviation
Johnson Creek

Johns River (Station)
Olson Road

Glenreagh

Cunningar

Bowning

Cootamundra North

W allenbee n

Avon River

Greenbank North

W est Taree Deviation
Coolalie (Mundanoon Tunnel
Aylmerton

Morrisons Hill

Tammoo kum Cre ek
Bromelton

Murray River bridge
Mittagong

Yarra

Burradoo

Bethungra

W ingham East Deviation
Werai

Shepherds

Tallong

Medway

W ollondilly #2

Harefield curve easing
Penrose

Yass JunctonWest curve ea
Bowning curve easing

Yass Junction East aurve ea:

565.081
383.300
375.000
520.558
487.197

Bonvil le (Station)
Jo hns River

Nambu cca Heads (Station)
Tamban (Station)

14231 Hexham

391.500
439.096
176.480
350.750
515.500
704.250
714.880
285.019
342.000
297.000
821.500

97.550
610.700
445,530
887.440
399.150
807.000
765.140
844.490
270.000
417.801
950.950
644.340
375.220
328.900
428.230
407.830
296.184
957.250
375.017
309.550
126.300
421.580
887.440
924.700
649.500
128.210
231.670
138.080
456.040
368.611
153.580
507.580
183.110
170.540
193.270
212.770
490.690
165.600
321.150
331.600
317.800

Cunningar
Telegraph Point (Not station)
Stroud Road

Bowning

Southgate
Ampdale
Upper Avon
West Wingham
Breadal bane
Kilgra

Cootamundra South
Ugly Creek

Demon diille

Fairy Hill

South Casino

Tereel Road
Rosgglen
Greenbank
South Grafton
Binalong

Yass Junction
Bowning

Nubba

Manning River
Beaud esert Road

Je rawa

Menang le

Jindalee

Sandy Creek
Teviot Brook North

Aylmerton
Goulburn
Mittagong Junction
Frampton

Exeter
Winge llo

Penrose
Marulan

Bundanoon

596494
417.801
382.900
565.081
520558
175530
380.920
474.000
270.000
334500
511.000
714580
764.550
293200
365.844
247000
842600

99.020
644.340
433400
902.750
392650
818360
803.280
886.900
284.169
427200
955.900
693.700
355.750
322100
333450
401.640
341563
972.180
377773
300.000

68.000
411.000
924230
949.790
648500
126.880
227540
228540
229540
230540
231540
232540
233540
234540
235540
236.540
237540
238540
239540
240540
241540
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$39.43
$76.41
$20.11
$117.54
$71.67
$123.48
$48.60
$85.64
$361.33
$60.07
$13.80
$32.22
$159.08
$34.67
$98.45
$196.23
$93.67
$3.26
$162.75
$66.44
$76.28
$29.94
$33.23
$107.50
$311.46
$78.93
$27.36
$10.89
$212.76
$120.98
$43.43
$763.58
$23.64
$398.53
$38.37
$16.18
$53.41
$563.75
$49.98
$60.85
$89.52
$20.18
$10.12
$32.65
$48.69
$99.92
$29.44
$34.25
$3.90
$54.71
$33.57
$21.09
$32.06
$21.63
$14.81
$8.06
$42.82 -
$17.98 -

13.01

20.08
4.81

0.64
11.57
6.28
2.24
38.29

17.40
1.52
0.54
1.77

18.16
1.53
1.84
2.47
0.49
0.13

0.43
0.84
0.44
1.52
0.02
0.24
0.27
0.58
0.21
0.03
0.11
0.15
0.01
0.17

$4.48
$6.10
$6.30
$6.72
$7.07
$7.47
$7.78
$7.95
$8.40
$8.47
$9.14
$9.88
$10.10
$10.26
$10.69
$11.11
$11.78
$12.08
$12.51
$13.56
$14.13
$14.25
$14.57
$15.16
$15.51
$16.41
$16.78
$17.01
$18.39
$19.26
$19.39
$19.94
$20.03
$22.90
$25.24
$29.95
$30.17
$31.04
$32.67
$33.07
$36.24
$41.19
$77.84
$85.93
$113.23
$118.95
$66.91
$22.53
$194.77
$227.95
$124.32
$36.36
$152.66
$720.84
$134.66
$53.70
$4 281.50
-$105.79

$39.43
$11584
$135.95
$25348
$325.15
$44863
$497.23
$582.87
$944.20
$1,004.27
$1,01807
$1,050.29
$1,209.38
$1,244.05
$1,342.49
$1,538.72
$1,632.39
$1,635.65
$1,79840
$1,864.84
$1,941.12
$1,971.05
$2,004.28
$2,111.78
$2,42324
$2,502.17
$2,52953
$2,540.42
$2,753.18
$2,874.16
$2,917.60
$3,681.17
$3,704.81
$4,10334
$4,14171
$4,157.89
$4,211.30
$4,775.05
$4,825.03
$4,885.88
$4,975.40
$4,99558
$5,005.70
$5,038.35
$5,087.04
$5,186.96
$5,21640
$5,250.65
$5,25454
$5,309.25
$5,342.82
$5,363.91
$5,395.97
$5,41759
$5,432.40
$5,440.46
$5,48327
$5,501.26

Saved
$4.48
$5.43
$5.54
$6.03
$6.23
$6.53
$6.64
$6.80
$7.34
$7.40
$7.41
$7.47
$7.74
$7.79
$7.95
$8.25
$8.39
$8.40
$8.65
$8.77
$8.90
$8.95
$9.01
$9.20
$9.71
$9.83
$9.88
$9.90

$10.26
$10.47
$10.54
$11.68
$11.71
$12.30
$12.36
$12.38
$12.48
$13.43
$13.51
$13.61
$13.76
$13.80
$13.82
$13.90
$14.02
$14.26
$14.32
$14.36
$14.37
$14.51
$14.59
$14.62
$14.70
$14.76
$14.79
$14.81
$14.93
$14.98



North-South Corridor Strategy

Appendix 4 - SYDNEY-BRISBANE 24-HOUR TRAIN DIAGRAM FOR NOMINAL 2015 TRAFFIC
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North-South Corridor Strategy

AUSTRALTIAN RAIL TRACK ¢€AQ PORATION

North Caast : Chullara - Casino - Brisbane (2004+Lngr Derek-Z.O)

North Coost F\'uulway Nominal May 2015 -2.0 hr #PN

Train Diogram for 1200 an a Thursday 1o 1200 an a Friday Prepored cn 27-Jon-05
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North-South Corridor Strategy
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North-South Corridor Strategy

MELBOURNE - SYDNEY 24-HOUR TRAIN DIAGRAM FOR REVISED NOMINAL 2015 TRAFFIC
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North-South Corridor Strategy

AUSTRALIAN RAIL TRACK COCRPORATIO

Main South & NESG : Chullora - Albury - Meleourne (Hghr spd,NSW4Vic Xte}

Chullero - Albury - Melbaurne (Standard Gauged : Moy 2015 -3D" +BG #PN
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