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Th enefit Analysis manual (the manual) is a practical reference tool
ansport and Main Roads (TMR) staff and consultants evaluating the
Q omic merits of transport and road projects. The manual replaces the
@ Cost-Benefit Analysis Manual for Road Projects, which was produced in 1999.

The manual presents a number of case studies to help give system users an
understanding of the principles involved in evaluating transport and road
projects. It details TMR’s cost-benefit analysis (CBA) tool, known as CBA6,
which is used to evaluate rural and urban projects.

The manual is aimed at a broad range of stakeholders including policy
makers, managers, regional staff, project managers, engineers and system
users. It is divided into three different parts to help meet the needs of all
stakeholders:

e Theoretical Guide

e User Guide

e Technical Guide
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1.1 Purpose

Project evaluation is an essential element in the development and delivery of successful transport systems. CBA remains
a complex and highly technical process and usually should be undertaken only by qualified and experienced specialists
in economics. The purpose of the manual is to provide system users and decision makers within TMR with an appreciation
of how welfare economics in general, and CBA in particular, may be applied to support the project evaluation process.
Regions using CBA6 will find the User Guide helpful.

CBA provides a framework for organising information, listing the advantages and disadvantages of each alternative
course of action in terms of economic values and ranking alternatives on the criteria of net economic value. CBA can be
used to compare alternatives for transport and road projects by the net benefits that they create over time, when the
broad social view is important and when projects may be characterised by a flow of benefits and costs over time.

CBA helps the decision-making process by:

e determining what constitutes a tangible benefit or a cost to the wider community overand above a ‘no project’
alternative

e preventing ‘double counting’ of either benefits or costs

e incorporating a time dimension via discounting of benefit and cost streams

e identifying net benefits of project alternatives

e presenting how variance, particularly assumptions, influences the net benefits of alternatives

e presenting the preferred course of action which offersthe highest net benefit to the community.
More broadly, CBA can help by:

e bringing economic theory into decisiofhmaking

e improving the logic of thinking and‘problem solving

e reducing the complexity of'décisions.

The objective of the manual is to provide techniques and methodologies for undertaking CBA and promoting the use of
project evaluation in the decision-making process.

CBA can be a complex process, and CBA6 cannot be applied in all situations. The manual provides the scope of
evaluation that can be undertaken by system users without the need for specialised assistance.
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1.2 Scope

The manual provides a comprehensive guide to CBA in the context of roads and transport. Concepts, theories,
methodologies and processes relevant to CBA are explained in sufficient detail for any system user with a basic
background in economics to comprehend. The manual focuses on the application of the TMR CBA tool (CBA6) but
provides sufficient instruction and reference to alternative approaches to project evaluation. The manual is divided into
three sections: the Theoretical Guide, the User Guide and the Technical Guide.

The Theoretical Guide introduces the reader to the theoretical basis of CBA. This section also discusses complementary
issues associated with CBA such as the treatment of externalities and tolling. The section also contains a discussion

of other important issues including development benefits and issues of Wide Economic Benefits. The manual does not
provide general coverage of CBA or welfare economics outside of transport and roads.

The User Guide is an instructional aid for system users when operating CBA6. All characteristics of the tool are described
in detail. Using 18 different case studies, the User Guide enables the navigation and exemplification of the functionality
of all CBA6 modules.

The Technical Guide contains relevant information on, and a practical explanation®of, the formulae and equations
found in CBAG. It also explains the background and context of the tool within ¥MRsThe technical guide also provides
information relating to Austroads endorsed harmonisation publications, thérefofe establishing the technical basis for
project evaluation in Australia.
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1.3 Alignment with national strategies and guidelines

National frameworks, guidelines, processes and methodologies have been established which underlie Australian
Government funding for transport and road projects. CBA is used to support funding submissions by outlining the
viability of a project. The Queensland Government has also established a framework and process incorporating the
economic evaluation of projects for state funding.

1.3.1 National Guidelines for Transport System Management in Australia

The Australia Transport Council (ATC) National Guidelines for Transport System Management in Australia is endorsed

by the Council of Australian Governments as the high-level framework for transport system management. Volume 3
provides principles and methodologies for appraising transport and road projects. CBA is endorsed in the guidelines as
an important decision-making tool. However, additional tools including strategic merit test, rapid CBA, non-monetised
evaluation, detailed CBA, adjusted CBA and evaluation summary tables are also recommended.

1.3.2 Guide to Project Evaluation

The Austroads Guide to Project Evaluation provides guidelines and technig@es,fér appraising transport and road
projects, and is a complementary source of information to the manual. It als6 provides economic data sets for
calculating travel time, vehicle operating costs, accident avoidance ahd externality benefits. These data sets are used by
all transport and road agencies and jurisdictions in Australia and are<regularly updated.
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1.4 Alignment with state strategies and guidelines

The Queensland Government has established a framework outlining the overall direction and governance procedures for
the planning and evaluation of projects. This framework is supported by a number of strategic processes and outcomes.

1.4.1 Project Assurance Framework

The Project Assurance Framework (PAF) is the Queensland Government’s project evaluation process for project initiation,
evaluation, procurement and assurance across government. The PAF is broken into the various stages of a project’s
lifecycle.

CBA is required at the preliminary evaluation and business case development stages of the PAF. At the preliminary
evaluation stage, CBA is used to assess project options using incremental analysis. This includes determining all
potential project impacts including any unpriced outcomes such as social and environmental. Each project option is
evaluated under the same assumptions to ensure a suitable comparison can be made.<fhe.measurement of these
impacts is refined at the business case stage along with more detailed sensitivity testing. The manual provides a more
transport-specific focus on CBA.

1.4.2 Outcomes

The Queensland Government Value for Money Framework is used to/progress potential projects under a Public Private
Partnership (PPP) delivery model. If a project is considered to have)PPP potential, the Value for Money Framework is
used for business case development. The framework is also‘designed to help optimise the delivery of a project. Under
the Value for Money Framework, economic CBA is required.at the business case stage. A separate financial evaluation is
used to determine the success of a project at the ‘expfession of interest’ stage.
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1.5 Alignment with TMR strategies and guidelines

TMR’s strategic processes govern the way TMR identifies and develops transport and road projects from concept through
to business case development and implementation. CBA aligns with each strategic process to deliver outcomes that are
consistent with whole-of-government strategic objectives, and ensures TMR achieves value-for-money outcomes. The
manual links to, and is aligned with, TMR’s overall strategic priorities.

1.5.1 Roads Connecting Queenslanders

Roads Connecting Queenslanders (RCQ) outlines the strategic long-term direction for the road system in Queensland.
The four road-based outcomes identified in RCQ are:

e safer communities

e industry competitiveness and growth

liveable communities

e environmental conservation.

1.5.2 Queensland Transport and Roads InvestmentPxogram

The Queensland Transport and Roads Investment Program (QIRIP) details TMR’s program of transport and road projects
for the upcoming five years. Each project that is included(in the QTRIP must include a CBA. 95% of projects that are
justified on economic grounds alone, have a cost-bengfityratio greater than 1.

1.5.3 Program Management Framéwerk

The Program Management FrameworkAs'applied when delivering a series of projects that make up a program. The
framework identifies interdependencigs/between projects and ensures planning, scheduling and operations result in

optimal delivery. It also measures the net economic impact of the program.

CBA helps identify projects'that will be included in a program, and can be used to prioritise projects within a program.

1.5.4 OnQ Project Management Framework

The OnQ Project Management Framework is used to ensure the outputs and outcomes of a project are delivered in line
with strategic objectives and policy.

Within the OnQ framework, CBA helps in project management throughout a project’s lifecycle. CBA is undertaken at
various stages including the project proposal, options analysis and business case stages for specific transport and road
projects.
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1.6 Project evaluation process

TMR’s project evaluation process uses a three-stage CBA approach that incorporates:
e strategic merits test

e rapid evaluation

e detailed evaluation.

1.6.1 Strategic merits test

A strategic merits test evaluates a project’s alignment with strategic policy and planning objectives. A strategic merits
test should be undertaken for all projects to ensure they align with TMR’s strategic and state-wide directions. A strategic
merits test is normally undertaken at the project proposal stage.

1.6.2 Rapid evaluation

A rapid evaluation measures the ‘headline’ costs and benefits of a project afid determines whether it should progress to
the detailed evaluation stage. The rapid CBA is generally conducted i thé options analysis stage.

1.6.3 Detailed evaluation

A detailed evaluation is a comprehensive analysis of d prejéct, and extends on and refines the findings of the rapid
evaluation. A detailed evaluation, incorporating CBA,-should quantify all foreseeable project impacts. A detailed CBA
provides sufficient evaluation rigor to support afuhding submission and is usually undertaken at the business case
stage.
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1.7 Evaluation tools and methodology

CBA is the primary decision-making tool used by TMR to determine the net economic benefits of transport and road
projects. Other tools may also be required to address non-monetary or non-quantifiable project impacts. These tools
often incorporate a qualitative evaluation of project impacts, and include multi-criteria analysis, adjusted CBA, cost-
effectiveness analysis and strategic merits tests. These tools can be used to complement the CBA or, in some instances,

as an alternative to a quantitative evaluation.

The level of analysis needed will depend on a project’s complexity, risk profile and degree of uncertainty. The purpose of
the three-stage approach is to screen out projects at each stage that are unlikely to have merit in developing further.

1-8 Cost-benefit Analysis manual, First Edition, February 2011
OTransport and Main Roads






1.0 Introduction

1.1 PUIPOSE ittt eeee e e et e e e tae e e enae s eraneeeaaees 1.2
1.2 SCOPC ttttuieeeeetiriieeeeeettuteeeeeeteraaeeeeerneanneaseeeeranasnseaerasnnnnseeaees 1.3
1.3 Alignment with national strategies and guidelines................... 1.4
1.4 Alignment with state strategies and guidelines.......cccceeeuennn.. 1.5
1.5 Alignment with TMR strategies and guidelines ........ccccceeeeeeenne 1.6
1.6 Project evaluation proCess ..ceeeeeeeieeiiiiiiiiiieieeeeeeeeeeeeeans 1.7
1.7 Evaluation tools and methodology.......cceeeveeeviiiceeniieeiiiieeeeeees 1.8

Theoretical Guide

2.1 Introduction to cost-benefit analysis

Introduction to cost-benefit analysis

1.1 What is cost-benefit analysis?........ 0 e, 2.2
1.2 Welfare eConomicS...oovumuee e e 2.3
1.3 Resource costs and shadeW, pricing ........cceevvvevrvvevreueninnnnnennnnn. 2.6
1.4 DiSCOUNTING wevvreeee e S e 2.7
1.5 Selection of diSCOUDE FAtE..cceeeeeeeeiiiieeeeeeeeeeee e, 2.8
1.6 Definition Of CASES .  uiieeeeeeee i e 2.10
1.7 Selection of\deeision Criteria ....veeeeeeeeeeiiieeee e 2.11
1.8 Dealing’witlrrisk and uncertainty.........oeevvevvvvviniiiiiiieeeeeennn. 2.12

2.2 Measuring costs and benefits

251 EValuation PEriOd... i 2.16
2y2 The concept of road USEr COSES..ceviiiiiiiiiiiiiiiiiiiiiiieeeeeeeeen 2.18
2.3 AZENCY COSES terrnneieieiiiiiiiee ettt eetenie e e e eerenaee e e eeeennnae e 2.20
2.4 Measuring additional benefits by project type .....eveeeeeennnn.. 2.22

2.3 Measuring externalities

3.1 Flora and fauna ..o eeeeeeee e 2.30
3.2 EMISSIONS. ittt e e e e et e e e s b e e eananes 2.31
3.3 NOISE POLULION ceeeeeeee e eeeeees 2.32
3.4 Other externalities ..uuceeeeeeeeiiiieee e 2.33

2.4 Project evaluation and network effects

4.1 Principles of urban road project evaluation.......eeeeeeeeieeeenns 2.36
4.2 Fixed and variable trip MatriX ......eeueeeeeeiiiiiiiiiineeenieeeeeeeeeeennns 2.41

Cost-benefit Analysis manual, First Edition, May 2011
OTransport and Main Roads



2.5 Other issues in cost-benefit analysis

LR B - 1 PSRNt 2.44
5.2 BUSWAYS/TUNNELS..eeiiiiiiiieeeecieee et e 2.45
5.3 Heavy vehicles/freight ......coeeccveee e, 2.46
LR/ o] U o =PRIt 2.47
5.5 Multi-modal effeCtS..civiureeeieeeeceee s 2.48

2.6 Special topics in cost-benefit analysis

6.1 MainteNanCe ProjECtS cuuuueeeeeeiiiiieeeeeeeeieee e e eeereee e e eeenaaeeeaes 2.50
6.2 Community service obligations .......cccevvvvreviiveiiieiiiiiiciieeennn, 2.51
6.3 Relationship between economic welfare

effects and economic impacts........cc.. T vevevieeiiiiiieiieeenn, 2.52
6.4 Wider economic benefits — review and'gdidance .................. 2.53
6.5 Using macroeconomic modelling tools .....couveeeveeeiniicinnennnn. 2.54

2.7 Complementary and’alternative

evaluation
7.1 Strategic Merits teSt . e e 2.56
7.2 Evaluation summary table .......coeeeiimmeiiiiiiiiiiceieeeeeeeeeeeeeeeeeeee 2.57
7.3 Multi-Criterf@d @malySiS...coeeeeiiiiiieee et 2.58
7.4 Adjusted,cost-benefit analysiS.....uuuueereeevieiiiiiiiieeeiieeeeeeeeeenens 2.59
7.5 EX-pOSHIEVAlUAtioN.....ceiiiiiiiiiiiiiiiiieiii e eeeees 2.60
UsédGuide
371 Introduction to CBA6
1.1 ADOUE CBA. . et e e e e e e e e e e e e e e e eeees 3.2
1.2 Relationship with other software ........ccoovvvvvivviiiiiiiiiccccennn, 3.3
1.3 INStALING CBAG eveeeeeeeeeeeeeeeeeeeee et e et eeeraae e e eeees 3.5
1.4 Housekeeping and updates.........cceveeiiiiiiiiiiinneniineiiceenn 3.8
1.5 Help and SUPPOI .uueeeceeeeeeeeeee et 3.9

3.2 CBAG6 settings and features

2.1 CBA6 10gon and WOrkSPace .....eeeeeeeieeeieeiieeriiriiiiiiiiiesneeeeeens 3.12
2.2 FIl@ MENU tettttitiiieee e 3.13
2.3 EvaluationS MeNU...ccceiieeeee e eeeaee e 3.18
2.4 GIaPNS MENU.iiueiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeereereeeeereeeeneeeeeees 3.19
2.5 REPOIS MENU tuttiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeererereeeen e e 3.20
2.6 SettiNgS MENU . uuuiiiiiiieiiee ettt erre e eeae e e e aneeeeaeeeeenes 3.21
2.7 HElP MENU.tiiiiiiiiiiireeeeeee e 3.24
Cost-benefit Analysis manual, First Edition, May 2011 3

©Transport and Main Roads



3.3 Creating an evaluation

3.1 Create new evaluation........cuuueeeeeeeeeeiiieee e 3.28
3.2 Edit evaluation ..cooeeeeeeeee e 3.33
3.3 CBAG WOTKSPACE .ceeeeeiiieeeeeeeeeieteeteet e eeeeeee 3.35
3.4 Road details SCreeN c.ooiiiiiiieeeeeeeeeceeee e e e 3.36
3.5 Road traffic data SCreen ..ooovveveeeeeeeeieiceee e 3.40
3.6 Road capital and maintenance costs SCreen ......eeeeeeeeeeeeeennns 3.46
3.7 Road accident and other CoStS ..oovvrvrvrieeiieeeeiiieee e, 3.51
3.8 Copy data from Other Case ......ceuvveveeeeiiiiiiiiieiireeeeeeeeeeeeeeeeees 3.52
3.9 Copy to clipboard ....ccoeeeiieeeeeeeee e 3.53

3.4 Results and reports

4.1 Vehicle operating CoStS ..ovvvviiirereee ey enereeeeeeeeeee e eeeeeeeeeeee 3.57
4.2 Travel time COStS v e, 3.58
4.3 Net capital and maintenanceleostS....uuuuuuiiieeiieeeeeieeeeieeeeeennns 3.59
4.4 BENEFitS oo e 3.60
4.5 DeCiSION Criteria. e T e e e 3.61
4.6 Producing and un@grstanding CBA reports ......cceeeuvvvveeeeeenn. 3.63
4.7 Printing reportSa. il i 3.68
4.8 GIaPNS o Nt ettt e 3.69
4.9 Understanding the results ......eevvvvvveeviiiiiiiiiiieeeeeeeeeeeeeeeeeeens 3.72
4.10 Response to unexpected reSultS...uuueueeeiiireineeenieeeieeneeennnns 3.73
£4.12 Rresenting CBAG reSUlLS c.coevvvviiiiiiiiiiiiireeeeeee e eeeeeeeeees 3.74

3.5 Case studies

5.1 MaAINtENANCE tuvttiiiiiiiiiireeeeeee e e e e eeeeeeeeeeeeeeeerrraaaeeraanseaeeees 3.77
5.2 ROAA WId@NING..uuiiiiiiieeeeeeee s 3.82
5.3 REAliGNMENT ceiiiiiieee e e 3.92
5.4 OVErtaking lane ...ueueecceeeeeeeee e 3.97
5.5 ROAA ClOSUIE..eivtteeee et ee ettt eeee e e eeeeeaaee e 3.116
5.6 INTEISECTION coiiivie ettt e e e e e eaee e e eaeeeee 3.131
5.7 DUPLICATION cctttitiiiiiiecrreee e 3.138
58 BYPASS ettt et e e 3.142
5.9 UNSealed roads .....ccceeeeeeeeeeeeeeeeeeeeeeeeeereee e 3.153
5.10 Generated traffiC ....oeuuueeeiiieeicee s 3.157
5.11 Changes in multi-combination vehicle access............uuu..... 3.162
5.12 Multiple project Cases ..ceeveeeereeerieiiieiiieeeeeeeeieeeereeeeiiaeees 3.168
5.13 Incremental @analysis ccceeeeeeeeeriieiiiiiiiiiiiieii e 3.175
5.14 LiNKiNgG ProjeCctS wuvueueuiieeiiieeeeeeee e 3.180

3.6 Support

6.1 TrAINING ceeeiiiiiiiiiiiiierrreee e e e e e e e e eeeeeeeeeeeeeeeeeeeeeaeaeeaaaaas 3.186
6.2 INTrANEt SItB..iiirieeiiiiee i erree et e e rae e e e e e eeeneeeees 3.187
6.3 CONTACT ciiniiii i e e ae e e a e aaaas 3.188

Cost-benefit Analysis manual, First Edition, May 2011
OTransport and Main Roads



3.7 Future software development

7.1 CBA6 Evaluation framework .......ccoeevvvveieeieeeeiiieee e 3.190
7.2 FUtUure CBAG relEaSES w.uuueeeeeeeeriieeeeeeeeeieeeeeeereeeeeeeeeevneeeeees 3.191

Technical Guide

4.1 Introduction to the Technical Guide

OB L oY 1¥ ot o] o O 4.2
1.2 Harmonisation SUMMATY ....cccvvuuiereeeeiiiiieneeeeeriiieeeeeeennnnnneeeeeens 4.4
1.3 Outline of the Technical GUIdE ....eeveeeeviiieeeeeeeceee e, 4.5

4.2 Volume capacity ratio

2.1 Traffic VOLUME cevveeeeeeeeeeeeee et Yo 4.8
2.2 Traffic growth rat@....eeeeeeeeeee e e, 4.9
2.3 Road CaAPACItY . ueeeeeeeeiieee s et 4.11
2.4 Volume capacity ratio ... 2 2 4.13

4.3 Operating speed

3.1 Free SPeed ... s e 4.16
3.2 Roughnessatjustment ... 4.18
3.3 Congestion adjustMent.....ccciiveieiieiiiiiicrceeeee e e e e e e eeeeeees 4.22

4.4 Vehicle operating costs

LINEURL e e e eeeeeeeee 4.29
/S I O 1 W oo ) £ PPUUPRPPRRPPNt 4.38
L3 TYTES ettt ettt ettt ete s et e e eaa e s eeaa s eeaa e s enanseeanseennnnns 4.40
W | (=T U I oo 1] RN 4.41
4.5 Repairs and maintenancCe.......ueuvvvereeeeiiueiiiireeereeeeeeeeeeeeeeeeeees 4.46
4.6 Depreciation and interest COStS...uuuuiiiiiiriirieeeeeeeeeeeeeeenens 4.49
4.7 Total unit vehicle operating CoSt....uuuuuuuiieiiieiiieeeeieeeeeeeeeeenes 4.53
4.5 Travel time costsS.......o. 4.55
4.6 Accident costs....eeeeeeeene 459
4.7 Externalities.........eeeereeeeenne 4.65
4.8 Advanced projects
8.1 Road closure with diverting route ........ceevvvvvevevieeenciieeeeeeennnn. 4.72
I oY [ Jof (o U T T 4.84
8.3 INtEISECLIONS tiivieiiiie ettt erre e e et e e e aaeeeraeeeeanes 4.85
8.4 OVertaking lanes ..eeeeeveeeeeeee e e 4.93
8.5 Generated traffiC....ccceeeeeeeeeeeeiiieeeeeeeeee 4.97
8.6 Livestock damage.....uueeeeeiiieeeeiiiiiiiieeeeeee e e 4.99
8.7 BY PSS ittt e e e e ees 4.101
Cost-benefit Analysis manual, First Edition, May 2011 5

©Transport and Main Roads



4.9 Decision criteria

9.1 DiSCOUNTING ceeiiiiiiieeeeiiiiiiee et eeerriee e e eeerrae e e e eeanaaaenes 4.107
9.2 Benefit-cost ratio (BCR)....ceeeevrveeeeeiieieeeeciieeeeeeireee e e 4.108
9.3 Net present value (NPV) ..cceeeceiieeeieiiiee e 4.109
9.4 First year rate of return (FYRR) ....vvvveiiieeeeeeeeeeeeccereeeeeee. 4.110
9.5 Incremental benefit-cost ratio (IBCR) ..eeveeeeeeeeeeeciiiieeeeeeee. 4.111
9.6 Net present value per dollar investment (NPVI).........eeeeeeee... 4.112
9.7 ReSIAUAL VAlUE ..eveiiiiiieeeeeeee e 4.113

4.10 Sensitivity testing

10.1 Net present value (NPV) ....cocuvieeeieiieee g e 4.117
10.2 Benefit-cost ratio (BCR) ...eeveevveerrieescieesdeeeerieeesieeesiee s 4.119
10.3 First year rate of return (FYRR) ..... e Y eeecireeeeeciieee e, 4.121

4.11 Effects of intermediate outputs

11.1 Vehicle operating coStSm. 2, eeeeriiiiiiiiiiiiiiiiiieiinreiiiieies 4.124
11.2 Travel time coeeeeeee e S e 4.126
5.1 GlOSSANY......ooooeereerereinssreese s ssssisssssssssssssssses 5.1
5.2 REfBIENCES ..........oooooeeeeeeeeeeeeeeeeeeessssesssssssssssssssassannnns 5.5
5 0 (16 L= T 5.7
6 Cost-benefit Analysis manual, First Edition, May 2011

OTransport and Main Roads



Appendices
Appendix A: Case study input data

[V TE g N (=T =1 T RNt 5.2
Road widening: road widening without shoulder seal................... 5.3
Road widening: road widening with shoulder seal.......c..ccevvvvennnne. 5.4
[T T UE=4 0T 0= 2} SN 5.5
Overtaking lanes: single overtaking lane........ccccevevvieeiiieiiiiiicennnne. 5.6
Overtaking lanes: head-to-head overtaking lanes........ccccceeeeeeennne 5.8
Overtaking lanes: side-by-side overtaking lanes........cccceeeeeeennn.. 5.10
Road closure: road closure with diversion ....cccceeeeeevveeieeeeeeennnnnn. 5.12
Road closure: road closure without diversion S.......eeeeeeeeeeevennnnnns 5.15
INEEISECTION tiviieeiiiiiiiiiiiiitir e o Ve e eeeeeeeeeeeeeeeeeeeeenneenaes 5.17
DUplication «.eeeeeeeeeeiiiiiimmmeiiees e e, 5.18
BY PSS ittt ST D e 5.19
Unsealed roadsS.....oeeeeeeeee s sl 5.24
Generated traffiC .o ST s 5.26
Changes in multi-combjnation vehicle access .......ccceuvrvveeeeeennnn. 5.28
MuUltiple Project CABSES M. et 5.29
Incremental amalysis (town bypass 2) ....eeeveeeveeeeiniiiieeeeeciieeeenn. 5.30
LiNKiNg Profects ciiiiiiiiiiiiiiiiiiirirreeeeee e e e e e e e e e e e e eeeeeeeeeesaseaaeaneees 5.35
Appendix B: CBA6 lookup tables
FIE@ SPEEA @ITaY.ciiieiirrrrriiiiriiiiiiiiiieeseeeeeeeeeeeeaeeeeeeeeeeeessssseseenenes 5.38
Pavement speed condition factor....ccceeeeeeeeeeiiiiiiiiiiiieiieeienniiieeen, 5.39
Fuel consumption gradient correction factors......cccceeeevvvvvvvvnnnnns 5.40
Fuel consumption roughness correction factors..........ceevvevvvenneee 5.41
Appendix C: Improved route calculation
Improved Route Calculation — CBAG....cceeeeeeeeeiiiieiiieeeeeeeeeeeeveeeeee 5.46

Appendix D: Casualty crash rates for major

urban intersections......... 5.50
Appendix E: Heavy vehicle types.... 5.52
Appendix F: Roughness conversion....... 5.54
Appendix G: CBA6 model road state
Categories....eeeeeeeeereereeee 5.56
Cost-benefit Analysis manual, First Edition, May 2011 7

©Transport and Main Roads



Theoretical guide
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The application of economic analysis allows decision makers to make
better choices regarding the alternative uses of scarce funds. In the case
of infrastructure alternatives, those choices are made under conditions of
limitation. The most common limiting factor is the availability of financial
capital.

Due to the scarcity of resources, decision makers must direct their
expenditure to those projects that offer the most efficient outcome. CBA can
be used to help make these decisions.

The Theoretical Guide will explain the economic principles of CBA and how it
is used to assist decision makers.



1.1 What is cost-benefit analysis?

CBAis a process used to determine the value of a project in relative terms. Project justification is measured as economic
worth to the community. To evaluate a project’s benefit to the community, a CBA will compare the benefit with the overall
cost, to deliver and sustain the project. If overall benefits are demonstrated to exceed the expected costs, a project is
considered economically viable.

As there is no real market for road expenditure (with a few exceptions such as toll roads), consumers are not able to
register their preferences as they would in a competitive market. In this sense there is no effective market force which
can be used to indicate the amount or frequency of road investment. In the absence of these market forces, CBA
provides a framework to consider whether proposed allocations of resources are optimal.

CBA has a consistent approach and methodology that can be applied to all road projects thus enabling projects or
project elements to be compared. The method applies monetary values to a project to ensure a robust measure of the
economic costs and benefits. This creates a degree of transparency and comparability for the decision maker when
considering competing alternatives for funding.
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1.2 Welfare economics

The theoretical basis for CBA as an analytical tool is developed from a branch of economics called welfare economics.
Welfare economics is concerned with the overall economic wellbeing of the community (as compared to individual
wellbeing within the community). Welfare economics addresses the most fundamental economic problem - how to
efficiently allocate and manage scarce resources to satisfy the demands of the community.

In broad terms, the measure of benefit is determined by the degree to which any proposed pattern of resource use will
satisfy the demands of individuals in the community. Costs are represented by the value the community places on the
resources required to satisfy those demands.

Welfare economics concentrates on changes in resource use. As a tool for evaluating the economic consequences

of changes in patterns of resource use (or ‘resource allocation’), CBA is generally concerned with capital projects in

the public sector, although CBA can be broadly applied to any choice which is constrained by limited resources or
opportunity. It finds particular application in areas of public sector capital works where the market does not provide
adequate or complete signals to guide resource allocation (examples being roads and public transport), or where market
outcomes might sometimes be socially unacceptable (such as health and social welfare):

Note: Although a familiarity with these concepts is not fundamental to the effective use’of the manual, an understanding
will assist in the conduct of more complex economic evaluations, and in assessing the implications of the results of CBA
work.

1.2.1 Economic efficiency

Economic efficiency refers to the optimal allocation of resources inthe community where the ‘best possible’ allocation
is made to satisfy individuals to the greatest extent achievahle! That is, if resource allocation changes, no individual can
theoretically be made better off without another being atdeast'equally worse off. This definition of economic efficiency
comprises two technical prerequisites:

1 technical efficiency
2 allocative efficiency.

Technical efficiency is maximised when thefe/ s no possibility to shift resources to an alternative allocation and achieve
an increase in total output. Allocative/efficiency is achieved when no individual can be made better off without making
another individual equally worse off,WHile technical efficiency is a prerequisite of economic efficiency, the failure to
achieve allocative efficiency inany sector of the economy may reduce welfare outcomes for the community as a whole.
When choosing between alternatives, it is important to achieve both technical and allocative efficiency in order to
maximise community outComes.

The argument for economic efficiency leads to discussions on subset theories that are defined elsewhere in this chapter.
Such theories include the theory of consumer surplus and subsequent willingness to pay principal, Pareto efficiency and
the Kaldor-Hicks criterion (K-H).

1.2.2 Theory of consumer surplus/willingness to pay

The theory of consumer surplus is based on an individual’s willingness to pay for particular goods or services. It provides
a link between individual preferences through consumer behaviour theory.

Willingness to pay identifies the amount consumers are willing to pay for particular goods or services in order to satisfy
their demand. Thus, willingness to pay is a mechanism by which the market rations scarce resources among competing
demands. Resources are allocated to consumers who value those resources the most, and hence are prepared to pay
the most for them.

Market prices are the reflection of consumers’ combined willingness to pay to achieve the satisfaction (or utility) arising
from the consumption of goods and services.
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The benefit that an individual consumer receives from undertaking their consumption activity is measured through
their willingness to pay for goods or services. When a consumer is able to buy goods or services at a price lower than
they would have willingly paid for those goods or services, the difference is said to be their surplus satisfaction, or the
consumer surplus. Consumer surplus is presented graphically in Figure 1.

Figure 1: Consumer surplus
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Referring to Figure 1, consumer Q is prepafed to pay price P for the goods or services, but the market price is only P1.
Consumer Q has therefore achieved a,satisfaction surplus of {P-P1}. This consumer has valued the goods or services at P,
but only had to pay P1 to obtain the"goeds or services.

This analysis can be repeated for all consumers in this market. The accumulated consumer surplus is represented
therefore as the summation‘ofiall individual surpluses and is shown in the diagram as area E-P1-C when the price is P1.

In the event that the pricédevel was originally P, and is subsequently reduced to P1, the increase in consumer surplus
can be measured as the area P-A-C-P1 (shown on the diagram as the shaded area).

At an aggregate level, CBA measures total surplus with and without the capital investment. If total surplus is greater post
initiative, then the project should proceed, as it has a positive net impact. If the total surplus is less after the initiative,
then the project should not proceed, as it has a negative net impact.

Total surplus, however, does not measure the equity effects of a welfare increase. Even in a situation where a project
yields an increase in total community welfare, some people may be disadvantaged. A total surplus gain from a project
does not mean everyone is better off, as the gains may be captured by some individuals while others lose, without
offsetting compensation. (This is discussed further in Section 1.2.2.2).

For example, TMR is conducting an economic analysis of a potential widening and reconstruction of a rural road with
demand given by D in Figure 1. Current road use is identified by Q, which shows the current quantity of road use (trips
peryear). These users incur (through operating costs and travel time costs) annual costs for their trips made, which are
valued at P. The widening and reconstruction of the road provides increased capacity and a smoother ride which results
in the reduction in journey time and vehicle operating costs. As a result, the upgraded road is expected to reduce the
aggregate trip cost to P1. Road users at Q now experience a cost reduction of P1-P. The aggregate benefit to these users
can be measured by (P1-P)Q or the area under PABP1.
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As travel costs have significantly declined (P1-P) with the upgrade, users who were not prepared to pay the original price
will be attracted to the newly upgraded road which now has a lower cost. Assuming that the demand curve is linear,

the net value of the generated trips is given by (P1-P)/2 and the total value is given by (P1-P)(Q1-Q)/2. For more detailed
information on the calculation of generated traffic, see Section 8.5 of the Technical Guide.

The willingness to pay for the road is illustrated by the area under the demand curve up to the point representing
the current level of consumption. In Figure 1, total willingness to pay for Q trips is measured by the area E-A-Q-0. The
logic states that someone is willing to pay o-E for the first trip, and that person and others are willing to pay amounts
measured by the height of the demand curve for subsequent additional trips.

1.2.2.1 Pareto efficiency

Pareto efficiency is related to allocative efficiency. A Pareto improvement can be achieved if a shift in resource allocation
results in one individual being better off without any other individual being worse off. If a change in resource allocation
cannot make an individual better off without making someone worse off, then the allocation.is termed Pareto optimal
and no improvement in resource allocation can be achieved. If Pareto efficiency does not exist, there is potential for

a Pareto improvement by shifting resources to a better use. In CBA, a project does not have:to constitute a Pareto
improvement to add economic welfare. The potential for a Pareto improvement is sufficient. i.e. the ‘losers’ could
theoretically, but need not actually, be compensated by the project. This leads into-further optimisation discussions
using the Kaldor-Hicks criterion. (Sinden & Thampapillai 1995, Campbell & Bréwn.2003).

1.2.2.2 Kaldor-Hicks criterion

In project evaluation, ensuring that no one is disadvantaged usually‘requires compensation to one or more parties.

This is the essence of the Kaldor-Hicks (K-H) criterion which states that even if some members of the community are
made worse off as a result of undertaking a project, the projeet confers a net benefit if the gainers from the project could
(theoretically) fully compensate the losers and remain moye satisfied themselves after making this compensation.

For instance, if a road project disadvantages homeowaers but road users gain a time saving, the homeowners could
be compensated for their loss from the gains of the foad users. If so, the project satisfies the K-H criterion (Campbell &
Brown 2003).
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1.3 Resource costs and shadow pricing

Under perfect market assumptions the resource cost of goods or services is accurately reflected in the market price. Put
simply, this means the economic value of the goods or services is reflected in the price paid for those goods or services.

When the perfect market assumption is relaxed, for example where a buyer or seller has undue influence over the price
or where there are other limitations to efficient pricing, the market price may not accurately reflect the economic value of
the goods or services. In these cases, it is common to apply a shadow price. A shadow price is a non-market determined
price that has been calculated to approximate the economic value of the resources involved in the provision of the
goods or services.

There are two common reasons for a market price to be economically distorted. First, market prices generally include
taxes and subsidies. These distortions must be excluded as they are classified as a transfer within the community and
not a use of resources. Second, many impacts (such as noise and other forms of pollution) have no market price as no
market currently exists. Thus, in CBA, shadow prices are used to ensure that these distortionaty impacts do not skew the
results of the analysis.

Nationally endorsed shadow prices used within CBA are provided as an appendix to the'manual as they are released
through Austroads publications.
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1.4 Discounting

It is important that the CBA takes into account both the time value of money and the alternative use to which the
financial capital could have been applied. CBA typically involves comparing benefit and cost streams that occur over
long time frames.

The time value of money refers to an individual’s intertemporal preference function. With respect to the value of money,
this determines an individual’s willingness to value a fixed nominal amount of money at different points in time. For
example, a rational individual would prefer to receive a dollar today than in five years’ time. This preference can be
interpreted as the individual placing a higher value on money in the present time period than on the same money in a
future time period.

The difference in value is due in part to a perceived risk of uncertainty in the future, and an underlying assumption by all
individuals that they will be better off in the future (Perkins, 1994, p53).

The alternative use to which the financial capital could have been applied is referred to as the‘gpportunity cost of
capital. The opportunity cost of capital is defined as the highest rate of return that the financial capital could have
received if it was allocated to the next best investment alternative. In other words, one-of.ithe costs of using the financial
capital on a proposed project is the income that could have been earned if that finaneial capital had been invested
elsewhere.

These factors are taken into consideration in CBA by applying a discount raterTHe discount rate is defined as the
rate at which future cash flows must be adjusted to reflect the current values of those cash flows. The discount rate
incorporates the time value of money and the opportunity cost of money.
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1.5 Selection of discount rate

The selection of the appropriate discount rate to use in a CBA depends largely on the requirements of the state and
national treasury departments. Projects funded by the state require the use of discount rates determined by the
representative state treasury, while projects which are funded at a federal level require a discount rate determined by
the federal authority. In either case, a sensitivity analysis around the determined rate will be required. The calculation
and selection of the discount rate is quite complex and is the subject of ongoing debate in academic circles. Accordingly,
it is outside the scope of the manual.

1.5.1 Real vs nominal

As noted above, a CBA will estimate the costs and benefits of a project over time. Economic theory suggests that if
inflation is included in an analysis through the use of nominal prices (prices including inflation), it may create a bias
within the evaluation. Inflation tends to overstate benefits and costs. The inclusion of inflation is therefore a distortion
to the real economic value.

In order to include nominal prices in CBA, there is a requirement to predict future inflation rates. Since such predictions
introduce further uncertainty in the estimation process, inflation should generally.be‘avoided in CBA and real prices
(prices net of inflation) should be applied in preference.

If it was theoretically possible to accurately predict the rate of inflation throughdut the life of the evaluation, then
nominal pricing should be used. However, for the evaluation to be consistent, the system user would also need to use a
nominal discount rate (i.e. a discount rate inclusive of projected inflation). Under normal conditions, real prices are used
in CBA so a real discount rate (net of inflation) should also be used

1.5.2 Social vs private

Essentially, the concept of the social discount rate has,arisen due to the inability/failure of the market to adequately
value benefits that accrue in the later years of the evaluation period. This is particularly the case for traditional public
sector projects such as schools and hospitalswhere the benefits are typically derived some time in the future. As a
consequence, the social discount rate is below.the market discount rate (Brown/Campbell, 2003).

1.5.3 Project requirements

Through the Project Assuranceframework (2008) CBA guidelines, the Queensland Treasury provides basic advice on
the selection of appropriateddiseount rates for Queensland projects. The Queensland Treasury states that the following
reference points may bedsed-in determining the discount rates for projects:

e The interest rate for government borrowings for a term relevant to the expected duration of a project (e.g. for
Queensland, this would be the interest rate for 10-year QTC bonds for a project expected to generate most costs
and benefits within 10 years). An allowance for inflation can be deducted from this rate if costs and benéefits are
expressed in real terms.

e The long-term average real economic growth rate, with an additional allowance for major risks and time preference
for current consumption. As this is a real discount rate, an allowance for inflation would need to be added to
discount flows of costs and benefits expressed in nominal terms.

e The rate of return on debt and equity for comparable private sector projects (as a public sector project would be
competing with other activities for debt and equity capital).

Whenever these methods are used to determine a discount rate, sensitivity testing with higher or lower variations on the
chosen rate should be used to allow for a margin for error, and the possibility of a project having unique characteristics
which would limit the relevance of rates of return for other projects as a benchmark.

A ready reference on discount rates is included in the UK Government, HM Treasury, The Green Book, and Appraisal and
Evaluation in Central Government, 2003 (Austroads PEGv2).
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Traditionally, infrastructure projects in Queensland have used 6% as the standard discount rate including sensitivity
analysis at the 4%, 7% and 10% discount rates. Before any discount rate is applied in a CBA, it is advisable to seek
confirmation of the appropriate discount rate from the relevant authority.
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1.6 Definition of cases

Two hypothetical futures exist in any CBA process: the future with a project (project case) and the future without a
project (base case). A successful CBA is dependent on the accurate and complete definition of both hypothetical cases
within the model.

The base and project cases provide a comparison for calculating costs of capital investments and as such, the difference
between them measures the change in total surplus attributable to an investment.

The first hypothetical case is the base case, which has previously been described as the world without a project. The
base case should represent all future programmed and required investment based on the current level of service
(business as usual). For example, when defining the base case of a highway upgrade project, it would not be accurate to
exclude programmed maintenance. It is more likely that in the absence of a project the road would deteriorate to such

a point where maintenance would be required. If maintenance were to be omitted, it is likely that the CBA would distort
the results of a project.

Figure 2: Base Case Definition
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Source: Austroads (2005 ) Figure

The project case is often more easily specified than the base case due to the amount of planning involved, and
represents the future with a project. Accurate definition of the project case is required for an accurate CBA.

In practice, inaccurate CBA is often the result of incomplete, incorrect or inaccurate specifications of the evaluation
cases. Therefore, it is necessary to ensure that the base case and project case specifications are a true reflection of
the hypothetical worlds. Any incorrect specification of these cases can lead to misleading results either understating
or overstating the net worth of a project. As the purpose of the CBA is to provide decision makers with enhanced
information sets with which to make allocation choices, misleading results must be avoided.

Cost-benefit Analysis manual, First Edition, February 2011

2.10 ©Transport and Main Roads



1.7 Selection of decision criteria

Decision criteria are employed within CBA to provide governance on interpretation of the measurable outcomes of a
project. The key decision criteria are:

e Benefit-Cost Ratio
e Net Present Value

e First Year Rate of Return

1.7.1  Benefit-Cost Ratio

The Benefit-Cost Ratio (BCR) is defined as the present value of benefits divided by the present value of operating costs.
A BCR greater than 1 indicates a project is economically viable while a BCR less than 1 indicates that a project is not
viable. The BCR is the most widely used criterion with regard to transport, is applicable to both.small and large projects
and is unique to CBA (P21, Part 2, Austroads Guide).

1.7.2 Net Present Value

The Net Present Value (NPV) is defined as the present value of the benefits minlis'the present value of operating costs.
The NPV can be used in all decision contexts and should be reported forall evaluations. One disadvantage of the NPV is
that it tends to place a higher priority on larger projects (P21, Part 2, Austroads Guide).

1.7.3 First Year Rate of Return

The First Year Rate of Return (FYRR) advises on the optimal timing for construction. The FYRR is found by dividing the
benefits in the first full year of operation with total costs. Thé optimal implementation time is the first year in which the
FYRR is greater than the discount rate, otherwise defecral’of a project is warranted. Consequently, the criterion indicates
if the optimal construction period is now or in thé future.

1.7.4 Decision rules

The following economic rules applywhéprinterpreting and using the decision criteria:
If the BCR is greater than 1, a prejectis viable

If the BCR is less than 1, a groject is not viable

If the NPV is greater than'oe, a project is viable

If the NPV is less than o, a project is not viable

IF the FYRR is greater than the discount rate, immediate construction is warranted

IF the FYRR is less than the discount rate, construction should be delayed

Note: The incremental BCR should be used when options involving different sizes of initiatives or standards of
infrastructure are compared. It is defined as the present value of the additional costs when going from one size or
standard to the next. It is used to select between mutually exclusive options (Page 89, Volume 5, ATC Guidelines).
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1.8 Dealing with risk and uncertainty

All benefits and costs that are included in a CBA are based on forecasts. By definition, all forecasts contain an element
of uncertainty and therefore risk.

Dealing with uncertainty requires a distinction between downside risk and pure risk. Downside risk arises since not all
negative outcomes can be foreseen, causing evaluations to be biased in favour of a project'. If downside risk has been
eliminated from projections, the remaining variation about the expected value is called pure risk. In most cases, pure
risk can be ignored in CBA2.

There are three accepted methods in CBA to manage associated project risks. These are the incorporation of risk in the
discount rate, quantitative risk analysis and sensitivity analysis.

1.8.1 Risk analysis

Risk is defined as, ‘A state in which the number of possible future events exceeds the number of events that will actually
occur, and some measure of probability can be attached to them’ (Bannock et al.2003,9+338) (Austroads 2002, p. 3).

1.8.1.1 Quantitative analysis

In order to model future risks, probability distributions are applied to eventoutedmes. A probability distribution takes
the description of uncertainty a level beyond sensitivity analysis (which iShoted as a variables uncertainty in discrete
possible values). A probability distribution describes the likelihood af occdrrence of values within a given range.

Discrete probability distributions incorporate known probabilities,for the likelihood of a variable’s uncertainty. The
system user is able to calculate the expected value of the variableand use this as an estimate within the CBA, rather
than a point estimate that would have been used if uncertainty was ignored.

1.8.2 Monte Carlo simulation

The characteristics of a variable’s probability distribution are important inputs into formal risk modelling using
spreadsheet add-ins such as the @RISK taol, The system user must decide on what type of probability distribution best
describes the variable in question. Whed thefe are multiple uncertain variables in a project, this type of continuous
probability modelling may be undertakén.’In this case, distributions of simulated probabilities are assigned to the
values of all key variables, and through repeated computer calculations based on random sampling of the values of the
variables, a probable distribution.is formulated to calculate the NPV of a projects.

An example of bias in infrastructure assessment is noted as optimism bias.
2 See ATC Material, Volume 5, Section 2.1.1 or BTRE (2005) for a detailed explanation.
3 This type of technique is known as Monte Carlo simulation.
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1.8.3 Sensitivity analysis

Sensitivity analysis is a simple, albeit limited, method of analysing the uncertainty surrounding CBA results. In its most
basic form, it involves changing one variable at a time by a standard percentage, for example, +10% followed by -10%, or
by an absolute amount to gauge how much NPV changes. If the NPV changes by only a small amount, (e.g. +10% change
causes a +3% change in NPV), it implies that the uncertainty surrounding the variable is not significant and is not critical
to decision making. Conversely, if the affect on NPV is large in percentage terms, the robustness of the CBA conclusions
or its underlying assumptions can be called into question. It may be worthwhile to expend more resources to obtain a
better estimate of the variable, though this will not reduce risk arising from its inherent volatility.

When choosing the percentage variations to use for sensitivity tests, a system user should consider the range of
plausible values that a variable can take. The range of variance that a variable takes may not be symmetrical, owing to
technical or other factors as informed by historic data or other sources.

Table 1 shows the sensitivity ranges for road initiatives recommended by Austroads.

Table 1: Austroads Suggested Sensitivity Ranges

Variable Suggested minimum value Suiggested maximum value
Capital Concept estimate -20% of estimate +20% to 35% of estimate
Detailed costing -15% of estimate +15% to 25% of estimate
Final costing -10% of estimate Keé +10 to 20% of estimate
Network operation -10% of estimate +10% of estimate
Traffic AADT -10% to -20% of estifmate +10% to +20% of estimate
Proportion of HV -5 percentage points +5 percentage points
Average car occupancy -0.3 from estimate +0.3 from estimate
Traffic growth rate -2% from forecast +2% from forecast
Traffic speed changes -25%-of estimated change in speed +25% of estimated change in speed
Changes in crash rates -50% of estimate +50% of estimate

Source: Austroads 1996. p28: 2005. p27.
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2.1 Evaluation period

The evaluation period represents the period of time over which the benefits and costs of a project will be measured. The
impact of a transport project will change over time as it moves through development, construction, commissioning and
ramp-up, and then mature operations through to decommissioning and possible disposal. The evaluation period should
incorporate both the initial time taken to develop and build a project as well as decommissioning or disposal costs
associated with its eventual closure at the end of its operating life, however given future impacts are discounted, early
establishment costs will generally far outweigh closure costs in NPV terms.

2.1.1 Selection of analysis period

The period over which costs and benefits are calculated in a CBA should reflect the physical life of the asset. The
evaluation period can incorporate both the physical life and the time taken to complete the project. For example a
project that takes 3 years to complete can have an evaluation period of 33 years, incorporating a 3-year construction
period and a 30-year operating life. This will ensure a whole-of-life cost comparison for a project as against other
projects. The recommended evaluation periods for a number of different transport projectssare shown in Table 2.

Table 2: Estimated economic lives for infrastructure assets

Type of infrastructure Asset Class Estimated Economic life (years)
Systems infrastructure Control centres (IT systems) excluding bridges 4
Rail signals and communications 10-20
Traffic Lights 20-30
Navigation equipment 5-20
Network infrastructure Earthworks 100-150
Bridges 4o(timber),120(concrete)
Tunnels 100
Culverts 100-120
Rail 100
Turnouts 12
I?allgts} 60
Steepers 20(timber), so(concrete)
Road Pavements 40-60
Nodal Infrastructure Rail and light rail stations 50
Interchanges and commuter parking facilities 50
Bus stops 20
Wharves 40

Source: ATC (Volume 4, pp.44)

Measurement of project impacts longer than 30 years is generally not recommended due to uncertainty in the forecast.
Where projects are expected to have benefits beyond the evaluation period, the system user can calculate a residual
values.

When comparison of alternatives with different evaluation periods is required, care should be taken when interpreting
the incremental results. The use of the same evaluation period when comparing alternatives is preferred, however
system users can either evaluate the project over a common time period or convert the project cash flow into an annuity.

4 For more information, see Part 1, Chapter 3.3.3.
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2.1.2 Selection of base years

The base year is the year to which all future costs and benefits are to be discounted. Future benefits and costs will be
discounted back to the base year’s price level to give an indication of the present value of these factorss.

The selection of the base year should be consistent with the price year used to value benefits and costs. The base year is
generally the ‘current year'.

5 Discounting is automated in CBA6. Discounting formula is provided in Part C, Chapter 9.1.
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2.2 The concept of road user costs

The economic impacts of projects are measured by identifying project economic and financial benefits and including, in
some cases, revenue streams. Applied to a transport and road environment, road user costs include all the opportunity
costs of travel rather than simply financial costs. Road user costs represent the real (resource based) impact of a project
on the community. Road user costs also take into account safety and environmental considerations associated with
transport and road projects.

Consequently, CBA with respect to transport usually takes into account:
e travel time costs (TTC)

e vehicle operating costs (VOC)

e accident costs

Project impacts are calculated by focusing simply on the difference in road user costs between,the base case and project
case. This resulting difference is referred to as road user savings, where road user costs atélower in the project case,
and as dissavings, where road user costs are higher in the project case.

2.2.1 Travel time cost savings

Travel time, or journey time, savings are generally considered to be the mestimportant component of transport projects
designed to improve transport route and network efficiency. Reductiomin.congestion and lower travel times therefore
represent the majority of road infrastructure benefits.

The measurement of time is divided into two distinct streams based on the purpose of the trip. These are either private
(non-work) or business related travel. The valuation of business travel time is equal to the average wage rate. Austroads
measures business travel time based on the driver’s cost.té the employer. Freight is also incorporated in the valuation
of business travel time by multiplying vehicle payloads (measured in payload tonnes) and estimates of unit freight travel
time estimated at a per pallet level®. Private road uSers’ TTC, not on business trips, are generally valued at a ‘leisure rate’
which is lower than business travel time.

TTC are calculated from the average trip time; average occupancy rate, the value of time per occupant or value of freight
per hour, and the Annual Average Daily Trdffic (AADT).

2.2.2 Vehicle operating cost savings

VOC are the ongoing expenses)inicurred by road users that result from car ownership. These costs comprise consumable
items such as fuel, oil and‘tyres as well as repairs and maintenance and vehicle depreciation. VOC will vary from
vehicle type to vehicle type and according to road roughness, alignment (vertical and horizontal), average speed and
congestion. Improving the roughness or alignment of the road will reduce VOC.

VOC are measured in resource prices and not at market rates. Parameters such as fuel and tyre costs have been adjusted
to eliminate the effect of taxes and charges on unit values and are subsequently represented in resource prices. With
respect to fuel for example, the unit values are expressed net of excises and levies.

The measurement of VOC incorporates a number of complex algorithms developed by Austroads. For detail on the
calculation of VOC, see Section 4 of the Technical Guide.

6  See Austroads Guide to Project Evaluation Part 4.
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2.2.3 Accident (reduction) benefits

Accident cost savings arise when a project reduces either the expected accident rate (frequency) or the accident severity.
The accident rate can improve due to changes in alignment, road type, lane width and speed factors.

The average cost of a crash is measured by the number of all crashes and the resultant number of fatalities, serious
injuries, minor injuries and property damage incurred from each accident across the state. A detailed safety analysis
should be undertaken with the assistance of specialised support.

2.2.4 Impacts of changes in vehicle composition

Certain types of heavy vehicles do not have general access to the state-controlled road network. For example, B-double
vehicles have general access except in some urban areas, but access for road trains and newer multi-combination
vehicles is more limited. In many instances these heavy vehicles are more efficient than a standard semi-trailer. As
they can carry larger payloads than the smaller vehicles, the advantages for the transport system are fewer vehicle
movements and reduced driving and loading/unloading costs for the same volume of freight moved.

Road widening projects and highway upgrades can improve road conditions sufficientljte provide access to larger
freight vehicles. CBA of widening works where heavy vehicles are prevalent measures-the freight efficiency benefits
of improved width, in addition to the other benefits that would accrue to normal traffic. To measure freight efficiency
benefits, it is necessary to alter the vehicle composition between the base €ase@and the project case for each heavy
vehicle type. Techniques to undertake this form of analysis are presented in Part 2, Section 5.3.

2.2.5 Influence of time of day on benefit estimation

A key characteristic of transport demand is the fluctuations farroad use during the day. In both urban and rural areas,
the demand for road use is markedly higher in the early morning and late afternoon than for any other time of day. These
periods are known as the peak usage periods. The tendency for peaks and troughs throughout the day represents the
demand for final goods. In this instance, the peak periods represent travel to and from work for the commuting public.

Benefits are usually measured for all periods_ofithe’day. Where traffic data is not available for all periods of the day it is
recommended that data covering the two daily'\peak periods form the minimum requirement to undertake a CBA.

2.2.6 Impact of changes in v€hicle regulations

Changes in vehicle regulations’which are an integral part of a project, can often result in changes in expected road
project benefits. Two examples, of possible regulatory changes include reductions to the speed limit and additional
restrictions being placedion freight-efficient vehicles on access to certain parts of the road network. A reduction in the
speed limit associated with a road widening project may have the effect of reducing project benefits due to the possible
reduction in TTC savings. Also, if access to the network of particular types of freight vehicles was increased through
regulation changes associated with a bridge upgrade project, this could have the effect of increasing the number of
freight vehicles, consequently increasing AADT and further increasing project benefits.

2.2.7 Impact of road capacity saturation

Road capacity saturation can influence the results of the CBA in a number of ways. Capacity saturation is a function of
road type and traffic volume. When traffic reaches a certain point, at a given road capacity, saturation will occur. Traffic
will be forced to delay or to not travel at all. This will reduce AADT in the base case, potentially distorting the results of
the CBA. Road capacity saturation tends to occur mostly in urban areas or along motorways.
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2.3 Agency costs

Agency costs in CBA refer to the infrastructure expenditure incurred by road agencies for the procurement of roadworks.
Infrastructure agency costs include capital investment for new infrastructure works, and ongoing agency costs such as
maintenance and operational costs needed to service the infrastructure over the life of the asset.

Capital and maintenance agency costs should be included in both the base and project cases in the year of analysis

in which they are to be incurred. Accurate estimation of the agency maintenance costs in the base case is important in
order to gather a full representation on the magnitude of resources required even if a project does not proceed. In some
instances, new capital outlay will save expenditure in the long run where agency maintenance costs are high due to poor
quality infrastructure. For example, a timber bridge that requires constant maintenance could cost the agency more in
the long run than to design and construct a new concrete bridge. On completion of the CBA, net agency costs may be
positive (when project case agency costs are higher than base case agency costs) or negative (when the project case
accrues a saving in agency costs relative to the base case). In this scenario, the system user should be cautious when
interpreting the BCR as it will not always provide a true indication of a project’s economic worth. The NPV, on the other
hand, will always be a reliable measure of economic worth.

2.3.1 Capital costs

Capital costs represent the initial outlay of expenditure required to start up,a project (planning, design and
construction). There are a number of inputs and activities that make up the,tetal capital costs for a road project. Each
input and activity must be estimated as accurately as possible and atoject plan is often required to determine the
timing and duration of each task. The timing of capital cost expenditure must also be estimated. CBA can be used to
inform decision makers between the staging options of projects. The makeup of capital expenditure can include:

e design and construction costs

e earthworks

e pavement and seal

e intersection work

e value of land resumptions or voluntary,dcquisitions

e value of any land purchased at an‘€arlier date even if the land has been in Crown ownership for several years
e costs of environmental mitigation such as noise barriers, fencing, landscaping or drainage

e project construction and design contingences

e project management and other professional costs.

The value of land that is expected to be resumed by a project should be entered in Year 1 of the evaluation as a capital
cost. This value should be the current market value. Market values should be based on the sales data or the advice

of suitable experts where large parcels of land are involved. Long, narrow lengths of road reserve are unlikely to be
marketable and as such, have an opportunity cost of years.

A sunk cost represents expenditure that cannot be recovered. Sunk costs should therefore be excluded from the CBA, as
these costs are not relevant to the decision regarding a project.
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2.3.2 Maintenance costs

Maintenance costs include all labour, machinery and materials costs for routine, periodic and rehabilitation
maintenance. Estimates of annual expenditure required to maintain and preserve road infrastructure can generally be
determined based on historical expenditure levels.

Changes in maintenance costs commonly arise when:
1 pavement improvement reduces the need for maintenance costs

2 the maintenance effort is reduced in line with declining traffic volumes. In this situation, the gain to a project from
reduced maintenance may be offset by increases in user travel time and VOC, and decreased benefits from the lower
amount of traffic using the road

3 maintenance costs may be higher in the project case due to an asset extension, e.g. the addition of an overtaking
lane

4 maintenance effort is increased to improve service standards or to postpone the need*for capital works.

Consistent with Austroads methodology, maintenance costs are considered part of the¥cost’ measurement in the BCR.
This recognises an assumption that the road agency’s objective is to efficiently utilise-all resources, not only its capital
budget. As such, any saving in maintenance costs as a result of a project, is considered as a reduction in costs in a
whole-of-life context.

2.3.3 Residual value

Residual value is the estimated remaining value of the asset atithe,end of the evaluation period. It represents the
capacity of the asset to accrue benefits past the end of the evaluation period. For example, a concrete bridge structure
with a life of 100 years has a capital expenditure of $10 nfillion. If the evaluation period is 30 years and the project life is
100 years then this represents a 70% remaining life of'the bridge. Using a straight line depreciation method, the residual
value would be $7 million.

The depreciated value of the new bridge after,30years represents the minimum value that could be returned. The
maximum value would be the present value’ofithe benefits (road user cost savings) the project could produce between
years 31 and 100. Where the range betwéen‘these two measures is large, the CBA should be tested for sensitivity around
the minimum and maximum residualéalues.

The residual value is treated as,a négative value, reducing project capital costs and improving the BCR. Care should be
taken when using residual value,as inclusion of a residual value in the project case will improve the BCR. When using
a residual value, it is important that the method used to calculate it is appropriate and the value is justifiable. It is
generally recommended that specialised economic advice be sought to calculate the residual value.

Cost-benefit Analysis manual, First Edition, February 2011

©OTransport and Main Roads 2.21



2.4 Measuring additional benefits by project type

Road user cost savings represent the direct benefit of most road projects. This section will discuss methodologies used
to measure additional benefits depending on the project type. More detailed benefit calculation is required for a number
of projects including:

e flooding

e generated traffic
e bypass

e livestock

e overtaking lanes

e intersections.

2.4.1 Benefits of flood proofing and reduced road closure

Flood proofing an area has important social and economic implications. Improved flood immunity ensures road users
have access to their homes and the surrounding road network, while reduced/foad-Closures are important for freight
reliability and delivery times.

In economic terms, the efficient level of access in the road system is determined by users’ willingness to pay. All-weather
access might not always be economically efficient, unless users’ witlingness to pay exceeds the costs. As with other
types of benefit, data describing actual willingness to pay for all-weather access is not readily available. Rather,
valuation is made by reference to a postulated change in access'béetween the base case and project case.

The accepted approach to measure the benefits forimpr@vements in access is to compare the avoided costs of traffic
delay and/or diversion as a result of inundation. Divefsion‘and delay costs that would be saved by improved access are
estimated. The delay or diversion costs saved represent the benefits of the flood proofing works.

Measurement and estimation of the duration6firoad closures can be estimated using stream gauges located near

a bridge to represent historical flood levels. Where a crossing does not have a stream gauge, a theoretical model of
flooding must be used. The most impostant task in this process is to calculate design flood hydrographs for the crossing
site which can be achieved by application of a catchment hydrology model. For more detail on road closure time
calculation see the flood immunitys¢ase study in Chapter 5 of the User Guide.

2.4.1.1 Local inundation

Local inundation occurs where access is impeded during flood incidents at a local site or along a single road link only.
Delay and diversion cost savings are suitable measures of benefit for this type of flooding impact.

Factors to consider in the base and project cases include:
e the capital costs of the proposed proofing works

e ongoing maintenance and rehabilitation costs in the base case to repair water damaged roads, or to repair levees or
elevated road structures in the project case

e local factors of trip patterns and composition
e local response to flooding

e suitable diversion route and in a broader sense the importance of the road in providing access to employment and
community services.

A suitable diversion route provides the same form of access as the closed road. For example if a road train route is
flooded, a suitable diversion route will also allow access for this vehicle. However a suitable diversion route for all
vehicle types may not always be physically possible, and in Queensland the length of the diversion route can sometimes
be significant, requiring an inland diversion. In these instances it is appropriate to assume that some road users will not
divert but will wait for the site to reopen.
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2.4.1.2 Network inundation

Elsewhere, inundation may be a network problem. Flooding may sever access simultaneously at a number of points in
a network or on a link. Depending on the proportions of local and through traffic in the network or on the link, the full
benefits of flood proofing may not eventuate until all crossings are treated.

Local knowledge and research are important prerequisites before all or some of the impacts can be identified. Where
they are relevant, a network or link level of CBA would be appropriate.

The following factors can make the CBA difficult in this type of case:

e flood mitigation benefits might not be realised until a number of sites in the network are treated

e capital costs to flood proof a network and priority of crossings in a network

e suitable diversion route

e ifthe flood damage area is widespread, traffic demand during a significant flood incident-may decline anyway.

Road user costs might not increase directly with length of inundation. Some users might-pestpone or cancel their trip or
undertake their holiday or business elsewhere. The disbenefits to them will not be the total costs of diversion or the loss
of opportunity to undertake the trip, depending on the duration of the incident, amount of warning and availability of
alternatives.

Benefits may only be maximised at the cost of improving pavement and shoulder condition along whole lengths of road.

2.4.1.3 Traffic behaviour

The estimation of benefits of a project will depend on the behaviour of road users. During times of flooding, users have
three options. Users can choose to:

e wait — remain at the flood site for waters to subsidé
e divert — use an alternative route around the flood affected area
e do nottravel — choose not to travel at all.

If there is a suitable diversion route, some,read users may choose to divert along that route if their willingness to pay
exceeds their perceived cost of travel{In a'real sense, a road user’s willingness to pay to get to a destination will largely
vary among individuals and may reéquiré extensive modelling to estimate the relative proportion of road users who will
divert, not travel or wait. In gen€ral, those road users who choose to divert will bear a cost equal to the characteristics
of the diversion route. Thesegtaad users will affect and be affected by traffic that exists on the route prior to the diverting
users (i.e. diverted traffie'will-be affected by poor road conditions while those existing users will be affected by the
burden of possible increased congestion). Therefore road user costs will increase on the diversion route.

Those road users who choose to wait at a project site during periods of flooding incur waiting costs. In an economic
sense, the cost to those road users who choose to wait will be equal to the value of their personal (and business) time
multiplied by the time spent waiting. This value represents the opportunity cost (loss of economic productivity) for road
users to wait at flooded sites.

The road user costs borne by existing traffic, extra costs incurred by diverted users and waiting costs will be substantially
reduced as road users benefit from the improved access under a new project. Under the project case, road users gain
from the mitigation of flooding costs, waiting and diversion costs borne in the base case.

It is important to note that flooding effects are only relevant while the project area is flooded and closed. This is typically
a small percentage of time over a whole year. Therefore, it is important to reiterate that flooding benefits are relative to
the scale of flooding time and the costs borne during that time.
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2.4.2 Benefits to generated traffic

Generated traffic is the additional number of trips expected to be made by road users in response to perceived
reductions in costs from a proposed road project. The extent of generated traffic depends upon the sensitivity of road
travel to a change in the perceived costs of road travel.

The benefits derived by the generated road users are equal to the gain in consumer surplus the road users obtain by
switching from their previous activity to a new activity, which in part involves travelling along the upgraded road. For
example, a man has a choice of fishing in a pond in his own garden or fishing in a lake on the other side of town. The
man is willing to pay $5 extra to fish in the lake but he perceives the cost of the journey to the lake to be $6; therefore,
he fishes in his garden. If the road to the lake is upgraded, the man perceives the cost of the journey to be $4; therefore,
he drives to the lake to fish. The man can be considered as generated traffic on the upgraded road. His benefit from the
upgraded road is $1, which is equivalent to his additional consumer surplus which is derived from travelling to the lake
to fish rather than fishing in his own pond.

Perceived costs and benefits of using a road vary from road user to road user, thus the generated traffic benefits for each
road user will vary. Demand and cost functions can be modelled so that changes in consumef surplus can be calculated.
A common practice is to assume that the demand for travel is linear. A linear demand flnction enables the use of the
rule of half to estimate changes in consumer surplus from an upgrade in road infrastructure.

Benefits to the generated traffic should always be positive but the net impact'of the inclusion of generated traffic in an
evaluation may not be positive. The generated traffic may cause congestion“and reduce benefits to other road users. The
generated traffic will also increase the externality costs.

2.4.3 Benefits accruing from bypasses

A bypass is a road that acts as a permanent diversion to enable road users to travel to a destination at a reduced cost.
Bypasses are typically constructed to provide through traffic‘with the option to avoid the delays in travel associated with
passing through a town.

TTC savings normally comprise the highest propertion of benefits accruing to bypasses. VOC savings can be relatively
high if the bypass reduces the distance travelled-and also if start-stop traffic movements in town are avoided. A bypass
may reduce overall accident costs if the road alignment has improved, busy intersections are avoided and the length of
the bypass is shorter than the route thtotigh town. A bypass could potentially increase accident costs, as the severity of
accidents increases in the faster sp€edvenvironment of the bypass. Externality costs are likely to be reduced as pollution
decreases through the reduction,in the number of vehicles passing through the town. The overall reduction in costs of
travelling on the bypass could.result in generated traffic and is likely to be a small component of benefits accruing from
a bypass.

Bypasses are also likely to have other impacts, which cannot be easily quantified. Bypasses often have a negative
impact on the growth and economic activity of the town bypassed. This growth and activity is likely to be passed on to
another town, thus making it difficult to determine if the movement in activity is a negative or positive impact of the
bypass.

2.4.4 Benefits accruing from sealing roads

Freight vehicles carrying livestock on unsealed roads incur costs associated with damage and/or death of their cargo.
Of all roadway impacts affecting livestock carried in open vehicles, dust inhalation is the most harmful. By providing
upgrades and sealed roads, commercial road users carrying livestock will benefit from reduced livestock loss.

For further information on the benefits of sealing roads, see Chapter 5 of the User Guide.
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2.4.5 Benefits of overtaking lanes

Overtaking lanes are additional lanes added to a road to enable the safe overtaking of slower vehicles that impede
traffic flow. Overtaking lane benefits are calculated over three sections: the project site of the overtaking lane, the
downstream area and the upstream area. The downstream area of the overtaking lane is the section of road immediately
following the overtaking lane. The upstream area is the section of road immediately preceding the overtaking lane.

The overtaking lane itself has benefits attributed to increased overtaking opportunity and increased safety. The
additional lane allows faster vehicles to overtake slower vehicles, thus improving travel time through increased
operating speed. Accident costs are reduced, as overtaking does not require the use of the opposing lane. The
downstream area is assumed to operate at above capacity as faster vehicles are assumed to have moved to the front
of the platoon. The length of road required before slower vehicles again impede faster vehicles is a determinant of the
length of the downstream area. The main benefits from the downstream area are improved travel time for overtaking
vehicles and reduced accident costs from reduced overtaking. The upstream area is assumed to have a decrease in
accident costs, as road users will refrain from overtaking when an overtaking lane is approaching.

2.4.5.1 Within the overtaking lane

The predominant benefit within the overtaking lane is a reduction in the collision’frate. The overtaking lane section
generally has a lower rate of collisions than two-lane road sections due to theffollowing:

e The additional road width provides more space for errant vehicles toecover and for vehicles to avoid each other.
e Overtaking is safer in an overtaking lane than in an opposing traffi¢/lane.

The overtaking lane also provides significant TTC savings. As a result of the additional lane and width, capacity is
improved along the length of the overtaking lane. The additighaltane and the increased capacity allows more overtaking
opportunities and higher operating speeds.

2.4.5.2 Outside the overtaking lane

By concentrating overtaking manoeuvres in theyéelatively safer overtaking lane section, overtaking manoeuvres and
crashes associated with the manoeuvre should.be reduced on adjoining sections of conventional two-lane road. The
frequency of collisions should thereforetbe reduced immediately before and after the overtaking lane.

e Before the overtaking lane: Roadyusefs can be expected to be more conservative in overtaking behaviour if they are
aware an overtaking lane is,ahead. This behaviour is encouraged by the practice of providing advance information
such as signage on the location of the upcoming overtaking lane.

e After the overtaking lape:*Having overtaken a vehicle in the overtaking lane, it will typically be some time or
distance before the next slow vehicle on the road is encountered. This reduction in overtaking demand following
an overtaking lane will reduce the crash rate along the two-lane road section immediately after the overtaking lane
section.
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2.4.6 Benefits of intersection upgrades

There are many intersection upgrade options available to road transport authorities. Different intersection upgrades
have different impacts on road users. The type of upgrade is tailored to the need of the intersection. Signals and
overpasses improve traffic flow and reduce congestion. Roundabouts and turning lanes reduce a large variety of accident
types. Some upgrades are targeted at reducing certain types of accidents that are prevalent at particular intersections.

Traffic signals coordinate traffic flows and reduce delays at the intersection during peak periods. During off-peak
periods, signals may cause increased delays if road users are required to wait at an empty intersection. The cost of these
delays are normally small in comparison to the reductions in delays if the intersection has a high volume of off-peak
traffic. Traffic signals can reduce the number of severe accidents caused from vehicles approaching from adjacent roads
but normally increase the number of rear-end accidents (RTA 2004). Overpasses significantly reduce delays throughout
the day and reduce intersection related accidents, such as those caused from vehicles approaching from adjacent roads
and from opposing vehicles that are turning at the intersection (RTA 2004).

Roundabouts are designed to improve traffic flow and safety. The capacity of a roundabout can‘be tailored to the traffic
flow of the intersection. Roundabouts have the advantage of allowing a constant flow of.traffic from all directions,

thus reducing delays. Roundabouts normally generate more accident cost savings than‘traffic signals because of lower
speeds, angle of contact and reduced number of contact points (Gibbon and Magtinovich 2010). Turning lanes can
improve delays and reduce accident costs. Turning lanes can be used in partielilar-to reduce rear-end accidents and
accidents with opposing vehicles that are turning at the intersection (RTA 2604)¢There are other intersection upgrade
options designed to address accidents of a specific nature. Definition fof classifying accidents (DCA) codes can be used
to determine the accident cost benefit of a particular intersection upgrade.
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3 _Measuring externalities

Anexternality occurs when a transaction takes place and causes an impact on
& third party that was not directly involved in the transaction. Put another way,
externalities exist when the actions of one group affect the welfare of another
group without compensation being made. Externalities are the indirect
consequences of transport by road users. In economic terms, externalities
exist when the marginal cost to the firm is not equal to the marginal costs for
the community. Therefore prices of these goods and services do not reflect
the true economic cost, which results in excess or shortage of supply in the
market depending on the nature of the externality.

Externalities may be positive (where a third party incurs benefits from

the transaction) or negative (where a third party incurs costs from the
transaction). For example a positive externality may occur when a third
party benefits from improved medical research, while a negative externality
may occur when a third party suffers the impact of pollution generated by a
factory.

Transport systems have generally been associated with negative externalities,
impacting the environment and human health. The most significant of

these externalities in terms of scale include air pollution, greenhouse gas
emissions, noise, water pollution and ecological impacts. Specific examples
on how these externalities are present in different types of road projects are
described in Chapter 7 of the Technical Guide.



To accurately reflect the impact of a proposed activity it is necessary to include as many externalities as possible into
the CBA. Inclusion of these externalities into the evaluation (that is, by internalising the externality) ensures decision
makers will be better able to assess the likely economic impacts of a proposed activity.

The incorporation of externalities into the evaluation is achieved by estimating its monetary value. In theory, this
monetary value is the financial cost that would be incurred by those that benefit from the externality, to compensate
those that incur the impact of the externality. In the case of a transport-related evaluation, the preferred treatment for
externalities is to internalise these costs by calculating a monetary value expressed per VKT for inclusion in the CBA. To
achieve this, externalities must be quantified and measured. There are different methodologies to value externalities.
The complexity of the effects and the large number of diverse stakeholders involved make it very difficult to develop a
homogenous method for the evaluation of transport externalities.

To simplify the valuation of externalities with respect to transport, Austroads has produced a standardised set of
default values for various categories of externalities associated with road projects. The methodology and valuation
technique used by Austroads is based on research conducted in a variety of jurisdictions. Thetechnique is described in
Austroads Guide to Project Evaluation, Part 4 and Australia Transport Council’s National Guidelines for Transport System
Management in Australia Volume 3: Appraisal of Initiatives and Volume 5: Background Material.

These references are used as sources of externalities default values in cases where externalities costs are not critical
to the overall project evaluation. When externalities are significant, a specific guantification and valuation has to be
undertaken as the default values may not necessarily reflect the actual externality values involved. This can be done
using techniques such as hedonic pricing which estimates the price of a,cemmodity based on its characteristics which
yield utility/disutility, for example estimating noise costs (characteristi¢'‘of.disutility) by estimating changes in house
(commodity) prices based on volume of noise. Where externalities.cannot be quantified, a qualitative evaluation using
an evaluation summary table should be included in the analysis.'See Chapter 7 of the Theoretical Guide for further
information on the evaluation summary table.

Externalities that are valued in transport evaluation include:
e airpollution

e greenhouse gas emissions

® noise

e water

e nature and landscape

e urban separation

e downstream effects.

Default externality unit values are presented in Table 3 for cars and buses in an urban and rural environment. Generally
urban externalities will impact a larger number of third parties and are therefore valued higher than externalities that
occurin a rural setting.
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Table 3: Externality unit costs for passenger vehicles and buses (cents per vehicle kilometres travelled (vkt))*

Vehicle/units Urban Rural

Air pollution
Greenhouse
Noise
Water

Nature and
landscape

Urban separation

Upstream and

Passengers cars
2.54 (2.48-2.60)
2.00 (1.77-2.24)
0.82 (0.59-1.06)
0.38 (0.37-0.39)

0.05 (0.05-0.17)

0.59 (0.35-0.82)
3.42 (2.95-3.89)

Buses

28.61 (20.24-31.82)

11.79 (n/a)
2.00 (1.18-2.83)
4.29 (3.04-4.77)
0.13 (0.13-0.6)

1.89 (1.18-2.6)
17.68 (14.14-21.21)

Passengers cars
0.03 (0.02-0.03)
2.00 (1.77-2.24)
0.00 (0.00)

0.04 (0.04-0.04)

0.47 (0.47-1.65)

0.00 (0.00)

3.42 (2.95-3.89)

Buses

0.00 (0.00-0.32)
11.79 (n/a)

0.00 (0.00)
0.04 (0.03-0.05)

1.3 (1.3-6.01)

0.00 (0.00)

17.68 (14.14-21.21)

downstream costs
Sources: Austroads (2008)

Note: *All values are adjusted from 2005 Australian dollars to 2007 Australian dellars using the change in CPI for all
groups.

Austroads default externalities values for road freight transport are repopted.separately by rural and urban locations.

Table 4: Externality unit costs for freight vehicles ($ per 1000 tonfie~km)*

Vehicle/units Urban Rural

Light vehicles Heavyyehicles

Light vehicles Heavy vehicles

1 Air pollution 158.93 (117.85-261.60) 21,19 (10.28-25.93) 0.00 (0.00) 0.21(0.11-0.26)

2 Greenhouse 49.50 (45.96-51.85) 471 (2.36-8.25) 49.50 (45.96-51.85) 4.71 (2.36-8.25)

0.0 (0.00) 0.35 (0.24-0.49)

1.27 (0.64-1.56)

3.54 (2.36-4.71)
3.18 (1.06-3.89)

3 Noise 27.10 (18.86-37.71)

4 Water 23.84 (17.68-39720) 0.24 (0.18-0.42)

5 Nature and 17.68 (17.68°34.28) 0.35 (0.35-0.71) 0.18 (0.18-0.34) 3.54 (3.54-7.07)

landscape

6  Urban separation 25.93/15:32-36.53) 236 (1.18-3.54) 0.00 (0.00) 0.00 (0.00)

7 Upstream and 18.86 (16.5-21.21)

downstream costs

164499 (117.85-212.13) 164.99 (117.85-212.13) 18.86 (16.5-21.21)

Sources: Austroads (2008)

Note: *All values are adjusted from 2005 Australian dollars to 2007 Australian dollars using the change in CPI for all
groups.

These tables and how the values are applied in CBA are described in detail in Section 7 of the Technical Guide. The
following sections provide detail for each externality with default values from Austroads.
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3.1 Flora and fauna

Transport projects commonly influence natural vegetation and landscape in some form. The development of land-based
transportation has led to deforestation, habitat loss, loss of natural vegetation, reduction in the quality of landscape,
land pollution and reduction in visual amenity.

Austroads values for nature and landscape externalities are based on an avoidance cost methodology with respect to
repair and compensation/restoration measures. The calculated values are then adjusted for vehicle occupancy rate to
achieve an estimated cost-per-vehicle occupant.
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3.2 Emissions

Emissions are the primary and most commonly included externality used in CBA. Emissions encompass greenhouse
gases and air pollution.

3.2.1 Air pollution

Air pollution refers to the introduction of chemicals, particulate matter and biological material into the atmosphere that
cause or have the potential to cause harm or discomfort to humans and other living organisms or damage the natural
environment (Austroads, 2009, P.3). The emission of air pollutants from transportation mainly consists of exhaust
emissions, but there are also impacts of fuel vapours and emissions that result from the contact between vehicles’ tyres
and the road surface. Emissions also vary by type of vehicle (truck, private car, engine size and model) and fuel (diesel/
petrol).

Pollutants identified as being significant to the Australian transportation industry include Carbon Monoxide (CO),
Particulate Matter (PM), Oxides of Nitrogen (NOx), Carbon Dioxide (CO2) and Total Hydrocarbens (THC) (Austroads,
2009, P.3). Some of these emissions have purely local impacts; others contribute to effects at a regional or even global
scale and can affect human health, infrastructure, forests and crops. The calculated valte of air pollutant values for CBA
evaluation purposes differentiates the costs of pollutants with a local impact fronf those with a wider impact.

Air pollutant values are derived from control and avoidance costs estimate$,which are adjusted for population density,
and vehicle occupancy (Austroads, 2009, P.3). The values are calculated using health costs, emission factors and motor
vehicle use data. The effects of transport-attributed pollutants on health are quantified using willingness to pay. Values
for cost per tonne have been transferred to Australian values accordifng to a comparison of population densities in
Australia (Austroads, 2009, P.7).

3.2.2 Greenhouse gases

Gases which have the potential to trap heat withinthie'atmosphere are often referred to as greenhouse gases
(Austroads, 2009, P.7). Some greenhouse gases such as carbon dioxide, methane or water vapour are produced
naturally, while others (e.g. fluorinated gases).are created and emitted solely through human activities. The principal
greenhouse gases that enter the atmosphere/because of human activities are: Carbon Dioxide (CO2), Nitrous Oxide
(N20) and Fluorinated Gases.

Transportation is a significant source of greenhouse gas (GHG) emissions, which are defined in the National Greenhouse
Gas Inventory (NGGI) as emissions-from the direct combustion of fuels in road transportation, railways, navigation,
aviation and off-road recreational vehicle activity. Transport emissions are one of the strongest sources of emissions
growth in Australia, and ¢éntribute around 13.2% of Australia’s net emissions. Since 1990, transport emissions have
increased by approximately 58%.

Greenhouse gases are valued using a damage cost approach (Austroads, 2009, P.7). As greenhouse gases have a global
impact, the same value applies for rural and urban areas.
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3.3 Noise pollution

Noise pollution is the presence of a noticeable extent of noise above background levels which presents an irritation or
loss of amenity for those exposed to it. In extreme cases, prolonged exposure to noise pollution can produce significant
health impacts. As the effects of noise pollution in a transport context are typically not experienced by the producer of
the noise, it is considered to be a negative externality (Austroads, 1996, P.23).

The prevailing source of artificial noise pollution in built-up areas is from transportation. In rural areas, train and aviation
noise can disturb wildlife habitats. Trucks and exhaust braking is a significant contributor of noise pollution in rural
towns.

Hedonic pricing can be used to measure the impact of noise pollution (Austroads, 2009, P.5). Consider two identical
houses with the same characteristics, except that one house is located further away from a noisy road. The cost of noise
pollution would therefore be the difference in house prices.

Austroads values are based on a methodology that uses a combination of willingness to payahd valuation of health
effects from noise exposure (Austroads, 2009, P.5). These values are adjusted for vehicle‘oecupancy rate, population
density and Purchasing Power Parety factors. Noise barriers used on highways will significantly reduce the noise
pollution effect of road users.
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3.4 Other externalities

3.4.1 Water pollution

Transport-related water pollution is defined as the contamination of water bodies such as lakes, rivers, oceans and
groundwater, which can be harmful to local and even regional ecological values (ATCs, 2006, P.81). Such contamination
may be caused by fuel or oil run-off from the road surface, and particulate matter including tyre fragments washing into
waterways.

Austroads values are based on willingness to pay methodology and mitigation costs methodology (ATCs, 2006, P.81).
Mitigation costs methodology measures transport-related impacts by estimating the social costs of installing mitigation
devices over entire road networks or on a per-vehicle-kilometre basis (Austroads, 2009, P.8).

3.4.2 Urban separation

Austroads values are based on avoidance costs through evaluation of the constraints ta-the mobility of pedestrians,
as a technique to value urban separation effects. It includes time lost due to separation)for pedestrians, lack of non-
motorised transport provision and visual intrusion. Values are adjusted for vehicl€.occupancy rates (Austroads, 2009,
P.9).

3.4.3 Upstream and downstream

Upstream and downstream externalities refer to the indirect impatts-associated with energy consumption prior
to transport end use including energy (fuel) production, vehiclé\production and maintenance, and infrastructure
construction and maintenance (Austroads, 2009, P.g). This externality has a global impact, hence the same value
applies for rural and urban areas.
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4 ject evaluation and network
Q{Oeffects

Q i section identifies and explains the key principles in undertaking a road

project evaluation within a network (urban) environment. Urban project
evaluation involves careful consideration of improvements to road links that
benefit the operation of a road network. The best approach for network-based
evaluations is a combination of transport modelling and a project-specific
CBA model.

Network evaluations require intimate knowledge of the road network and
associated economic impacts. System users and decision makers should
attempt network evaluations in close consultation with transport modelling
teams.



4.1 Principles of urban road project evaluation

Urban road projects have considerable differences from rural evaluations, including variable demand, multiple mode
choices, network effects, stop-start traffic conditions, congestion and environmental effects.

Network evaluations are typically aimed at improving service and congestion levels in the peak periods. They can and
should include effects for public transport users, such as an evaluation of a busway.

4.1.1 Urban road projects

Urban traffic patterns are typically more complex than rural traffic patterns due to the far greater number of alternative
roads and the origins and destinations of travel. Modelling of an urban project requires detailed evaluation not only of
the route under investigation but of all alternative routes that are impacted by a project. The existence of intersections
and queuing adds to the complexity. However, a number of transport models are available to measure the effect of
proposed improvements. It is important when using a transport model, that it features the correct specifications and
outputs required to conduct the economic evaluation. In an urban-based scenario, the typieal outputs needed include:

e vehicle kilometres travelled (VKT)
¢ vehicle hours travelled (VHT)
e average operating speed.

These outputs should be estimated by the transport models in both the base and project cases. Often these outputs
will be presented in 5 or 10-year increments to the defined life of theyevaluation. It will then be required to interpolate
these outputs for the intermittent years. Once these outputs are squrced, it is required to create a road user cost model
to estimate the associated user costs for the road improvement. Fhis CBA model should be created using a spreadsheet
tool.

As a general outline, the following steps provide guidance for network evaluations:
1 identify problem and develop options

2 consider time frame for analysis and forecast'population growth

inventory of existing travel patterns

undertake transport modelling6fithe’base case and project case options

build CBA model using a spreadsheet tool

A U~ W

estimate capital and ongoing costs

value urban VOC using Austroads stop-start model

~N

8 value travel time and vehicle operating cost benefits using transport modelling outputs VHT, VKT
9 value accidents using accident rate history and VKT

10 value externalities using Austroads unit costs and VKT

11 discount future benefits and costs.

It is beyond the scope of this manual to provide detailed guidelines for network evaluations. Readers are encouraged to
consult Volume 4 of the ATC material or obtain specialised economic support before attempting a network evaluation.
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4.1.1.1 Brisbane strategic transport model

There are a number of models that can be used to test the impact of changes in the road network. One of these models
is the Brisbane Strategic Transport Model (BSTM), initially developed in 2000. The BSTM has recently been updated to
incorporate mode choice, and this particular version of the model is known as the Brisbane Strategic Transport Multi-
Modal Model (BSTM-MM). It is a four-step strategic transport model with a Logit mode choice module, enabling users to
choose between car driver, car passenger, walk to public transport, park and ride, kiss and ride, cycle and walk mode
alternatives. The model also includes a car availability module being used as input to the mode choice module.

Brisbane City Council maintains the road only version of the BSTM, which currently sits at BSTM version 6.

The BSTM-MM covers the Greater Brisbane area (equivalent to the 2001 Brisbane Statistical Division) using 1509
transport model zones. The model is calibrated for a 2004 base year. The demographics for this model are currently
based on the latest work done by the state’s Planning Information and Forecasting Unit, along with work done by the
National Institute of Economics and Industrial Research, as well as updates from recent studies such as Australia
TradeCoast and local government projections. Future year demographics are available for 2011;,2016, 2021, 2026
and 2031. These future demographics are based on development patterns outlined in the\Quéensland Government’s
South East Queensland Regional Plan, including bringing forward Greenfield development areas in line with the State
Government’s Housing Affordability strategy.

Future year road networks are regularly updated and have been developed thfough consultation between Brisbane City
Council, other south-east Queensland local governments and internally through'the Department of Transport and Main
Roads. It includes projects listed in the South East Queensland Infrastructure Plan and Program 2009-2026, and the
Queensland Transport and Roads Investment Program. It also includes/network scenarios used to develop the document
draft Connecting SEQ 2031: An Integrated Regional Transport Plan for South East Queensland.

4.1.1.2 Alternative models

In addition to the BSTMv6 or BSTM-MM, a number of altefnative transport models are available to assist network
evaluations including the South East Queensland Strategic Transport Multi-Modal Model and various others across
Queensland’s regions. The techniques used and\dutputs produced by the models depend on the purpose of the
modelling exercise. There are four commonly adopted transport modelling techniques.

1 Strategic

2 Mesoscopic or local area modelling
3 Micro-simulation

4 Intersection

A strategic model is capable of modelling the impact of a road project on a city’s entire network. The BSTM is an
example of a strategic model. This type of model should be used to predict the impacts on urban networks of major
road infrastructure projects. Strategic models are useful for examining broad transport impacts at a city-wide level such
as changes in mode share, average trip lengths, sector-to-sector travel patterns, etc. They are also useful for testing
transport policy impacts such as tolling or road pricing. Examples of strategic modelling tool packages include Emme
(BSTM runs in Emme), Cube, VISUM and Omnitrans.

Mesoscopic models are the next step down from strategic models and are used to model smaller areas such as suburbs.
These models are more precise in that they are validated down to the turning movement level, whereas strategic models
are only validated at a screenline level (travel across cordons of several roads in a certain direction). They are capable

of modelling more precise effects of changes to the road network such as banned turns, extra turning lanes etc. The
SATURN tool package has regularly been used in the past for this type of modelling, however there are a number of
newer options (largely untested in Australia) becoming available including AIMSUN, VISUM, Cube Avenue, Dynameq
(part of the Emme suite) and others.
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Micro-simulation traffic models are used to model highways, interchanges and congested (small-area) networks. Micro-
simulation programs model the movements of individual vehicles travelling on road networks using simple car following,
lane changing and gap acceptance rules. Micro-simulation models provide a representation of actual driver behaviour
and network performance. This is particularly useful when assessing complex traffic problems, such as the effects of
accidents or breakdowns on a network. Micro-simulation can also be used to model projects that incorporate intelligent
transportation systems. There are a number of micro-simulation tool packages available such as PARAMICS, AIMSUN
and VISSIM. Micro-simulation models should be used with caution but are a useful tool particularly in visualising the
traffic impacts of network changes.

Intersection models are used to evaluate the capacity, level of service and performance of intersections. These models
evaluate the performance of alternative treatments involving signalised intersections, roundabouts, unsignalised
intersections, interchanges and pedestrian crossings. Intersection models include SIDRA and INSECT. TRANSYT is also a
tool used for signal coordination. These models should only be used for intersection projects.

4.1.2 Urban public transport projects

For public transport projects, modelling of traffic behaviour becomes an increasingly more important aspect of the
evaluation. Public transport projects include bus, rail (both heavy and light rail) and ferry projects.

Public transport projects provide an important community benefit to travellers'without access to motor vehicles,
however the main objective is to shift transport users from the road to publictrafsport.

4.1.2.1 Resource unit costs

Public transport projects will have significant operating and maintenance costs which vary depending on the number of
services and the distance of travel required.

Volume 4 of the ATC material provides a methodology to‘edleulate the resource cost of public transport projects. An
example of a cost function that estimates the annual.cosfs of operating a bus service is”:

C=Npv * Cpv + Bkm * Cbkm + Bhr * Cbhr + RL *rl
Where:

e (C=total annual cost

e Npv=number of peak vehicles

e Cpv=unit annual cost perfpeak vehicle

e Bkm = number of bus“kilometres operated per annum
e Cbkm = unit cost per bus-kilometre operated

e Bhr=number of bus-hours operated per annum

e Cbhr = unit cost per bus-hour operated

e RL=road length of bus route

e Crl=unit cost per km of road used by bus services

The ATC material provides further guidance on the estimation of resource costs. For more simplified analysis, Volume
4 of the ATC material provides a summary of unit costs of public transport operations typical of Australian conditions.
Relevant cost estimates for bus (standard size buses typically 40—45 seats), light rail or tram and rail (three-car electric
units) are shown in Table 5.

7 Bray, D.J. and Wallis, I. 1999, ‘Public transport costs in Adelaide - Assessment and implications’. Paper to 21st Australian Transport
Research Forum, Perth.
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Table 5: Operating cost summary (2005-06 prices)

Cost category Unit Bus Tram Train
On-vehicle crew costs $/train or bus-hour 33 60 220
Vehicle (direct operating) costs $/unit or bus-km 0.9 1.5 2.8
Infrastructure operations and maintenance costs $ 000 pa/track-km 65 115
Overhead (operating) costs % on other op costs 21 17.5 14
Profit margin % on total op costs 6 4 4

Source: ATC (2006) Volume 4 Table 1.6.9

4.1.2.2 Generalised costs

Generalised costs are the sum of monetary and non-monetary costs of a trip. Motorists incufmonetary costs such as
petrol, vehicle repairs, tolls and parking charges. They also incur non-monetary costs such as’the value of time taken for
the journey.

Benefits of public transport projects are equivalent to the reduced travel costs pérceived by travellers plus other impacts
on travellers. Potential beneficiaries of a public transport project are listed below,

e Existing public transport (PT) users

e Diverted PT users — from other PT modes

e Diverted car passengers — that switch mode to PT
e Former car drivers — that switch mode to PT

e Former bicycle users — that switch mode to PT

e Former pedestrians — that switch mode to PT

e Other generated PT users

e Remaining road users

e Community at large

The benefits of public transport-projects are typically defined (with the exception of remaining road users) in generalised
costs terms. Generalised costs'are the perceived costs that the user experiences during the use of public transport.

The generalised cost fun€tion from Volume 4 of the ATC Guidelines is:

GC=F+V*[(TA* WA)+(TW * WW)+(TR * WR)+(TI * WI)+NT * {TP + (TAT * WAT)+(TWT* WWT)}]

Where:

e GC=total generalised cost (=perceived cost)

e F=fare (%)

e V=standard value of time ($/min of, say, in-bus time or some other benchmark)

e TA=access timei.e. between an origin/final destination and the public transport facility (mins)
e WA =weighting on access time (to reflect its perceived valuation relative to in-bus travel time)
e TW = (expected) waiting time at a bus stop or train station for initial boarding (mins)

o WW = weighting on expected waiting time (to reflect its perceived valuation relative to in-bus travel time)
e TR = unexpected waiting or travel time (associated with service unreliability)

e WR = weighting on unexpected waiting or travel time

e Tl =in-vehicle time (mins)
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WI = weighting on in-vehicle time to reflect quality attributes (relative to in-bus travel time)
e NT=number of transfers

e TP =transfer penalty to reflect the inconvenience associated with a transfer (equivalent to bus travel time (minutes))
where an interchange occurs

e TAT = access/walk time on transfer

e \WAT = weighting on transfer access/walk time
e TWT = waiting time on transfer

e WWT = weighting on transfer waiting time

Generalised costs are the economic costs of travel plus the additional perceived costs of waiting time and journey time
that the public transport user perceives as a result of travel. In a broad example, individuals tend to perceive that bus
journeys take longer than reality while train journeys are shorter than reality.

This example has a community cost implication that is traditionally omitted from road-based€valuations. The
derivations of these benefits are extremely complex in nature and beyond the scope/©fithe manual.

Volume 4 of the ATC material provides information on the calculation of these behefjts.
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4.2 Fixed and variable trip matrix

There are two forms of trip distribution that need to be taken into consideration when formulating the Network Transport
Model. These include fixed trip distribution (and hence fixed mode shares) or variable trip distribution. The fixed
distribution matrix assumes that trip patterns remain unchanged after the impact of a project, and is only used in those
communities with relatively minimal levels of congestion. This depends on the project in question, for instance a new
busway would most likely encourage a shift to public transport. The variable trip distribution approach can be applied
to those communities with a congested road network, or where a project could potentially result in a change in mode
shares or trip distributions.

If a project has the potential to change travel patterns, then a strategic model will need to be used in the first instance
to obtain trip matrices by mode for input into a finer grained model, if a finer grained model is to be used. The strategic
model is the only type of model that forecasts demand, while the lower level models often assume a fixed demand
matrix, or else the matrices can only be adjusted through very basic factors which could be risky.

In addition, large scale projects may often induce traffic onto the network and could effectively lead to a ‘variable
demand’ matrix. In almost all strategic transport models the total number of trips is fixed;-however these trips can be
differently distributed across transport modes and time of day. The variable demand,approach can be used when it is
considered likely that a project will lead to increased trip-making behaviour as a(result of, for example, a new cross-town
tunnel. In most cases variable demand is tested through a series of sensitivity.tests in strategic transport models. Note
that this approach will result in a different number of total trips on the netwerk.
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5 gl;(ﬁ/er issues in cost-benefit
Q{%\nalysis

Q i§ chapter brings together relevant background data and information

on a variety of types of projects including rail, busways and cycleways. It
does not prescribe a particular method for the evaluation of such projects
but communicates a number of key principles recognising that there is no
particular method, tool or technique that has been nationally endorsed. A
short discussion on the treatment of tolling in CBA has also been included.



5.1 Rail

Rail projects can be separated into public transport-based operations and freight-based operations. Improvements to
rail passenger services can be evaluated using the generalised cost function discussed previously in Section 4.1.2.2.
This approach will compare the perceived cost of rail travel with and without the improved passenger services.

Rail freight projects may include projects that provide additional rail capacity to service a mine or port. When conducting
an analysis of this type, the haulage costs via rail should be compared with an alternative transportation mode such as
road. An analysis of this type will enable a complete evaluation of freight efficiency. This will also enable road transport
authorities to compare the revenue impacts of third party rail access against registration and licensing impacts of road
transportation. Other impacts may include a comparison between the costs of building and maintaining a new road
compared with construction and operation of a new rail line. Consideration must also be made for road damage caused
by heavy vehicles. This comparison will inform decision makers of the most appropriate form of freight transportation.

Issues that should be addressed in rail CBA include:

e accidents and safety — level crossings

e regulatory impacts

e ownerand operator — third party access requirements and pricing
e integration between passenger rail and freight rail

e externalities — noise, emissions

e comparison of road and rail freight haulage —incremental analysis
e capacity and bottlenecks — port access and key distribution peints
e evaluation period, asset life and residual values

e rolling stock acquisition and maintenance costs.
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5.2 Busways/tunnels

A busway is a dedicated priority bus corridor. The main benefit of busways over traditional bus services is the TTC
savings for existing public transport users. There may also be additional benefits for road users that remain on the
existing transport routes. The generalised cost function discussed in Section 4.1.2.2 can be used to assess the benefits
of busway projects. However, as with all urban public transport projects, the strategic transport modelling results will
have a significant influence on the CBA results.

It is beyond the scope of this manual to provide detailed guidelines for busway evaluations. For more information on
public transport evaluation see Volume 4 of the ATC material.

A tunnel (below ground road link) provides additional road network capacity and relieves congestion. The need for a
tunnel is evident due to land constraints and lack of sufficient road corridors. As for a traditional road project CBA, the
main road user impacts will be TTC savings, VOC savings and accident cost savings. Accident costs are required to be
calculated using a different approach for tunnel projects. A detailed safety investigation should be undertaken as the
severity of crashes in tunnels may be higher than usual. Transport modelling will also need to,model circumstances in
which the tunnel is closed, as such an occurrence would give rise to significant road user-costs to the surrounding road
network and therefore will need to be incorporated in the CBA.
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5.3 Heavy vehicles/freight

The majority of benefits for transport projects are savings in travel time for road users to complete trips when compared
with a base case. Within the travel time estimate is an incorporation of the value of freight transported by heavy
vehicles. Faster and more reliable delivery of freight will have flow-on effects for the economy. To address freight-related
transport issues, governments have investigated schemes such as performance-based standards and higher mass limits
projects to increase freight efficiency.

The following issues should be considered for freight-based CBA:
e vehicles that can carry higher loads and volumes per trip

e |ess trips to undertake the freight task

e |ess congestion and accidents

e pavement damage and maintenance

e road design

e access on existing network

e additional capital expenditure.

As discussed previously in Section 5.1, bulk domestic freight can be transpofted by road and/or rail. CBA of freight-
based projects should compare the incremental costs and benefits of.the road or rail options. The main benefits that
accrue when undertaking freight-based projects should be the value,atid tonnage of freight transport, travel time and
trips and the flow-on efficiency effects for the economy.

Benefits of projects such as higher mass limits are discussed.in Part 1, Chapter 2.2.4. For more information on freight-
based CBA see the Multi-Combination Vehicle case study in Section 5.1. of the User Guide.

CBA of freight projects may also include evaluation of secondary infrastructure works such as heavy vehicle rest areas.
Rest areas provide a safe and convenient place for,heavy vehicle operators to recuperate from driving fatigue. There is
also a legislative requirement for heavy vehicl€loperators to use designated rest areas at regular intervals. The main
benefits of a rest area will be the reduction’in fatigue-related crashes. To calculate the benefits of rest areas, specialised
economic assistance should be used to‘calctlate the crash reduction benefits.

2.48 Cost-benefit Analysis manual, First Edition, February 2011
’ ©Transport and Main Roads



5.4 Tolling

The decision to toll a road has a number of market-related outcomes. For example, a new road will provide savings in
travel time for road users and also provide a revenue stream for the operator. The savings in travel time received by road
users is passed on to the operator in the form of the toll payment. Therefore, in theory, the monetary value of the savings
in travel time is equal to the toll price. This represents a transfer payment of the benefit. To include the travel time
benefit and the toll revenue benefit would therefore be double counting.

The impact of toll roads and subsequently double counting is approached differently in the economic and financial
evaluation. Generally a financial evaluation will include the toll revenue as a positive cash flow and include the relevant
costs (capital, operation and taxes) as a negative flow to determine the net cash flow. In this way the inclusion of toll
road impacts in the financial evaluation is relatively simple.

In an economic evaluation, toll revenue is generally excluded from the analysis to avoid double counting. However the
impact of tolling can be measured in the economic evaluation through the infrastructure usage and demand for the road
through comparisons of the ‘with’ and ‘without’ tolling scenario.

A general assumption is that, in the absence of a user charge (tolling) regime, the demand for a road is higher than
under a tolling scenario. To include the impact of tolling in the economic evaluation, the price of the toll is added to the
cost of travel for road users. Economists value the cost of travel through a measurément of the perceived cost of the
journey. For simplicity, the perceived cost of travel can be assumed as a funetiop/of the time taken to travel from A to

B and an hourly unit cost (or wage rate). The traffic demand modelling istthen-adjusted based on the perceived cost of
travel that includes the toll price. The CBA is then conducted with traffic ferecasts under both the tolled and untolled
scenario.

The economic value of the toll is therefore incorporated into théxanalysis through its impact on consumption decisions.
In the case of transport infrastructure, the decision is to travelor not to travel. To also include the financial value of the
toll would result in a double counting of this parameter.
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5.5 Multi-modal effects

Multi-modal transport planning provides a transport solution that incorporates more than one mode of transport. Multi-
modal projects usually combine two or more of the following modes of transport: road, public transport (rail, bus, ferry),
cycling and walking. For example a multi-modal transport project could incorporate a transport hub (Transit-Oriented
Development or TOD) that connects a road to both a bus and rail station or a veloway that links cyclists to a ferry station.

The objective of multi-modal transport projects is to provide adequate connections between each mode of transport
and provide incentives for car drivers and passengers to switch to public transport. The aim of multi-modal transport
planning is to incorporate road operations and management into the wider public transport network and improve
coordination with public transport operators such as the Translink Transit Authority.

A CBA of a multi-modal transport project involves complex modelling of the change in travel behaviour with a project.
Ideally a transport model that incorporates all modes of transport should be used to assist the economic analysis.

A CBA of a multi-modal transport project should consider a number of issues, including:

e elasticity of demand among modes of transport

e trips by mode with and without a project — mode shift

e generated and induced trips

e change in public transport revenue

e economic and financial costs of changing modes (time, fare, convenience and comfort)
e governance and operation (maintenance costs and managenient between operators)

e subsidies.

Multi-modal transport projects can also promote the development of transit-oriented communities. TODs have been
defined as mixed-use developments which provide housing, retail, offices, open space and other facilities within
reasonable walking distance of public transport,fmaking it convenient for residents and employees to travel by all modes
of transport. The transport node, either train,dightwrail or bus terminus, is designed to be the focus for the development,
and ideally becomes the community ‘heart” where people shop, work, meet, relax and live.

Importantly, TODs have been identified as,‘a popular planning strategy to reduce car dependence because it directly
encourages public transit, walkingZ2hdWicycling in mixed-use activity nodes around rail stations’ and as a ‘smart growth
management tool for suburbs’®,

The implementation of TODS is\a'key policy of the South East Queensland Regional Plan and supports delivery of a range
of key government priorities relating to climate change, housing affordability, congestion. health and physical activity.

8 Renne, John Luciano, Transit Oriented Development (TOD): Measuring Benefits, Analysing Trends & Evaluating Policy, October 2005
p.ii, in: THG, Submission to the Draft Local Growth Management Strategy, January 2008.
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community service obligation, economic development, wider economic

Q~ benefits and macroeconomic modelling.

éin transport CBA. The topics include discussion of maintenance projects,



6.1 Maintenance projects

Maintenance projects occur in the absence of any capital funding, where the objective is merely to maintain or improve
the condition of an existing road. In CBA, maintenance costs form part of the denominator in BCR formulae. Savings

in maintenance costs are therefore considered as a saving in cost and not a benefit. This reflects a trade- off between
capital expenditure and maintenance expenditure. Implicitly, the CBA process aims to fund projects which maximise
return on total agency costs and not solely capital expenditure.

Tools such as the World Bank’s HDM-4 system can be used to model the ultimate treatment solution for an entire road
network based on cost effectiveness and competing maintenance priorities. TMR currently uses the SCENARIO tool to
estimate whole-of-life costs of road maintenance projects.

CBA can play an important role in the efficient allocation of maintenance expenditure across a road network.
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6.2 Community service obligations

In 2008, the Council of Australian Governments (CoAG) undertook a study titled Defining and quantifying road-related
community service obligations to further define and measure community service obligations in relation to road use. The
study found that road infrastructure community service obligations arise when a government requires a road agency to
provide a service that:

e promotes social objectives, or benefits the community at large
e would not otherwise have been provided by the road agency acting commercially.

The first part of the definition requires that the road-related community service obligation be targeted at social
objectives or benefits to the community at large. This requires the social objectives, or benefits to the community at
large, to be explicitly identified for the associated expenditure to be considered a cost of satisfying a road-related
community service obligation. The second part introduces the concept of the road agency acting in a commercial
manner. This somewhat hypothetical approach is useful because it provides the basis for distinguishing between roads
provided for economic reasons and roads provided for other wider community reasons. Théstudy concluded that using a
commercial benchmark is appropriate, because it defines the boundary between whatweuld have been provided based
on the private benefits of roads to road users, and what is actually provided.

The study identified that, in principle, the amount of road expenditure that wauld ‘have been incurred by a commercial
road service provider is determined by comparing the marginal value of roddst0 road users, with the marginal cost of
providing roads. The amount of road expenditure associated with this point of equilibrium is then what a commercial
road service provider would have incurred to provide roads. This marginal value of roads is based on the benefits users
receive from road use, including the economic benefits from the transportation of people and goods.

The study recommended the use of the ATC material and in particdlar, CBA, as the most efficient method of identifying
a community service obligation. CBA can be used to quantify the economic benefits associated with road use as the
benchmark against which total road expenditure can b€ compared. The difference between actual road expenditure
and that attributable to the economic benefits is thenthe estimate for the cost of satisfying the road-related community
service obligation.

For new road projects, the economic benefits Would be those associated with improvements in travel time, VOC
reductions and improvements in road safety.There may also be other economic benefits associated with the scope to
transport particular goods and servic€sto'markets, such as benefits to freight transporters, mine haulage or agricultural
producers.

For existing road projects, a similar approach could be used to estimate the economic benefits associated with
maintaining a road at its existing standard, in perpetuity. As with a new road project, it would be possible to identify
TTC savings and VOC savings associated with maintaining a road at a certain standard, compared to allowing the road
to deteriorate. These benefits could similarly be compared with expenditure to estimate the road-related community
service obligation.
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6.3 Relationship between economic welfare effects
and economic impacts

The creation of employment remains a strong objective of government policy. A distinction should be made between the
impact of a development and the economic worth of a development. CBA is a useful tool to estimate the welfare effects
of development. Other impacts such as output, employment and household income can be measured using other
means such as computer general equilibrium (CGE) or input/output. If either of these tools are used, then these results
should be reported separately to the CBA.

6.3.1 Developmental benefits

A developmental benefit reflects a net increase in the economy’s output, where the total developmental benefit equals
the increase in gross domestic product or value added. A broad range of investment projects ¢ould have developmental
consequences for the road network. They include new irrigation areas, new mineral developnrents, new processing
projects such as smelters or refineries, or major tourism resort areas. The net benefit to thewead system equals

the change in gross domestic product, less the non-road investment in a project (incttding the value of any private
investment). The consequences for the road network will be an increase in traffic.wolume.
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6.4 Wider economic benefits — review and guidance

Wider economic benefits (WEBs) are a relatively new topic in transport economics, first developed by the United
Kingdom Department for Transport. The Commonwealth Government advisory body Infrastructure Australia has
mandated the incorporation of WEBs with traditional CBA in proposals for federal infrastructure funding.

Transport economists have postulated that traditional CBA does not incorporate the wider benefits to the economy
from transport projects, in particular those relating to productivity improvements and agglomeration benefits. In 2006,
Transport’s Role in Sustaining the UK’s Productivity and Competitiveness outlined a methodology to quantify wider
economic impacts without necessarily completing a general equilibrium model of the entire economy.

The primary economic benefits measured in traditional transport CBA are journey time savings. Individuals and
businesses place a monetary value on their time, which economists measure through willingness to pay estimates
and/or wage rates. Savings in TTC are often transferred to other non-road users. For example, firms that can lower their
marginal cost of production through lower transportation costs will pass on the savings to consumers through lower
prices of goods. Likewise, the cost of commuting can impact the attractiveness of competing residential locations. Home
owners and developers can benefit from improved access to residential sites. In theorysthese benefits are captured in
traditional CBA travel time calculations. It is argued, however, that the benefits of transport projects outweigh the direct
estimates of travel time due to market imperfections.

The United Kingdom Department for Transport provides guidance on the additional benefits of transport projects that are
omitted from traditional CBA. These wider economic benefits include:

e agglomeration
e competition

e output

e labour supply.

International experience suggests that these wideffeeconomic benefits for transport projects add between 10% and 40%
to the conventionally measured benefits. Quantification of wider economic benefits is outside the scope of this manual.
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6.5 Using macroeconomic modelling tools

This section discusses alternative methodologies currently available to investigate the broader economic impacts

of road infrastructure projects. A criterion for this section has been those models that are readily available and have

a history of use in this country. For this analysis, four relevant methodologies are discussed. The section begins by
covering the basic input/output approach; latter parts of the section discuss alternative methodologies that extend
the basic input/output approach and econometric approaches of input/output econometric and CGE models. Each of
these sections concludes with a discussion of some of the advantages and limitations of the particular methodology.
Since ‘applied’ as opposed to ‘theoretical’ multi-sectoral dynamic models are not commonly available in Australia, the
following discussion will not detail that class of model°.

6.5.1 Input/output analysis

Input/output tables provide a disaggregation of a region’s domestic production account. As_such, the table can be

seen as a snapshot of the regional economy at a particular point in time. The tables can be used to analyse the linkage
between industry output and industry employment, the significance of imports and exports to particular industries, and
linkages to household and government demand.

There are policy situations where input/output analysis may be useful, for examplewhen governments wish to use
public expenditure to relieve high unemployment at the regional level.

Input/output analysis can provide estimates of the employment impacts ofithe proposed expenditure. Another may
be in response to Environmental Impact Statement guidelines requiring the estimation of project economic impacts.
Otherwise, the conduct of input/output analysis does not supplant{he requirements of this manual for use of CBA.

6.5.2 Computable general equilibrium models

CGE models are a class of applied economic models.ithat are used to estimate how an economy might react to changes
in policy, technology or government expenditure,,TAese models are denoted as ‘general’ as they incorporate the impact
to multiple markets within an economy. On the-other hand, a CBA is considered a ‘partial’ model as it measures the
impact of a market in isolation. However, where CGE models have been used in the roads context, they have taken their
key inputs from CBA of projects under cohsideration. In this sense, CGE models do not supplant CBA.

In a whole-of-government approachynasignificant advantage of CGE models is their ability to measure outcomes other
than road transport outcomes. Suchimodelling approaches are capable of capturing (in a broad sense) the indirect and
induced effects of road infrastructure on a range of industries®. As a general rule, CGE is not appropriate except for very
large projects.

9 For a more detailed discussion of non-recursive multi-period CGE models, with or without intertemporal optimising investment behaviour,
refer to (Dixon & Parmenter, 1994).

0 P12, Estimating the Impact of Investment in Roads, A Modelling Approach, (An internal paper) DMR, 1999.

' P 26-27, Estimating the Impact of Investment in Roads, A Modelling Approach, DMR, 1999.
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7 <</plementary and alternative

ngevaluation

Q@A identifies the main monetised cost and benefits created by a road project
Q/ to the community. To ascertain a complete understanding of the impacts of
Q- a particular project, a broader analysis should also be undertaken where
Q~ community objectives and non-monetised impacts are considered. As part
O of this broader analysis, ex-post evaluations should also be performed. This

Q type of analysis complements the CBA and provides a better knowledge base
to make informed and transparent decisions. This chapter largely draws upon
analysis and extracts contained in Volume 3 of the ATC material.

Some of these complementary analyses include strategic merits test,
evaluation summary table, project evaluation summary table, multi-criteria
analysis, incremental analysis, adjusted CBA and ex-post

evaluation. These provide qualitative assessments of strategic fit
evaluations, assess non-monetised impacts, compare and rank different
outcomes under different criteria, study small changes in specific variables
and their effect, and evaluate projects after completion. A detailed
description of these techniques is included in this chapter.



7.1 Strategic merits test

The strategic merits test is a strategic qualitative assessment that is designed to evaluate the alignment of transport
projects with broader government strategies and policy objectives.

This process acts as an initial filter where only projects that have a strategic alignment with government plans and
direction can pass through to further detailed evaluation stages. The strategic merits test provides a series of questions
with the purpose of identifying if a proposed project meets the jurisdictional objectives, policies and strategies, and
associated risks. It also attempts to determinate if there are any barriers or dependencies on other projects and if
appropriate consideration has been given to alternative solutions.

The ATC material provides a strategic merits test template that can be used to evaluate a project’s alignment to the
government’s objectives. A strategic merits test is usually required at the project proposal stage of the On-Q project
management framework and for federal funding submissions.
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7.2 Evaluation summary table

The evaluation summary table is a document which summarises the economic, social and environmental impacts of
transport projects. The evaluation summary table presents both monetised (from the CBA) and non-monetised impacts
of a project. The non-monetised impacts are represented by a qualitative evaluation that allows decision makers an
indication of the benefits not valued in the CBA.

The evaluation summary table includes the proposed project description, the problem that this project is addressing,
and other options that have been considered. It also includes:

e strategic plan objectives from an economic, social and environmental perspective

e impacts associated with each objective

e qualitative and quantitative information associated to a project’s impacts

e evaluation of each impact expressed in monetised (when appropriate and possible) andngn-monetised terms
e summary of CBA results.

The information shown should be supported by appropriate documentation. The evaluation summary table is designed
to provide decision makers with a one page summary of the impacts of a projecti

2 For more information, see Volume 3 of the ATC material.
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7.3 Multi-criteria analysis

Multi-criteria analysis is a method used to evaluate a project against a number of criteria. In a transport context, a
multi-criteria method evaluates a project against a number of criteria such as economic (CBA), social, environment,
cost (capital and ongoing), financing, jobs, distance to public transport, land resumption and so on. This allows an
evaluation of a project against a complete set of objectives and can be used to ensure a project meets key government
objectives other than economic.

The actual measurement of indicators need not be in monetary terms, but is often based on the quantitative analysis
(through scoring, ranking and weighting) of a wide range of qualitative impact categories and criteria. Different
environmental and social indicators may be developed side-by-side with economic costs and benefits. Explicit
recognition is given to the fact that a variety of both monetary and non-monetary objectives may influence policy
decisions.

Multi-criteria analysis provides techniques for comparing and ranking different outcomes, even though a variety of
indicators are used. Multi-criteria analysis is particularly applicable in cases where a quantitative criteria approach (such
as CBA) falls short, especially where significant environmental and social impacts cannot-be assigned monetary values.
Multi-criteria analysis allows decision makers to include a full range of social, environmental, technical, economic and
financial criteria.
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7.4 Adjusted cost-benefit analysis

The adjusted CBA is a combination of the standard CBA and multi-criteria analysis methodologies.

This technique is used to incorporate objectives that are not fully quantified in the evaluation, providing the opportunity
to apply more weight to objectives that do not relate to economic efficiency. This reflects the importance of other
objectives for the government and allows a subjective judgment in the analysis in a quantitative way enriching the
decision-making process.

The main argument against this technique is that it can distort the CBA results by favouring less economically efficient
projects over more efficient projects. This can be addressed by reporting both the standard CBA and adjusted CBA
results for a project. This will enable a robust evaluation of a project alignment with broader government objectives.
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7.5 Ex-post evaluation

The main objective of an ex-post evaluation is to assess the effectiveness and efficiency of the original investment
decision. The ex-post evaluation provides an opportunity to learn from the experiences of a project. The lessons learned
from this process could be enormously beneficial to improve future evaluation methods, current decisions procedures,
the accuracy of cost benefits and traffic demand forecasts, and to identify any corrective actions. In order to do this, a
comparison between the planned and the actual outcomes has to be undertaken.

The ex-post evaluation can be applied to a single project or program, and can apply to both the CBA process and results.
Process reviews evaluate how the results were obtained, and reviews results to evaluate the accuracy of the outcomes
related to actual outcomes.

An ex-post CBA compares the original CBA with a hypothetical base case where a proposed project does not exist.
The objective is to analyse the strength of the original economic justification of a proposed project. This can be
complemented with a broader evaluation that includes a financial, environmental and social perspective.
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User guide

User guide




The Us@g provides system users with an authoritative understanding
Tl

tion for using TMR’s CBA6. An important part of the User Guide has
inclusion of the case studies. The case studies have been carefully
ned with the intention of assisting system users to undertake economic
evaluations of road projects of different types within the CBA6 modules. The
@ User Guide also provides an interpretation of the results generated by CBA6
Q‘ and has an array of screenshots to demonstrate the application of the tool.




1.1 About CBA6

CBA6 is TMR’s designated road project evaluation tool. CBA6 has the technical capability to undertake economic
evaluations of TMR projects. CBA6 has been developed and tested by a diverse multi-disciplinary project team
consisting of software developers, engineers and economists.

CBA6 was developed by TMR to make the CBA process as accessible and transparent as possible, and to provide

an efficient means of processing a large volume of calculations that even small, simple projects entail. CBA6 is not
always an all-encompassing tool for every road project; some projects may require the use of CBA6 in conjunction with
spreadsheets or other software tools. Guidance is provided for more complex applications of CBA6.

The system user will have to exercise judgement when designing an evaluation. CBA6 is a tool used to assist in the
evaluation process. It is necessary to define the problem, cost the potential solutions and gather traffic estimates,
before using CBA6.

Input data for CBA6 needs to be acquired from sources such as ARMIS or SIDRA. The system user may be required to
manually calculate some of the input data, such as traffic composition and traffic growth."CBA6 processes most of the
benefit calculations that were such an onerous part of manual procedures set out inthe,previous manual. CBA6 has
been designed to allow the system user to systematically conduct CBA.

1.1.1 Software description

CBAG6 is a PC-based tool which automates the process of performing)CBA for road infrastructure projects. It’s a Windows
application that runs stand-alone and has been developed by TMR bsing MS Visual Basic 6.0 and MSDE database
environment.

1.1.2 History of CBA6

The Cost-Benefit Analysis Manual for Road Prgjects’'was first produced in 1993. At that time, QTMR CBA procedures relied
almost exclusively on manual calculation,dbe introduction of computer software in 1994 largely eliminated the need for
manual calculation and streamlined the\GBA"process.

The CBA manual produced in 199%ificorporated the use of software with the introduction of CBA4. This edition of the
manual incorporates case studies.based on the use of the current version of TMR’s project evaluation tool CBA6.

Since the previous CBA manual was produced, there have been several significant developments in the field of road
project evaluation. These developments include the release of the (2006) ATC material and the (2005) Austroads Guide
to Project Evaluation. Substantial efforts have been made to harmonise CBA6 with other state-based project evaluation
software models. Since 2005, TMR has focussed considerable efforts in harmonising the results generated in CBA6 with
HDM-4. CBA6 has been updated to include the necessary calculations and features consistent with ATC guidelines.

1.1.3 Scope of CBA6

CBA6 has been developed with the capability to undertake economic evaluations for a wide range of road projects. The
tool also has the capability to be used to undertake evaluations, or alternatively, partial evaluations of road links in
urban environments, for example the Pacific Motorway in south-east Queensland. In these cases, system users will need
to exercise caution, as the tool may not be suitable to operate in urban environments.

Some of the more complex rural project types that CBA6 is equipped to undertake, but is not limited to, include
diversions, bypass projects and incremental projects. CBA6 is not equipped to undertake evaluations for rail projects or
upgrades of other modal infrastructure. For these types of evaluations, system users will be required to obtain specialist
advice from either the CBA Team or relevant experts.
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1.2 Relationship with other software

This section aims to provide system users with some appreciation of other software tools that can be used in
association with CBA6, and tools that prioritise road investment decisions on the basis of economic criteria. This section
is not intended to provide system users with a detailed guide/explanation of these models, but to inform them of the
available software models, and provide some information on their relevance with reference to the operation and use of
CBA6 and road project evaluation.

1.2.1 ARMIS

ARMIS is essentially a system for collecting and storing road-related data, auditing its quality and currency, and
presenting that data into information formats which assist decision making by TMR. ARMIS provides strategic and
operational management information for the planning, design, construction, maintenance and management of the
state’s road network, and is fundamental to TMR in supporting the Queensland Transport and\Roads Investment
Program. The information supplied through ARMIS is a key input for road project evaluations using CBA6. ARMIS also
incorporates a suite of presentation and analysis tools which are supported by a ‘data warehOuse’ of roads information,
the Roads Information Data Centre (RIDC). ARMIS data is summarised in the RIDC and integrated with a broad range

of internal and external data sources. Presentation tools provided for accessing RIDCinclude ChartView, MapView,
Roads Information Online (RIO), ARMIS GIS and any other Open Database Conmectivity (ODBC) compliant tool, such as
Microsoft® Excel or Access. ChartView is a useful tool when obtaining datasand.ihformation to undertake a road project
evaluation using CBA6.

1.2.2 DVR

TMR annually collects digital video data for the sealed road network from a network survey vehicle. Four directions are
captured - forward, rear and both sides. Digital Video RoadViewer (DVR Viewer) is a viewer program that plays digital
road videos so that they can be viewed on a PC screen."A’system user can choose to simultaneously play any or all of the
directional views and easily arrange their layoutdy dragging and dropping.

DVR Viewer also includes tools for taking nieasurements of features in the video image, adding text annotations, and
attaching images to video frames.

The use of digital videos avoids cumbersome manual methods using video tapes, and opens the way to integration of
the viewer with other applications. Currently, integrated applications include:

e SCENARIO
e ChartView

The different road video views can be analysed to collect information on road features for inventory purposes, and on
the condition of the roads including defects such as cracks and pot-holes. DVR is a useful tool when obtaining data and
information to undertake a road project evaluation using CBA6.

1.2.3 SCENARIO

SCENARIO is a decision support tool used by asset managers in developing maintenance strategies for road networks. It
is a rule-based system, where system users have the freedom to develop their own rules or to adopt corporate rules. A
corporate pavement condition deterioration model is also supplied, however system users have the freedom to create
their own local model. SCENARIO’s pavement management system analysis is complemented with reporting capabilities
and budget constraint analysis. SCENARIO is predominantly used by RAM and gives the system user a detailed profile of
maintenance expenditure of a predefined time. This is vital to include in the project analysis, especially for the accurate
specification of the base case. SCENARIO calculates three economic criteria: NPV, BCR and IBCR.
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1.2.4 HDM-4

HDM-4 is an internationally developed software tool which allows system users to evaluate alternative and competing
maintenance strategies. The tool has been used by the World Bank primarily to conduct economic appraisals of
maintenance strategies for rural roads in Indonesia and parts of South East Asia. The software model has been licensed
and adapted for use in Australian conditions by ARRB. The inputs used in HDM-4 are quite complex and generally
require the system user to possess an engineering background together with a detailed knowledge of pavement/asset
management. HDM-4 software produces economic decision criteria, NPV and an IRR for each maintenance strategy.
HDM-4 contains one module with the capability to undertake an economic appraisal of rural road projects.

For more information on the above software models, please contact Road Asset Management Branch, TMR.

1.2.5 SIDRA INTERSECTION evaluation and design

SIDRA INTERSECTION is an advanced micro-analytical traffic evaluation tool that employs lane-by-lane and vehicle drive
cycle models. SIDRA INTERSECTION is a renowned software package used worldwide for.intersection capacity, level of
service and performance analysis by traffic design, operations and planning professionals.

Using SIDRA INTERSECTION, the system user can evaluate and compare capacity, level of service and performance of
alternative treatments involving signalised intersections, roundabouts, twoswayStop and give way (yield) sign control,
all-way stop sign control, single point urban interchanges, signalised midbloek crossings for pedestrians, and all-in-
one package. Intersections with up to eight legs, each as a two-way read;-ehe-way approach or one-way exit, can be
modelled with ease. SIDRA INTERSECTION is available from Akcelik’& Associates Pty Ltd.

http://www.sidrasolutions.com/akcelik_company.htm

1.2.6 NIMPAC software tools

All road project evaluation software models ig usein Australia are based on NIMPAC or its immediate predecessors and
are equipped to calculate road user and traveltime costs. NIMPAC is known as the NAASRA Improved Model for Project
Assessment and Costing. Austroads waspreViously known as NAASRA. All NIMPAC-based software models have been
harmonised with each other and with'therinternational software HDM-4. Each of the NIMPAC-based models generates
estimates of road user costs at an‘individual component level .
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1.3 Installing CBA6

This section covers aspects of CBA6 installation from a system user’s viewpoint. It explains how to acquire CBA6, who
will install it, requirements by CBA6 on where it’s installed and how, TMR Terms of Use, and for external system users
the License Agreement. The chapter also describes what is installed and where, demo install, re-install and some
housekeeping.

Software request and installation of CBA6 is very simple. After submitting a CBA6 software request form, the CBA Team
will register a license in the Tracker system and provide an intranet link to the system user via email. The link enables a
download of the CBA6 install package to anywhere on the TMR computer network. Local IT staff will download and install
the software package onto a system user’s PC.

1.3.1 How to request CBA6 installation

To provide ongoing updates to pricing models and maintain a consistent version of the tool, the CBA Team needs

to maintain a contact register of current system users. The register will assist in planning.0ngoing training and
communication in CBA-related topics. This is one of several reasons why system users heed to fax or email their details
in a software request form. The form is available from the CBA intranet site http://RAMS/CBA. The request form includes
an acceptance of CBA6 Terms of Use, which outlines the terms under which the tool'may be used at TMR for road
evaluations.

External parties (e.g. contractors) who provide CBA for TMR may also€guest use of the tool. They can send a request
through the region, who will contact the CBA Team by email and submit the request form. External parties are also
subject to the Terms of Use plus a License Agreement as a conditionfor use. As a general rule, external parties and
consultants need to be pre-qualified in economic studies.

The process for obtaining pre-qualification is detailedifi Mahual - Consultants for Engineering Projects available through
Contracts and Standards Branch, TMR. Policy information'is available on TMR’s intranet site.

System users who just want to try out the tool; canrequest local IT support to download and install the demo install from
the CBA intranet website. The demo install(is’fully functional, but limited to 30 days before it expires.

1.3.2 License and registration

When the 30-day period of @ demo install expires, CBA6 will ask for license and registration code. A demo install can
then continue if such details are obtained and entered, but this is not the usual approach for the majority of system
users.

Instead, a CBA6 install requested as described in 1.3.3, will not require the system user to register or enter any license
details. The license code registration is built in and automatic, and each system user is registered when a request form
is submitted.

Registration credentials are checked automatically each time a system user logs into CBA6, since each license has an
expiry date, typically one year. After expiry, the system user needs to contact the CBA Team and request renewal, which
is easily done by email to CBATeam@tmr.qld.gov.au.

1.3.3 Installation requirements

In summary, CBA6 will install on any standard TMR PC without any additional requirements.
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CBAG6 needs to be installed on a Windows PC with the TMR Standard Operating Environment (SOE) i.e. a PC supplied and
maintained by TMR. This is currently a Windows XP sp3 environment with MS Office 2003. There are no other specific
requirements, however CBA6 runs a local database, and it’s advisable to have at least 1 Gb RAM (Random Access
Memory).

CBA6 has only been tested on Windows XP. It has not been tested, and is not supported, on Windows PC operating
systems that are later than Windows XP.

The PC may be a laptop, and the install as well as the using of CBA6 can be without continuous access to the TMR
computer network.

Downloading the install package requires access to TMR’s intranet network i.e. using a location of http://rams/cba
brings up a TMR web page. If there is no such access, an installation CD needs to be supplied by the CBA Team.

CBA6 has not been tested to run on a PC that has a database management system later than MSDE 8.00 SP3. For
instance a PC with other software, that uses the later version of Microsoft SQL Express, may install and work but is not
supported. This can sometimes be the case with non-departmental PCs.

Finally, as also noted in the instructions displayed during the install, the Windows. configuration setting found at Control
Panel—Administrative Tools—Services—Server needs to be enabled and started, during the installation, after which it
may be restored to the previous setting.

1.3.4 Install process

Only software available for installation via the Novell Windows/can be installed by system users themselves. CBA6, for
technical reasons, has to be installed by IT support with administrative rights on the PC.

For re-installs, the system user must first ensure that'any’existing CBA6 evaluations are first exported, as the re-install
will delete existing databases.

1.3.5 Installation for TMR staff
The following steps will be used in‘the"install for TMR staff.

1 The system user visits the GBA intranet website, downloads the CBA software request form and reads the CBA Terms
of Use document.

2 The system user fills in the request form and sends a fax (ref. intranet website or departmental phone book) or scan/
email to the CBATeam@tmr.qgld.gov.au.

3 The CBA Team registers a license for the system user using the RAMS Tracker registration interface and distributes the
install package. The install will appear as a compressed file on the TMR intranet, accessible through a network link
which is emailed to the system user.

4 The system user, or local IT support, downloads and decompresses the package file from TMR’s intranet using the
supplied download link.

5 Local IT support will use the information contained in the CBAInstallationReadMe.htm file, found in the downloaded
compressed file, to install CBA6.

6 Additional support is available during the installation from the CBA Team.

Cost-benefit Analysis manual, First Edition, February 2011

3.6 ©Transport and Main Roads



1.3.6 Installation for non-TMR staff
CBAG6 is sometimes made available to non-TMR staff such as contractors.

Non-TMR staff and consultants need to be pre-qualified in economic studies, to ensure consistency of use and approach
in the selection of data, subjective definitions and non-automated steps of a CBA when using CBA6.

The process for obtaining pre-qualification is detailed in Manual - Consultants for Engineering Projects available through
TMR’s Contracts and Standards Branch.

The following steps should be used to install CBA6 for non-TMR staff:

1 The system user emails CBATeam@tmr.qgld.gov.au requesting a CBA6 request form, Terms of Use document and
License Agreement. The request form is then returned by fax or scan/email, to the same email address.

2 The CBA Team registers a license for the system user for the requested period using the RAMS Tracker registration
interface, distributes the install package and writes the package to a CD. The CD is then sént to the system user.

3 The local IT support for the system user, or a person with administrative PC rights,"will use the information contained
in the CBAInstallationReadMe.htm file (found in the downloaded compressedfile), to install CBA6.

Non-TMR staff will need to accept and adhere to both the Terms of Use antha-ticense Agreement which specify
conditions and limitations covering TMR’s provision of access to CBA&.The’process for this and the acceptance of these

agreements are detailed in the CBA request form.

(the CBAInstallationReadMe.htm file, as viewed by MS InternétExplorer)

1.3.7 What will be installed?

The installation process will install and registériseveral Windows components that will be located at C:\Program Files\
CBA in directories under this location.

The main files will be the CBA program¢'seme additional linked modules, export template file, crystal report template,
a CBA Windows help file and two databases represented by two pairs of files: CBAProj_cases.mdf, CBAProj_cases.ldf,
DMR.mdf and DMR.Ldf.

The DMR files contain th€ FMR pricing data, road types and other common parameters for calculations such as
deterioration values, accident costs, etc.

The CBAProj_cases files constitute the database for the system user’s evaluation data.

1.3.8 Demo installation

The Demo CBAG6 is a full version of CBA6 available from TMR’s intranet site http://rams/cba under downloads. It will
expire 30 days after installation and is to be used for evaluating CBA6. Once downloaded, the installation is identical to
the licensed version. The installation steps are the same, starting at point 4 for TMR (1.3.5).
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1.4 Housekeeping and updates

Approximately every second year, the CBA Team will distribute an update of the DMR to registered system users. This will
keep pricing and variables such as fuel costs, oil, tyres etc. up to date.

The system user will update simply by replacing the existing two DMR files at C:\Program Files\CBA\Databases with
those contained in the compressed distributed file.

The system user needs to do frequent backups of evaluation data, typically after major work has been entered.
Departmental PCs have a network file location, the H: drive, where system users normally store data that should be
secured through system backups. Using the H: drive will ensure that the data is covered by the system backup process,
and can be restored in case of catastrophic failure of software or hardware.

The exported files of evaluations can be compressed and emailed when interacting with the CBA Team.

During the re-install, the existing user data will be lost and the system user will need to import'their saved exported
evaluations. Details about updates and new releases will be communicated through the.CBA6 intranet website and
newsletter.
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1.5 Help and support

The CBA Intranet website http://RAMS/CBA is kept up to date with the latest information on CBA6, and maintains a
regular newsletter.

The CBA Team is a dedicated support team for CBA work on TMR projects and the installation of CBA6, as well as ongoing
support and advice regarding CBA issues. The team can be contacted by email on CBATeam@tmr.qld.gov.au.
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N
2 C%@ settings and features

This secti Qamines the use of CBA6 including general software design and

user gs. This section will outline the system settings that are used to
C e CBAG for project evaluation.



2.1 CBA6 logon and workspace
CBAG6 is available in the Windows start menu or located via an icon on the desktop. The login screen displays the
tool version number and user name. Once the login screen appears, CBA6 will automatically fill in the system user’s

Windows ID.

Figure 1: CBAG6 login screen

CBA - Login 3]
CBA vB6 1
Build #: B.1.112
Narne: [icjis
Cancel |
S0L Server Connection Successful. V N

Once the tool starts, the CBA6 workspace will appear and the tool is ready for use. F@shows the workspace and
associated menu structure. The interface consists of a series of drop-down menus.w display a list of options when
highlighted. The workspace also consists of two empty folders ‘{Default}’ and l%ve}’ and an ‘evaluation linking’
option. Some menu options are only available when a ‘project’ has been C&An explanation of each menu item and
the workspace is shown below. O

Figure 2: CBA6 workspace Qg

Eile Ewaluations =raphs Deports Settings  Help

] {Defaul}
b E {&rchive}
\‘E Ewaluation Linking
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2.2 File menu

The file menu is used for importing and exporting individual projects, database backups, creating and editing evaluation
folders and exiting CBA6, see Figure 3. The remainder of Section 2.2 will discuss each of the drop-down menu options.

Figure 3: CBAG6 file menu

L F el P

Fairs Do Woiom . .
Dters Lomeatord bokie

2.2.1 Import/export evaluation files

CBAG6 allows the user to export completed evaluation files to other directories, orimport externally stored files into the
tool for further assessment.

2.2.1.1 Export evaluation

For security purposes, all evaluation files should be exported and stored in a safe location. Reducing the number of
evaluation files stored in the tool may also increase peffornfance of the tool. The CBA6 tool can be used to export
individual evaluation files or back up all evaluation files-Stored in the tool. The evaluation export screen is shown in

Figure 4.

Figure 4: Exporting an individual evalugtion

Generated Traffic [Road)

Figure 4 indicates two evaluation files to be exported. The system user selects one of these files and saves it to a secure
location.
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Alternatively, system users can export all projects that have been created. This form of backup is used to store
completed evaluation files in a safe location. To back up completed road projects, proceed to the file menu then select
‘export all’ (from Figure 3), choose the evaluations folders that all projects will be exported from and select ‘ok’. In
Figure 5 the system user can back up evaluation files created in either the ‘{default}’ or ‘{archive}’ folders. The backed up
valuation will now be stored in the chosen directory (file extension *.cba).

Figure 5: Back up completed evaluation files from project folder

%4* Select Evaluations Folder To Export From |:||§|[z|

Qg Lancel

2.2.1.2 Import evaluation

System users are able to import project files from externaklocations using the ‘import evaluation’ option from the file
menu, see Figure 6.

Figure 6: Import individual evaluation files

%4* Select Evaluations Folder To Export From |:||§|rz|

T ———————"

{Default}

Qg Lancel |

System users then select the project folder location for the imported CBA file from the CBA6 workspace, see Figure 7.
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Figure 7: Import completed evaluation files to project folder

%% Select Evaluations Folder To Import Into EE

Ok | Cancel

To import a number of backed up projects, the system user selects the ‘import all’ optien. All files from a directory can
then be imported into a project folder, see Figure 8.

Figure 8: Import all evaluation files

“gm [ TS T] — -
“'l-'-.. ol =
Grmmpre  [GRL e G s £ |
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2.2.2 Evaluations folders

The evaluations drop-down menu can be used to create new evaluations folders, maintain the evaluations folders and
rename or delete the evaluations folders.

2.2.2.1 Create new evaluations folder

CBAG6 contains two folders for storing projects, the ‘{Default}’ and ‘{Archive}’ folders, see Figure 2. System users can add
additional evaluations folders to store projects, see Figure 9.

Figure 9: Create new evaluations folder

%7 Create New Evaluations Folder

Ewaluations Folder Mame

Qg Cancel |

System users may wish to create their own evaluations folder to store commoniprojects. For example a system user
could create a project folder entitled ‘Bruce Highway’ and store all projeet-evaluation files undertaken on the Bruce
Highway under this folder.

2.2.2.2 Maintain evaluations folder

Evaluations folder maintenance enables the transfer of'evaldation files between project folders. In Figure 10 the
‘duplication’ evaluation could be transferred from the 4Pefault}’ project folder to the ‘{Archive}’ evaluations folder.

Figure 10: Evaluations folder maintenance

%" Evaluations Folder, Maintenance

First Evaluations Folder echfd Evaluations Folder

| {hrchive} ﬂ j ‘ {Ciefault} ﬂ
Ewaluations In First Evaluations Folder h\, Ewaluations In Secand Ewaluations Folder
Tozars Gap ;

Artenal Road | =

2|
<

Save | LCloze
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2.2.2.3 Rename evaluations folder

To rename an evaluations folder ensure a user created folder is highlighted and select the ‘rename evaluations folder’
option from the file menu, see Figure 11.

Figure 11: Rename evaluations folder

%4 Rename Evaluations Folder

Ewaluations Folder Mame

Note: The ‘{default}’ and ‘{archive} folders cannot be renamed.

2.2.2.4 Delete evaluations folder

To delete a user created evaluations folder select the ‘delete evaluations folder’ ‘option from the file menu. A warning
message will appear before the evaluations folder is deleted, see Figure 12,

Figure 12: Delete evaluations folder

% Evaluations In Evaluations Folder To Delete rzl

The ewvaluations folder might contain evaluations. Do pou want to
proceed to delete folder and any such evaluations?

LCancel |

Note: The ‘{default}’ and ‘{archive} folders camnotbe deleted.
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2.3 Evaluations menu
The evaluations menu is used to create an evaluation of a proposed road project, see Figure 13. This menu can also
be used to view results of the economic evaluation of a specific project or to link several projects together using an

incremental or linking analysis. The evaluations menu is explained in detail in Section 3.

Figure 13: CBA6 evaluations menu

BA
File NESEINEWWGEN Graphs Reports  Settings  Help

Create Mew Evaluation...
Edit Evaluation Details. .,
Dielete Evaluation

Met Captial And Maintenance Costs, .,
et Benefits, ..

Evaluation Linking
Incremental Analysis Decision Criteria, .
Linking Anakysis

I Ewaluation : Arterial Road
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2.4 Graphs menu

The graphs menu is shown in Figure 14. Line or bar graphs of project results data can be created through the graphs
menu. Graphing is discussed further in Section 4.8.

Figure 14: Graph menu

File Ewvaluations BeEl W Reports  Setkings  Help

] {Default}

E-_] {Anchive}

{:I Arterial Road [Road)
e *S E waluation Linking

I Evaluation : Artenial Road
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2.5 Reports menu

Various reports detailing the results from the CBA can be viewed and printed through the reports menu, see Figure 15.
For further information on reports, see Section 4.6.

Figure 15: Reports menu

(] {Default}

1A (=18

------ \S Ewaluation Linking Road Case Report. ..

I Evaluation : Arterial R oad | bellis 4 %@
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2.6 Settings menu

The settings menu enables the system user to alter the system default data to a user-specified range, see Figure 16.

Figure 16: Settings menu

File Ewaluations Graphs Reports B

m {Default} wn and Period Duration Defaults, ..
+ i rel

| = Roughness Defaults...
\5 Ewaluation Linking Crwertaking Lane Defaulks. ..

Sensitivity Test Parameters. .,

O

2.6.1 Traffic breakdown and period duration defaqu

While undertaking an evaluation, the system user is require \;ter traffic details including AADT, growth and traffic
composition. The traffic breakdown and period duration @l screen settings enable the user to enter project-specific
values for more than one project at a time.

The design of CBA6 allows the system userto e ﬁues for traffic composition in both rural and urban environments
that can be used in multiple evaluations. Thi re allows the system user to use the same settings on new
evaluations which are located on the sa or corridor.

Figure 17: Traffic breakdown and 6 grfod duration screen

% Traffic Breakdown and Period Duration Defaults

Traffic: Breakdown Period Durations

= DT Dwration [in hours)
Wehicle Type Urban Rural Period Urban Rural
Cars - Private Period1 | |4 1
Cars - Commercial il il Period 2 | |4 1
Nan-Articulated il il Period3 | [1n 10
Buzes il il Period 4 | [12 12
Articulated il il Period5 | [12 12
B-D'oubles il il PeriodB | [12 1z
Road Train Type 1 il il
Road Train Type 2 il il

Ok LCancel |

Cost-benefit Analysis manual, First Edition, February 2011

©OTransport and Main Roads 3.23



Period durations are used to quantify road user costs within the intersection module of CBA6. Period duration defaults
can be changed to reflect peak spreading or increases in total peak durations.

e Period 1 — morning peak
e Period 2 - afternoon peak
e Period 3 — non-peak

e Period 4 — night

e Period 5 — weekend day

e Period 6 — weekend night

Figure 18: Description of peak periods
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o - -
P T T ERRRIIERREE::iiiiENNELE

Note: The total of periods 5 and 6 should add‘ta.reflect the daily weekend duration, while periods 1 to 4 should
cumulatively add to 24 hours, to reflect wegkday durations.

2.6.2 Roughness defaults

The CBA6 tool allows the advanced user to change the default road roughness limits, see Figure 19. It is recommended
that specialist engineeringradvice be sought before altering the roughness default settings.

Figure 19: Roughness defaults

% Roughness Defaults

tin A oughhess : 30 NRM
Max Foughness : 200 NRM
oK Cancel |

Note: Road roughness is displayed in NRM and can be converted from IRl using a simple conversion factor (see Appendix
F of the Technical Manual).
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2.6.3 Overtaking lane defaults
CBA6 uses a default increase in capacity after construction of the overtaking lane. The design of the tool assumes that
the downstream area has an increased capacity after construction of the overtaking lane. The system user can alter the

default settings. See Section 4.4 for further information on the significance of the downstream area.

Figure 20: Overtaking lane defaults — downstream area

“* Overtaking Lane Defaults rg|

% of Capacity Increase : 20

k. Cancel |

2.6.4 Sensitivity test parameters

CBAG6 contains an inbuilt sensitivity analysis within the road case report. Sensitivity analysis provides the decision
maker with alternative CBA6 results based on plausible changes to key parameters inthe project data inputs. The
sensitivity analysis alters the fixed parameters by a default percentage and reports.the resulting changes. The fixed
sensitivity paramaters and the default ranges are:

e (apital Costs + 20%

e TIC+40%

e VOC=20%

e Accident Costs + 20%

The system user may modify these ranges, using.0Ser options, to suit project-specific characteristics or to highlight the
sensitivity of a particular input, e.g. capital.

As an example, TTC savings can be subject to more stringent sensitivity testing by setting the lower and upper bounds to
40%.

See Section 1.8.3 of the Théoretical Guide for further information on sensitivity testing.

Figure 21: Sensitivity test parameters

%4* Sensitivity Test Parameters

Coszt Tyupe | Up & Dhowr %
Capital Costz |20 |20
Travel Time Costs [TTC) |4U |4U
Wehicle Operating Caosts [WOC) |20 |20
Accident Costs |2D |2D
Ok LCancel |
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2.7 Help menu
The help menu provides a link to the CBA®6 help file. The help file contains theoretical help, system help and tutorial
sections. The help menu also provides a system log which can be viewed and/or sent to the CBA Team for debugging

purposes, see Figure 22.

Figure 22: CBA6 help menu

File Ewaluations @Graphs Reports  Settings Szl

User Manual,.. F1

+ [:I {archivel System Help... F2
\5 Evaluation Linking Tutorials. .. F3

About CBA...  Chrl+B

Time Events ChrlY
Stop All Logging Chrl+O
Enable General Logging  Ctri+L
Enable Debug Logging  Ctrl+D
Enahble Alert Log Chrl+A
View Svskern Laog Chrlag
Reset Log Chel#T

belliz -

2.7.1 CBAG6 help

CBAG6 help is a free-flowing help file created in htmi-farxmat that gives basic guidance and advice from within CBA6, see
Figure 23. As with most help files, CBA6 help faCilitates a search function, allowing the user to search by keyword for
their topic of interest. Access to the CBA6 help/file'is available through the CBA6 desktop interface, listed under the help
menu, and can be accessed through the drop-down lists. Alternatively the help file can be accessed through keyboard
shortcuts following the section layoutasfollows:

e F1 - economic evaluation of road investment proposals
e F2 - system help
e F3 —tutorials

The help file provides the user with multiple topics of interest including a brief overview of the background of CBA and
its role in evaluating road project investment.

The system help provides the user with an overview of the basic operations of the CBA6 tool including creation of basic
evaluation files and explanations of the functional operation.
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The tutorials section of the help file enables the user to follow systematic instructions on various types of projects
available for evaluation in the CBA6 tool. Tutorials in the help file are also covered in Section 5.

Figure 23: CBAG6 help

E? CBA Help

Contents lﬁearch ] Farvorites ]

e Q@ [ o

Hide Stop Refresh  Home nt

=h

Bl The Project Evaluatic

hat is Cost Benefit Analysis?

+ @ Risk and Uncertainty
+ @ Decision Criteria

+ @ Measuring Road Infrastructure Costs
+ @ Special Topics
+ @ Glossary

+ @ System Help

£ @ Tutarial

+ @ Project Evaluation Summary

= ([ Economic Evaluation of Road Investment Proposals
+ @ Economic Efficiency and Cost Benefit Analysis

+ @ Measuring Road Infrastructure Benefits
+ @ Calculating Road Infrastructure Bensfits

LIBX

Options

THE PROJECT EVALUATION PROCESS

Main Roads now evaluates its investment projects using a two-stage evaluation process, of which CBA is
the first stage. The requirement for a CBA to be conducted on an investment project has not changed, but
the second stage of that two-stage process is outside the scope of this help file.

The Main Roads process is based on the Austroads Benefit Cost Analysis\MManual, released in 1996.
Information in this manual is also drawn from the Commonwealth Qépartment of Finance’s Handbook of
Cost-Benefit Analysis (1992). CBAG is aligned with The Australiam=kiansport Council's “National Guidelines
for Transport System Management in Australia (2006)".

Contact us
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N .
3 Cr@%ng an evaluation

This ch@the User Guide identifies and describes the inputs required to
creat@ ndard evaluation. It is essential that system users be familiar with
esses described in this chapter as it is the platform for further project

th
&ion work while using CBA6. Processes common to all types of project
Qe aluation are covered in this chapter.

This section outlines the process required, including when and how inputs
are to be specified within CBA6, to create project evaluation files.

Q.
<<O



3.1 Create new evaluation

To begin a road project evaluation it is important that the system user has all the required information. This includes
all basic entered data and a detailed understanding on the type of project the system user is attempting to evaluate
(including relevant issues and method development). Once this information and understanding is attained, the system
user will then be ready to undertake a new evaluation.

To create a new evaluation, go to the evaluations menu and select ‘create new evaluation’, see Figure 24.

Sections 3.1.1 to 3.1.12 explain the features of the ‘create new evaluation’ screen.

Figure 24: Create new evaluation screen

%" Create Mew Evaluation

Marme Regioh
Description
Location
Comments q
| QO
Foad Class Zone /)
Evaluation Type A\')
(" Based On Existing Evaluation 2 >
| R
I N 4
" Mew Intersection Evaluation o Mew Road E\talualior@\}
V.4
-
[~ RoadClosure [ Livestock Damage [ Diverting Ro w
[ Marual Accident Casts B Berzit » B Bupses
Average Accident Cost: (209145 L ,—
[ Multiple Project Cazes I @ gLane
g Speed Envi b
Evaluation Period (vearg) : Dis@&ate ; - Fpeue[ba:wronr?:nH .
Create In Evaluations Folder OV
|{Default} j Bropze...
Ok Cancel |

3.1.1 Name

Enter the name of the new project into this field. There is a 20-character limit. For example, ‘85-10c-42’ or ‘overtaking
lane upgrade’.

3.1.2 Region

System users should select the region where the project is geographically located from the drop-down menu. These
regions are:
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e Central West

e Darling Downs

e Far North

e Fitzroy

e Mackay/Whitsunday
e Metropolitan

e North Coast

e Northern

e North West

e South Coast

e South West

e Wide Bay/Burnett.

Note: The selection of region has no bearing on the results ofthe.CBA.

3.1.3 Description

The description of a new project, including thetype; is entered into the ‘description’ field. For example, ‘2 km head-to-
head overtaking lane’ or ‘timber bridge replacement’.

3.1.4 Location

This field enables the systepruser to provide more specific information on the location of a project. For example, ‘2 km
west of Bundaberg’ or altérnatively, the chainage of the road could be used.

3.1.5 Comments

The system user can use the ‘comments’ field to provide generic information about a project or any other relevant
information that needs to be mentioned. For example, ‘this project involves several overtaking lanes’.

3.1.6 Road class

There are four categories of functional road class. The corresponding class of a project should be selected from:
e national

e state strategic

e regional

e district.
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3.1.7 Zone

The four types of zones that can be selected in the drop-down menu are:

e dryreactive

e dry non-reactive

® wetreactive

e wet non-reactive.

These zones reflect soil types and weather conditions within a project section. The selected zone alters the deterioration
rates of pavement types. Pavement deterioration is covered in further detail in Section 5.1.
3.1.8 Evaluation type

A new evaluation can be created from the following options:

e based on existing evaluation

® new intersection evaluation

e new road evaluation.

3.1.8.1 Based on existing evaluation

When system users select the ‘based on existing’evaluation’ option, CBA6 will re-create an existing evaluation of their
choice. It may be useful to re-create an existinglevaluation to test the CBA results when changing an input variable, such
as traffic volumes, see Section 4.6.3.

3.1.8.2 New intersection evaluation

CBA6 can be used to createfintersection evaluation files. Intersection evaluations are shown in detail in Section 5.5.

3.1.8.3 New road evaluation

The new road evaluation option allows the system user to assess a range of road evaluation types, other than
intersection evaluation. These CBA6 project modules include:

road closures

e livestock damage

e diverting routes

e manual accident costs — detailed safety analysis
e generated traffic

e bypasses
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e multiple project cases
e overtaking lanes.
Each of these modules is discussed in Section 4.6.3.

Figure 25: Evaluation type options

Evaluation Type
(" Based On Existing Evaluation

[~ |

i Mew |nterzection E valuation o Mew Road Evaluation

[~ RoadClosure [ Livestock Damage [ Diverting Route
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Average Accident Cost :[229145 yp ,—
[ Multiple Project Cases [~ Overtaking Lane

| [~

Speed Environment

E valuation Period [vears] : Digcount Rate : -  Uiban & Rual

3.1.9 Evaluation period

The evaluation period includes the initial period of capital inyestment and the subsequent period over which the
benefits of the project accrue. The evaluation period entefed into this field should allow sufficient time to include design
and implementation. For further detail or clarification oh the evaluation period, see Section 4.1.1 of the Theoretical
Guide.

3.1.10 Discount rate

The discount rate can be set at the appfopriate rate required by the decision maker.

Note: When the system user s€lects ‘road class’ from the drop-down option, a default rate will be selected in the
‘discount rate’ field. The default for a national highway is 7% while state strategic, regional and district road classes are
defaulted to 6%. Please Seek'specialist advice on the choice of discount rate. See Section 1.5 of the Theoretical Guide
for further information.

3.1.11 Speed environment

CBAG6 allows the system user to choose between a rural or urban speed environment. This selection of speed

environment only alters the TTC and the average accident cost to reflect the classification; it does not provide any
additional measures to quantify urban evaluations.
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3.1.12 Create in evaluations folder

The ‘create in evaluations folder option enables the system user to save the newly created evaluation in a folder of their
choice. System users can browse through the default folder options and also user created folders, see Figure 26.

Figure 26: Create in evaluations folder
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ak Cancel
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3.2 Edit evaluation

The ‘edit evaluation’ feature is found in the evaluations menu. To change minor details originally selected in the ‘create
new evaluation’ screen during the evaluation, the system user is able to use the ‘edit evaluation’ function within the
CBAG6 tool, see Figure 27.

Figure 27: Edit evaluation
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4

Note: Many of these changes will have no bearing on data\already entered into the evaluation. However, editing the
evaluation period, environmental zone, discount rateyspeed environment, average accident cost and inclusion of
manual accident costs will delete much of the préyiously entered data.

The ‘edit evaluation’ screen for overtakingdanes shows the type of overtaking lane used in the evaluation, see Figures
87,97 and 106.
3.2.1 Delete evaluatiod

To delete an evaluation, highlight the appropriate evaluation and select ‘delete evaluation’ from the evaluation menu.
Select ‘yes’ and the evaluation will be removed from the workspace, see Figure 28.

Note: Both edit and delete evaluation functions can be accessed through right clicking the mouse on the selected
evaluation as displayed in the node tree and then selecting the function.
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Figure 28: Delete evaluation
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3.2.2 Evaluation linking O

CBA6 can be used to link a number of individual project evaluatioQ,g. For information on how to link evaluation files,
see Section 4.5.1.
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3.3 CBA6 workspace

The CBA6 workspace is designed for user-friendly operation, identifying all current evaluation files and encompassing
a visual navigation pane on the left hand side of the interface. This navigation pane allows quick access to system user
projects and provides access to individual evaluation tasks, see Figure 29.

Figure 29: CBA6 workspace with new evaluation
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The base and project case details can be found in @igation pane under the title of the evaluation. The node tree
structures show all components of the evaluatif% Figure 29. The components are:

¢ road details QQ/E
e road traffic data 2@

e capital and maintenance CQ&

e accidentand othechs.

The details of each component screen are discussed further in Sections 3.4 to 3.7. For more advanced modules there
will be additional input components to those mentioned above. Advanced modules are discussed in Section 5.

Note: Once these components are completed for both the base and project cases, a tick will appear to mark the
completion of each component. Upon start-up of a new evaluation only the ‘road details’ and ‘road traffic data’
components will be available. After the system user has provided the necessary input in these fields, the other
components will become available.
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3.4 Road details screen

The ‘road details’ screen requires the system user to enter road project data characteristics for the base and project
cases.

Figure 30: Road details screen
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3.4.1 Case

The case drop-down menu is used'to toggle between the base case and project case. Prior to switching between the
base and project cases, ensuré allinput data has been saved.

3.4.2 Road description (model road state)

When undertaking an evaluation, the system user should select the appropriate road description for both base and
project cases. The selection is based on model road state categories, which are identified in Appendix G of the Technical
Guide. Model road state or MRS is used to categorize a specific road type. For example, in CBA6 a single carriageway
two-lane road with a seal width of 7.4 metres is defined as MRS10. The MRS used in ARMIS and other sources may not
always be consistent with CBA6. In the first instance, system users should set the road description and MRS in CBA6 to
the seal width of the current road or project.

The model road state is used to determine the capacity of the road and is therefore an input variable used to calculate
the congestion level and operating speed of the fleet.

3.4.3 Section length

The section length represents the full length of both base and project cases in kilometres. In some instances the base

case and project case section length may differ. For example, a realignment project may reduce the section length of the
road, see Section 4.5.4.
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3.4.4 Initial roughness

Roughness is the measure of the unevenness of a road surface. It is a useful term for the condition of a pavement,
because it is a condition directly experienced by motorists. It is commonly reported in Australia by either the NAASRA
Roughness Measurement (NRM) method (Austroads 2000), which is measured using the NAASRA Roughness Car, or by
the International Roughness Index (IRl), which is calculated by applying an analytical ‘quarter car model’ to road profile
data collected via laser profilometer. NRM can be reliably converted to IRl by a linear equation, and vice versa, where
required. See Appendix H of the Technical Guide.

Historically, TMR has collected NRM using the Roughness Car, a dynamic response type device, and reported both NRM
and IRI. NRM is the most readily used. For further information on this topic, see the QUT paper Roughness Deterioration

of Bitumen Sealed Pavements (P Hunt and JM Bunker).

Table 1: Description of roughness values NRM(IRI)

Descriptive hness val
Rride Guality Roug alus
Conditioa HRM courtsiiom {IRI)
Excelanm Wy amadth ride. ) [1.46)
Good Sewrnes minee bumps. encourened. 40 to BO [2.87)
Far Constant small up and down movement, but reasonabily 010 110 (4.10)
comiatable drivinyg.

Congtant up and down andior sidewanys movement, Can
Foar fnel very rough in Trucks. Modern cars suspension 110t 140 (5.23)
makes car diiving bearable, but with low comion.

Uncomioftable ridestity axperisncing sevene spidown

Very Poor | anedior sideways moverment. Drivers marst maingain good =140 (5.23)

corfrol of steerng and reduce speed in some
CRTUMSLANCES.

See Appendix H of the Technical Guide for conversion factors.

3.4.5 Safe operating speed

Operating speed reflects the safe operating Speed for the fleet. Also known as posted speed, it is not to be confused
with ‘actual’ vehicle operating speed;\calculated separately, see Section 4 of the Technical Guide. Operating speed is
deemed the maximum safe operatingspeed a vehicle should travel along a project route. CBA6 does not allow the fleet
to travel any faster than this operating speed, therefore the posted or signed speed limit should be used.

3.4.6 Pavement type

There are three types of pavements used in CBA6. These are unpaved, flexible and rigid. Usually the pavement type will
be defaulted to a corresponding classification as defined by the MRS. For example the default pavement type for MRS10
is a flexible pavement. The selection of pavement type affects the associated roughness deterioration profiles of the road.

3.4.7 Surface type

CBAG6 has four choices of surface type: unsurfaced, primer seal, sprayed surface seal or asphaltic concrete. Usually the
surface type will be defaulted based on the corresponding MRS. For example the default surface type for MRS10 is a
‘sprayed surface seal’.

The sprayed surface seal will be the appropriate option for the majority of rural road projects. Concrete surface types,
although used less often, are mainly used for national highways and motorways. Primer seals are used infrequently,
generally for low-use roads, and provide a basic seal for the road surface. Road deterioration is also influenced by the
selection of surface type.
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3.4.8 Curvature

This option broadly defines the horizontal geometry of the road. CBA6 has three categories to select the curvature of the

project site:
e straight
e curvy

® very curvy.

As an estimated guide for selecting the appropriate alignment category for a project site, apply the following:

e |f AHSPD > 90 km/h or less than 15% of the section is in a curve, the curvature = straight.

e |f90 km/h >AHSPD > 75 km/h orif 15% to 75% of the section is in a curve, the curvature = curvy.

e |fAHSPD < 75 km/h or if more than 75% of the section is in a curve, the curvature™=wery curvy.

Where:

e AHSPD = speed numeric reflecting the weighted average of curve design-speed in a road section

Selection of the horizontal alignment of the road aspect will impaet the-road user costs, notably the operating speed of
the fleet and tyre costs. For more information on tyre wear costs, refer to Section 4.3 of the Technical Guide.

3.4.9 Vertical alignment

The vertical alignment refers to the proportions gf eurrent and proposed grade of the road section. The vertical alignment
selection in CBA6 can be modified for project/spetific gradients (user defined) or from predetermined default selections.
Selection of horizontal and vertical alignménts'will result in associated changes in operating speeds (see Section 3.1
of the Technical Guide for information ofi.the’effect the vertical gradient has on traffic volume measurements). The
selection options for vertical alignment are:

e levelorflat

e rolling or undulating

e mountainous

e userdefined, see Figure 31.

When the predefined gradient proportions are unsuitable for a particular road segment and defined vertical alignment
data is available, the system user can select ‘user defined’, located below the default alignments, to select the suitable

alternative gradient specifications. The input fields represent the percentage of road which falls into the respective
gradient categories, see Figure 31. These entered grades must equal 100%.
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Figure 31: User defined alignment

Case : |Base Road Case [Base) ﬂ
Road Description : |5 = Marmow seal <=4.5m j
Mumber of Lanes - 1 Road Capacity [per hour] : 1500
Lane‘width (m): 45 m Cariageway Type : Single
Section Length : 2 km
Initial Roughness : 150 MEM
Safe Dperating Speed: B0 kmdhr [Mot to exceed speed limit)
Pavement Type : |2 = Flexible ﬂ
Surface Type : |3 = Sprayed Surface Seal ﬂ
Horizontal Alignment : |-| = Straight > 90km/h ﬂ
Vertical Alignment : TR
Uszer Defined Vertical Alignment Grades
2% 4% <B% 8% <10%
oo o] o o | o
Copy Data From Other Caze... | Cloge

3.4.10 Copy data from other case

This option is used to quickly copy data from one€ case to another. For example a system user can copy base case data
into the project case input screen. This option’is.useful when there are only a few changes in the CBA6 inputs between

the base and project cases, see Section 38,
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3.5 Road traffic data screen

The ‘road traffic data’ screen identifies the traffic flow, composition and growth over the life of a project, see Figure 32.
Sections 3.5.1 to 3.5.4 explain the features of this screen.

Figure 32: Road traffic data screen

“4* Road Traffic Data

Case : |Base Road Case [Base) ﬂ
Year: [ o
&80T [
{+ e
10 Traffic: Breakdown
’ Xaf
0g Yehicle Type LA0T
Cars - Private
06
Cars - Commercial il
o4 Mon-Articulated il C,<
N
02 Buses 0 o
0o Articulated i D
1 5 10 15 20 25 30 B-Doubles JE‘L
I cars - Private [ cars - commercial )
@ Mon-Ariculated O Buses Foad Train Type 1 \ 1]
W A~ticulatsd [ B-Doubles . ~r_
[ Road Train Type 1 B FRoad Train Type 2 Rioad Train Type a
AN
Copy Diata From Other Caze... Calculate Other Years... | r ‘Mﬁ Cloze |
NSZ
3.5.1 Case

The case drop-down menu is found in asadmber of CBA6 input screens and used to toggle between the various base and
project cases traffic data.

3.5.2 Year

The year drop-down menu gives the system user access to individual years of the evaluation. System users can manually
input or change traffic data for a given year.

Note: The number of years in the evaluation is specified in the ‘create new evaluation’ screen, see Section 3.1.9.

3.5.3 AADT and traffic breakdown

AADT refers to annual average daily traffic. This is a measure of road use by all vehicles at a daily equivalent rate.
Typically, traffic data is gathered over a period of time using surveys and traffic counting devices. Where AADT volumes
are not available for a given road segment, it is recommended that project-specific surveys are undertaken to provide
basic data.

In the ‘road traffic data’ screen, CBA6 provides the system user with the following options for input:

e manually entering AADT for each year, see Section 3.5.3.1
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e calculating other years function (using a linear or compound growth rate), see Section 3.5.3.2
e combining both, see Section 3.5.3.3.

Once AADT volumes have been sourced for a project, they must be disaggregated for use in CBA6. There are eight vehicle
types used in CBA6, which correspond with Austroads vehicle clarifications, see Appendix E.

The vehicle types used in CBA6 are:
e cars — private

e cars — commercial

e non-articulated

® buses

e articulated

e B-doubles

e road train type 1

e road train type 2.

If AADT is given in vehicle numbers, then the percentage bredkdown per vehicle type must be calculated prior to entry
into CBA6.

Note: CBA6 automatically generates the private vehicle-composition as the residual of the total AADT once other vehicle
types are entered. The traffic breakdown screengs,also the input source for livestock damage. For further information on
livestock, see Figure 53.

3.5.3.1 Manualinput

CBA6 will automatically generate'traffic given an initial AADT and growth rate. To manually enter traffic data for each
year, the sytem user enters(AADT and a traffic breakdown, see Figure 33.
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Figure 33: Manual traffic data entry — year 1

Road Traffic Data
Case : |Base Road Case [Base) ﬂ
Year: [1 =
44507 [eon
{v i
00 Traffic: Breakdown
; % of
400 Yehicle Type LA0T
Cars - Private
300
Cars - Commercial 15
200 MNon-Articulated 3
100 Buses i
il Articulated 7
1 5 10 15 20 25 30 B-Doubles ’2—
I cars - Private [ cars - commercial ;
[ mon-sdiculated O Buses Foad Train Type 1 1 4
I A~ticulstsd [ B-Doubles ' L
[ Road Train Type 1 B FRoad Train Type 2 Ieee] Vot Tope 2 1 C"
A\~
[ § )

(

Copy Data From Other Caze... Calculate Other Years...

As shown in Figure 34, system users then select year 2 from the drop-down menu and input the relevant data for this
year. This process is continued until all years of the evaluation period have been populated.
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Figure 34: Manual traffic data entry — year 2

#° Road Traffic Data

Case: |Base Foad Case [Base] ﬂ

Year : p
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Cars - Commercial ,15—
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- Cars - Private |:| Cars - Commercial

[ mMon-Aiculsted O Buses Road Train Type 1 o

SR e e L

=\ /J
N
Copy Data From Other Case... Calculate Other Years. . | Save '<_ Ese

3.5.3.2 Calculate other years

To automate the population of traffic data over the-entire evaluation period, CBA6 allows the system user to choose a
simple linear growth rate or a compound rateto.forecast future traffic growth, see Figure 35.

Note: Future predictions of traffic flows and subsequent growth are usually site specific and can be derived from future
land use and road network projections{ Growth rates can vary in complexity, but are often simply modelled from regional

population growth forecasts.

Figure 35: Calculate other(raffic years

%~ Calculate Other Traffic Years

Traffic Growvth Rate (3] |20 & L Growth
* Linear Grow

Graw Untilrear [ inclusive] : [0 - ™ Compound Growth

[w Traffic Compasition iz the same for all other years

Ok, LCancel

The base and project cases usually have the same traffic data inputs, however the provision of new infrastructure can
lead to new or generated traffic, increasing the expected demand in the project case.

Note: If a road project is likely to change the traffic demand or breakdown between the base case and the project case,
system users must use the ‘generated traffic’ or ‘change in MCV’ methodology where appropriate, see Figures 54 and
55.
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3.5.3.3 Change in growth or breakdown
In some circumstances, traffic growth may change in future years given the influence of external factors. For example, a
new mine may open causing an increase in the number of heavy vehicles using the road. CBA6 can be used to account

for this change in traffic growth, see Figure 36.

Figure 36: Traffic growth from year 1 to year 11

Calculate Other Traffic Years

Traffic Growvth Rate (3] (20 & Li Growth
* Linear Grow

Graw Until *r'ear [ inclusive] : [14 - ™ Compound Growth

[w Traffic Compaszition iz the same for all ather years

Ok, LCancel

Traffic grows at 3% linear from year 1 to year 11, see Figure 37.

Figure 37: Traffic AADT from year 1 to year 11

Road Traffic Data

Case |Base Road Case [Base) ) ﬂ
Q,‘
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From year 12, the traffic composition and growth rate changes. The remaining years of the evaluation are forecast as
shown in Figure 38 using the ‘calculate other years’ function starting from year 12.
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Figure 38: Traffic from year 12 to year 33
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3.5.4 Copy data from other case

Traffic data can be copied from the base cdse {o the project case using the ‘copy data from other case’ feature, see
Section 3.8.

Cost-benefit Analysis manual, First Edition, February 2011
OTransport and Main Roads 3.45



3.6 Road capital and maintenance costs screen

The ‘road capital and maintenance costs’ screen in CBA6 shown in Figure 39 is used to capture whole-of-life costs. In
the base case, the anticipated costs in the absence of a project should be included over the life of the evaluation, while
in the project case, costs should include any additional costs or savings in maintenance borne by a project. Typically,
projects such as road widening works may require additional maintenance costs (i.e. due to increased surface area),
however new technology or pavement designs may reduce extensive rehabilitation costs, effectively creating a whole-of-
life maintenance saving.

The Department Asset Management Guidelines (2002) categories of pavement maintenance are:

e routine maintenance

e programmed maintenance — road resurfacing and/or bulk routine maintenance

e rehabilitation.

Inflation should be excluded from all maintenance costs entered into CBA6, i.e. include,only real costs of maintenance.
For an example of increasing real costs of maintenance, see Section 3.6.7.

Figure 39: Project case capital and maintenance cost screen

'Road Capital And Maintenance Costs

Case: |F'roiect Road Caze [Project] ﬂ
N\
Residual %/ alue [$'000) : ID— , Q Start Vear Of Benefits : |-|—
o~ ‘rear Values -
Cost Type [$'000] 1 2 a\|) 4 5 5 7 8 g Taotal
P | Initial Roughness [MARM) 33 345 1] 37T 395 41.3 43.2 451
Capital 0
Routine fMaintenance 1]
Perindic Maintenance 1]
Reduces Roughness by ([NRM]
Rekabilitation 1]
Reduces Roughness back to [MRM]
Annual Total Costs PO R ( 1] 1] 0 i] i] 0 1] 0
Disc: Operational Costs N\ 0 o 1] 0 a I 0 1 0
Dizc Annual Total Costs ) 0 I I 1] I I 1] I 0|
Disc Residual Faa S 0
AN 2 k|
Help | w Copy ta Clipboard | Save | Close ‘
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Figure 40: Base case capital and maintenance cost screen
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3.6.1 Capital

Capital costs are the initial outlay or one-off investment costs needed te set up a project. These are the start-up costs
required to build the road infrastructure, including any labour costs'used in construction of a project.

Note: Depreciation is excluded from the analysis as the full.cost to the community of the asset is determined at the time
of consumption. To include depreciation would therefpte distort the assumption behind the discount rate.

3.6.2 Routine maintenance

Routine maintenance preserves the shape of profile of the pavement and amenities of the road corridor. Routine
maintenance has no impact on road.fefighness.

3.6.3 Periodic mainténdnce

Programmed maintenance is referred to as ‘periodic maintenance’ in CBA6. Periodic maintenance can have an impact

on road roughness and usually reduces roughness by a factor of NRM. For example, periodic maintenance reduces
roughness by 5 NRM. Periodic maintenance usually occurs at 5 to 10-year intervals.

3.6.4 Rehabilitation

Rehabilitation refers to the full reconstruction of the road surface and usually occurs at longer intervals than other types
of maintenance. Rehabilitation works usually return the road to its original design roughness. For example rehabilitation
reduces roughness back to 55 NRM.

3.6.5 Residual value

A residual value can be entered for both the base case and project case. The residual value is used to incorporate the
additional value of the asset after the end of the evaluation period. For example, a road asset may have a useful life of
50 years, however the evaluation is undertaken over a 30-year period. To account for the remaining 20 years of useful
life, a residual value is incorporated in the CBA. See Section 9.7 of the Technical Guide for residual value calculation.
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3.6.6 Start year of benefits

The ‘start year of benefit’ field specifies the completion and commission date of a project. For example, if a project takes
3 years to build, the start year of benefits will be year 4.

3.6.7 Quick edit

The predominant use of the ‘quick edit’ function is as an alternative to manually entering maintenance costs. The ‘quick
edit’ function allows the system user to extrapolate yearly maintenance costs over the life of the evaluation orin the
years in which it occurs. To use the ‘quick edit’ function:

1 select relevant maintenance category (routine, periodic or rehabilitation)

2 click ‘quick edit’

3 select ‘start year and ‘end year

4 select either ‘constant yearly value’ or ‘percentage’ (growth function)

5 entervalues

6 select ‘ok’.

Figure 41 provides an example of $20 000 in maintenance costs Spent every 5 years. To incorporate annual costs the
system user would enter ‘1’ in the appropriate field.

Figure 41: Cost quick edit constant value

% Cost Quick Edit

Startvear: [y End'ear: 30 Q
(¥ Walues For Years /"/
Cost [$'000): (20 Q
This walue repeate 5 WEars,
as

™ Percentage ‘(‘
o Linear Growth Rate
" Compound Growth Rate

Ok LCancel ‘

To account for a change in costs each year the system user can incorporate a growth factor to the maintenance cost
estimates. In Figure 59, $200 000 in costs is expected to increase by 3%. This may be warranted to maintain the road at
its current roughness standard given future increases in traffic volumes.
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Figure 42: Cost quick edit percentage increase

%4 Cost Quick Edit

StartYear: [ Endear: |30
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The ‘quick edit’ function also allows the system user to assign a consistent roughness-modifier resulting from the
associated maintenance costs. To quick edit the roughness modifier for periodic and rehabilitation maintenance
categories:

1 select ‘roughness modifier’ (periodic and rehabilitation categoriesanly), ‘reduces roughness by’ (NRM), or ‘reduces
roughness back to’ (NRM)

2 select ‘quick edit’

3 select ‘start year and ‘end year

4 input roughness modifier (‘reduce roughness’by™or ‘reduces roughness back to’)
5 enter repetition frequency

6 select‘ok’.

Figure 43 shows the ‘quick edif’ function for periodic maintenance.

Figure 43: Periodic roughbnéss quick edit
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Figure 44 shows the function for rehabilitation.

Figure 44: Rehabilitation roughness quick edit

& Rehabilitation Roughness Quick Edit [X]

StartYear:[1 Endear: |23

Reduces Roughness Back To

MNREM: |50

Thiz value repeated every (10 years.

QK. LCancel ‘

Note: Timing of the roughness reduction quick edit must match the timing of costs. For example, if costs occur in year 5,
the ‘reduces roughness’ field must coincide with costs in year 5.
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3.7 Road accident and other costs

The final input screen for a road evaluation is the ‘road accident and other costs’ screen, see Figure 45. CBA6 will
automatically calculate the accident costs unless the system user specifies manual accident costs in the ‘create new
evaluation’ screen. For more information on the manual calculation of accident costs, see Section 6 of the Technical
Guide.

In this screen, system users are able to add additional costs that need to be included in the evaluation. These are
usually externalities costs such as noise and emissions. For more detail on deriving user-defined externality costs, see

Section 7 of the Technical Guide.

Figure 45: Road accident and other costs
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3.8 Copy data from other case

The ‘copy data from other case’ function, located at the bottom of both the road details and road traffic data screens of
CBAG6, allows the system user to directly copy all details from one case to another, i.e. base to project or project to base.
This function is useful in scenarios where composition, volume and growth remain the same in both base and project
cases. To copy data from one case to another:

e select case and screen to copy data to

e click ‘copy data from other case’

e select ‘case’ to copy data from

e click ‘ok’.

Note: To enable this function, one case (base or project) must be completed. The ‘copy data from other case’ screen can
be seen in Figure 46.

Figure 46: Copy data from other case

% Copy Data From Other Case
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3.9 Copyto clipboard

The ‘copy to clipboard’ function allows the system user to copy data shown by CBA6 into other applications. The ‘copy to
clipboard’ button is located in the capital and maintenance, accident and other costs, travel time, VOC and the results
screens (see Figure 47). Once the data is exported, the system user is able to manipulate the format and presentation
as necessary to suite any further analysis (e.g. manual amalgamation of multiple evaluation files) or reporting
requirements.

Figure 47: Copy to clipboard — decision criteria
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Commercial WYOC Savings 37.030 25,404 21334 &y 7968 12.974
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Dizcounted Emission Savings ] ] = ] ]
Digzounted Erwvironment 5 avings 0 0 N 0 0
Discounted Secondary S avings 0 0 Y 0 0 0
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Benefit Cost Ratio &, 1.25 1.11 1.00 0.8
First ‘vear Fate of Feturn K 37% 632% 627% 618%
N\
Help | Copy to Clipboard ‘ /Q%
2

This function is also available withig the detailed road case report to allow the system user to copy the disaggregated
VOC (fuel, tyres, oil, repairs and depreciation) see Figure 25.
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4 Re@@ts and reports

Itis imp@?{hat the results of a project evaluation are appropriately
docuga d. CBA6 provides reports for VOC, TTC, net capital and maintenance

C nefits and decision criteria, see Figure 48. CBA6 presents its results in

@ ays: online screen displays and reports. This chapter covers the display
screens and reports produced by CBA6.

A thorough understanding of the results shown in CBA6 is required in order to
provide informed recommendations on a project’s economic justification. This
chapter will ensure system users can make appropriate interpretation of the
results calculated in CBA6. This chapter will also provide system users with

an overview of the CBA6 results and explain how to cross-check evaluation
inputs with outputs.



Figure 48: CBA6 reports
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4 Evaluation Linking
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4.1 Vehicle operating costs

The ‘VOC’ screen allows the system user to view project VOC savings in discounted and undiscounted values. The data
is displayed on an annual basis and is disaggregated by vehicle type. The results displayed on this screen form a direct
link with the decision criteria report. The system user can switch between the base and project cases to compare the
change in cost. See Section 4 of the Technical Guide for further information on VOC.

Figure 49: Vehicle operating costs (VOC) screen
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4.2 Travel time costs

The ‘TTC’ screen allows the system user to view project TTC savings in discounted and undiscounted values. The data is
displayed on an annual basis and is disaggregated by vehicle type. The results displayed in this screen form a direct link
with the decision criteria report. The system user can switch between the base and project cases to compare the change
in cost. See Section 4 of the Technical Guide for further information on vehicle TTC.

Figure 50: Travel time costs screen
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4.3 Net capital and maintenance costs

The ‘net capital and maintenance costs’ screen displays an aggregate summary of annual capital and maintenance costs
over the life of a project. CBA6 aggregates both base case and project case costs, providing the system user with an
overarching cost summary.

Figure 51 shows the net capital and maintenance costs for a project. In this figure, ongoing and recurrent maintenance
costs occur throughout all years in the base case with periodic maintenance occurring in Year 8. In the project case,
capital costs occur from Years 1 to 3. As the same routine maintenance occurs in both the base and project cases, the
incremental costs from Years 4 to 7 are zero. The negative incremental cost in Year 8 is a result of periodic maintenance
costs which occur in the base case but do not occur in the project case. The annual discounted costs in both cases are
represented by the selected discount rate at the start of the evaluation.

Figure 51: Net capital and maintenance costs screen
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4.4 Benefits

Benefits results are similar to net capital and maintenance costs and summarise the aggregate road user benefits of
a project in both base and project cases. Benefits calculations are based on aggregated estimates of road user costs
including TTC, VOC and accident costs.

Figure 52 shows that there are two years of capital costs with benefits of a project commencing in Year 3, see Section
3.6.6. From the figure, it can be seen that from Year 3, total base case costs exceed costs in the project case, deriving an

annual benefit which is totalled at a discounted value of $890 000.

Figure 52: Benefits screen
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4.5 Decision criteria

The economic decision criteria created by CBA6 are a set of indicators which allow system users to understand possible
economic outcomes of projects. The economic decision criteria identified here allows useful economic comparisons
between discounted benefits and costs.

The economic decision criteria generated in CBA6 includes:

e BCR

e NPV per $ investment

e NPV

e FYRR.

Each criterion is discussed in detail in Sections 4.5.1 to 4.5.4. For further information on.thetheoretical assumptions of
the decision criteria used in CBA6, see Section 1.7 of the Theoretical Guide. For furtherinformation on the formulas used
to calculate the decision criteria used in CBA6, see Section 9 of the Technical Guide.

4.5.1 Benefit-cost ratio

The BCR is the most widely used measurement of project performanhge within TMR. A BCR greater than 1 indicates that a
project is economically viable i.e. the benefits outweigh the costs:

The decision criteria example in Figure 52 displays the output from CBA6. At the 7% discount rate, the BCR for the
project is 2.48. This indicates that the benefits exceed/the\e0sts, and the project is economically viable.

4.5.2 Net presentvalue per S investment

This is a ratio of NPV divided by the presSerit Value of capital costs. It indicates the increase in economic value to the
community relative to the amount of capital invested. If two projects generate the same NPV but have different capital
efficiency ratios, the project with the higher capital efficiency factor is considered the superior investment.

4.5.3 Net present«alue

The NPV of a project is the difference between the discounted stream of benefits and the discounted stream of costs.
Ultimately the NPV should be used to value the initiative and the BCR should be used to rank viable projects. The NPV
shown in Figure 52 at the 6% discount rate is $12.9 million.

4.5.4 First year rate of return

The FYRR is a ratio of first year of benefits to the capital costs of a project. FYRR indicates whether a project’s optimal
implementation time is in the past or in the future, and can indicate whether deferral is warranted (ATC 2007).
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Figure 53: Results — decision criteria screen
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4.5.5 Incremental and linking decision criteria

The ‘decision criteria’ screen can also be populated forlinking evaluation files and comparing project options through
the incremental analysis. For further information on_using incremental analysis and linking, see Sections 5.12 and 5.13.
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4.6 Producing and understanding CBA reports

CBAG6 produces output reports in detailed forms for all project types available in the tool. These reports provide system
users with disaggregated results which can be used in a variety of report presentation formats.

4.6.1 Producing road case reports

The road case report is the most significant report created by CBA6. The road case report is created to provide system
users with a detailed assessment of all components of a project. When the system user creates a road case report, the

tool will identify a number of user options for selection. A simple report can be created, see Figure 54.

Figure 54: Simple report
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The standard road case report summarises the CBA and includes the following components:
e evaluation/project details

e road details — base case

e road details — project case

e decision criteria

e sensitivity analysis.
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The road case report screen is shown in Figure 55.

Figure 55: Road case report
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To create a detailed CBA report the system user can select the ‘detailed teport’ option. From Figure 55 there is now a
number of additional outputs that can be included in the report. The‘system user can select the following additional
reporting options:

e roughness peryear

* AADT peryear

e VCR peryear

e operating speed per year.

These additional outputs can be selected by individual case option (base or project) or for the whole project.

Figure 56: Detailed report
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Note: Printing the detailed CBA report may only be required when, for example, being used as an appendix to a funding
submission. The report will produce a number of pages that may otherwise not be needed.
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4.6.2 Vehicle operating costs to clipboard

The ‘VOC to clipboard’ function is generically quite similar to the ‘copy to clipboard’ function, but is only available after
the system user has generated a detailed road case report. When creating a detailed road case report, the system user is
given an option to ‘copy VOC to clipboard’, see Figure 55. The function will then allow the system user to copy all VOCs of
the evaluation to a spreadsheet for further analysis. This function allows the system user to acquire disaggregated VOC,
unavailable in the other reports.

4.6.3 Sensitivity analysis

The sensitivity analysis presented within the road case report is designed to measure the uncertainty of inputs within

an evaluation. For a given road project evaluation, CBA6 performs sensitivity analysis on a number of parameters. The
sensitivity test range can be changed by the system user, see Section 2.6.4.

The sensitivity analysis undertaken in the road case report is shown in Figure 57. For example, if private TTC savings are
a large proportion of total project benefits, the system user may wish to consider public.transport options as opposed to

road infrastructure.

Figure 57: Sensitivity analysis
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4.6.4 Producing intersection reports
There are two types of intersection reports available within CBA6. These reports are the intersection summary sheet

and the intersection whole-of-life report. The summary sheet includes user input components and decision criteria, and
incorporates period details and SIDRA inputs for the modelled years, see Figure 58.

Figure 58: Intersection summary sheet report
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The whole-of-life report provides a summary of the road agency and road user costs over the life of a project recorded on
an annual basis, see Figure 59.

Figure 59: Intersection whole-of-life report
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4.7 Printing reports

CBAG6 uses the default printer when printing any report, see Figure 60. It is important that a system user has the correct
default printer selected before the report is printed.

To electronically store evaluation results, print to PDF.

Figure 60: CBAG6 print
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4.8 Graphs

CBAG6 allows the system user to graph selected variables per case against time. This function provides a valuable
resource for system users to access visual representations of the inner workings of the tool while also providing a source
of analysis for use in CBA reports.

The system user has the option of graphing the following variables:

e AADT (per vehicle type)

e AADT (total)

e operating speed (per vehicle type)

e volume in passenger car equivalents (per vehicle type)

e volume in passenger car equivalents (total)

e volume capacity ratios

e roughness count

e TIC

e VOC

e accident costs

e other costs

e total costs.

To create a graph the system user highlights & spécific evaluation and selects the graph menu option, see Figure 14.
The economic data graph option screen is&hown in Figure 60. The system user can graph an individual case or both
the base and project cases, using the afroWw Keys to select which case to graph. The system user can also specify the
variables to be graphed on the Y axis:\The primary Y axis option creates a line graph while the secondary Y axis options

create a bar graph. The primary and¢Secondary Y axis variables can be run simultaneously. The years to be graphed can
also be specified in CBA6.
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Figure 61: Economic data graph options screen
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From Figure 61, AADT in the project case has been graphed against'thewolume capacity ratio for the road. This graph
shows that there is a positive relationship between traffic growth and congestion. System users can create a number of
graphs to compare variables between the base and project eases-’For example, graph the volume capacity ratio in the
base case against the project case to compare congestion' levels.
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Figure 62: Graph (AADT and VCR)
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Once a graph is produced in CBA6, the system use@j@é options: print, copy or save the graph. To copy the graph,

click the print button. The printing options will give t stem user the opportunity to select whether the graph is

printed, saved as a file, or copied to the clipboa%
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4.9 Understanding the results

When completing a road project evaluation, there are certain results that occasionally appear erroneous. For example, in
the decision criteria, there may be disbenefits, negative costs and negative first year rates of return. This section aims to
highlight the majority of these issues and explain what they mean in the context of CBA6.

Note: The system user is directed to the Technical Guide for information on the calculations made by CBA6.

4.9.1 Disbenefits

Most benefits are a result of the savings in road user costs between the base and project cases. If the project case costs
exceed those of the base case, this is likely to be reflected in CBA6 as a negative benefit, or disbenefit.

Note: Disbenefits are displayed in red in the CBA6 results screen.

For example, provision of an improved road surface may increase the speed of the fleet, leading to increased
consumption of fuel, oil and tyres. This increase in VOC is transferred to the road usefwhe incurs this extra cost. In
CBAG6, this would result in a disbenefit to the road user. VOC are typically the most.common disbenefit. These disbenefits
are not usually incorrect or misleading. Where these disbenefits exist, projectresults should be carefully scrutinised for
errors in the inputs. Examples where outputs may warrant cross check of the“inputs could include:

e When CBA6 generates travel time disbenefits even though operatifig'speed increases in the project case. For
example, in the case of a bypass, the project will result in fastef operating speeds but the appearance of disbenefits
as AADT is higher.

e When CBA6 generates accident disbenefits although_the width of the road has increased, resulting in a safer road.
For example, this could occur where the section lengthnis longer in the project case.

e When VOC increase in the project case despitean improvement in the road surface.

4.9.2 Negative costs

Negative costs are fundamentally th€"opposite of disbenefits. Negative costs refer to the savings in operating and
maintenance costs, including @ny.residual value, and will be displayed in red in the ‘decision criteria’ screen under
the heading of ‘other costs’( Like disbenefits, negative costs are not necessarily incorrect or misleading. As previously
mentioned, negative costsrare the result of savings in maintenance costs over the life of a project, and can be due to
better pavement construction.

4.9.3 Conflicting results from decision criteria

Conflicting results are unusual, but can occur within the decision criteria. It is possible to get BCR below 1 but positive
NPV, or negative FYRR and BCR above 1. For example:

e [fan alternative maintenance strategy is proposed to the current strategy, a BCR below 1 may result if the alternative
maintenance strategy costs less than the current strategy.

e A project may result in a negative FYRR if there are disbenefits in the first year of operation.

If the decision criteria indicators are not clear, decisions should be based on NPV alone.
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4.10 Response to unexpected results

Table 2 provides a useful output matrix for the system user to apply when confronted with unexpected results. System
users can ensure the accuracy of the results by checking the inputs against the outputs. For example if a project provides
accident disbenefits, the system user should check the road description (MRS, section length and AADT inputs). In

this case, an incorrect MRS may have been used for the project case. This would mean the results in CBA6 are due to

a human error. However if the project case has a longer section length than the base case it would be reasonable for
accident disbenefits to occur. If system users observe unexpected or conflicting results, this table may assist in cross
checking the outputs with the appropriate inputs. For further assistance, system users should direct all queries to the
CBA Team.

Ultimately all results in CBA6 can be manually calculated and cross checked using the formulas presented in the
Technical Guide.

Table 2: CBA6 output matrix

CBA6 input CBA6 output .
Vehicle operating costs Z, Traveltime  Accidents
Fuel oil Tyres Depreciation Répairs and costs
() maintenance
Road description (MRS) L L L L M H H
Section length M (+) M (+) M ) W) M (+) M (+) M (+)
Speed limit M (+/-) M (+/-) M (+/-) M (+/-) M (+/-) HE
Initial roughness L) L® L(# L) H) L)
Pavement type L - L - L L
Surface type L - L M M M
Vertical alignment L - L - - L
Horizontal alignment L ; H - - M
AADT H(+) HA(+) H(+) H(+) H(+) H(+) H(+)
Traffic breakdown H H H H H H

The degree of impact on€achoutput per input is based on a score of high (h), medium (m) or low ([). Each impact is
also measured in terms of a positive (+) and negative () relationship where appropriate. For example, an increase in the
speed limit will decrease TTC (when all other inputs are held constant).

Note: The speed input can have a positive or negative relationship with some of the VOC outputs due to the nature of the
speed/consumption relationship. For further detail, see Section 11 of the Technical Guide.
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4.11 Presenting CBAG6 results

Once the system user has completed an evaluation, there are several presentation options. Results can be presented
in the form of standard and detailed road case reports (see Section 4.6.1) which can be used as attachments to
funding proposals. Alternatively system users can use the CBA6 reports (decision criteria, see Figure 53) or the ‘copy to
clipboard’ function to create a variety of graphs to illustrate discussion points.

Note: Interpretation of CBA results can often be quite challenging. The advice of qualified specialists should be sought
when interpreting results and making conclusions of the CBA.
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5 Caégstu dies

The casé)es provide an instructional guide for undertaking a road
evaluation using CBA6. Projects can vary in complexity and CBA6 has a

n of different modules that are used to evaluate a variety of road
@ cts. CBA6 has been designed to encompass the types of capital and
maintenance projects usually undertaken by TMR. Each case study provides

an opportunity for system users to quickly become familiar with operating the
Q‘ tool.



Case studies have been included in this section for the following types of projects:
® maintenance strategies

e road widening

e shoulder sealing

e overtaking lanes

e flood immunity and road closures

e intersections

e duplication

e town bypasses

® unsealed roads

e generated traffic

e freight

e multiple project options

e incremental analysis

e linking evaluation files.

Note: Detailed printed reports for each case study'are presented in Appendix A (CBA6.1 printouts).

The explanation of the case studies are @accompanied by detailed instructions on entering project data into CBA6
together with guidance on project results:

Cost-benefit Analysis manual, First Edition, February 2011
3.76 OTransport and Main Roads



5.1 Maintenance

This case study provides guidance to undertake a maintenance strategy evaluation. A maintenance evaluation will
primarily compare the roughness deterioration profile between the base and project cases and the ensuing change in
maintenance costs. It is sometimes required, when bringing forward some maintenance work, to delay other work. CBA6
can be used to calculate the net economic benefits of mutually exclusive maintenance programs.

TMR’s asset management guidelines (2002) prescribe three categories of maintenance:

e routine maintenance

e programmed maintenance — road resurfacing and/or bulk routine maintenance

e rehabilitation.

In CBA6 programmed maintenance is referred to as ‘periodic maintenance’.

5.1.1 Maintenance case study

This case study involves the evaluation of a narrow two-lane road with pavement’in fair condition. The road has
low traffic volumes but there is a large proportion of heavy commercial vehicles that make up the traffic fleet. The
characteristics of the road may not justify the capital costs due to lowAtaffic volumes, but TMR wants to test an
alternative maintenance strategy that will better cater for the heavy'vehicles using the road.

The current maintenance strategy for the road consists of andual‘routine maintenance and periodic maintenance in
Years 5, 10, 15, 20, 25 and 29. The periodic maintenance’works will improve the road surface by 5 NRM.

The objective of this CBA is to determine the econgmic'viability of pursuing the new maintenance program in place of the
current program. All the required input data for this maintenance case study can be found in Appendix A.

Figure 63: Maintenance case study NRM
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5.1.2 Create new evaluation screen
Figure 64 shows the maintenance case study evaluation details screen. The key attributes of this screen are the

selection of the discount rate, the evaluation period, the zone and the speed environment. The remaining details in the
‘create evaluation’ screen are superfluous and can be entered according to the system user’s own preference.

Figure 64: Maintenance create new evaluation

5.1.3 Road details screen

The data entered into the ‘road details’ screen for the base case and project case are the same. Enter an MRS of 8,

a section length of 2 km, an initial roughness of 80 NRM, a safe speed of 80 km/h, a pavement type of flexible, a
surface type of sprayed seal, a straight horizontal alignment and a vertical alignment of rolling and undulating. For a
maintenance only evaluation the road details for the base and project cases should remain the same.

5.1.4 Road traffic data screen
The road traffic data is the same for the base case and the project case. The AADT is 2500 in Year 1; the growth rate is

2.0% and linear. Traffic breakdown is 73% cars — private, 5% cars — commercial, 5% non-articulated, 0% buses, 5%
articulated, 8% B-doubles, 3% road train type 1 and 1% road train type 2.

5.1.5 Capital and maintenance costs

The most important inputs for a maintenance evaluation are found in the ‘capital and maintenance costs’ screen.
Assumptions and data for the maintenance strategy will differ between the base and project cases.
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5.1.5.1 Base case
Base case maintenance costs are shown in Figure 65.

Routine maintenance — enter $10 000 each year. Routine maintenance is work carried out each year that does not
change the condition of the road NRM, such as grass cutting and road kill clean up. Use the ‘quick edit’ button to
populate the routine maintenance fields for the entire evaluation period. The ‘quick edit’ buttons are explained in detail
in Section 3.6.7. Note: If the base case and project case routine maintenance costs are the same, they do not need to be
entered in CBA6. Periodic maintenance — enter $500 000 in Years 5, 10, 15, 20, 25 and 29 in the ‘periodic maintenance’
row. Enter a reduction in roughness by 5 NRM in the ‘reduces roughness by (NRM)’ row to correspond with the periodic
maintenance costs. Periodic maintenance will provide a temporary improvement in the road’s surface but roughness will
deteriorate at a faster rate than if rehabilitation had taken place. Rehabilitation — $0, no reconstruction in the base case.
The current maintenance strategy only provides periodic maintenance. Once all the maintenance data has been entered
in CBAG, click ‘save’ and begin the same procedure for the project case. In the project case, the assumptions on the
timing of periodic maintenance will change and rehabilitation will now be included in CBA6.

Figure 65: Maintenance case study base case

5.1.5.2 Project case
Project case maintenance costs are shown in Figure 65.
e (apital - $0, no capital costs for a maintenance strategy.

* Routine maintenance — in this example, routine maintenance does not change for the project case, so use $10 000
for each year. Note: If the base case and project case routine maintenance costs are the same they do not need to be
entered in CBA6 as the net result will be zero.

e Periodic maintenance — $500 000 in Years 6 and 28 with corresponding roughness reduction of 5 NRM.

e Rehabilitation — enter $2 million in Year 12 in the ‘rehabilitation’ row. As in Figure 64 enter a new roughness of 50
NRM in the ‘reduces roughness to (NRM)’ row to correspond with the rehabilitation costs. Rehabilitation will provide
a more permanent improvement to road roughness than periodic maintenance. After rehabilitation, roughness will
deteriorate at a slower rate than if periodic maintenance had just been applied.

e Start year of benefits — this is only available for the project case. This value defaults to 1, but changes to the year of
the last entered capital cost plus 1. A maintenance strategy can be tested from Year 1.
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e Residual value - this evaluation does not have a residual value, as capital costs have not been incurred in this
project. For information regarding residual value refer to Section 3.6.5.

Once all the maintenance data has been entered into CBA6 click ‘save’. Click ‘copy to clipboard’ to create a graph of the
maintenance and roughness deterioration profile in a spreadsheet. This is useful to provide a simple visual comparison
of the base and project cases.

Figure 66: Maintenance case study project case

5.1.6 Accident and other costs

It has been assumed in CBA6, that pure maintenance strategies do not influence accident costs.

5.1.7 Results and decision.criteria

The ‘results’ screen in Figure 66 provides the system user with information as to which maintenance strategy provides
greater economic value.

The project case maintenance strategy requires higher maintenance costs, in the order of $218 095, than the base case
maintenance strategy, at a discount rate of 6%. No capital was applied to this evaluation. The increase in maintenance
costs is justified, as the benefits for existing road users are greater than the increase in maintenance costs. The majority
of the project benefits are comprised of VOC savings for commercial vehicles. The results imply that the project satisfies
the objective of catering better for heavy vehicles using the road. The NPV for the proposed maintenance strategy is
$197 711 at the discount rate of 6%. The BCR for our new maintenance strategy is 1.91 at the discount rate of 6%, which
indicates a positive economic return on the costs. The BCR produced for maintenance strategies should not be used in
comparison with capital projects, see Section 3.5.3.2.

The alternative maintenance strategy in this case study is a better option than the existing strategy. CBA6 can compare a
number of mutually exclusive options using the ‘multiple project cases’, see Section 5.11. This module provides a guide
to undertaking multiple options analysis. This will be useful in developing the optimum maintenance strategy for the
road network.
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Figure 67: Maintenance case results
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5.2 Road widening

A road widening project involves increasing the seal width of the road. Road widening projects are designed to alleviate
minor congestion issues and provide a safer operating environment for road users. For the purposes of conducting
evaluations using CBA6, road widening projects have been divided into two categories.

e Section 5.2.1 — road widening without shoulder sealing

e Section 5.2.2 — road widening with shoulder sealing

5.2.1 Road widening without shoulder sealing

This example involves the evaluation of a regional road with a poor safety record. A road widening is proposed to
mitigate the higher than average accident rate. The proposed road widening will increase the seal width from a model
road state MRS 7 (two-lane seal 5.3 m— 5.8 m) to MRS 10 (two-lane seal 7.1 m — 7.6 m), hoth of which do not provide
sealed shoulders. The proposed road widening is expected to cost $2.5 million and take one’year to complete.

5.2.1.1 Create new evaluation screen
The ‘create new evaluation’ screen for this case study is shown in Figure/68,Fhe evaluation period is set to 31 years.
There will be one year of construction and a useful life of 30 years forthe'asset. In this example it may be appropriate to

provide comment on the widening work being proposed in the ‘description’ field.

Figure 68: Road widening case study
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5.2.1.2 Road details

The ‘road details’ screen highlights the important difference between the base and project cases. In a simple road
widening project the most important inputs to CBA6 will be in the description of model road state.

5.2.1.2.1. Base case

The base case road details are shown in Figure 69. The base case ‘road description’ is an MRS of 7. The current
roughness of the road is 100 NRM. The pavement and surface type have been defaulted to match the MRS of 7. Once the
‘road details’ screen for the base case is complete, click ‘save’.

Figure 69: Road widening base case

5.2.1.2.2. Project case

The only change to the ‘road details’ screen for the project case in this simple widening will be the MRS and initial
roughness, see Figure 70. To quickly populate the project case road details screen press the ‘copy data from other case’
button and use the base case road details. Once all the base case details have been copied over, change the MRS using
the drop-down menu. The MRS in the project case should be 10 (two-lane seal 7.1 m — 7.6 m). The initial roughness in
the project case is 50 NRM.
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Figure 70: Road widening project case

5.2.1.3 Road traffic data

In this example, the AADT is 3000 vehicles per day, se€ Figure 71. Traffic data for the base and project cases will be the
same. Once the base case traffic data has been sayed, use the ‘copy data from other case’ button to quickly transfer the

same data for the project case.
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Figure 71: Road widening traffic data

5.2.1.4 Capital and maintenance costs

In this example, the project case has $2.5 million in capitalCosts. In this example it is necessary to change the
maintenance profile for the project case.

5.2.1.4.1. Base case

Routine maintenance — $10 000 each yéaf. Routine maintenance is work carried out each year that does not change
the condition of the road NRM, such.as’grass cutting and road kill clean up. Use the ‘quick edit’ to populate the routine
maintenance fields for the entire evaltation period, see Section 3.6.7. Periodic maintenance — $500 000 in Years 7,

21 and 28 with correspondingdoughness reduction of 5 NRM. Periodic maintenance (programmed maintenance) will
provide a temporary improvement in the road’s surface. Rehabilitation — $1 million in Year 14 that reduces roughness
back to 80 NRM. The ‘copy/toclipboard’ button may be used to copy the capital and maintenance cost data and paste
into a suitable external program such as Excel. Once all the maintenance data has been applied in CBA6, click the ‘save
button and begin the same procedure for the project case.

5.2.1.4.2. Project case

e (Capital - $2.5 million entered in Year 1. CBA6 uses cost data in ‘000 — input 2500 in CBA6 to represent $2.5 million,
see Figure 71.

e Routine maintenance — assume routine maintenance is the same as the base case, therefore input $10 000 each
year.

e Periodic maintenance - the maintenance profile between the base and project cases now changes. Only three
maintenance interventions are now required. Enter $500 000 in Years 10, 17, and 24 with corresponding roughness
reduction of 5 NRM.

e Rehabilitation — $0, no reconstruction in the project case.
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e Start year of benefits — this field is only available for the project case and will default to Year 1. As the benefits of the
project will flow post construction, this default value needs to be changed to the year of the last entered capital cost
plus one. For this case study the project will be assessed from Year 2.

e Residual value —there is no residual value of the asset after the 31-year evaluation period.

e The ‘copy to clipborad’ button may be used to copy the capital and maintenance cost data and paste into a suitable
external program such as Excel.

Figure 72: Road widening project costs

5.2.1.5 Accident and other costs

Safety is a major reason behind the plafning’and construction of road widening projects. This example involves the
evaluation of a project which produces’assignificant reduction in accidents (see Section 6 of the Technical Guide for

the relationship between MRS and aeCident rates). Accident costs decrease in the first year of the evaluation from $354 000
in the base case to only $190000.in the project case, see Figures 73 and 74. If the accident cost estimates are not
representative of the sectioh of road analysed, the system user can manually calculate the accident costs. To manually
calculate accident costs;{the “manual accident cost’ box found in the ‘create new evaluation’ screen needs to be clicked.

Figure 73: Road widening accident costs — base case
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Figure 74: Road widening accident costs — project case

5.2.1.6 Results and decision criteria

The estimated capital cost for this project is $2.5 million. As a result of capital wetks, TMR has been able to delay some
programmed maintenance. The increase in spending is justified as benefits exceed’the costs. Discounted benefits for
existing road users are valued at over $3.3 million.

The majority of project benefits are derived from savings in accident €osts totalling $2.8 million, see Figure 75. The
results imply that the project satisfies the objective of reducing thé frequency of accidents. At a discount rate of 6%, the
NPV of the proposed maintenance strategy is over $1.4 million'and the BCRis 1.72.

Figure 75: Road widening decision criteria
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5.2.2 Road widening with shoulder sealing

This case study will provide instruction on using CBA6 to conduct an evaluation of initiatives that involve both widening
the road and providing a sealed shoulder.

5.2.2.1 Create new evaluation

The ‘create new evaluation screen’ is shown in Figure 76.

Note: ‘Based on existing evaluation’ option has been selected.

Figure 76: Road widening with shoulder sealing
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5.2.2.2 Road details

The base case MRS is 7 (two-lane seal 5.3 m — 5.8 m without sealed shoulders). The project will widen the road to MRS
11 with sealed shoulders (two-lane seal 7.7 m — 8.2 m), see Figure 77.

Figure 77: Project case with sealed shoulders

5.2.2.3 Road traffic data

Traffic volumes will remain unchanged,ffom the previous case study which included AADT of 300 vehicles per day.
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5.2.2.4 Capital and maintenance costs

The provision of sealed shoulders is expected to incur an additional $500 000 in costs. Capital costs for this project will
be $3 million, see Figure 78. For simplicity, maintenance and ongoing costs have remained consistent with the previous
case study. However, in some instances, the provision of sealed shoulders may actually increase ongoing costs.

Figure 78: Widen and shoulder seal costs

5.2.2.5 Accident and other costs

Accident rates for roads with sealed shoulders areusually lower than for roads without sealed shoulders. In this case
study, it is assumed that accident cost savings wil’comprise a greater proportion of benefits than the previous case
study.

5.2.2.6 Results and decision criteria

The results of this evaluatioh are shown in Figure 79. Total benefits for this project are $3.7 million at the 6% discount
rate. In the previous casé study, total benefits for the project were only $3.6 million. However the provision of sealed
shoulders results in the BCR being lower than the BCR for the previous case study, and the project NPV at $1.56 million
is higher than the previous case study that returned an NPV of $1.37 million. This result suggests that the additional
funds to provide a sealed shoulder are economically justified in comparison to the previous case study. See Section
5.11 for further discussion on option analysis.
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Figure 79: Road widen and shoulder seal decision criteria
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5.3 Realignment

Road alignment can impact on vehicle speed and also trafffic volume. Realignment projects are designed to improve
unnecessary bends and make the road safer to traverse, and can be applied to the approaches of existing bridge
structures and also to roads with poor design standards. In some cases realignment projects shorten the distance road
users have to travel. Realignment projects that improve the horizontal alignment of the road could provide substantial
TTC savings and accident cost savings.

5.3.1 Realignment case study

A regional road is curvy and only provides safe operating speeds of up to 80 kilometres per hour. The aim of this project
is to straighten the alignment to allow for an increase in the posted speed limit. The new posted speed will be 100
kilometres per hour. Construction of this project will occur over two years and will reduce the road length from 2.5
kilometres to 2.3 kilometres.

5.3.2 Create new evaluation

To create a new evaluation, enter a road class of regional, a zone of dry reactiyé, an/evaluation period of 32 years and
a discount rate of 6% in the ‘create new evaluation’ screen. The boxes for advanced projects should not be ticked, see

Figure 80.

Figure 80: Realignment case study

5.3.3 Road details

The ‘road details’ screens highlight the important difference between the base and project cases. In this example the
horizontal alignment of the base case is specified as curvy while in the project case the new road design caters for
speeds over 90 km/h. The project case horizontal alignment will be straight.
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5.3.3.1 Base case

The base case road details are shown in Figure 81. The current horizontal alignment in the base case is curvy (please
refer to Section 4.3 of the Technical Guide for tyre wear curvature parameters for curvy and very curvy roads).

Figure 81: Realignment base case
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5.3.3.2 Project case

For the project case use the ‘copy data from other case’ button to transfer the data from main case. The following
changes need to be made to the project case: Section length — as a result of the realignment the road has been
shortened. The new section length is 2.3 km. The input with the largest influence on the benefits for this case study is
the horizontal alignment. The project case will improve the road from curvy to straight. Figure 82 shows the road details
for the realigned project case.

Figure 82: Realignment project case

5.3.4 Road traffic data

The road traffic data is thé same for the base case and the project case. The AADT is 5000 in Year 1; the growth rate is
4% and compound. Trafficbreakdown is 85% private cars, 5% commercial cars, 4% non-articulated, 2% buses, 2%
articulated, 2% B-doubles, 0% road train type 1 and 0% road train type 2.

5.3.5 Capital and maintenance costs

The proposed project will have a construction timeframe of two years. Construction will occur in Year 2 with detailed
design and minor works to be undertaken in Year 1. The maintenance strategy will also differ between the base and
project cases.

5.3.5.1 Base case

Routine maintenance — enter $50 000 each year. Use the ‘quick edit’ button to populate the routine maintenance

fields for the entire evaluation period. Periodic maintenance — enter $550 000 in Years 7, 21 and 28 in the ‘periodic
maintenance’ row. Enter a reduction in roughness by 5 NRM in adjoining years. Rehabilitation — the current maintenance
strategy for the road involves reconstruction costs of $2 million in Year 14. The roughness of the road will be reduced
back to 50 NRM. Once all the maintenance data has been entered into CBA6 click ‘save’ and begin the same procedure
for the project case.
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5.3.5.2 Project case
For the project case enter the following:

Capital - the total cost for the project is $8 million. In Year 1 the costs will be $2 million with the remainder spent in
Year 2. Routine maintenance — assume routine maintenance will be lower in the project case given there is less road to
maintain. Routine maintenance will be $45 000 per annum. Periodic maintenance — $545 000 in Years 9, 23 and 30
with corresponding roughness reduction of 5 NRM. Rehabilitation — enter $1.95 million in Year 16 of the ‘rehabilitation’
row. Enter a new roughness of 50 NRM in the ‘reduces roughness to (NRM)’ row to correspond with the rehabilitation
costs. Start year of benefits — the start year of benefits will be in Year 3. Residual value — this evaluation does not have a
residual value. Once all the maintenance data has been entered in CBA6 click ‘save’. Use the ‘copy to clipboard’ button
to graph the maintenance and roughness deterioration profile in a spreadsheet. This is useful when comparing the base
and project cases. Figure 83 shows the capital and maintenance costs for the realignment project case.

Figure 83: Realignment costs

5.3.6 Accident and othér.costs

After the maintenance séction of the evaluation is complete, the ‘accident and other costs’ box will be ticked
automatically. The reduction in road length has provided savings in accident costs. Accident costs in the first year of the
base case are estimated at $295 000 while the project case accident costs are only $271 000, see Figure 84.

Figure 84: Realignment accident costs
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5.3.7 Results and decision criteria

In this example, the intention of the proposed project is to realign a poorly designed section of road. The new road

will provide a safer, higher speed environment for road users. The project has a discounted cost of $6.9 million at

the 6 % discount rate, see Figure 85. There are some minor savings in maintenance costs due to the delay in periodic
maintenance costs. The majority of project benefits comprise savings in VOC for road users. As expected the realignment
provides a new route that reduces fuel consumption and improves vehicle performance. The NPV for the project is over
$12.6 million at the discount rate of 6%. The BCR for this realignment project is 2.82 at a discount rate of 6% suggesting
that this initiative is economically viable.

Figure 85: Realignment CBA results
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5.4 Overtaking lane

Overtaking lanes are usually built where the terrain and geometry of a road causes slow vehicles to impede the general
flow of traffic. Overtaking lanes can range in length from several hundred metres to several kilometres. Figure 86 shows
a side-by-side overtaking lane.

Figure 86: Overtaking lane

'v

The evaluation of overtaking lane pro%g{ers from other projects as special methods apply to the calculation of
benefits.

1 Capacity is improved alon@alength of the overtaking lane. Increased capacity at a given AADT allows higher
speeds (reduced travel and a lower accident risk. The construction of the overtaking lane reduces the accident
rate at this site by 25@

2 The provision of a passing lane has a ‘downstream’ effect on traffic. Overtaking lanes cause a dispersion of the
traffic platoons that accumulate behind slow vehicles. Depending on the distance between overtaking lanes and
their length, they have the effect of increasing the capacity of the road section immediately following the end of the
passing lanes. Because the slow vehicles are now at the end of the platoon, other vehicles can travel more quickly
along this downstream section. These vehicles experience user cost reductions along the downstream section, and
the risk of accidents is further reduced as the need for overtaking is reduced.

3 The upstream road section or the road section leading up to the overtaking lane will experience a reduction in the
accident rate of 2.5%. The assumption is that road users will be aware of the overtaking lane ahead and will delay
overtaking.
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CBAG6 contains default factors for the estimation of downstream benefits:
e length of downstream area: 5 km

e capacity increase in downstream area: 20%

e accident reduction in downstream area: 2.5%

e length of upstream area: 3 km

e accident reduction in the upstream area: 2.5%.

System users are able to change the default capacity increase in the downstream area if there is sufficient site-specific
data to support this change, see Section 2.6.3.

For more information on the calculation of overtaking lane benefits see Section 2.4.5 of the Theoretical Guide and
Section 8.4 of the Technical Guide.

CBAG6 has three overtaking modules: single, head-to-head and side-by-side. The yemadinder of Section 5.4 will provide
case studies for each type of overtaking lane.

5.4.1 Single overtaking lane

A single overtaking lane currently provides for overtaking in one direction only. The single overtaking lane directs slow
moving traffic to the left-hand lane, while faster vehicles oveftakevia the right-hand lane. For a single overtaking lane,

there is only one upstream and downstream area.

Note: Sections 5.4.2 and 5.4.3 give examples of two ‘adjoining overtaking lanes which provide overtaking opportunities
in both directions.

Figure 87: Single overtaking lane

< 3km | - Xk < s5km
Upstream Overtaking Downstream
lane

5.4.1.1 Single overtaking lane case study

A TMR example is used as a basis for this case study. TMR’s Northern Region has proposed a 2 km overtaking lane be
built on the Bruce Highway between Emmett Creek and Mackenzie Creek. The project’s main objective is to improve
travel times and safety on this section of the Bruce Highway.
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The base case is defined as the existing 2 km section consisting of a two-lane undivided seal of MRS 12. Traffic levels
on this part of the highway remain reasonably stable at around 4545 AADT and grow at around 2% per annum. The base
case includes routine maintenance costs on the existing two-lane highway for the life of the project evaluation period,
and some periodic maintenance in Year 7 with subsequent spending every five years.

The project case will involve the construction of a single overtaking lane in the northbound direction of the highway.
The timing of maintenance activity in the project case will be the same as the base case, but maintenance costs will be
around 50% higher.

5.4.1.2 Create new evaluation

Create a new evaluation as shown in Section 3.1 and previous case studies. For an overtaking lane project, tick the
‘overtaking lane’ box from the list of advanced modules. Select option 1 (1=single) from the overtaking lane drop-down

menu, see Figure 88.

Figure 88: Create new single overtaking lane evaluation

Note: The ‘edit evalaution’ screen for a single overtaking lane is shown in Figure 89. The overtaking lane type is shown in
the bottom left-hand corner.
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Figure 89: Single overtaking lane edit evaluation screen

5.4.1.3 Road details
The ‘road details’ screen for an overtaking lane is similar to previous-ease studies. For the base case the section length
is 2 km, initial roughness 80 NRM, speed 100 km/h, pavementitype is flexible and there is a sprayed surface seal. In

the base case the horizontal alignment is straight and there‘is/a rolling vertical alignment. The project case details are
shown in Figure 90.

Note: The only available option for the project casesread description is MRS 16: 3 lane overtaking.

Figure 90: Single overtaking lane project
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5.4.1.4 Road traffic data

The road traffic data is the same for the base case and the project case, see Figure 91. The AADT is 4545 in Year 1;
the growth rate is 2% compound per annum. Traffic breakdown is 80% private cars, 5% commercial cars, 4% non-
articulated, 2% buses, 2% articulated, 7% B-doubles, 0% road train type 1 and 0% road train type 2.

Figure 91: Single overtaking lane traffic data
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5.4.1.5 Downstream area

After the road traffic data has been entered for the base and project cases, a new drop-down option will appear for the
‘downstream area case’, see Figure 91. The downstream area in CBAG6 refers to the area immediately after the overtaking

lane, see Figure 92.

Figure 92: Single overtaking lane downstream area workspace
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The downstream area case defines the road details for the highway immediately after the overtaking lane ends. System
users will note that the section length has been defaulted to 5 km, see Figure 93. In this example the downstream area
is assumed to have the same properties as the base case, however the downstream area has increased capacity of 20%
over the base case road configuration. See Section 8.4.1 of the Technical Guide for further details on capacity increase.
Use the ‘copy data from other case’ button to transfer the base case road details to the downstream area.

Figure 93: Downstream area for single overtaking lane

5.4.1.6 Capital and maintenance costs

Costs for the base and project cases.cah be found in Appendix A. As shown in Figure 94, the capital costs are $3 million
in Year 1.

Figure 94: Single overtakifig lane costs
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5.4.1.7 Accident and other costs

The provision of overtaking lanes provides a number of safety benefits. CBA6 assumes that there will be a 25%
reduction in the frequency of accidents on the overtaking lane section.

Figure 95: Single overtaking lane accident costs

5.4.1.8 Results and decision criteria

The project has a total discounted cost of $2.8 million at the 7% diseount rate. There are some minor increases in
maintenance costs to cater for the overtaking lane. The majofity of project benefits are savings in TTC and accident
costs. As expected, the overtaking lane saved motorists gver $1.3 million in TTC and $500 000 in accident costs. This
satisfies our objective to provide a safer road for vehicl€s te’pass slower traffic. System users should note that private
VOC benefits are negative at some discount rates. This'is’due to the increase in operating speed that is achieved from
the increased capacity of the overtaking lane which subsequently increases fuel consumption. The impact of roughness
on VOC benefits in later years is further redueéd.with higher discount rates. See Section 4.1 of the Technical Guide for
further information on fuel consumption.

The NPV for this project is over $600,000vat the discount rate of 7%. The BCR for the single overtaking lane is 1.21 at the
discount rate of 7%.
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Figure 96: Single overtaking lane results

Results - Decision Criteria Recalc No 2
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Benefit Cost Ratio 1.87 1.39 1.2 1.07 0.54
First Y'ear Rate of Return 5.50% 5.39% 5.34% 5.29% B 20%

Help Copy to Clipboard

5.4.2 Head-to-head overtaking lane

A head-to-head overtaking lane configuration provides7a passing lane in each direction. The passing lanes will be
located so that they are not adjacent to each other. While the single overtaking lane caters for traffic in one direction, the
head-to-head overtaking lane will provide passing.opportunities on both sides of the road, see Figure 97.

Figure 97: head-to-head overtaking lane(sealed
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5.4.2.1 Head-to-head overtaking lane case study

This case study will build on the case study from Section 5.4.1.1. Assume that the region is proposing two separate
overtaking lanes, one in each direction, on the Bruce Highway between Emmett Creek and Mackenzie Creek. The
proposed upgrade of the site incorporates a total area of 4 km. All other data will remain the same (see Appendix A for
further data inputs).

5.4.2.1.1. Create new evaluation

For an overtaking lane project, tick the ‘overtaking lane’ box from the list of advanced modules. From the overtaking lane
drop-down menu select option 2 head-to-head, see Figure 98.

Figure 98: Head-to-head evaluation

Note: The ‘edit evaluation’ screen for the head-to-head overtaking lane is shown in Figure 99. The overtaking lane type is
shown in the bottom left hand corner.
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Figure 99: Head-to-head overtaking lane edit evaluation screen
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Figure 100: Head-to-head road details

Cost-benefit Analysis manual, First Edition, February 2011
OTransport and Main Roads 3.107



5.4.2.2 Road details
The ‘road details’ screen for a head-to-head overtaking lane remains similar to previous case studies. The section length
needs to be altered to 4 km, see Figure 100. The project case MRS will be 16, as pavement improvement works will be

undertaken together with the construction of the overtaking lanes. Initial roughness in the project case will be 60 NRM.

Figure 101: Head to head traffic data

5.4.2.3 Road traffic data

Road traffic data inputs are the same for'thebase case and the project case. The AADT is 4545 in Year 1; the growth rate
is 2% and compound, see Figure 101,

Figure 102: Head-to-head downstréam area
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5.4.2.4 Downstream area

The downstream area case defines the road details for the highway immediately after the overtaking lane ends. The
section length has now been defaulted to 10 km as there are effectively two downstream areas (immediately following
the northbound overtaking lane and immediately following the southbound overtaking lane), see Figure 102.

Figure 103: Head-to-head overtaking lane costs

5.4.2.5 Capital and maintenance costs

Cost data for the base and project cases can befound in Appendix A. Project capital costs are now $6 million in Year 1 to
allow for the construction of an additional overtaking lane in the southbound direction, see Figure 103.

Figure 104: Head-to-head accident coSts

5.4.2.6 Accident and other costs

The head-to-head overtaking lane provides a significant reduction in accident frequency compared to the base case.
Accident costs for the head-to-head overtaking lane are shown in Figure 103. See Section 8.4.2.2 of the Technical Guide
for detailed information on head-to-head overtaking lane accident cost savings. It is useful to compare the accident cost
savings of the head-to-head overtaking lane to the single overtaking lane shown in the previous case study (compare
discounted accident cost savings of Figure 94 to Figure 104).
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Figure 105: Head-to-head overtaking lane results

5.4.2.7 Results and decision criteria

In this example the proposed head-to-head overtaking lane shoutld provide a safe passing opportunity for road users
travelling in both directions on the Bruce Highway. Results forthe head-to-head overtaking lane are shown in Figure 105.

The project has a total discounted cost of $5.6 million\atthe 7% discount rate. There are some minor increases in
maintenance costs to cater for two overtaking lanés. The majority of project benefits are achieved through TTC savings and
accident cost savings. As expected, the two ovértaking lanes saved motorists over $3.4 million in TTC and $2 million in
accident costs. This satisfies our objective to,provide a safer road for vehicles to pass slower traffic on the Bruce Highway.

The NPV for the project is over $1 millien at a discount rate of 7%. This is a significant increase over the NPV achieved

for the preceding single overtaking'l@he example. If the cost per overtaking lane is kept constant (i.e. $3 million), the
head-to-head overtaking lane should have a higher NPV than a single overtaking lane due to the increase in overtaking
opportunities in both directions accompanied by the increase in downstream benefits. If the incremental increase in cost
for an additional overtaking lane is above that of a single overtaking lane, the additional overtaking lane may not be viable.
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5.4.3 Side-by-side overtaking lane

An alternative overtaking lane design to those presented in the previous two case studies is the side-by-side overtaking
lane. A side-by-side design provides a passing lane in each direction and locates the lanes adjacent to each other. A side-
by-side overtaking lane is essentially a duplication of the two existing lanes. Although a side-by-side overtaking lane and
a duplication are similar, there are key design differences for the purpose of conducting an evaluation using CBA6.

Figure 106: Side-by-side overtaking lane

-<— 3km - xkm | < s5km |
Upstream Overtaking Downstream
lane
<—| s5km | < xkm | - 3km |
Downstream Overtaking Upstream
lane

5.4.3.1 Side-by-side overtaking lane case study

This case study proposes a side-by-side overtaking'lane as an alternative to the single overtaking lane from Section
5.4.1.1 or the head-to-head overtaking lane frem'Section 5.4.2.1. The project involves constructing a 2 km side-by-side
overtaking lane on the Bruce Highway betwéen,Emmett Creek and Mackenzie Creek.
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5.4.3.2 Create new evaluation

Create a new evaluation as per previous case studies. For an overtaking lane project tick the ‘overtaking lane’ box from
the list of advanced modules. From the overtaking lane drop-down menu select option 3 side-by-side, see Figure 107.

Figure 107: Side-by-side overtaking lane evaluation
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Note: The ‘edit evalaution’ screen for thesidé-by-side overtaking lane is shown in Figure 108. The overtaking lane type is
shown in the bottom left hand corner:
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Figure 108: Side-by-side overtaking lane edit evaluation screen

5.4.3.3 Road details

The road details screen for a side-by-side overtaking lane is similarto the previous case studies. However, the only available
option for the project case road description is MRS 17, fourflane*undivided seal, see Figure 109. The default pavement type
and surface type for MRS 17 have been adopted. The system/liser should change these inputs whenever appropriate.

Note: For the side-by-side evaluation, the section lehgth is specified at 2 km whereas the section length for the head-to-
head overtaking lane was 4 km.

Figure 109: Side-by-side overtaking ldne réad details
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5.4.3.4 Road traffic data

The road traffic data inputs are the same for the base case and the project case. The AADT is 4545 in Year 1; the growth
rate is 2% and compound. This is the same input data as the previous overtaking lane case studies, see Figure 101.

5.4.3.5 Downstream area

After the road traffic data has been entered for the base case and project case, a new drop-down option will appear for
the ‘downstream area case’. System users will note that the section length has now been defaulted to 10 km to account
for two downstream areas. Use the ‘copy data from other case’ button to transfer the base case road details to the
downstream area. Before doing this, system users should check input data. For simplicity, the downstream area in both
directions is assumed to have the same road characteristics, see Figure 110.

Figure 110: Head to head downstream area

5.4.3.6 Capital and maintenance costs
Cost data for the base and project cases can be found in Appendix A. Project capital costs are now $5.5 million in Year 1

to take into account costs on the side-by-side overtaking lanes. As the two overtaking lanes will be co-located, it will be
assumed that costs will be lower compared to the costs of a head-to-head project.

5.4.3.7 Accident and other costs

The side-by-side overtaking lane will provide a number of safety benefits. See Section 8.4.2.3 of the Technical Guide for
further information on the reduction in accidents for side-by-side overtaking lanes.
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5.4.3.8 Results and decision criteria
In this example a side-by-side overtaking lane is proposed as an alternative to a head-to-head overtaking lane. Figure
111 presents the CBA results of the side-by-side overtaking lane. The BCR for this overtaking lane option is 0.98 which

implies that the side-by-side overtaking lanes are not viable.

Figure 111: Side by side overtaking lane results
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5.5 Road closure

The road closure module within CBA6 is relatively complex and requires the system user to collect a wide range of inputs
before conducting a road project evaluation. System users will require detailed information on the project site and some
understanding of traffic conditions in the immediate area of a project. CBA6 has two separate road closure modules:
road closure (with diversion) and road closure. This manual uses the example of a flood immunity project to illustrate
the module in CBA6. A road closure can be any type of closure.

5.5.1 Road closure (with diversion)

CBAG6 can be used to evaluate flood improvement projects. Flood immunity projects require a detailed understanding of
both the road network and road user behaviour. Road user responses to flooding can be quite variable depending on the
frequency, severity and extent of flooding. Flood warning times and the availability of alternative routes will also affect
the decisions made by road users. The following three options exist for road users affected byiflooded roads:

e Wait — remain at the flood site for waters to subside.

e Divert — use an alternative route around the flood affected area.

e Do nottravel — choose not to travel at all.

For all road closure projects CBA6 requires information and data on th€)average annual time of closure (AATOC) and the
average duration of closure (ADC) for the base and project cases.

Before undertaking a flood immunity improvement project the system user should have sufficient knowledge of the
following:
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e flood area - frequency of flooding from historical evidence, at least 10 years

e travel demand - road users response to a closed road, number of vehicles that will wait, divert or choose not to
travel

e diversion route — the road network and suitable alternative routes for road users
e network inundation — other affected roads.

Note: While this section highlights roads closed due to flooding, the same information and theory applies to other
causes of road closures. These could include rock falls or land slippages.

5.5.1.1 Flood immunity improvement case study
This case study involves a bridge that is consistently inundated.

Table 3 shows the flood history for the project site. Based on information from the last20 years there have been five
flooding events where the ADC was 56 hours. The subsequent AATOC for the road-overthe last 20 years is 14 hours.

Table 3: Base case flooding history

Base case flooding
Years 1 2 3 4 5 6 7 8 9 10,11 12 13 14 15 16 17 18 19 20

Number of 1 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0
floods

Total time 60 O 0 0 0 0 0 68 10 0 48 0 0 24 0 0 0 0 80 O
closed
(hours)

AATOC 14
ADC 56

From Figure 111, road users that chooese to divert during road closures must travel an additional 40 km along Section C
compared with the normal length_of the road from Section X to Section Y.
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TMR now proposes a Q100 standard bridge be built on the project site. Section A from Figure 112 is the 1 km flood
affected section to be upgraded. All other input data for this case study is shown in Appendix A.

The appropriate sequence of data entry into CBA6 for road closure evaluations has been outlined in Section 5.5.1.2.

Figure 112: Flood and diversion route

C Diverting Route

X A Flood Affected Section
B Normal Full Length Section
Y

5.5.1.2 Create new evaluation

To create a flood immunity improvement project using CBA6, the system’ user must ensure the ‘road closure’ and
‘diverting route’ boxes are ticked, see Figure 113. Selecting the ‘diverting route’ box will automatically tick the ‘road
closure’ option.

Figure 113: Flood immunity new evaluation screen

Cost-benefit Analysis manual, First Edition, February 2011

3.118 ©Transport and Main Roads



After the flood immunity improvement project has been initially created in CBA6, there are a number of new input fields
the system user is required to complete. From Figure 114, the new inputs include road closure details, diverting route
case and the improved route case (input of data in CBA6 should follow the sequence of sections below).

Figure 114: Flood immunity workspace

5.5.1.3 Road details

The current 1 km section in the base case has an MRS'ef410. The project case will provide a new bridge that is wider
and has a better alignment. From Figure 115, the/néw bridge in the project case provides an MRS of 15 and a straight
horizontal alignment.

Figure 115: Road details for new bridge
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5.5.1.4 Road traffic data

The road traffic data for the flood affected section of road is the same for the base case and the project case. The AADT is
8000 in Year 1 with a linear growth rate of 3% per annum, see Figure 116. System users should note that CBA6 uses the
same traffic configuration for both the project case and the diversion case.

Figure 116: Road traffic data flood affected section

5.5.1.5 Road closure details

The ‘road closure details’ screen displaysthe’main inputs for a flood immunity improvement project. Here the system
user is required to develop a pattern ©ffoad user behaviour when the road is flooded.

The flooding history of the road-indicated an AATOC of 14 hours over the last 20 years. The duration of a flooding event
at the site lasted 56 hours on-average. In Figure 117 the behaviour of motorists is classified according to traffic not
travelling, traffic waiting and.those users that divert via an alternative route during a flooding event. Given that an
average flooding event at'a project site lasts for 56 hours, it is logical to assume that many road users will not wait at the
project site, therefore only 10% of the traffic will choose to wait at the flood site. This proportion of the fleet represents
local traffic. The remaining 90% of the traffic will choose to divert the additional 40 km.

Note: Traffic that chooses not to travel during the closure period will not incur any road user costs. Where the proportion
of traffic that chooses not to travel is high, the system user should seek specialist advice to calculate these economic

costs. In this example the percentage of vehicles travelling is zero. For simplicity the cost of not travelling has therefore
been excluded from the analysis.

Figure 117: Base case road closures
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The bridge to be built in the project case is designed to a Q100 standard. Based on historical flood levels, the average
duration of closure for this bridge would be 10 hours. Traffic behaviour is assumed to change, as the time of closure is
lower than in the base case. Details for the project case road closure is shown below in Figure 118. It has been assumed
that 20% of road users will wait for flood levels to subside due to the lower average duration of closure.

Figure 118: Project case road closure details

Note: The AATOC for a Q100 bridge with an average duration of closure would be 0.1 hours (10 hours divided by 100
years). In CBA6 the AATOC and ADC can only be measured in hours)itherefore in this example the AATOC has been
rounded down to zero.

5.5.1.6 Capital and maintenance costs

The estimated capital costs for the project is $10%million. The expected breakdown of costs for the project is $3 million
in Year 1 and $7 million in spending for Yeat 2&\The project will open to road users in Year 3 and CBA6 will calculate
benefits from this time, see Figure 119.Jhe bridge is expected to have a useful life of 100 years, therefore a residual
value has been developed to value theuseful life of the bridge after the 30-year evaluation period has ended. See
Section 9.7 of the Technical Guideforformulas to calculate the residual value.

Figure 119: New bridge costs
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5.5.1.7 Accident and other costs

Accident costs will be automatically calculated by CBA6. The project provides savings in accident costs due to the
change in MRS. During periods of road closure, increased traffic volumes will result in increased accidents on the
diversion route, as diverting traffic will mix with existing road users. See Appendix C for a more detailed breakdown
of benefits. Existing traffic volumes are used in CBA6 to determine the extent of congestion on the diverting route
but no benefits or costs are attributed to them in the evaluation. See Section 8.1 of the Technical Guide for further
explanations.

5.5.1.8 Diverting route road details
In this example the only available diversion route is a regional road. The traffic on the diversion route is referred to as
existing traffic. In this example there are 1200 road users per day on the alternative route. The length of the alternative

diversion route is 15 km, see Figure 120.

Figure 120: Base case diversion route details
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System users can edit the project case diversion route details using the ‘case’ drop-down menu. In this example the
project case diversion route has the same characteristics as the base case, see Figure 121.

The ‘project case details’ screen can be accessed to confirm the project case details, but any changes to the project case
will also change the base case. The only variable that will change is the traffic data. Only 6400 road users will choose to
divert in the project case compared with 7200 in the base case. This reflects the change in driver behaviour between the
base and project cases. The new bridge in the project case has a shorter closure period. This means more road users will
wait for the flood waters to subside and fewer road users will be inclined to travel the extra distance on the diversion route.

Figure 121: Project case diversion route details
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5.5.1.9 Diverting route traffic data
The road traffic data for the diversion route is the next required input, see Figure 122.

Figure 122: Diverting route workspace

The only available option for system users is to adjtistthe traffic breakdown for the diversion route, as the initial AADT
will be calculated automatically from CBA6 usingdata previously input by the system user. System users will note that
the AADT includes the existing traffic on therdiversion route, see Figure 123. In this case study, traffic breakdown of
existing traffic is the same as diverting traffic,

Figure 123: Base case diverting routefraffic
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System users must also complete the diverting route project case road traffic data, see Figure 124.

Figure 124: Project case diverting route

5.5.1.10 Improved route details

The improved route is the normal section of rgad.that is used when the road is open to traffic (Section B in Figure 110).
The system user is required to define the l€ngth of the improved route from the beginning to the end of the diversion
route. The improved route will therefore‘tedin the same between the base and project cases. In Figure 125, the
improved route is shown as 10 km (ineludes the 1 km for Section A).

Figure 125: Improved route defails
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5.5.1.11 Results and decision criteria

In this example, the proposed project involves construction of a new bridge with Q100 flood immunity. The project has a
total discounted capital cost of $9 million at the 6% discount rate. There are some savings in costs due to the inclusion
of the residual value.

The majority of project benefits comprise TTC savings for road users. In the base case road users suffered delays waiting
for flood waters to subside and increased journey times via the diversion route. This new bridge provides a better flood
immunity for the site. The ‘discounted road closure savings’ row shows the delay costs for road users waiting for flood
levels to subside. There is a saving of $3.6 million in waiting costs.

The NPV for the project is over $19.8 million at the discount rate of 6%. An NPV above zero is an indicator that the
project will improve economic welfare. The BCR for the new bridge is 4.33 at the discount rate of 6% which suggests that
the project is economically viable.

Figure 126: Flood immunity improvement results

Note: To test for any uncertainty in the input data, system users can re-run the evaluation under different assumptions
such as changes to the time of closure details, traffic behaviour during road closures or existing traffic on the diversion
route. Alternatively, the sensitivity results shown in the printed CBA6 report can be used as a reference point.

5.5.2 Road closure (without diversion)

The road closure module in CBA6 is used for projects that are associated with frequent road closures without suitable
diversion routes. As is the case with the road closure with diversion module, the road closure module will require system
users to possess a wide range of data inputs and also have some understanding of local traffic conditions.

The following two options exist for road users affected by flooded roads:

e Wait — remain at the flood site for waters to subside.

e Do nottravel — choose not to travel at all.
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Before undertaking a flood immunity improvement project, the system user must be in possession of project data
including AATOC and ADC for the base and project cases.

5.5.2.1 Road closure case study
This case study involves a low lying road that floods during the wet season. This occurs every year with an average
duration of closure of 12 hours. This road is an important freight link used by a number of heavy vehicles. As there is no

suitable diversion route, it is assumed that all vehicles will wait at the flood affected site.

TMR will raise the height of the road through earth works and provide a culvert to eliminate future road closures.

5.5.2.2 Create new evaluation

To create a road closure project the system user must ensure the ‘road closure’ box is ticked, see Figure 127.

Figure 127: Road details for culvert

5.5.2.3 Road details

The ‘road details’ screen describes the section of road to be upgraded and improved in the project case. The current
road has a roughness of 110 NRM while the project works will provide a new seal of 60 NRM, see Figure 128. All other
input data will remain the same.
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Figure 128: Closure road details

5.5.2.4 Road closure details

Historical records suggest that this rodad fleods for 12 hours every year. In the base case the AATOC is 12 hours and
the corresponding ADC is 12 hours, therefore the estimated frequency of road closures over the evaluation period is
one closure of 12 hours every year, see Figure 129. Longer road closures are likely to result in less traffic waiting at
the project site and more traffic’choosing not to travel (see Section 5.5.1 for further information on the costs of not
travelling). As there is no/uitable alternative route in this case study, it is assumed that all vehicles will wait at the
project site for the flood tossubside. If an alternative route is available some vehicles will elect to use it.

Figure 129: Base case road closures
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New culvert and earthworks will eliminate all future road closures caused by flooding. Road closure details for the
project case are shown in Figure 130.

Figure 130: Project case road closures

5.5.2.5 Capital and maintenance costs

Construction will occur over a one-year time frame. The estimated‘cost for the project is $800 000 with the project being
commissioned in Year 2. It is assumed that maintenance capjtal costs will remain the same in the base and project
cases, therefore the net result will be zero.

5.5.2.6 Accident and other costs

Accident costs will be calculated automatic€ally'by CBA6. However as there is no change in MRS between the base and
project cases there are no accident cost'savings recorded.
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5.5.2.7 Results and decision criteria

In this example, a culvert will be built to stop the frequent flooding that occurs along a regional road. The road closure
savings for this project are over $1 million while the BCR is 1.69 at the 6% discount rate. The FYRR for the project of
8.77% shows that at current traffic volumes, immediate construction of the project is warranted.

Figure 131: Road closure results
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5.6 Intersection

Intersection evaluations can be undertaken in CBA6 using the intersection module. CBA6 has been designed to use
output information from the SIDRA intersection performance tool. Before undertaking an economic evaluation in CBA6,
the system user will require traffic modelling results from SIDRA. System users should seek support from the CBA Team
when using alternative traffic models.

The CBA6 intersection module takes into account queuing behaviour and delays within the boundaries of the
intersection and determines the impact on travel time and fuel costs. Changes in VOC other than fuel are not calculated
by CBA6 or SIDRA.

The intersections module is best used for evaluating projects which are not expected to have significant network effects.
A transport network model or microsimulation tool should be used if the intersection under evaluation is expected to
have significant effects on traffic volumes or speeds of connecting links.

The CBAG6 intersection module can be used for:
e intersection only projects such as replacing an unsignalised intersection with a rouhdabout or signals

e intersection projects which are expected to cause traffic diversions to or fram-alternate routes. The evaluation would
be made up of composite runs of CBA6 using the intersection module and.the normal road module of CBA6 for
estimating benefits to existing and diverting traffic. The ‘linking projects’<finction would be used to combine the
individual components into a total project, see Section 5.13.

Note: CBA6 has been specifically designed to use outputs from SIBRA, although it may be possible to use outputs from
other intersection modelling tools. System users should consult With the CBA Team before attempting to use outputs
from other modelling tools.

5.6.1 Intersection case study

This case study involves the signalisation @f.a simple intersection which connects a local road to an arterial road.
Currently, a stop sign on the local road,ontrols vehicular access to the arterial road. During afternoon peak periods
there are significant delays to traffic.mérging onto the arterial road. The intersection is currently oversaturated. A
signalised intersection will reducethese delays and increase safety at the site by controlling all vehicle movements. The
project will take one year to cofistruct and will have a useful life of 10 years. To determine the savings in delay times, a
SIDRA analysis was undertakeh on both the current intersection and the new signalised intersection. The results of the
SIDRA analysis for the base case (stop sign) intersection are shown in Table 4. Figure 132 illustrates the structure of the
Tintersection.

Table 4: SIDRA base case (unsignalised)

Year Period Duration (hours) Vehicles per hour Average delay (S/ Fuel consumption
veh) (L/h (total)
Year 1 Morning peak 1 2,203 28.2 152.7
Afternoon peak 1 2,361 36.3 161.8
Year 11 Morning peak 1 2,646 181.1 335.3
Afternoon peak 1 2,835 327 503.4
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Figure 132: Intersection layout

Kumbar Street

David Low Way (west) David Low Way (east)
The results of the SIDRA analysis for the project case-(signalised) intersection are shown in Table 5.

Table 5: SIDRA project case (signalised)

Year Period Ducation (hours) Vehicles per hour Average delay (S/ Fuel consumption

veh) (L/h (total)
Year 1 Morning peak 1 2,203 4.4 122.5
Afternoon peak 1 2,361 3.7 126.7
Year 11 Morning peak 1 2,646 56.9 235.5
Afternoon peak 1 2,835 6.7 172.2
Note:

e The operation of the signals in combination with the large volume of traffic coming from the east in the morning
reduces the effectiveness of the signals in the morning peak period relative to the afternoon peak period.

e Data forYears 1 to 11 will be interpolated by CBA6 using a simple liner technique, see Section 5.5.3.

5.6.2 Create new evaluation

To create a new intersection evaluation, ensure the ‘new intersection evaluation’ option is selected, see Figure 133. This
will disable all other evaluation modules.
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Note: The evaluation period is 11 years which includes one year for construction and 10 years of operation. The urban
speed environment is selected as the project is located in the middle of a town.

Figure 133: Intersection new evaluation

The intersection module operates from\a’different node tree to road projects modules. From Figure 134, the new input
field is ‘intersection data’. The ‘intefsection data’ screen is where the SIDRA data is required to be input.

Figure 134: Intersection workspace
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5.6.3 Intersection data

For this case study, the SIDRA analysis was only undertaken for the peak morning and afternoon periods of the day.
The default time periods for an analysis in CBA6 include the peak periods, non-peak periods, night and weekends, see

Figure 135.

Figure 135: Intersection traffic data

To input the base case data, fill in the required fields in Eigure'136. After entering the data for Year 1, click ‘save’.

Figure 136: Base case intersection data Year 1

Note: Generally SIDRA analysis will only be undertaken for the peak periods. When this is the case, all other periods
must be set to zero.

The next step requires the system user to enter the final year of SIDRA data in Year 11, see Figure 137.
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Figure 137: Base case intersection data Year 11

To calculate the SIDRA results for the remaining years, CBA6 interpolates the*data from Years 1 to 11. From
Figure 138 the system user is required to use the ‘calculate other years’ gsutten. This process is repeated for the project
case SIDRA data.

Figure 138: Calculate other years
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5.6.4 Capital and maintenance costs

Current maintenance and operational costs for the base case (stop sign controlled intersection) is $2000 per annum.
The capital costs for the new signalised intersection are estimated at $1.5 million and will cost $15 000 each year to
operate, see Figure 139.

Figure 139: Intersection costs

5.6.5 Accident and other costs

Accident costs in the intersection module have to be calculated manually by the system user. In this case study accident
costs for the base case are $50 000 per year. The improved safety conditions in the project case reduced accident

costs to $25 000 per year. For detail on the manual calculation of accident costs, see Section 6 of the Technical Guide.
Accident costs can also be calculated by using DCA codes.

See Section 7 of the Technical Guide for furthéridéetails on externality costs.

5.6.6 Results and decision.criteria

In this case study, the proposed/project provides a signalised intersection as an alternative to a stop sign controlled
environment. The project hds atotal discounted cost of $1.4 million at the 6% discount rate. There is an increase in the
operational costs of the projéect to account for traffic systems and other costs associated with maintaining a signalised
intersection.

TTC savings for private road users represent the majority of the benefits derived from this project. In the base case, road
users suffer significant delays in the afternoon peak period. The new signalised intersection will significantly reduce
delays and the associated over saturation of the intersection.

The results of this case study provide strong justification for the project. The NPV of $6.0 million at the discount rate of
6%, and a BCR of 5.06 suggest that the signalisation of this intersection will yield significant economic benefits, see
Figure 140. The BCR is particularly high due to the significant reduction in travel delays as a result of the signalised
intersection.

Cost-benefit Analysis manual, First Edition, February 2011
3.136 OTransport and Main Roads



Figure 140: Intersection results and decision criteria
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5.7 Duplication

A road duplication project is designed to double the existing lanes of a road. Road duplications are commonly applied
to arterial roads or highways where there is sufficient demand to warrant a major upgrade. The purpose of a road
duplication is to provide increased road capacity to enable traffic volumes to continue to grow.

Note: Road duplication projects are sometimes referred to as road widening projects. Road widening refers to increasing
only the seal width of a road. Highway upgrades from four to six lanes are not technically referred to as a duplication.
Also road duplication projects are often associated with an increase in traffic demand above the underlying growth
which results in ‘generated traffic’. If a road duplication initiative generates additional traffic, the system user should
follow the example set out in Section 5.9.

5.7.1 Duplication case study

This case study involves the evaluation of a two-lane highway that requires duplication. Currently 12 000 vehicles per
day use the highway and growth of 5% per annum is assumed. The proposed project will duplicate the road for 3 km and
provide a divided seal to increase safety.

5.7.2 Create new evaluation

The ‘create new evaluation’ screen is similar to other case studies. No"advanced modules need to be selected, see
Figure 141. All case study data is shown in Appendix A.

Figure 141: Duplication evaluation
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5.7.3 Road details

The main input used in a duplication project is the MRS. In the base case, the current road is two lanes with a seal width
of 9.4 metres and sealed shoulders, see Figure 142.

Figure 142: Base case road details 2 lanes

The project will significantly upgrade the road to a four:lane divided highway with an improved surface. From Figure 143
an MRS of 19 is selected in the project case. The\default pavement and surface types for MRS 19 are rigid and concrete
respectively.

Figure 143: Duplication details
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5.7.4 Road traffic data

The AADT is expected to remain the same between the base and project cases. Initial AADT is 12 000 with an annual
growth rate of 5%, see Figure 144.

Figure 144: Duplication road traffic data

5.7.5 Capital and maintenance costs

The capital cost for the duplication js‘estimated at $51 million over two years. Initial site works will begin in Year 1, with
the majority of the capital costs béeiggincurred in construction during Year 2. Maintenance costs in the project case are
estimated to more than doublé€. Figure 145 shows the cost distribution for the project. The first year of operation will be
in Year 3. All other costs, in€luding base case maintenance costs, are shown in Appendix A.

Figure 145: Duplication costs
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5.7.6 Accident and other costs

The road duplication project and new divided seal will improve safety along the highway. Accident cost savings are
estimated at over $3.3 million, see Figure 145. A highway with a divided seal is expected to provide a reduced accident
rate. See Section 6 of the Technical Guide for further information on accident rates for each MRS.

5.7.7 Results and decision criteria

To cope with increasing traffic volumes along the highway, TMR has proposed a duplication to improve highway
conditions. The BCR for the project is 1.75 while the NPV is $35 879 544 at the 4% discount rate. At the

7% discount rate, the BCR is 0.99 and the NPV is $593 015, see Figure 146. The large difference in NPV at the two
discount rates can be explained by the low FYRR (1.57 and 1.53 at the 4% and 6% discount rates respectively) which
implies that project benefits lie in the future. Delaying this project by a few years will improve its economic viability.

The majority of benefits are TTC savings. This is due to congestion in the base case. Private andscommercial VOC savings
for this project are negative. The results also show that private VOC benefits decrease at.higher discount rates while
commercial VOC benefits increase at higher discount rates. This is due to the relationShip between operating speed and
VOC for private vehicles. See Section 3 of the Technical Guide for further information on operating speed.

Figure 146: Duplication results
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5.8 Bypass

A bypass is a new road which reroutes traffic around a town or built-up area. There are different types of bypass
projects, for example a bypass can be due to a rock fall or a flooding event. A bypass project involves the permanent
re-route of a road whereas a diversion project is a temporary workaround. Evaluations of bypasses tend to be data
intensive depending on the magnitude of the bypass. For example, in a town bypass, the project case has an origin
from the proposed deviation and a destination where the bypass rejoins the original route. A bypass of this nature has
the capacity to bypass multiple individual road links. In reality, bypassing a town will have a number of commercial
and social impacts that may need to be evaluated. Due to the complexity of the bypass evaluations, system users

must carefully consider the base case and the bypass option prior to attempting to establish the methodology. It is
recommended that specialist advice be sought as early as practical. See Section 2.4.3 of the Theoretical Guide for more
information on bypass evaluations.

A town bypass provides a separation between highway traffic and local commuters. Town bypasses can reduce local
congestion, reduce highway traffic travel time, improve safety, reduce noise and increase air quality. This case study will
provide a simple example of a town bypass. In this example the only impacts under consideration are road user costs
and capital costs.

Note: This module can be used to evaluate projects where some vehicles need to-divert around a road due to lack of
proper access. For example, a low clearance bridge, or a bridge with a low load’capacity, will require some vehicles to
divert around the road via an alternative route.

5.8.1 Bypass case study

This case study involves the evaluation of a state-controlledighway that passes through a major rural town. Highway
traffic passing through the town is delayed by reduced spéed limits, congestion and delays at intersections. A proposed
bypass of the town will provide TTC savings for highwaytraffic.

The new road will bypass four discrete sections of road from the existing highway. The sections to be analysed in the
case study are shown in Figure 147. These sections currently carry between 4000 and 8000 vehicles per day. Of these,
2000 are passing through the town and aré expected to divert to the proposed bypass. A large proportion of the traffic
(around 23% of all trips), is for business\purposes.

The capital costs of the proposed bypass are $85 million including simple intersection works at either end. In this case
study, the effects of the interséction works on users and safety will be marginal. Note: In reality, intersections could be
discretely analysed using the ‘intersections’ module, and combined with the results of the base case and project case

sections using ‘link projécts’.

5.8.1.1 Base case

The main street funnels highway traffic in both directions through the town. The purpose of this project is to divert
highway traffic around the town through the construction of a bypass.

The existing route includes four sections. Sections 2 and 3 comprise the main street. Each section has the same model
road state but the traffic volumes differ. Sections 1 and 4 have an AADT of 4000, and Sections 2 and 3 have an AADT of
8000. The first and fourth sections are part of the current highway alignment. These are included so that the base case
and the project case have common end points.

The maximum speed along the main street is suppressed as a proxy for the impedance of intersections. To do this the
‘posted speed limit’ is specified at 40 km/h (this speed estimate will vary depending on the project).

Note: The bypass is not an element of the base case because it is at this stage only a proposal. If the bypass took the
form of upgrading an existing route, that existing route with its current MRS, condition and traffic would be part of the
base case.
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5.8.1.2 Project case

The project case contains five sections. The first section is the proposed bypass or new road. The remaining four
sections are the existing sections of road passing through the town. On each base case section, 2000 vehicles are
assumed to divert to the project case route.

For simplicity, there is no generated traffic in the project case. Bypass projects such as this may generate traffic.
Judgement needs to be made about the scope of analysis which can be achieved. It is usually best to leave generated
traffic out of the analysis.

For simplicity, intersection effects at either end of the town are negligible.

Figure 147: Bypass
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Table 6 shows the sections used in the case study. The first step is to identify the sections or segments making up the
base and the project cases. If road descriptions and AADT vary frequently along the routes being evaluated, then the
sections will be aggregated on a ‘most common characteristics’ basis. See Section 2.4.3 of the Theoretical Guide for
more information on bypass evaluations.

Note: In this simplified case study, the safe operating speed on the existing road is assumed to be 40 for all four
sections.
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Table 6: Town bypass base and project case

Town bypass Section 1 Section 2 Section 3 Section 4 Bypass

B P B P B P B P B P
Mrs 9 9 9 9 9 9 9 9 N/a 15
Section length 1 1 4 4 4 4 1 1 N/a 7
Initial roughness 75 75 75 75 75 75 75 75 N/a 50
Safe operating speed 40 40 40 40 40 40 40 40 N/a 100
Pavement type 2 2 2 2 2 2 2 2 N/a 3
Surface type 3 3 3 3 3 3 3 3 N/a 4
Horizontal alignment 1 1 1 1 1 1 1 1 N/a 1
Vertical alignment 1 1 1 1 1 1 1 1 N/a 1
AADT 4000 2000 8000 6000 8000 6000 4000, 2000 0 2000
Private 82.0% 88.0% 82.0% 84.0% 82.0% 84.0% 82.0% 88.0% 0.0% 76.0%
Commercial 11.0% 9.0% 11.0% 10.3% 11.0% 10.3% 11.0% 9.0% 0.0% 13.0%
Non-Aortic 3.3% 1.6% 3.3% 2.7% 3.3% 2.7% 3.3% 1.6% 0.0% 5.0%
Buses 1.0% 1.0% 1.0% 1.0% 1.0% 1)0% 1.0% 1.0% 0.0% 1.0%
Aortic 1.1% 0.2% 1.1% 0.8% 1.4% 0.8% 1.1% 0.2% 0.0% 2.0%
B-double 1.6% 0.2% 1.6% 1.1% 1.6% 1.1% 1.6% 0.2% 0.0% 3.0%
Rt1 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Rt2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Growth rate (% pa linear) 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% N/a 3.0%

See Section 8.7 of the Technical Guide for derivation of AADT calculations.

Note: Bypass costs in the base case are,negligible because base case traffic is set to zero (AADT=0).
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5.8.2 Create new evaluation

To create a bypass evaluation, the ‘bypass’ option must be selected. In this case study there will be four sections
bypassed. In Figure 148 the bypass box is ticked and ‘4’ has been entered in the ‘sections to be bypassed’ field.

Figure 148: Bypass evaluation
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As shown in Figure 148 the bypass evaluation will have a number of data input fields for the various road sections. The
new bypass section in the CBA6 node tree is represented by both the ‘base road case’ and ‘project road case’ fields.
Section 1 in Figure 147 matches the ‘base existing Section 1’ from Figure 149, with other sections following accordingly.

Figure 149: Bypass workspace

Cost-benefit Analysis manual, First Edition, February 2011

3.146 ©Transport and Main Roads



5.8.3 Road details

In this case study the bypass will be a newly built road and not an upgrade to an existing route. Therefore, the ‘base road
case’ field is superfluous (likewise the ‘road traffic data’ screen will show zero traffic). If this project was an upgrade to
an existing road the ‘road details’ screen would need to be correctly completed. For illustrative purposes the base case
road details can be entered as shown in Figure 150.

Figure 150: Bypass base case
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The proposed bypass (project road case) willkbe a new two-lane highway. Details for the bypass section are shown in
Figure 151.

Figure 151: Bypass road details
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5.8.4 Road traffic data
The road traffic data for the bypass is the next input field, see Figure 152.

Figure 152: Bypass road traffic data workspace

Here the system user is now required to entér'the traffic that will divert from the old highway to the new bypass. In Table
5, the breakdown of traffic for the bypass is'shown. 2000 vehicles per day will use the new bypass, see Figure 153.

Figure 153: Traffic on bypass
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Note: In the base case traffic data screen, 0 must be entered for all years of the evaluation.

5.8.5 Capital and maintenance costs

The ‘capital and maintenance costs’ screen refers to the bypass section only. In the base case maintenance will be $50 000.
Roughness deterioration is not calculated in CBA6 for the existing route within the bypass module. The cost to build the
new bypass is estimated at $60 million. The new bypass will be resealed every seven years, starting from Year 8 at a cost
of $1 million for each reseal with the exception of Year 22. Figure 154 shows the cost forecast for the project.

Figure 154: Bypass costs

Note: The system user is not required to enter maintenance data for the four existing routes. Maintenance costs for the
existing routes are not expected to change between the base and project cases. As a result, the roughness measure on
the existing routes will not change between the*base and project cases, therefore the net result will be zero.

5.8.6 Accident and other Gosts

Accident costs will be automatically calculated by CBA6. The accident rate on the existing routes will decline due to
reduced traffic after the bypass is completed. The accident rate on the new bypass will increase from zero before the
bypass is constructed to a positive accident rate after it is opened to traffic. The net result should be an overall reduction
in accidents as the bypass is a shorter length compared with the existing routes.

Note: Other costs and benefits relevant to a bypass evaluation may include a reduction in externalities such as noise
levels on the existing route, as highway traffic now bypasses local roads and residents. See Section 7 of the Technical
Guide for further information on calculation of these costs and benefits.

5.8.7 Existing sections

The next step after the bypass section details have been completed is to input the data for the existing road sections.
The road details and traffic input data for each existing section is shown in Table 6. The input screens for the existing
road sections are the same as for previous case studies. With the provision of the bypass, it is assumed that 2000
vehicles will choose to travel along the upgrade (higher throughput and reduced travel cost), while the remaining road
users travel along the existing sections (local road users). These ‘switching’ vehicles are represented in the project case
of the bypass in Figure 147.
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5.8.7.1 Existing Section 1
Road details for Section 1 are shown in Figure 155.

Figure 155: Existing Section 1 road details

Traffic data for the existing Section 1 in the base,cases shown in Figure 156. An estimated average of 4000 vehicles
travel on this section every day.

Figure 156: Existing Section 1 base case traffic

After the bypass is built, only 2000 vehicles per day will travel on Section 1, see Figure 157.
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Figure 157: Existing Section 1 project case traffic

After all input data has been saved, the results of the bypass evaluation can be calculated, see Figure 158.

Figure 158: Town bypass workspace
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5.8.8 Results and decision criteria

The new $60 million bypass provides a BCR of 1.44 at the 6% discount rate, see Figure 159. The majority of benefits
comprise savings in journey time. In the base case, the average speed through the town was 40 km/h which
incorporated delays at intersections. The new bypass enables highway traffic to travel at 100 km/h. Commercial vehicles
are estimated to gain over $22 million in TTC savings, which satisfies the project objective to better cater for business
travel. Around 10% of the project benefits relate to the reduction in accidents through the town. See Section 2.4.3 of the
Theoretical Guide for more information on bypass evaluations.

Figure 159: Bypass results

Note: For further information on the calculation of bypass benefits, see Section 8.7 of the Technical Guide.

Cost-benefit Analysis manual, First Edition, February 2011
3.152 OTransport and Main Roads



5.9 Unsealed roads

A large proportion of Queensland’s road network comprises unsealed roads; some of these roads have been designated
as development roads. Unsealed roads often suffer from corrugation and other surface defects which impact negatively
on vehicle ride, speed and safety. Progressively upgrading these roads by sealing the surface will therefore significantly
reduce VOC savings and TTC savings. CBA6 values the benefits of road sealing initiatives and also calculates the benefits
to livestock transport. Refer to Section 8.6 of the Technical Guide for details of livestock calculations.

The primary economic benefits from sealing roads are derived from the reduction in damage to livestock. Other benefits
include access to remote areas, especially during the wet season. Rain and flooding can destroy unsealed roads which
then require significant costs to rehabilitate. In these instances, a sealed road will have smaller maintenance costs than
an unsealed road.

5.9.1 Unsealed road case study

For this case study, it is assumed that connectivity between two remote communities is previted via a 12 km section of
unsealed developmental road. The road is not subject to flooding. Sealing the road will\provide a better road surface and
improved access. This region is reliant on primary production, and consequently there-is a high proportion of road train
livestock freight in the current vehicle fleet. The AADT for the development road iS.125 vehicles per day, 17% of which
are road trains. The project will provide a sprayed seal surface with construetion6ccurring over one year at a cost of $6
million.

5.9.2 Create new evaluation
This project will benefit livestock operators using the new’sealed road. See Section 2.4.4 of the Theoretical Guide for
further information on livestock impacts. The ‘livestockdamage’ option is ticked as seen in Figure 160. Not all road

sealing projects will have livestock benefits. This optien-should only be used when appropriate.

Figure 160: Unsealed road evaluation
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Note: When the livestock damage option is selected, CBA6 will automatically assign the apprioriate options of MRS
available for the base case.

5.9.3 Road details

Figure 161: Unsealed road in the base case

The project case will provide a new sprayed’sutface road. Details for the project case are shown in Figure 162. The
improved road surface enables an incredse in'the safe operating speed.

Figure 162: Sealed project case
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5.9.4 Road traffic data
The ‘road traffic data’ screen for road sealing projects is different from other case studies. CBA6 requires data on the
proportion of heavy vehicles carrying livestock. The base case traffic data is shown in Figure 163. It is assumed that

all road trains carry livestock while only half of the articulated and B-double vehicles transport livestock. Annual traffic
growth is 1% linear and traffic data will remain the same between the base and project cases.

Figure 163: Unsealed road traffic data with livestock

5.9.5 Capital and maintenaneé costs
Routine maintenance costs inthe.base case are $20 000 per year. The estimated capital cost for the project is $6
million with routine maintefiance of $25 000 per year. Periodic maintenance will occur every 7 years which will reduce

roughness by 5 NRM. Projectcase costs are shown in Figure 164.

Figure 164: Sealed road costs
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5.9.6 Accident and other costs

Accident costs are calculated automatically by CBA6 in the base and project cases. As the primary aim of this project is
to seal an unsealed road, accident cost savings do not comprise a major benefit.

5.9.7 Results and decision criteria

The sealed road project has a BCR of 1.32 at the 6% discount rate. The FYRR is high at 8.6% indicating that the project
need not be delayed.

The majority of project benefits accrue from savings in VOC for commercial vehicles. This is not surprising given the
condition of an unsealed road. A new sealed road will provide a much smoother ride for freight vehicles. There are also

significant livestock benefits for transport operators with savings of around $1.8 million in livestock damage costs.

Figure 165: Sealed road results

Results - Decision Criteria Recalc No 7

Dizgcount R ate 4% B% 7% 8% 107
Digcounted Costs £.360.561 £.105.724 5,997,392 5,098,787 5.724 454
Dizcounted Capital Costs 5.769.231 5.660.377 5.E07 477 5,555,566, 5.454 545
Dizcounted Other Costs 531.330 445,346 383.915 343N 263,909
Discounted Benefits 10,339.479 8,008,214 7.124,009 B89, 377 5208772
Private TTC 5 avings 476,683 369.071 328.237 293,842 239,766
Commercial TTC Savings 1.274.237 334,320 287.43 TAE 554,376
Frirvate VOC 5 avings 0E8.06E E71.742 597,360 h34, 757 436417
Commercial WOC Savings £.003. 506 4,652 044 4,137,432 3704178 3.023.353
Discounted Accident Savings 620,857 -479,358 WFE22 380,807 -310,199
Discounted Emizsioh Savings 0 0 0 1]
Discounted Environment S avings 0 0 0 1]
Dizcounted Secondary S avings 0 0 0 0 1]
Dizcounted Other Savings 0 0 0 0 1]
Dizcounted Foad Closure Savings 0 0 0 0 1]
Dizcounted Livestock D'amage Benefits 2,331,844 1a0e334 1,599,341 1,430,253 1,165,058
Dizcounted Generated Traffic Benefits i a a a 1}
Met Present 'Walue [NFY) 3,978,918 1.502.430 1126817 480,530 516,682
et Prezent Value per dollar Investment (0] 034 0.20 0.03 -0.09
Benefit Cost Ratio Excl. Private Time hEG 1.25 1.13 1.03 087
Benefit Cost Ratio 163 1.31 1.19 1.08 0.91
First Y'ear Rate of Return 8.73% 8.57% 8.49% 8.41% 8.26%
Help Copy to Clipboard

Note: The ‘discounted accident savings’ row shows disbenefits for accidents. This implies that there will be an increase
in accidents in the project case. CBA6 uses data from around the state to determine the accident rate for certain road
types to form a representative state average. In this example, the accident frequency of an MRS 1 is less than on an

MRS 7. As with every case study, if site specific data exists, the system user should manually calculate accident costs by
selecting the ‘manual accident cost’ option in the ‘create new evaluation’ screen.
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5.10 Generated traffic

AADT is normally the same for both the base and project cases. Generated traffic is managed as a separate node and is
the additional number of trips expected to be made by road users in response to perceived reductions in costs from a
proposed road project initiative. The extent of generated traffic depends upon the sensitivity of road travel to a change in
the perceived costs of road travel along a particular route.

CBAG6 calculates generated traffic benefits by estimating the increase in consumer surplus attributed to the upgrade.
This method of deriving generated traffic benefits is referred to as the ‘rule of half’ as the gain in the consumer surplus
forms a triangle. For more information on generated traffic, see Section 2.4.2 of the Theoretical Guide.

5.10.1 Generated traffic case study

This case study will show a simplified example of generated traffic. In this example, access tofa coastal community is
only available by a poorly designed narrow road. The condition of the current road results.in a Slow trip to the community
from the main highway. Economic growth is constricted due to lack of proper access. TMR'preposes a significant upgrade
to the existing road. The new road is anticipated to generate an additional 150 trips penday in the first year of opening.
Savings in TTC is the main reason for increased demand in road traffic.

Note: CBA6 only calculates benefits to road users and assumes that the sayings,in road user costs will be passed on to
the community. Therefore additional benefits are implicitly calculated through'TTC savings and VOC savings. Additional
flow-on effects beyond these benefits should be calculated by an ecofiomist.

5.10.2 Create new evaluation

To create a generated traffic evaluation the ‘generatedstraffic’ option must be selected as shown in Figure 166.

Figure 166: Generated traffic evaluation
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The generated traffic node tree is different to other case studies, see Figure 167. The ‘generated traffic’ data screen
requires the system user to enter the estimated number of increased trips made per day.

Figure 167: Generated traffic workspace

5.10.3 Road details

The road details for the current road are shown in Figure 168. The'hase case is a narrow road with poor horizontal and
vertical alignment.

Figure 168: Base case road to coastal town

The new road will provide a safer alignment which reduces the length of the journey. With a safer horizontal alignment,
the speed limit is increased to 100 km/h. The realignment of the old road reduces the journey length for road users. This
will stimulate additional demand for the road. Project case road details are shown in Figure 169.
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Figure 169: Project case road details

5.10.4 Road traffic data

The ‘road traffic data’ screen is used to specify existing traffic demand, therefore the base and project cases traffic data
remain the same. The additional trips made when\the project is complete will be entered in the ‘generated traffic’ node.

Existing traffic demand is shown in Figure 270%

Figure 170: Existing traffic demand
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5.10.5 Capital and maintenance costs

Base case routine maintenance costs are $50 000 per year. Routine maintenance in the project case is estimated at
only $40 000 per year. This is due to the shorter road length. The estimated capital cost for the project is $120 million
with periodic maintenance of $400 000 for Years 7, 14 and 28. Periodic maintenance will reduce roughness by 5 NRM.
Rehabilitation of the new road will occur in Year 21 costing $5 million. This will reduce roughness to a level of 70 NRM.
Figure 171 shows the project case costs. Base case costs can be found in Appendix A.

Figure 171: New road costs

5.10.6 Accident and other costs

Accident costs will be automatically calculated by CBA6. These costs should reduce in the project case given the
reduction in the distance road users have to traveland the improvement in the model road state.

5.10.7 Generated traffic

It is anticipated that the new road Will generate an additional 150 trips by private commuters. Demand is expected to
increase each year at 6% from Year 2 (first year of operation). Figure 172 shows the generated traffic demand for the new
road. In this example, compound growth has been used to simulate the increasing growth each year. The decrease in
travel time to the coastaltown.is the main reason for increased demand for the road.

Figure 172: Generated traffic
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5.10.8 Results and decision criteria

The new road provides significant TTC savings and VOC savings to existing traffic. Road users who had previously used
the old road in the base case, now receive TTC savings of $46 million at the 6% discount rate. The project BCR is 1.13
and the NPV is positive at $13.9 million, see Figure 173.

The additional benefit which is attributed to those generated trips using the new road is $5.3 million. By improving
access to the coastal community and thereby lowering road user costs, the project generated an additional 4% worth of
economic benefits (generated benefits as a proportion of total benefits).

Figure 173: Generated traffic results

The generated traffic module has an additiefial result screen called ‘generated traffic benefits’, see Figure 174. System
users can view this screen to see the yeaftly flow of generated traffic benefits. In this case study it can be seen that
private vehicle generated traffic benefits’accrue from Year 2.

Figure 174: Generated trafficbemnefits
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5.11 Changes in multi-combination vehicle access

Multi-combination vehicles (MCVs) are an increasingly important component of the road transport industry. An MCV

is a large vehicle with at least two articulations. Examples include B-doubles and road trains, as well as many new
innovative configurations such as B-triples and AAB-quads. For the road transport industry, MCVs can make an important
contribution to improving overall industry efficiency.

CBAG6 can be used to estimate the economic efficiency gains that arise as more of the network becomes accessible to
multi-combination vehicles, including initiatives according to TMR’s higher mass limits policy.

This case study explains how to use CBA6 for that purpose. It is important to note that simply redistributing the heavy
vehicle composition between vehicle types while retaining the same total heavy vehicle proportion is not a reliable
method of estimating the benefits of improved MCV access. The traffic composition data must first be manipulated
outside the model.

This case study shows how to manipulate the traffic composition data and then analyse the benefits of improved freight
efficiency using CBA6. For more information on freight efficiency, see Section 5.3 of the Theofetical Guide.

5.11.1 MCV case study

This case study involves upgrading an existing road to allow access by largerffeight vehicles such as road trains. An
improved width is required to allow type 2 road trains to operate on this read. In this case study, it is proposed that a
section of road is widened to increase road train access from typed totype 2.

Table 7 shows the MCV semi-trailer equivalents.

Table 7: Semi trailer equivalents

mcv Semi - trailer.équivalent

B-doubles 1.55 timgs the payload of a semi-trailer
Type 1 road train 2 times¢the payload of a semi-trailer
Type 2 road train %times the payload of a semi-trailer

Source: TMR (2009).

Table 8 shows how traffic'eomposition will change when the road is opened to type 2 road train access.
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Table 8: Change in access

Vehicle type Base case Project case

AADT % of total Semi trailer  Freighttask  Semi trailer ~ AADT % of total

AADT equivalents % equivalents AADT

Private cars 252 48.90% - - - 252 51.35%
Commercial cars 108 21.00% - - - 108 22.01%
Non-Articulated 31 6.00% - - - 31 6.32%
Buses 5 1.00% - - - 5 1.02%
Articiculated 52 10.10% 52 15.00% 27.560959 27.560959 5.62%
B-doubles 5 1.00% 7.739726 5.00% 9.1869863 5.9349558 1.21%
Road trains type 1 62 12.00% 124 40.00% 73.49589 36.747945 7.49%
Road trains type 2 0 0.00% 0 40.00% 73.49589 24.49863 4.99%
Total 515 100.00% 183.73973 100.00% 183.739%3 490.74249 100.00%

Note: AADT values are rounded to whole numbers.

In the base case, the road allows for type 1 road trains. Semi-trailer equivalents are used as a proxy for the heavier
vehicle types. This results in the calculated load being 183.74 semi-trailers. The values from which the semi-trailer
equivalents are calculated are shown in Table 7. As an example, th€te are 5 B-doubles in the base case. Because a
B-double carries 1.55 times the load (in tonnes) of a semi-trailer, the semi-trailer equivalents value is calculated using
the formula:

5 B-doubles x 1.55 = 7.75 semi-trailer equivalents

In the project case, the total semi-trailer equivalentswof the base case (183.74) has to be shared between the four
vehicle types. The first assumption relates tog¢he_pfoportion of the freight task that will be undertaken by each vehicle
type. In this example, semi-trailers are assimed to account for 15% of all freight carried by heavy vehicles in the project
case.

The formula for estimating the semitrailer equivalents to be carried by semi-trailers is:

0.15x183.74 =27.56

For B-doubles the calculation in this example is:

0.05x183.74=9.19

The same calculations are made for type 1 and type 2 road trains, which in this example are each assumed to carry 40%
of all heavy freight on the road. At the completion of these calculations, the total semi-trailer equivalents must be the

same in the base and project cases (183.74).

Next, convert the semi-trailer equivalents into the actual vehicle composition in the project case. For semi-trailers, the
number of vehicles equals the number of semi-trailer equivalents (that is, the conversion factor is one).

To estimate the number of:
e B-doubles, divide semi-trailer equivalents by 1.55
e type 1 road trains, divide semi-trailer equivalents by 2

e type 2 road trains, divide semi-trailer equivalents by 3.
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Having completed this conversion, calculate the total project case AADT (494 vehicles in the example), and use this to
calculate traffic composition as a percentage of total AADT.

The percentages of total AADT for each vehicle type for base and project cases are entered into the ‘road traffic data’
screen in CBA6. The effect of the increase in road train status is to reduce AADT from the base case to the project case,

thereby increasing the benefits.

5.11.2 Create new evaluation

The ‘create new evaluation’ screen for this case study is shown in Figure 175. No advanced modules need to be selected
to create a multi-combination vehicle access evaluation.

Figure 175: Change in MCV evaluation
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5.11.3 Road details

The road details for the current road are shown in Figure 176. The base case is a narrow 5.9 m sealed road that does not
allow access for type 2 road trains.

Figure 176: Case case road details with road train access

The new road will provide a wider 9.1 m seal to allow-Safe access for type 2 road trains. The road details of the project
case are shown in Figure 177.

Note: The Route Assessment Guidelines for#ulti-combination Vehicles in Queensland (DMR 2007) states that for
vehicles such as type 2 road trains, thé desired seal width should be a minimum of 7 to 9 metres depending on traffic
volumes.

Figure 177: Road details wjithvoad train access
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5.11.4 Road traffic data

Table 8 provides the traffic composition assumptions for the base and project cases due to the change in vehicle access.
The corresponding data for the base case is shown in Figure 178.

Figure 178: Case case traffic without road train type 2

The project case traffic data is shown in Figure 179.Total AADT is lower than in the base case because fewer vehicles are
required to undertake the same freight task. A waring message will appear to highlight the differing base and project
cases traffic data. As the difference is a cofisequence of the changed traffic mix, click the ‘ok’ button.

Figure 179: Project case with road.tr@intype 2 access
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5.11.5 Capital and maintenance costs

Routine maintenance costs in the base case are $5000 per year. Routine maintenance in the project case will increase
because of the wider road. The estimated capital cost for the project is $1 million with periodic maintenance of

$110 000 for Years 7, 14 and 28. Each periodic maintenance event will reduce roughness by 5 NRM. There will be
rehabilitation in Year 21, which will reduce roughness back to 60 NRM. Figure 180 shows the project case costs.

Figure 180: Road train access costs

5.11.6 Accident and other costs

Accident costs will be automatically calculated by CBA6. With awideér seal and less traffic, the project case should
provide additional accident savings. Similarly, the change infvehicle fleet configuration should result in reductions in
vehicle emissions and air pollution, although these changes may be small.

5.11.7 Results and decision criteria

The results of the project are shown in Figire’181. At the 6% discount rate, the project BCR is 1.12 and the NPV is
$100 102. The results indicate that the project is economically viable, which is encouraging considering the low traffic
volumes on this road. With the changettormore efficient vehicles, freight operators will save both time costs and vehicle
running costs. The new road also provides an additional safety benefit.

Figure 181: Road train type 2)access results

Note: Benefits accrued from this project are from a combination of improved road surface and the change in vehicle
fleet. The improved road surface now allows type 2 road trains to use this road. Freight operators will experience both
savings in TTC and VOC.
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5.12 Multiple project cases

The ‘multiple project cases’ module in CBA6 is used to compare mutually exclusive project options in order to identify
the best option. Options analysis can be defined as a process that identifies alternative solutions that promote or
address the same problem. CBA6 is useful in this context where there are alternative treatments that may suitably
address a defined transport need. CBA6 compares the incremental benefits and costs of different project options and
provides a recommendation on the economically preferred option.

The CBA6 ‘multiple project cases’ module is limited in the scope of project options that can be assessed. For example
if there are two project options which require use of other advanced modules in CBA6, these projects will need to be
created separately and then linked using the ‘incremental analysis’ module. Section 5.12 provides an incremental
analysis case study using advanced modules in CBA6.

5.12.1 Multiple project case study

This case study involves the evaluation of a rural highway with AADT of 10 000 vehicles.per'day. The current road is a

narrow seal of 5.8 metres and does not adequately cater for current traffic volumes. TMR proposes three options that will

provide a better standard highway for road users. Only one of the three options can befimplemented.

The base case and project options are:

e Base case: a do-minimum strategy has been assumed for the base ¢ase. Annual routine maintenance and periodic
maintenance in Years 14, 21 and 28 are assumed to occur, whileithe design of the road will remain constant

throughout the evaluation period.

e Option 1: widen the road to 7.6 m over two years. Capital costs at $5 million. Project opening in Year 3 will delay
rehabilitation until Year 23. Provide periodic maintéhance in Years 9, 16 and 30.

e Option 2: widen the road to 11.6 m over twogears. Capital costs at $10 million. Project opening in Year 3 will delay
rehabilitation until Year 23. Provide periodic.mdintenance in Years 9, 16 and 30.

e Option 3: build new four-lane highway’(undivided) over two years. Capital costs at $18 million. Project opening in
Year 3 will delay rehabilitation until’'Year 23. Provide periodic maintenance in Years 9, 16 and 30.
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5.12.2 Create new evaluation

To create an options analysis in CBA6 the ‘multiple project cases’ module must be selected from the ‘create new
evaluation’ screen. The system user is required to enter in the number of mutually exclusive project options to be
evaluated. In this case study there are three project options, see Figure 182.

Figure 182: Multiple project cases evaluation

The node tree for this case studyis shown in Figure 183. There are three project options that will be assessed against
the same base case.

Figure 183: Multiple project workspace
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5.12.3 Road details
The ‘road details’ screen for the base case is shown in Figure 184. The current road is a narrow two-lane highway.

Figure 184: Base case option

The first project option will widen the road from 5.8\metres to 7.6 metres. The new road will be built to a 60 NRM
standard. Road details for option 1 are shownsin Figlre 185.

Figure 185: Project case option 1
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The second proposed upgrade to the road involves a significant widening of the base case. Project option 2 involves
widening the base case from 5.8 to 11.6 metres, see Figure 186.

Figure 186: Project case option 2

The final project option involves building a new four:lane’highway. Project option 3 also involves increasing the speed
limit on the road from 80 km/h to 100 km/h. Details.for option 3 are shown in Figure 187.

Figure 187: Project case option 3
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5.12.4 Road traffic data

Traffic on the current road is 10 000 vehicles per day, with an assumed 3% linear annual growth. Traffic data is shown in
Figure 188. The traffic assumptions for the project options will remain the same as the base case.

Figure 188: Road traffic data multiple base case

5.12.5 Capital and maintenance

Maintenance costs for the base case are,shown in Figure 189. Rehabilitation will take place in Year 7 and will reduce
roughness of the road to 80 NRM.

Figure 189: Base case costs

Project option 1 has total capital costs of $5 million. Figure 190 shows the capital and maintenance costs for option 1.
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Figure 190: Project option 1 costs

Project option 2 involves widening the current road to 11.6 metres. This is expected te-cost $4 million in Year 1 with an
additional $6 million in Year 2. These costs are shown in Figure 191.

Figure 191: Project option 2 costs

The highest cost project option is the new four-lane highway. This option will cost $18 million and take two years to
construct. Figure 192 shows the capital and maintenance costs for option 3.

Figure 192: Project option 3 costs
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5.12.6 Accident and other costs

Accident costs are automatically calculated by CBA6. Project options 2 and 3 will provide the highest accident cost
savings due to wider seal widths.

5.12.7 Results and decision criteria

The ‘results’ tab from the node tree provides a breakdown of costs for each option and the results of the incremental
analysis, see Figure 193.

The ‘incremental analysis’ tab shows the final results of the comparison between each project option. The individual
results for each project option are shown in project road case 1, project road case 2, and project road case 3 columns
respectively. CBA6 automatically arranges project options on a capital costs basis, hence column 1 contains the project
option with the lowest capital costs and column 5 contains the project option with the highest'capital costs. All results
are shown at the discount rate specified in the ‘create new evaluation’ screen. A discount\taté of 6% is used for this
example.

In the second column (incremental from project road case 1 to project road case 2),/CBA6 calculates the incremental
benefit and cost results. This column shows that option 2 costs $4.6 milliop-maré€ than option 1. On the other hand
option 2 has an additional $12.9m in benefits. The IBCR for option 1 to eptien 2 is 2.78, therefore option 2 is preferred
over option 1.

In the fourth column (incremental from project road case 2 to project road case 3), CBA6 calculates the incremental
benefit and cost for option 2 and option 3. This result showsdhat-option 3 costs $8.4 million more than option 2 but
only provides $3.15 million more benefits. The IBCR is 0,37, therefore option 2 is preferred over option 3. In cases where
the IBCR does not suitably identify a preferred option,the\NPV can be used to select the preferred option.

The results of this incremental analysis show option'\2 to be the preferred choice to upgrade the current highway.

Figure 193: Multiple project case results

Note: Section 9.5 of the Technical Guide provides background information on calculation of the IBCR.
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5.13 Incremental analysis

The ‘evaluation linking’ incremental analysis function in CBA6 is usually engaged to evaluate and compare project
options which require the use of the advanced module in CBA6. This function is only available for system users who
are evaluating options comprising one of the six project types listed in Figure 194. For example, a comparison between
different types of overtaking lanes (e.g. head-to-head in comparison to side-by-side) cannot be evaluated using the
‘multiple project case’ option.

Figure 194: CBA6 advanced modules

|~ Road Clozure |~ Livestock Damage [ Diverting Route

[ Manual Accident Casts | Generated Traffic [~ Bypass
Average Accident Cost @ [ W I—
[ Multiple Project Caszes [ Owertaking Lane
- | | |

N,

This case study will use the bypass project presented in Section 5.7. This casesttdy involves a proposal to build a
new two-lane highway to bypass a local town. As an alternative, it is proposed‘that a four-lane undivided highway be
constructed to allow for additional capacity.

5.13.1 Incremental case study

A new evaluation will be created in CBA6 and then compated with the original bypass case study (original proposal)
in Section 5.7. A four-lane undivided highway (alternative‘option) has also been proposed as a comparison. This
alternative option allows for an increased road capatity-but has higher capital costs than the original proposal.

Note: The new base case to be created in CBA6)must remain consistent with the original proposal. The only changes
will be the project case MRS, pavement typeysurface type and capital cost. The changes need to be entered into CBA6
through the ‘road details’ and the ‘capitalland maintenance costs’ functions. The alternative option can be created in
CBAG6 using the original proposal as.a\basis, see Section 3.1.8.1.
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5.13.2 Create new evaluation

The alternative option is based on the original proposal in Section 5.7, therefore the system user should select the
‘based on existing evaluation’ option, see Figure 195.

Figure 195: Town bypass option 2

5.13.3 Road details

The alternative option will have an MRS,0f 17. The pavement type and surface type are changed to rigid and asphaltic
concrete respectively. Figure 196 shows/the road details for all options.

Figure 196: Undivided bypass{ption
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5.13.4 Capital and maintenance costs

The only other change needed within CBA6 relates to the capital costs. The capital costs for the alternative proposal are
$80 million, see Figure 197.

Figure 197: Undivided bypass option costs

Note: When the costs of both options are compared, all maintenance costs have remained the same.

5.13.5 Results and decision criteria

The results of the alternative option are shown in Figure 198. At the 6% discount rate, the project BCR is 1.06 and the
NPV is $4.13 million. These results indicaté the-alternative option is economically justified. To determine which of the
project options is preferred, the systemusershould compare the evaluation results.

Figure 198: Undivided bypass optiorn results
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5.13.6 Linking
The original proposal and the alternative option are compared using the ‘evaluation linking’ option, see Figure 199.

Figure 199: Evaluation linking

The ‘incremental analysis’ tab presents the comparison of the evaluation results/for both project options, see Figure
200.

Figure 200: Incremental analysis
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The results of the incremental analysis are presented in Figure 201. The second column (incremental from town bypass
to town bypass 2) presents the incremental analysis of the original proposal and the alternative option.

The results suggest that the alternative option will cost an additional $17.8 million more than the original proposal. The
original proposal has an estimated $2.76 million more benefits than the alternative option. The IBCR of -0.16 suggests

that the lower cost original proposal is the preferred option.

Figure 201: Incremental analysis results for town bypass options
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5.14 Linking projects

The ‘linking projects’ function in CBA6 is used to combine the results of mutually dependent projects. For example, two
single projects may not achieve sufficient benefits as standalone projects to warrant construction. However, sufficient
benefits may be obtained when the results of these projects are combined. A practical example could include combining
a bridge upgrade with an approach, combining an intersection with a road upgrade, or combining a sequence of
programmed works.

5.14.1 Linking projects case study

This case study will describe the process of using CBA6 to combine the results of an intersection project and an arterial
road upgrade.

There are two proposed upgrades:
® |Intersection upgrade — from case study in Section 5.5, a stop sign intersection islupgraded to signalised operations.

e Upgrade the approaches to the intersection — the main arterial road will be upgraded to coincide with the upgrade to
the intersection.

The approach to this intersection is quite narrow and could become congésted with the onset of additional traffic, as the
intersection acts as a direct feeder of traffic onto the road. Upgrading-the intersection as a standalone project may result
in severe congestion issues for motorists using the arterial road, These design features suggest that these two projects

have a high degree of mutual dependency and overall transport objectives may only be met if both projects are initiated.

This case study will work through and describe the steps required to link the results of both projects. As the intersection
project has already been completed in CBA6, the only-hew evaluation that needs to be created is the arterial road upgrade.

5.14.2 Create new evaluation

The ‘create new evaluation’ screen foy the’arterial road upgrade is shown in Figure 202. System users should ensure that
the results of all linked projects are‘@évaluated and discounted using the same discount rate. The arterial road upgrade uses
an evaluation period of 11 yeats/which is the evaluation period used for the intersection upgrade. The evaluation period
for road projects is usually.set at around 30 years. A residual value will be calculated for the road upgrade in this case
study.
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The details for the arterial road upgrade are entered into CBA6 as per the previous case studies and via the instruction
shown in Section 3. All project input data is shown in Appendix A .

Figure 202: Arterial road evaluation
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5.14.3 Results and decision criteria

After the input data has been entered and saved, the evaluation results can be calculated for the arterial road upgrade.
As shown in Figure 203, the BCR for the arterial road upgrade is 0.66. As a standalone evaluation, it is doubtful that this

project is economically viable.

To investigate the viability of combining the evaluation results of the two projects, it is necessary to link the results of
both the arterial road upgrade and intersection upgrade.

Figure 203: Arterial road results

5.14.4 Linking analysis

When the evaluation resdlts of both projects have been completed and saved, the results are linked using the
‘evaluations’ menu. After the evaluation files have been successfully linked, a new node tree appears under the
‘evaluation linking’ tab. To run the combined analysis of the arterial road and intersection upgrades, the system user

selects the ‘linking analysis’ tab, see Figure 204.
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Figure 204: Linking analysis

From the ‘linking analysis’ tab, CBA6 combines the results of both the intetSection and arterial road evaluation files, see
Figure 205.

The combined BCR for both projects is 2.82 with an NPV of $5.56\million, using the 6% discount rate. This suggests
that upgrading the arterial road and the intersection as a joiptinitiative will significantly lower TTC and VOC, and reduce
accidents.

This demonstration highlights that although the intersection project is viable as a standalone project (BCR = 5.06), the
construction of the arterial road upgrade is not (BCR=0.66). If the evaluation results of these projects are assessed
individually, the intersection upgrade would be)eeghomically viable, but the proposal to upgrade the arterial road
upgrade would fail. CBA6 can be used to lirk.the evaluation results of two mutually dependent projects. The arterial
road project may not be viable unless thé evaluation results of both projects are assessed as a joint initiative.

Figure 205: Linking results — artériglfoad and intersection
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With th% on of the project evaluation team, TMR has established a well

reso roup. It comprises a team of full-time economists and advisors

Wi cialised skills for supporting all aspects of road project evaluations
or technical support of the CBA6 tool.

The team provides comprehensive training and support in road project
appraisal to all system users, as well as fixing any issues with the CBA tool.
New functionalities, program fixes and enhancements are delivered annually
or as required in a CBA release.



6.1 Training

Training in the CBAG6 tool is provided by the team to all department regions upon request, either in the region orin
Brisbane. The training covers topics such as state and federal project appraisal processes, as well as comprehensive
training in the use of the CBA6 tool. Training request forms can be obtained from the project evaluation team
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6.2 Intranet site

A well resourced intranet site at http://rams/cba has up-to-date information including scheduled training events,
upcoming new releases of the tool, research papers, CBA newsletters and components such as updates to pricing.

The intranet site also provides sample evaluation files and examples of project evaluation work undertaken by the
project evaluation team.
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6.3 Contact

Project Evaluation Team

State Programs Branch

Program Development & Management Division
Transport and Main Roads

Street address:

Floor 19 Mineral House

41 George street

Brisbane QLD 4000

Postal address:

GPO Box 2595
Brisbane QLD 4001

Phone:

(07) 31207288
Fax:

(07) 31207366
Email:

cbateam@tmr.qld.gov.au
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rule he system environment (Microsoft Windows), in order to stay
C BA6 is developed with a programming language version which is
ted. The Microsoft database management system used by CBA6 is also

Another TMR software tool, SCENARIO, depends on the same database
management system. At some stage during 2011-2014, CBA6 will need to
migrate to a newer version of database (sql express), together with SCENARIO,
an example of internal changes that will be required in a changing Microsoft
Windows environment.

Functionally, developments are also likely to arise from federal and state
issues. The project evaluation team monitors such developments and
related research. The team has an ongoing liaison role in discussing these
developments with counterparts in other states.

CBA®6 has been extensively tested, but some very specific user scenarios
could still highlight errors or opportunity for improvements. There are also
known limitations of the tool which are under consideration to be addressed.



7.1 CBAG6 Evaluation framework

The design of CBA6 allows for the evaluation of road projects located on isolated or discreet sections of the network. As
such, the tool does not cater for the evaluation of those projects with network effects. In addition, the CBA6 tool is not
suitable for evaluation of projects located on roads/links suffering from congestion, or stop/start traffic conditions.
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7.2 Future CBA6 releases

Future releases are likely to have to address:
e many of the CBA6 limitations

e enhancements and errors reported by users, such as better support for externalities, wider economic benefits and
traffic network effects

e changes required by changing business requirements and standardisations, state and federal
e internal system performance and windows standards.

The CBA Team regularly investigates methods for improving and updating the CBA6 tool. An example is trying to find
a suitable method that will allow for hourly capacity flows so the tool can cater for the effects ¢f a stop-start traffic
environment.

The CBA Team communicates directly with system users for feedback, and to improve théfunctionality and useability of
the CBA6 system. Enhancement suggestions, as well as any errors reported by users, will be incorporated in future CBA
maintenance releases.

Some enhancements have already been identified (October 2009). suchras,improving how we specify vertical alignment
and use this to calculate tyre wear. There are also parts of the CBA6 reporting that can be improved; these changes

and other similar changes are logged in the tracker program changé requests system which is the major single source
register of future software releases.

Depending on departmental priorities, the tool would benefit from some major updates. Performance can be vastly
improved through some re-factoring of the program code, GBA6 could be made into a web service, so that it can be
installed and run from the intranet. Currently, having'CBA6 distributed, licensed, installed and supported on individual
user workstations throughout the network is very costly.

Requests for change to be included in futufereteases will be driven and documented through our program change
request procedures.

Cost-benefit Analysis manual, First Edition, February 2011
OTransport and Main Roads 3.179



Technical guide

Technical guide



1 Intréduction to the
technical guide

Thé Jechnical Guide provides detailed information and explanations on
Calculations underlying CBA6. This document is a useful resource for anyone
involved in testing and comparing project evaluation models, for example,
researchers, consultants, economists, engineers and software developers.



1.1 Introduction

The purpose of the Technical Guide is to provide a complete breakdown of all algorithms, formulae and parameters in
CBAG6. This includes important outputs such as operating speed, VOC, TTC, accident costs and the decision criteria.

CBAG6 pricing, common structures and unit values are created, maintained and updated periodically and internally by
TMR and as such cannot be modified by the system user. To maintain the integrity of the tool, CBA6 pricing, common

structures and unit values are derived from external sources such as Austroads and ATC guidelines.

The Technical Guide also provides the relevant algorithms and methodology for advanced modules available in CBA6,
including:

e road closures with a diverting route

e road closures with no diverting route

e generated traffic

e bypass

e overtaking lanes

e livestock damage

e intersections.

The process structure of CBA6 is illustrated by Figure 1. This figure highlights the relationships between inputs entered
by system users and CBA6 calculations and outputs. The Te€hnical Guide discusses these relationships in further detail

and shows how inputs influence outputs, which can then be used to demonstrate the overall economic justification for a
project.
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Figure 1: CBA6 structural processes
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1.2 Harmonisation summary

CBA6 has been developed consistent with, and based on, NAASRA Improved Model for Project Assessment and Costing
(NIMPAC) standards as documented in the Austroads harmonisation paper AP-R264/05, to derive road user costs.
AP-R264/05 was created in conjunction with research undertaken by the Austroads Road User Effects Reference Group
(RUERG). RUERG was comprised of technical representatives and evaluation system users from all state jurisdictions and
the private sector, and had the intention of testing and harmonising the calculations in NIMPAC evaluation models with
the international highway demand management (HDM) model. AP-R264/05 consequently compared state models to the
international HDM model.

RUERG established and revised NIMPAC algorithms for adoption in each state which derived comparable results to the
HDM model. Each jurisdiction, subsequently, incorporated the changes into their respective project evaluation models
to ensure the consistency and transparency of the results. The harmonisation process continued in 2006 with the
federal government and ARRB investigating a process to consider using the updated HDM-4 as a tool to conduct all road
project evaluation work across the national highway network.
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1.3 Outline of the Technical Guide

The layout of the Technical Guide is set out in the same order as the calculations within CBA6, which is shown by Figure 1.
2 Volume capacity ratio sets out the formulae used by CBA6 to calculate the level of congestion based on traffic inputs
and road characteristics. The VCR incorporates traffic volume and growth rates and the road capacity based on peak

hour usage. CBA6 calculates the operating speed of the fleet based on the VCR.

3 Operating speed shows the formulae and assumptions made in this calculation. Operating speed is one of the most
important calculations made in CBA6, as it has a direct effect on the value of VOC and TTC.

4 Vehicle operating costs sets out the formulae and unit values used to calculate VOC. These costs are made up of fuel,
oil, tyre, repairs and maintenance, depreciation and interest costs. These costs vary according to operating speed, road
roughness and road alignment.

5 Travel time costs shows the TTC incurred by motorists according to journey time and the economic value of time.

6 Accident costs contains the average accident cost for Queensland and the accident fate for each road stereotype, and
discusses accident and crash costs.

7 Externalities presents information on the calculation of externalities. This-includes calculations for air pollution,
greenhouse gas, noise, water, nature and landscape, urban separation afid wpstream and downstream costs.

8 Advanced projects applies these calculations to the advanced project modules used in CBA6 including road closures,
intersections, overtaking lanes, generated traffic, livestock and bypasses.

9 Decision criteria used by CBA6 are mathematically defifed. These criteria include BCR, NPV, FYRR, IBCR and NPVI.
10 Sensitivity testing explains the formulae applied to'the sensitivity testing of the parameters in CBA6.

11 Effects of intermediate outputs contains affinal’summary of the effect inputs have on CBA6 outputs.
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2 Volume capacity ratio

This section‘ef the Technical Guide outlines the equations used in the
derivation.of the VCR and the calculations of traffic volume and road capacity.
Thé YCR'is an important calculation in CBA6 as it is central to the calculation
of’operating speed and many of the congestion adjustments in the VOC
algorithms.



2.1 Traffic volume

AADT and vertical alignment inputs to CBA6 are used to calculate the volume of traffic on the road using passenger car
equivalents (PCE). The AADT value is converted into PCEs to measure traffic volume.

PCE factors for each vehicle type are shown by Table 1 for example, a B-double on a section of road with an entire grade
of 4% is equivalent in volume to 8.1 passenger cars.

Table 1: Passenger car equivalent factors

Vehicle type Flat Grade 4% Grade 6% Grade 8% Grade 10%
Cars— private 1.0000 1.0000 1.0000 1.0000 1.0000
Cars — commercial 1.0667 1.1667 1.3333 1.6667 2.0000
Non-Articulated 1.4000 2.1000 2.8000 4.2000 5.2222
Buses 1.7000 3.0000 4.0000 6.0000 7.0000
Articulated 2.4000 4.8000 7.2000 » 9.6000 12.0000
B-double 4.1000 8.1000 12.2000 16.2000 20.3000
Road train 1 4.9500 9.8500 14.8500. 19.7500 24.7000
Road train 2 8.8000 17.6000 26.5000 35.3000 44.1000

Source: adapted from Austroads (2005) page 20.
The formula to calculate the traffic volume is shown by Equatign 1.
Equation 1: Traffic volume

Volume = ZAADTL- X PCE;
i

Where:

* AADT, = annual average dailytraffic count

e PCE, = passenger car gquivalent for vehicle type i
Example: Traffic volume

On a flat road (100% flat) with AADT of 1000, made up of 616 private cars, 264 commercial cars, 50 rigid vehicles, 10
buses, 50 semis and 10 B-doubles, the corresponding traffic volume is given by:

Volume = (616 x 1) + (264 X 1.0667) + (50 x 1.4) + (10 x 1.7) + (50 X 2.4) + (10 X 4.1)

Volume = 1146

Therefore the traffic volume of the road in PCE is 1146. This is notably different from the AADT of 1000.
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2.2 Traffic growth rate

CBAG6 uses the traffic growth rate to calculate the VCR in future years. CBA6 provides two growth options when predicting
future traffic volumes, linear growth and compound growth. For further details on the suitability of either growth rate
option, see Section 3.5.3.2 of the User Guide. The calculation of linear and compound growth rates is given in Section
2.2.1 and Section 2.2.2 respectively.

2.2.1 Linear traffic growth

The formula to calculate AADT when the traffic growth rate is linear is given in Equation 2.

Equation 2: Linear traffic growth

AADT, = AADT,; + (x — y1) X ((AADTy1 x (1+ GR)) - AADTyl)

Where:

* AADT, = AADT in the first year of evaluation

* AADT =AADT inyearx

e GR = growth rate

e y1 ="firstyear (1)

e x=year of calculation

Example: Linear traffic growth

AADT for a given road is 1000 and the linear growth rate is assumed to be 3% p.a. AADT in Year 5 is given by:

AADTs = 1000 + (5 — 1) x ((1000 X (1+40.03)) — 1000)
AADTs = 1120

Note: When using the lineaf growth forecast, future trends are based solely on the AADT in the year selected for
extrapolation.

2.2.2 Compound traffic growth

The formula for compound traffic growth is shown by Equation 3.

Equation 3: Compound traffic growth

AADT, = AADT,; x (1 + GR)*~¥D)

A compound growth rate is a growth rate which is compounded annually, whereas a linear growth rate results in a
constant increase in traffic each year.

Example: Compound traffic growth

Using an AADT of 1000, compounded annually at 4% for 5 years, the calculated AADT is given below:

AADT, = 1000 x (1 + 0.04)*
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AADTs = 1169.86

As demonstrated in this example, AADT can vary substantially depending on the type of growth rate applied. Compound
growth in AADT is based on a constant percentage increase in the number of vehicles per year, while linear growth in
AADT is based on a constant increase in the actual number of vehicles per year.
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2.3 Road capacity

Road capacity is dependent on both the hourly capacity, measured in PCEs, and a peak hour capacity factor by model
road state (MRS).

Table 2 lists the hourly capacities in PCE for each MRS. Hourly capacity is dependent on the seal type (undivided or
divided) and the seal width.

Table 2: Hourly PCE capacity

MRS Road width description Hourly capacity (PCE/hr)
1 Unsealed natural surface 400
2 Unsealed formed road 400
3 Paved <4.5m . 500
4 Paved »=4.5m 700
5 Narrow seal<=4.5m » 1500
6 Narrow seal 4.6 m=5.2 m 2000
7 2 lane seal 5.3 m-5.8 m 2300
8 2 laneseal 5.9 m-6.4m 2350
9 2 laneseal 6.5 m-7.0m 2 450
10 2 laneseal 7.1 m-7.6 m 2500
11 2 lane plus shoulder seal 7.7 m-8.2'm 2525
12 2 lane plus shoulder seal 8.3 m—9.0’'m 2550
13 2 lane plus shoulder seal@.1:m=9.4 m 2550
14 2 lane plus shouldersedl 9:5 m—10 m 2565
15 2 lane plus shoulder seal 10.1 m-11.6 m 2575
16 3 lane for overtaking 4 000
17 4 lane undivided sealed 7120
18 6 ldne.undivided sealed 12 000
19 4 lane divided sealed 8 000
20 6 lane divided sealed 12 000
21 4 lane divided (limited access) 8 000
22 6 lane divided (limited access) 12 000
23 8 lane divided (limited access) 16 000

Source: adapted from Austroads (2005) page 22.
Note: MRS is derived from the Western Australia MRS classification: Austroads (AP-R264/05).

Default peak hour capacity percentages are shown by Table 3. These default figures are used to assess the percentage of
AADT that travel during peak periods.
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Table 3: Road type and peak hour capacity factor

Road type Capacity factor

National highway 10

Urban single carriageway 10

Urban dual carriageway 12.5

Rural single carriageway 8.33

Rural dual carriageway 10
Source: TMR.

TMR assumes that 10% of AADT on a national highway travels during peak periods. Similarly, 12.5% of daily traffic
travels in peak periods on urban dual carriageways.

Equation 4 is used to calculate the capacity for a given road.

Equation 4: Road capacity

Hourly Capacity
Capacity Factor %

Capacity =

Where:
e Hourly Capacity = hourly capacity in PCE/hr by MRS
e (Capacity Factor% = proportion of daily traffic in thé peak periods

The hourly capacity rate is set by the corresponding MRS and is a function of the seal width. In CBA6, roads with larger
seal widths are assumed to accommodate mére-vehicles per hour.

Example: Road capacity

A national highway with a model road state of 10 would have an hourly capacity of 2500, see Table 2, and a peak hour
capacity factor of 10%, see Tablé=3. In this example, the road capacity is given below:

. 2500
Capacity =
10%

Capacity = 25,000

Note: Peak period (1 hour) is determined in CBA6 based on the system user’s selection of road description and MRS.
The capacity factor is thus used to determine the capacity of the road which in turn influences the VCR. This form of
modelling is known as free flow.
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2.4 Volume capacity ratio

VCR is calculated using the volume calculations shown by Section 2.1 and the capacity calculations shown by Section
2.3.

Equation 5: Volume capacity ratio

Volume
VCR = ————
Capacity

Where:
e For further information on VCR, see Section 2.1

The VCR is a measure of the level of congestion on a road given the traffic volume and road capacity. When the VCR
reaches 1, this indicates that the road is operating at 100% capacity.

Note: The maximum VCR in CBA6 is 1.25.
Example: Volume capacity ratio

Using the examples provided in Sections 2.1 and 2.3, the correspondingVER-s:

— 1145
~ 25,000
VCR = 0.046

This example illustrates that the current road volume'is-approximately 4.6% of total road capacity.
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3 Opel:ating speed

Operating'speed is one of the most important components used in the road
user ¢ost'calculations of CBA6. Operating speed influences both the VOC and
TTC of the base and project cases.

Operating speed is the estimated average speed for each vehicle type on a
particular road once adjustments are made for congestion and other road
characteristics. Operating speed differs substantially from the posted speed,
which is defined as the maximum ‘sign posted’ speed that vehicles may travel
legally.

Operating speed calculation is a function of the following:

e free speed - 3.1

e roughness adjustment — 3.2

e congestion adjustment — 3.3

15



3.1 Free speed

Free speed is the average speed of a vehicle not subject to roughness, congestion or sign posted speed constraints. Free
speed is related to the vehicle type, MRS and vertical and horizontal alignment as per Table 4.

A roughness correction is applied to free speed when the road roughness count is greater than 60 NRM. Finally, free
speed is adjusted for congestion, according to the VCR, to give the operating speed for each vehicle type.

Table 4: Free speed array
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Cars —private  ¢=4.5m 83 82 76 66 56 77 76 72 64 55 69 68 66 60 53
Cars— <=4.5m 82 793 72 61.7 52 75 73 68 (59.7 51 67 653 62.3 56.3 49.3
commercial
Non- <=4.5m 82.4 68.8 55.6 44.6 36 73 63.4_53.2 43.4 358 64.2 57.6 49.8 42.2 35.6
Articulated
Buses <=4.5m 86 72 57 45 37 77 67 55 45 37 67 61 53 44 36

Articulated <=4.5m 86 49 39 32 24 s 45 38 32 24 59 41 36 31 24
B-double =4.5m 88 38 27 20 16 72 35 27 19 16 59 32 26 19 16
Road train 1 <=4.5m 88 38 27 20 16 72 35 27 19 16 59 32 26 19 16
Road train 2 =4.5m 88 38 27 20 16 72 35 27 19 16 59 32 26 19 16

Cars — private >45m 105 102 88 72 59 90 89 81 68 57 75 74 71 63 55

Cars — »4.5m  99.7 95 ,813 V66.3 543 85.7 83.3 75 63 52.7 72 70.3 66.3 58.7 51
commercial

Non- »4.5m 93.8 742 58 45.4 36.2 79.8 67.2 55 44.2 36 67.2 60.2 51.4 42.8 35.8
Articulated RY.

Buses »4.5m » 100 78 59 46 37 85 71 57 45 37 70 63 54 44 36
Articulated >4.5m 00 52 40 32 24 75 47 39 32 24 60 42 36 31 24
B-double >4.5m 100 40 28 20 16 75 36 27 19 16 60 33 26 19 16
Road train 1 >4.5m 100 40 28 20 16 75 36 27 19 16 60 33 26 19 16
Road train 2 >4.5m 100 40 28 20 16 75 36 27 19 16 60 33 26 19 16

Cars — private  Freeway 110 106 90 72 59 93 90 82 69 58 76 75 71 63 55

Cars — Freeway 105 99.3 83.3 66.3 543 88.7 84.7 76 63.7 53.3 73 713 66.7 58.7 51
commercial

Non- Freeway 99 77.2 588 454 36.2 82 68.4 55.6 44.2 36 68.6 60.8 51.6 42.8 35.8
Articulated

Buses Freeway 110 82 60 46 37 89 73 58 46 37 72 64 54 44 37
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B-double Freeway 105 41 28 20 16 76 36 27 19 16 60 33 26 19 16

Road train 1 Freeway 105 41 28 20 16 76 36 27 19 16 60 33 26 19 16
Road train 2 Freeway 105 41 28 20 16 76 36 27 19 16 60 33 26 19 16

Source: adapted from Austroads (2005) pages 13—16.
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Note:

e <¢4.5 m=model road state 1-5
e > 4.5 m=model road state 6-14, 16, 18

e freeway = model road state 15,17, 19
Example: Free speed

A B-double travelling on a curvy road with a gradient of 0%—2% and an MRS of 10 would have an unadjusted free speed
of 75 km/h as per Table 4. An MRS of 10 is greater than 4.5 m.

CBAG6 provides the option of entering either a default value or a user-specified value for the terrain profile. Free speed
is calculated using a weighted average of values relating to the grade selected. The percentage of each grade for each
default terrain profile is shown by Table 5.

Table 5: Terrain grade percentages

General terrain description Percentage of eachﬁgrade
Grade factor 1 Grade factor 2 Grade faetor 3 Grade factor 4 Grade factor 5
2% 4% 6% <8% <10%
Level or flat terrain 90 10 0 0 0
Rolling or undulating 50 30 20 0 0
Mountainous terrain 30 30. 20 20 0
Source: TMR.

The free speed formula used in CBA6 is derived as aweighted average of time travelled over a section of road rather
than a weighted average of the section length-of the road. For more detail, see ARRB research report ARR 279.

Equation 6: Free speed

Free speed (VT) = 1/Z(Grade%l-/Free Speed Array (VT, Grade;, HorizAlign, MRS)
i

Where:

e Free speed (VT) = free speed per vehicle type

e Grade% = vertical alignment factors of the road

e Free speed array = corresponding free speed per vehicle type for horizontal alignment and MRS

The formula incorporates the horizontal alignment, vertical alignment and MRS of the road to determine the free speed
of each vehicle type.

Example: Free speed

The adjusted free speed for a B-double travelling on a curvy flat road with an MRS of 10 is calculated as follows:
Free speed (VT) =1 (0.9/75+ 0.1/36)

Free speed (VT) = 67.6km/h

After adjusting for the alignment of the road, the free speed for a B-double changes from 75 km/h to 67.6 km/h.
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3.2 Roughness adjustment

The values applied to derive the roughness adjustment parameters are listed in Table 6 and Table 7. The values given
by the tables for each vehicle type are dependent on the width (< 4.5 m and » 4.5 m), curvature and gradient of the road,
similar to the free speed calculation. The road roughness adjustment is weighted on distance rather than time.

Table 6: FSRG1 — Pavement speed condition factor at 110 NRM

(=] o 3 \O (=) ] \O
> 5 ® 9 ©o 2 e & 2 & & ¢
- ° o ° o % o % g o o o o
o g g S g o o o o © © o © ©
= bn oo bn bn E © © © © = bn on bn bn
e ] = e = = b br o o > > > > >
B B OB B B = =2 2 2 2 F g g g z
@ c © © © '® = 2 2 2 = 3 3 3 3 3
a frer} frer} e frer} i S = = =] =) s = = = s
> o 0 n 0 0 n (] O O (] (]} > > > > >
o =
= i T T T T R T T T N I T T B
2 & QL i L i) QL fid i) QL i L il L L QL QL
Cars — <45m 098 0.98 0.99 1 1 0.99 0.99 0.99 1 7, +0.99 0.99 0.99 1 1
private
Cars — <45m 0.97 0.98 0.99 1 1 098 0.99 0.99 1 1 0.99 0.99 0.99 1 1
commercial
Non- <45m 0.95 0.97 0.98 0.99 1 0.97 0.98 099 ) 0.99 1 098 0.98 0.99 0.99 1
Articulated
Buses <45m 0.97 0.98 0.99 1 1 0.98 0v99,  0.99 1 1 0.99 0.99 0.99 1 1

Articulated <45m 0.95 0.97 0.99 0.99 1 0.977 0.98 0.99 0.99 1 099 0.99 0.99 0.99 1
B-double <4.5m 0.94 0.97 0.99 0.99 1 €007 0.98 0.99 0.99 1 099 0.99 0.99 0.99 1
Roadtrainl <4.5m 0.94 0.97 099 0.99 INn.0.97 098 0.99 0.99 1 099 099 0.99 0.99 1
Roadtrain2 <4.5m 0.94 0.97 0.99 0.99 1 097 098 0.99 0.99 1 099 099 0.99 0.99 1

Cars — »45m 096 0.96 0.98 0.99 1 0.97 0.98 0.99 1 1 0.99 0.99 0.99 1 1
private

Cars — »45m 0.96 0.96 0©.98° 0.99 1 0.97 0.98 0.99 1 1 0.99 0.99 0.99 1 1
commercial

Non- »45m 0.93 .96 0.98 0.99 1 096 0.97 0.98 0.99 1 0.97 0.98 0.99 0.99 1
Articulated

Buses »45m 095 0.98 0.99 1 1 0.97 0.98 0.99 1 1 0.99 0.99 0.99 1 1

Articulated >45m 091 0.96 0.99 0.99 1 097 098 0.99 0.99 1 099 099 0.99 0.99 1
B-double >45m 091 0.96 0.99 0.99 1 097 098 0.99 0.99 1 099 099 0.99 0.99 1
Roadtrainl »4.5m 0.91 0.96 0.99 0.99 1 097 098 0.99 0.99 1 099 099 0.99 0.99 1
Roadtrain2 >4.5m 091 0.96 0.99 0.99 1 097 0.98 0.99 0.99 1 099 0.99 0.99 0.99 1

Source: derived by TMR from Austroads (2005) page 18.

Cost-benefit Analysis manual, First Edition, February 2011
4.18 OTransport and Main Roads



Table 7: FSRG2 — Pavement speed condition factor at 250 NRM
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Non- <45m 0.68 0.76 0.84 091 0.95 0.74 0.79 0.86 0.91 0.95,%0.79 0.83 0.87 0.92 0.95
Articulated
Buses <45m 0.74 0.81 0.89 0.95 0.97 0.79 0.84 0.9 0,95 .0.97 0.85 0.87 091 0.95 0.97

Articulated <45m 0.61 0.78 0.87 0.93 097 0.71 0.82 0.89 Le94 0.97 0.81 0.87 0.91 094 0.97
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Road trainl <«45m 0.6 0.79 0.88 094 0.97 0.71 0.83 /089 094 097 0.81 0.88 091 0.95 0.97

Roadtrain2 <45m 0.6 0.79 0.88 094 0.97 0.71,083 0.89 0.94 097 0.81 0.88 0.91 0.95 0.97

Cars — >45m 0.63 0.65 0.73 0.83 0.9 01 “0.72 0.77 085 091 0.81 0.81 0.84 0.88 0.93
private
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commercial
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Articulated

Buses >45m 0.65 0.76 088 %0.94 0.97 0.75 0.81 0.89 0.95 0.97 0.83 0.86 091 0.95 0.97

Articulated  >4.5m 0.53 0.74%/086 093 0.97 068 0.81 088 0.94 097 08 0.86 091 094 0.97
B-double >4.5m 0.54 _045~ 0.87 0.94 0.97 0.68 0.82 0.89 0.94 0.97 0.8 0.87 091 0.95 0.97
Roadtrain1l »>4.5m 054%0.75 0.87 094 0.97 068 0.82 089 094 097 08 0.87 091 095 0.97
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Source: derived by TMR from Austroads (2005) page 18.

The pavement condition speed factor calculation is shown by Equation 7. The roughness array calculation is made at the
110 and 250 NRM.

Equation 7: Free speed roughness array

FSRG; = Z Roughness Array (VT, Grade;, HorizAlign, MRS) X Grade%

Where:

e FSRGi = pavement condition speed factor at either 110 NRM or 250 NRM
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Example: Free speed roughness array
For a B-double travelling on a curvy flat road of MRS 10:

FSRG1 = Z Roughness Array(VT, Grade;, HorizAlign, MRS) X Grade%

FSRG1 =097%x09+098x0.1+099x0+099%x0+1x0

FSRG1 = 0.97
FSRG2 = z Roughness Array(VT, Grade;, HorizAlign, MRS) X Grade%

FSRG2=0.71x09+0.83x01+089%x0+094%x0+097x0

FSRG2 = 0.69

Where:

e FSRG1 = pavement condition speed factor at 110 NRM

e FSRG2 = pavement conditino speed factor at 250 NRM

Note: The proportion of section length which falls into each gradientcategory in CBA6 is illustrated in Table 5.

When current roughness (CNRM) is less than or equal to 10, pavement condition speed factor (pcspdf) is derived by
the formula given as Equation 8.

Equation 8: Pavement condition speed factor at A SONRM
CNRM <£60=1

PCSpdF = (CNRM — PAVC)
CNRM <110 =1 — (L —~FSRG1) X
- d ) (NRMA1 — PAVC)

Where:

PCSpdF = pavement cordition speed factor

CNRM = current road roughness in NRM counts per kilometre

FSRG1 = pavement condition speed factor at 110 NRM

PAVC = minimum roughness following reconstruction (model parameter = 60)

NRMA1 = roughness value terminating first linear segment of bilinear relationship (model parameter = 110)

Note: The roughness correction should only apply for CNRM » 60, therefore, pcspdf must equal 1 for CNRM 60. When the
CNRM is greater than 110 NRM, the pavement condition speed factor is calculated using Equation 9.

Equation 9: Pavement condition speed factor greater than 110NRM

FSRG1 — (FSRG1 — FSRG2) X (CNRM — NRMA1)
PCSpdF = Max (NRMA — NRMA1)

FSRG?2

Where:
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e PCSpdF = pavement condition speed factor

e Max = indicates that the larger of the two calculated factors should be selected
e FSRG1 = pavement condition speed factor at 110 NRM

e FSRG2 = pavement condition speed factor at 250 NRM

e CNRM = current road roughness in NRM counts per kilometre

e NRMA = coefficient of the PSR to NRM relationship (model parameter = 250)

NRMA1 = roughness value terminating first linear segment of bilinear relationship (model parameter = 110)
Example: Pavement condition speed factor

A B-double travelling on a curvy flat road at MRS 10 and with a current roughness of 120 NRM.

0.97 — (0.97 — 0.69) x 20~ 110)

PCSpdF = Max{ ™ ' ' (250 — 110)
0.69
B 0.95
PCSpdF = Max{ 0.69

PCSpdF = 0.95

As 0.95 is greater than 0.69, the pcspdf used is 0.95.

Corrected free speed is a function of the pavementspeed condition factor shown by Equations 8 and 9, and the free
speed array calculation shown by Equation 6. Thecorrected free speed equation for each vehicle type is shown by
Equation 10.

Equation 10: Corrected free speed

Corr Free Speed(VT) = PESpdF X Free Speed(VT)

Where:

e CorrFreeSpeed(VT) = corrected free speed made for roughness

e PCSpdF = pavement condition speed factor

e FreeSpeed(VT) = free speed per vehicle type adjusted for horizontal and vertical alignment and MRS

Example: Corrected free speed

The roughness correction factor is now applied to the average free speed calculated previously for the B-double
example.

Where:

Corr Free Speed (B — Double) = 0.953 X 67.67km/h

Corr Free Speed (B — Double) = 64.4km/h

Therefore the corrected free speed for a B-double travelling on a curvy flat road at MRS 10 and with roughness of 120
NRM.
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3.3 Congestion adjustment

Once operating speed has been adjusted for roughness, it is then adjusted for congestion. This function adjusts the

speed of the fleet according to the level of congestion on the road, which is described by the VCR. The operating speed
is plotted as a function of VCR as shown by Figure 2.

Figure 2: Operating speed and VCR of private cars

Corr free speed

Key:

Corr free speed = corrected free speed

SPVCR1 = the volume capacity ratio
when operating speed
declines for corrected
free speed

VICRSPL = operating speed of VCR1

SPVCR1

Operating speed

30km/h

VCRSPL 1

1.25
Volume capatcitywdtio (VCR)

The vertical axis shown by Figure 2 represents operating speed while the horizontal axis depicts the VCR. The Y-intercept
is the corrected free speed which is calculated lising Equation 10. When the VCR reaches a value of VCRSPL, the
operating speed of the fleet starts to declinetoradjust to the growing congestion. The VCRSPL is a parameter value used
to represent the VCR level when traffic Maldme starts to have an effect on the corrected free speed, and vehicle speed
declines. As the VCR increases to 1 (the€ road reaches its theoretical capacity), the speed drops to the corresponding
SPVCR1 value. The SPVVCR1 represents the speed at which the fleet can safely travel when capacity is reached. As the

VCR increases further to 1.25,4he.speed drops to the queuing speed of 30km/h. The values of VCRSPL and SPVVCR1 for
each MRS are shown by Tahle 8.

The VCRSPL and SPVVCR1 values are higher for roads with large seal widths and more lanes, than narrow roads with
fewer lanes. As the MRS increases, the road is less subject to congestion and speed.
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Table 8: Final operating speed parameters

MRS Road width description VCRSPL SPVVCR1
1 Unsealed natural surface 0.1 40
2 Unsealed formed road 0.1 40
3 Paved <4.5m 0.1 40
4 Paved »= 4.5 m 0.1 40
5 Narrow seal<=4.5m 0.05 40
6 Narrow seal 4.6 m=5.2 m 0.05 50
7 2 lane seal 5.3 m-5.8 m 0.05 65
8 2 laneseal 5.9 m-6.4m 0.08 65
9 2 laneseal 6.5 m-7.0m 0.11 65
10 2 laneseal 7.1 m-7.6 m 0.12 65
11 2 lane plus shoulder seal 7.7 m-8.2 m 0.12 65
12 2 lane plus shoulder seal 8.3 m-9.0 m 0.12 65
13 2 lane plus shoulder seal 9.1 m-9.4 m 0.12 65
14 2 lane plus shoulder seal 9.5 m—10 m 0.12 65
15 2 lane plus shoulder seal 10.1 m-11.6 m 0.2 65
16 3 lane for overtaking 0.2 65
17 4 lane undivided sealed 0.3 70
18 6 lane undivided sealed 0.3 70
19 4 lane divided sealed 0.3 70
20 6 lane divided sealed 0.3 70
21 4 lane divided (limited access) 0.4 70
22 6 lane divided (limited aceess) 0.4 70
23 8 lane divided (limited\aceess) 0.4 70

Source: Austroads (2005) page 22.

The operating speed for private vehicle types calculated by CBA6, is illustrated by Equations 11 to 14. The operating
speed for commercial vehicles is dependent on the operating speed of private vehicles and corrected free speed as
illustrated by Equation 15.

When VCR < VCRSPL, the operating speed is given by Equation 11.

Equation 11: Operating speed when VCR < VCRSPL

OS(VT) = Corr Free Speed (VT)

Where:

e 0OS(VT) = operating speed for each vehicle type

Equation 11 shows that congestion has no effect on the operating speed of the fleet and traffic travels at the corrected

free speed. Congestion only starts to affect the operating speed of a private car when the VCR reaches the VCRSPL. The
operating speed given by Equation 12 applies when the VCR is less than 1 but greater than VCRSPL.
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Equation 12: Operating speed when VCRSPL VCR 1

(1—-VCR)
OS(VT) = SPVCR1 + (CorrFreeSpeed(VT) - SPVVCR1) X | —————<
wT) (CorrFreeSpeed(VT) ) <(1 —VCRSPD)

Where:
e SPVCR1 = operating speed at VCR of 1
e VCRSPL = the VCR when operating speed declines from CorrFreeSpeed

Equation 12 shows that as congestion levels increase (VCR approaches 1), operating speed declines to the SPVCR1
operating speed value. When the VCR exceeds this point (1 VCR 1.25), the operating speed is given by Equation 13.

Equation 13: Operating speed when 1 VCR 1.25

(1.25 — VCR)

0S (VT) =30 km/h + (SPVCR1 - 30 km/h) X (1.25—1)

In Equation 13, the new operating speed is determined as a function of the SPYCRZ' minus a queuing speed of 30 km/h.

When the VCR reaches a maximum of 1.25, the operating speed is 30km/hs

Note: Congestion costs per vehicle in CBA6 do not increase once the YCGRreaches 1.25. When the VCR is 1.25, operating
speed is calculated by the formula given by Equation 14.

Equation 14: Operating speed when VCR 1.25

0S (VT) =30 km/h

Equations 11 to 14 are used for calculating the @perating speed of a private vehicle. The operating speed for a
commercial vehicle is calculated by Equationd 5.

Equation 15: Commercial operating speed

0S(Commercial VT) = MINCOS(PrivateCar), Corr Free Speed(VT))
Where:

e MIN = minimum function of equation

e OS (PrivateCar) = operating speed of a private car

e Corr Free Speed (VT) = the corrected free speed of the commercial vehicle

Equation 15 is derived based on the assumption that commercial vehicles should not be able to travel faster than
private vehicles.

Example: Operating speed

A B-double travelling on a curvy flat road with an MRS 10 and a VCR of 0.058, as calculated in Section 2.4, would have
an estimated operating speed calculated as follows:

The calculated VCR < VCRSPL as:

VCR = 0.046
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VCRSPL = 0.12

Therefore, the operating speed equals the corrected free speed from Equation 11.

0S (B — Double) = 64.4km/h

Assuming that private vehicle operating speed is above this value, the operating speed for the B-double is 64.4 km/h.
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4  Vehicle operating costs

VOC by definition are the costs associated with operating a motor vehicle.
VOC.ar€ made up of fuel, oil, tyre, repairs and maintenance and interest and
dépreciation costs. The calculation of each component of VOC is based on
a/detailed methodology. The calculation of VOC is impacted by a number of
inputs and adjustments are made accordingly.

27



The inputs and factors that affect VOC calculations in CBA6 are shown by Table 9.

Table 9: Factors affecting VOC

Vehicle Operating Vehicle characteristics Road infrastructure Traffic volume
2(|’3$et?ting speed Type and Fuel type Gradient Curvature Surface type (pce)
specs and condition
Fuel T T T T T T T
0il T T T
Tyres T T T T T T
Repairs and T T

maintenance
Depreciation T T I
and interest

Source: adapted from Austroads (2005).

The majority of these algorithms and unit values are derived from Austroads report-ap-r264/05 ‘harmonisation of non-
urban road user cost models’.
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4.1 Fuel

Vehicle fuel cost is calculated based on the fuel consumption of each vehicle. Vehicle operating speed predominantly
influences the rate of fuel consumption. Further adjustments to the rate of fuel consumption are made to account for
site-specific details such as gradient, curvature, congestion and roughness.

4.1.1 Basic fuel consumption

Basic fuel consumption (bfc) and basic fuel cost (fuelcf) are calculated using the parameters given in Table 10. CBA6
applies a unit cost for petrol fuel of 82.49 cents per litre and 81.57 cents per litre for diesel fuel.

Note: Fuel unit values are measured in resources costs and not market/retail prices.

Table 10: Fuel costs and consumption factors

Vehicle type Square Reciprocal Const. Fcavf Pdies Petrol Diesel Fcongf

Factor 3 Factor 2 Factor 1 State of  Proportion _ Petrol price  Diesel fuel Fuel cons

tune factor of diesel (c/litre) price (c/  incrfactor-

vehicles litre) VCR=1

Cars - 0.0054 1526.2 37.3 1.071 0 82.49 81.57 0.4

private

Cars - 0.0114 1883 38.9 1.07% 0 82.49 81.57 0.4
commercial

Non- 0.0168 3485.1 49 1.1 0.5 82.49 81.57 0.3
Articulated

Buses 0.0131 5451.1 69.4 1.1 0.7 82.49 81.57 0.3

Articulated 0.0158 9621.1 118.6 1.1 0.9 82.49 81.57 0.3

B-double 0.016 14720.4 1722.7 1.1 1 0 81.57 0.3

Road train 1 0.0148 17201.8 223.6 1.1 1 0 81.57 0.3

Road train 2 0.015 266469 312.1 1.1 1 0 81.57 0.3

Sources: Austroads report 264/5, Austroads report IR-R156/08, CBA4 Technical Manual (1999).

Basic fuel consumption initres per 1000 km is calculated using Equation 16. Basic fuel consumption is based on the
fuel efficiency of each vehicle type and the operating speed.
Equation 16: Basic fuel consumption

Reciprocal(VT)
os(VT)

BFC(VT) = Square(VT) x 0S*(VT) + + Constant(VT)

Where:

BFC(VT) = basic fuel consumption for each vehicle type

e Square(VT) = model parameter

e OS(VT) = operating speed calculation for each vehicle type
e Reciprocal(VT) = model parameter

e (Constant(VT) = model parameter
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Basic fuel consumption is a function of the default model parameters shown by Table 10. For a graphical representation
of the relationship between variables, refer to Figure 12. At this early stage in the fuel consumption calculation, these
values will not vary by project location.

Example: Basic fuel consumption

Basic fuel consumption in litres per 1000 km for a B-double with an operating speed of 64.4 km/h (as calculated in
Section 3) is determined as follows:

147,20.40
— + 172.7

=0. X 64.492
BFC(VT) = 0.016 X 64.49~ + 6449

BFC(VT) = 467.50 L/1000km

This shows that at a constant speed of 64.4 km/h, a B-double will consume 467.5 litres of fuel for every 1000 km
travelled.

The basic fuel consumption calculation excludes other project-specific factors that affect vehicle fuel consumption. This
calculation merely sets the base level from which the actual fuel consumption rate can“be determined. The actual fuel
consumption in litres per 1000 km is calculated by applying a series of adjustments for gradient, curvature, congestion
and roughness.

4.1.2 Fuel consumption gradient correction factors

The gradient adjustment is calculated using the value obtained from the roughness and gradient correction factor
values shown by Table 11. The adjustment is made to reflectdncreased fuel consumption due to a change in gradient.
As gradients increase, the adjustment factor also increas€s, indicating a direct relationship. For example, the gradient
adjustment of a private vehicle on a 10% gradient travélling’at 40 km/h is 0.30. This indicates that fuel consumption is
30% higher than fuel consumption on a flat road with\a-grade of less than 4%.
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Table 11: Fuel consumption gradient adjustment array

Speed description

o N o0 < N © ~ © o
c>I °| °| °| o| c>I c>I | °| gl ::I gI g"l
=) -] o o o -] =) -] o o o =) =)
=% =% =% =% =% =% =% =% =% =% =% =% =%
(%2} (%2} w (2] (%] (%] (%2} (%2} (V2] wn (%] (%] (%2}
o < =,
= e = =

3 = = = = = =, = = =, = = E £
2 - = £ £ g £ £ £ £ £ £ £ = =
o 13 £ S £ ~ = = ~ = = x x o o
= K] = o) = [ N 7} () o o S oy =] 3]

o= Eo] [T N m (2} < N O ~ ~ 0 (=)} - |
s R N S S T
> (&) 00 \3 [ ™ < < N ] ~ 0 00 (=)} 2

Cars - private 4% 0.03 0.07 0.07 007 0.08 0.09 0.09 010 0.08 0.05 0.04 0.046 0.03

Cars — 4% 0.02 0.06 0.06 0.05 0.06 0.06 0.07 0.07 0.05 0.04 0.04 0.03 0.03
commercial

Non-Articulated 4% 0.06 0.09 0.08 0.08 011 016 025 0.22 038 ,60.17 0.17 0.17 0.17

Buses 4% 0.08 0.11 0.10 0.13 0.20 0.26 039 0.52,042 0.29 0.19 0.10 0.00
Articulated 4% 0.06 0.14 0.13 0.19 0.28 0.37 0.46 Oééi 0.46 0.46 0.46 0.46 0.46
B-double 4% 0.06 0.15 0.15 0.22 031 0.43 0.43<€ 043 043 0.43 0.43 043 043
Road train 1 4% 0.07 0.16 0.15 0.19 0.29 0.29 70.2? 0.29 0.29 0.29 0.29 0.29 0.29
Road train 2 4% 0.16 0.17 0.13 0.20 0.20 0.20 020 0.20 0.20 0.20 0.20 0.20 0.20

Cars — private <6% 0.04 0.11 0.10 0.11 0.12 014 0.17 0.19 0.16 0.12 0.11 0.10 0.08

Cars — 6% 0.04 0.09 0.09 0.09 0.10 0711 0.12 0.14 0.11 0.09 0.08 0.08 0.07
commercial

Non-Articulated 6% 0.10 0.18 0.22 0.28( 084 0.43 0.52 047 046 0.46 0.46 0.46 0.46

Buses 6% 0.15 0.24 032 0%2- 054 0.65 083 098 084 0.70 0.57 045 0.32
Articulated 6% 0.18 0.29 0.407) 052 066 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
B-double 6% 010 030 042, 054 063 063 0.63 063 063 063 0.63 063 0.63
Road train 1 6%  0.11 0.297 70.39 0.45 0.45 045 0.45 0.45 0.45 0.45 0.45 045 045
Road train 2 6% 039 029~ 034 034 034 034 034 034 034 034 034 034 034

Cars — private 8%  0.05n70.19 o0.17 0.17 0.18 0.21 0.26 030 0.25 0.21 0.18 0.15 0.12

Cars — <8% 0.05 0.17 0.16 0.16 0.17 0.18 0.19 0.22 0.18 0.15 0.13 0.12 0.10
commercial

Non-Articulated 8% 0.19 039 047 055 062 068 070 0.65 0.65 0.65 0.65 0.65 0.65

Buses 8% 0.26 0.50 062 076 091 1.05 1.25 142 1.25 1.08 092 078 0.62
Articulated <8% 033 060 075 090 095 095 095 095 095 095 0.95 095 0.95
B-double <8% 0.18 0.62 076 085 085 085 085 085 085 085 085 085 0.85
Road train 1 8% 0.21 0.61 075 075 0.75 0.75 0.75 075 0.75 0.75 0.75 0.75 0.75
Road train 2 <8% 0.60 0.61 061 061 061 0.61 061 061 061 061 0.61 061 0.61

Cars — private <10% 0.06 0.28 0.27 0.28 030 035 0.42 0.47 042 034 028 0.25 0.21

Cars — <10% 0.07 0.27 0.27 0.28 0.30 0.32 0.35 0.39 0.35 0.30 0.26 0.24 0.21
commercial

Non-Articulated <¢10% 0.30 0.61 0.72 083 0.89 093 095 095 095 095 095 095 0.95

Buses <10% 039 076 0.93 1.11 1.28 1.45 1.69 190 169 1.49 131 1.13  0.95
Articulated <10% 047 090 1.08 1.13 113 113 113 1.13 113 113 113 1.13 1.13
B-double <10% 0.27 093 112 1.12 112 112 112 112 112 112 112 112 112
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Road train 1 <10% 0.30 0.91 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01
Road train 2 <10% 0.75 096 096 096 096 096 096 096 096 096 0.96 0.96 0.96

Source: adapted from Austroads (2005) pages 28-29.

The gradient adjustment factor is calculated using Equation 17. This adjustment factor varies by vehicle type, operating
speed and the weighted average of the road gradient.

Equation 17: Fuel consumption gradient adjustment

Grad Adjust = Z Gradient Adj Array(VT, Grade;, 0S) X Grade%
i

Where:

e GradAdjust = fuel consumption adjustment factor based on speed and slope
e GradientAdjArray = array table shown by Table 12

e VT =vehicle type

e 0S = operating speed (km/h)

e Grade% = slope of the gradient by weighted proportion of-:foad

Example: Gradient adjustment

The gradient adjustment for a B-double travelling,atithe calculated operating speed of 64.4 km/h on flat terrain is
calculated as follows:

Grad Adjust = (0 x 0.9) + (0.43 X.0.1) + (0.63 x 0) + (0.85 X 0) + (1.12 X 0)

Grad Adjust = 0.043

Therefore, the fuel consumption eXample calculated in Section 4.1.1 would be adjusted by an increase in consumption
of 4.3%.

4.1.3 Curvature adjustment

The horizontal alignment of the road can also affect the fuel consumption of vehicles. It is assumed that vehicles
consume more fuel on roads with curvy alignments than on straight alignments. The curvature adjustment is calculated
using values obtained from Table 12.
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Table 12: Fuel consumption curvature adjustment

Vehicle type Curve categories

Very curvy Curvy Straight
Cars — private 0.2 0.1 0
Cars — commercial 0.2 0.1 0
Non-Articulated 0.2 0.1 0
Buses 0.2 0.1 0
Articulated 0.2 0.1 0
B-double 0.1 0.1 0
Road train 1 0.1 0.1 0
Road train 2 0.1 0.1 0

Source: adapted from Austroads (2005) page 32.

Note: Values in these columns are applied to the default CBA curvature categories; see Table 17.
The fuel consumption curvature adjustment is shown by Equation 18.

Equation 18: Fuel consumption curvature adjustment

Curve Adjust = Z CurveAdjArray(VT, CurveCategory)
i

Where:

e CurveAdjust = fuel consumption adjustment faector based on curvature

e CurveAdjArray = see Table 12 for infarmation

e CurveCategory = very curvy, cufvy-aid straight

Example: Curvature adjustyrent

From Table 12, a B-double'travelling on a curvy road will have a curvature adjustment factor of 0.1. A curvy road
increases fuel consumption of this vehicle by 10% when compared to a straight road.

4.1.4 Congestion adjustment

The congestion adjustment is calculated using values obtained from the fuel consumption (fcongf) parameter in Table
10. Congestion is affected by the rate of fuel consumption of all vehicles, increasing as vehicles remain in congested
traffic.

The congestion adjustment is calculated by multiplying the VCR by the fuel consumption factor per vehicle type. The
implication of the formula is that some vehicle types consume more fuel in congestion than others. The values in Table
10 indicate that heavy commercial vehicles, which are predominately diesel, use less extra fuel in congested traffic. The
congestion adjustment calculation is used in CBAG6, if the value calculated is less than 1. If the congestion adjustment

calculation is greater than 1, a maximum default value of 1 is used in CBA6. Equation 19 shows the fuel consumption
adjustment for congestion.
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Equation 19: Fuel consumption congestion adjustment
Congestion adjustment = MIN(1,VCR X FCONGF)
Where:

®  Min = minimum value

e VCR =volume capacity ratio

e FCONGF = fuel consumption adjustment parameter
Example: Congestion adjustment

If the VCR is 0.046, the congestion adjustment for a B-double would be calculated as follows:

0.046 x 0.3

Congestion adjustment

Congestion adjustment = 0.014

As the calculated congestion adjustment is less than 1, the calculated congestion adjustment is used. Therefore, fuel
consumption of this vehicle increases by 1.4% because of congestion.

4.1.5 Roughness adjustment

Adjustments for the effect of road surface condition on fuél consumption are based on road roughness, vehicle type and
operating speed.

The first adjustment is the pavement condition e0st factor (GCGFAC), which adjusts fuel consumption for the effects of
road roughness. This is shown by Equation 2@.

Equation 20: Fuel consumption pavement €ondition cost factor
CFSMAX
GCGFAC = Min (GNRM — PAVC)
CSENSP %
(NRMA — PAVC)

Where:

e GCGFAC = pavement condition cost factor

e CFSMAX = maximum cost factor for surfaced roads and equals 1.75

e (SENSP = cost sensitivity for surfaced roads and equals 4

e (CNRM = current roughness of the road

e PAVC = minimum roughness of road after (re)construction (equal to 60)
e NRMA = coefficient of the PSR to NRM conversion ratio (equal to 250)
Example: Pavement condition cost

The current roughness of a road is 120 NRM.
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1.75
GCGFAC = Min (120 - 60)
4x—— 2 =12631
(250 — 60)

GCGFAC = 1.2631

The calculated factoris 1.2631 and as the CFSMAX is defaulted to 1.75, the minimum value is applied.
The roughness pavement condition cost factor is adjusted for vehicle type and speed to determine the roughness
adjustment factor. The roughness adjustment factor (FCGRVF) is calculated from the roughness correction factors shown

by Table 13.

Table 13: FCGRVF fuel consumption roughness adjustment array

Speed description fcgrvf

o = = =

< < £ < < = = = £ = =

s s § § ¥ § § § F¢g £ ¢ £ £

@ = = ~ = < =< = g ~ = = o o

2 a & = n < r 0 ~ 2 0 o = T

E I S A A S T T S S

2 () 3 N b2 < < ) O ~ (5] 5] N 3
Cars — private 0.023 0.060 0.067 0.070 0.077 0.087%/0v100 0.103 0.090 0.090 0.090 0.090 0.090
Cars — commercial 0.026 0.060 0.068 0.073 0.078 L0084 0.090 0.092 0.083 0.080 0.080 0.077 0.073
Non-Articulated 0.044 0.083 0.093 0.103 0.121, 0.123 0.127 0.110 0.104 0.097 0.091 0.076 0.071
Buses 0.050 0.080 0.090 0.100 .0,1170 0.120 0.140 0.150 0.130 0.120 0.120 0.110 0.100
Articulated 0.033 0.097 0.113 0.127.\0.143 0.160 0.177 0.193 0.187 0.170 0.160 0.147 0.133
B-double 0.050 0.100 0.120_,9440 0.160 0.170 0.190 0.200 0.200 0.220 0.190 0.180 0.170
Road train 1 0.060 0.110 0.130%0.150 0.170 0.190 0.210 0.220 0.240 0.240 0.200 0.200 0.200
Road train 2 0.060 0.120_..0140 0.150 0.170 0.200 0.230 0.270 0.220 0.260 0.230 0.230 0.210

Source: adapted from Austroads (2005)-page 31.

A B-double travelling at a.speed of 64.4 km/h, is subject to a FCGRVF of 0.2. The roughness adjustment consists of both
the FCGRVF and the GCGFAC factors. The roughness adjustment equation is shown below by Equation 21.

Equation 21: Fuel consumption roughness adjustment

Rough Adj (VT) = FCGRVF(VT) x GCGFAC

Where:

e RoughAdj(VT) = fuel consumption roughness adjustment factor
e FCGRVF(VT) = roughness correction factor

Example: Roughness adjustment

For a B-double travelling at a speed of 64.49 km/h, on a road with roughness of 120 NRM, the roughness adjustment
factoris:

Rough Adj(B — Double) = 0.2 x 1.2631
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Rough Adj(B — Double) = 0.253

This vehicle will incur an increase in fuel consumption of 25.3% due to the impacts of road roughness. This example
suggests that road roughness has a significant effect on fuel consumption.

4.1.6 Fuel consumption costs

Using data from Table 10, the cost of fuel in cents per litre is shown by Equation 22. This formula incorporates the
weighted average of vehicles depending on their fuel type. For example, a rigid (non-articulated) vehicle may use either
petrol or diesel fuel.

Equation 22: Fuel consumption cost

Fuelcf (VT) = Petrol(VT) x (1 — PDies(VT)) + Diesel(VT) x PDies(VT)

Where:

Fuelcf (VT) = fuel cost in cents per litre

Petrol (VT) = cost of petrol in cents per litre

PDIES (VT) = proportion of diesel vehicles

DIESEL(VT) = cost of diesel fuel in cents per litre
Example: Fuel consumption cost

The fuel cost of a B-double is given below:

Fuelcf (VT) = Petrol(VT) x (1 — PDiesVT)) + Diesel(VT) x PDies(VT)
Fuelcf(B — Double) = 0x 0+ 81567 x 1

Fuelcf (B — Double) = 81.57

The fuel cost for this vehiclg is81.57 cents per litre. Therefore, as all B-double vehicles are assumed to use diesel, the
fuel cost is unchanged from the diesel cost in Table 10.

Once the fuel consumption cost has been calculated, it can be incorporated into the total fuel cost formula. Total fuel
cost is then adjusted for basic fuel consumption, fuel efficiency, gradient, curvature, congestion and roughness. The
total fuel cost is given by Equation 23.

Equation 23: Total fuel cost

Fuel Cost(VT) = Fuelcf(VT) X BFC(VT) x (1 + FCAVF + Grad Adj + Curv Adj
+ Cong Adj + Rough Adj)VT

Where:

Fuelcf(VT) = fuel cost in cents per litre

BFC(VT) = basic fuel consumption

FCAVF = fuel efficiency or state of tune factor

Grad Adj = adjustment for the road gradient
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e Curve Adj = adjustment for the road curvature

e (Cong Adj = adjustment for congestion

e Rough Adj = adjustment for the roughness of the road
Total fuel cost example:

The total fuel cost for a B-double is calculated as follows:

c
Fuel Cost(B — Double) = 57— 50—
uel Cost( ouble) 81 57L X 467.50 1000k

X (1 + 1.1 + 0.043 + 0.1 + 0.014 + 0.253)
Fuel Cost(B — Double) = 95,716.277 ¢/1000km
Fuel Cost(B — Double) = 95.72 c/km

For every kilometre the B-double travels on this road, it will incur fuel costs of 95.72,
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4.2 OQil costs

Oil costs are usually a small component of total VOC. Oil consumption is calculated using data in Table 14.

Table 14: Oil costs and consumption factors

Oil consumption factors (oilcons) 0il Pdies
costs
Operating speed Oils
(c/
a < = = < = = = = = = < =
= € § £ E T T E T & g g £ £
2 E = £ 2 ¥ £ 3z £ = & % § ¢
2 i & b N < T V) = ﬂ ) o g &
= T : $ A S & ® O S ® v 3
2 0 3 N ™M g 3 ih v N % © =N =
Cars — 0.75 0.57 0.53 0.55 0.57 0.60 0.63 0.65 0.67 0.69 0.71N\0.74 0.77 522.00 0.00
private
Cars — 0.75 0.57 0.53 0.55 0.57 0.60 0.63 0.65 0.67 0.69~ 071 0.74 0.77 511.00 0.00
commercial
Non- 1.26 0.99 097 095 096 0.97 099 1.01 1.04(407 1.13 1.22 1.31 488.00 0.50
Articulated
Buses 1.26 0.99 097 095 0.96 0.97 0.99 1.01.\2.04 1.07 1.13 1.22 1.31 488.00 0.70

Articulated 1.88 137 136 134 136 1.37 1.44 150\ 1.52 1.54 156 1.58 1.63 488.00 0.90
B-double 2.59 202 199 198 1.99 202 207/212 218 2.23 226 228 234 488.00 1.00
Roadtrain1 2.59 2.02 1.99 1.98 1.99 2.02 _207 212 218 223 226 2.28 234 488.00 1.00
Road train2 2.59 2.02 1.99 1.98 1.99 2,02.~2.07 2.12 218 2.23 2.26 2.28 2.34 488.00 1.00

Source: adapted from Austroads (2005) p.35, Austroads (2008) p.16 and pdies

4.2.1 Oil consumption
The average oil consumption pervehicle in litres per 1000 km is given by Equation 24.

Equation 24: Average oflcorisumption

0il(VT) = (dtopcf x Pdies(VT) + (1 — Pdies(VT)) x Oilcons(VT,0S) X gear)
Where:

Oil(VT) = oil consumption averaged over diesel and petrol (litres/1000 km)

e dtopcf = petrol to diesel vehicle conversion ratio (model variable = 1.5)

e Pdies = proportion of vehicles which are diesel powered

¢ Qilcons(VT, 0OS) = basic engine oil consumption speed relationship per vehicle

e Gear = factor relating total oil consumption to engine oil use (model variable = 1.1)

Example: Average oil consumption

The average oil consumption per vehicle in litres per 1000 km for a B-double travelling at 64.4 km/h, is given by:
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0il(VT) = (dtopcf x Pdies(VT) + (1 — Pdies(VT)) X Oilcon(VT, 0S) x gear)

Oil(B — Double) = (1.5x1+1—-1)x212x 1.1

0il(B — Double) = 3.498 L/1000km

On average, a B-double will consume 3.498 litres of oil per 1000 km when travelling at a constant speed of 64.4 km/h.

4.2.2 Oil cost

The consumption factor is used to determine the total oil cost for each vehicle, given by Equation 25. The unit oil cost is
listed in Table 14 for each vehicle type.

Equation 25: Total oil cost

OilCost(VT) = O0il(VT) x 0ils(VT)/1000
Where:

e QilCost(VT) = the cost of engine oil (c/km)

e Qils(VT) = engine oil price (c/litre)

Example: Oil cost

The total cost in cents per kilometre (c/km) for a B-doubletravelling at 64.4 km/h, with an average oil consumption of
3.498 1/1000 km, is given by:

OilCost(B — Double) = 3.498 L/1000%km-x 488/1000

OilCost(B — Double) = 1.71 c/km

The total cost of oil for this vehicle'is 1:71 cents per kilometre travelled. Compared to the fuel cost example presented in
Section 4.1.6, oil costs are a rélatively small component of VOC.
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4.3 Tyres
Tyre costs in CBAG6 are calculated using the data shown by Table 15. The cost of tread wear in cents per 0.001 mm tread
thickness (costtread) is calculated first, followed by basic tyre wear which is calculated as 0.001 mm wear per 1000 km.

Adjustments are then made for gradient, curvature, roughness and congestion.

Table 15: Tyre wear and cost parameters

No.tyre Ctyre# Cretr# Retn Treadn Treadr Tyrewc1 Tyre wc2 Tyrek  Tcong”
Number Costs Costof  Average Thickness  Thickness Formula  Formula State Factor
g of tyres of new retreads numberof oftread for of tread for factor 1 factor 2 of tune for tyre
‘E‘ (excl. tyres ($) S) retreads newtyre retreaded factor wear
] Spares) per tyre tyre increase
S at VCR=1
>
Cars — 4 121 66 0 6.71 5.87 0.00000 0.42780 201.9 1.7
private
Cars — 4 136.33 84.67 0 7.22 6.32 0.00000 0.42780 201.9 1.7
commercial
Non- 7 309.8 141.2 1.4 9.27 8.58 . 0.00652 0.08556 305.54 1
Articulated
Buses 8 309.8 141.2 1.75 9.53 8.92 0.00815 0.00000 331.45 1
Articulated 20 338.33 118.67 2.5 10.67 9.75 0.00210 0.00000 100.23 1
B-double 30 331 125 2.5 10.67 9.75 0.00230 0.00000 106.3 1
Road train 1 44 331 130 2.5 10.67 9.75 0.00230 0.00000 106.3 1
Road train 2 62 327 134 2.5 10.67 9.75 0.00230 0.00000 106.3 1

Source: adapted from Austroads (2005) p.39, TMR calculations'and Austroads (2008) page 16.
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4.4 Tread cost

The calculation of the tread cost (VT) per 0.001 mm thickness is given by Equation 26. The tread cost is a function of the
cost of new tyres and the cost of the number and thickness of retreaded tyres. Private and commercial cars do not use
retread tyres, as opposed to trucks which it is assumed use both retread and new tyres.

Equation 26: Tread cost

((CTYRE + CRETR X RETN) x 100)
((TREADN + TREADR x RETN) x 1000)

TreadCost = NoTyre X

Where:

CTYRE = cost of new tyres ($)

CRETR = cost of retreads ($)

RETN = average number of retreads per tyre

TREADN = thickness of tread for new tyre

TREADR = thickness of tread for retreaded tyre
Example: Tread cost

Tread cost for a B-double is given by:

((331 + 125:%2:5) x 100)

Treadcost (B — Double) = 30 X
((10.67 +.9:75/x 2.5) x 1000)

Treadcost (B — Double) = 55.07 ¢/0.00 Imm

Tyre costs for a B-double is 55.07 centsper 0.001 mm of tread. Given the cost of new tyres and the retread costs, heavy
vehicles will have the highest tyre costs in the fleet.

4.4.1 Tyre wear

The tyre wear formula illustrates the basic speed/tyre wear relationship given by Equation 27. This equation
incorporates the operating speed effect, based on the assumption that higher operating speeds increase tyre wear. The
example shows that there is a direct relationship between tyre wear and operating speed for private and commercial
cars while tyre wear and operating speed for other vehicles exhibit a direct non-linear relationship.

Equation 27: Basic tyre wear

Tyre wear = TyreK(VT)+(0S(VT))? x TyreWC1(VT) + OS(VT) X TyreWC2(VT))

Where:

Tyrek = state of tune factor

0S = vehicle operating speed

TyreWC1 = formula factor 1

TyreWC2 = formula factor 2
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Example: Basic tyre wear

Tyre wear for a B-double with operating speed of 64.4 km/h is given by:

Tyre Wear(B — Double) = 106.30 + 64.49% x 0.0023 + 64.49 X 0

Tyre Wear(B — Double) = 115.87 0.001mm/1000km

Basic tyre wear for a B-double with a constant operating speed of 64.4 km/h is 115.87 (0.001 mm) per 1000 km
travelled.
4.4.2 Congestion adjustment

Tyre wear is adjusted for congestion levels on the road to calculate the tyre wear congestion adjustment factor for each
vehicle type (TCONG). The congestion adjustment is given by Equation 28. The TCONG factor is'sourced from Table 15.

Equation 28: Congestion adjustment

Cong(VT) = TCONG(VT) X VCR

Where:

e Cong(VT) = congestion adjustment factor per vehicle type

e TCONG(VT) = factor for tyre wear increase where VCR = 1{er vehicle type
Example: Congestion adjustment

The congestion adjustment value for a B-double/on a.road with a VCR of 0.046 is given by:

Cong(B — Double) = 1.0 X 0.046

Cong(B — Double) = 0.046

This result shows that tyre weaf increases by 4.6% due to the effect of congestion.

4.4.3 Curvature and gradient adjustment

Curvature and gradient adjustments are calculated by the proportion of road sections, which are classified into each
curvature and gradient category. These parameter values are shown by Table 16.
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Table 16: Curvature and gradient tyre cost adjustments

Vehicle type Gradient Curve design speed (km/h)

2% 4% 6% <8% <10% 30 50 65 80
Cars — private 0 0.1 0.2 0.4 0.6 10 15 20 15
Cars — commercial 0 0.14 0.27 0.54 0.81 10 15 20 15
Non-Articulated 0 0.14 0.27 0.54 0.81 10 15 20 15
Buses 0 0.15 0.3 0.6 0.9 10 15 20 15
Articulated 0 0.15 0.3 0.6 0.9 10 15 20 15
B-double 0 0.15 0.3 0.6 0.9 10 15 20 15
Road train 1 0 0.15 0.3 0.6 0.9 10 15 20 15
Road train 2 0 0.15 0.3 0.6 0.9 10 15 20 15

Source: TMR calculations and adapted from Austroads (2005) p.41
Note: For design speeds greater than those specified in Table 16, CBA6 assumed-that the adjustment factor of O is used.

Gradient and curvature adjustments in CBA6 are weighted to the proportienof road that is classified by each category.
Gradient and curvature proportions used in CBA6 are shown by Table 4/

Table 17: Preset gradient and curvature proportions

Preset Gradient proportion
<2% < 4% < 6% < 8% <10%
Level/flat 90% 10% 0% 0% 0%
Rolling/undulating 50% 30% 20% 0% 0%
Mountainous 30% 30% 20% 20% 0%
Preset Curvature proportion
gokm/h sokm/h 65km/h 8okm/h No curve
Straight 0% 0% 0% 10% 90%
Curvy 0% 0% 10% 30% 60%
Very curvy 0% 0% 60% 20% 20%

Source: TMR calculations

Note: CBA6 default gradient settings can be adjusted.

Sections 4.4.3.1 and 4.4.3.2 outline the calculations used to derive the curvature and gradient adjustment factors in
CBA6.

4.4.3.1 Gradient adjustment

Gradient adjustment is calculated using data from Table 16 and is shown by Equation 29. The proportion of the road

section that is classified by the gradient category is illustrated by Table 17. Subsequently, these values are multiplied to
attain the disaggregated gradient adjustment factors.
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Equation 29: Tyre gradient adjustment factor

Grad(VT) = Z Gradient Adj Array(VT, Grade;) X Grade%;
Where:

e Grad(VT) = tyre gradient adjustment factor (vehicle type)

e Gradient Adj Array = gradient adjustment values

e Grade% = percentage of road that falls into each category of gradient
Example: Gradient adjustment

Gradient adjustment for a B-double on a flat road is given by:

Grad(B — Double) = (90% x 0.00) + (10% x 0.15) + (0% x 0.3) + (0% x*0:6) + (0% x 0.9)

Grad(B — Double) = 0.00 4+ 0.015 + 0.00 + 0.00 + 0.00

Grad(B — Double) = 0.02

A flat road, with 90% of the total section with a grade of less than 2%and-10% of the total section at a grade of 4%,
increases tyre wear by 2%.

4.4.3.2 Curvature adjustment

Curvature adjustment is calculated in CBA6 using data from Table 16 and is given by Equation 30.
Equation 30: Tyre curvature adjustment factok

Curv(VT) = ), Curvature Adj Array(VT, Design Speed;) X Curvature%;

Where:

e Curv(VT) = curvature adjustment factor for tyre wear

e Curvature Adj Array = curvature parameter values

e Curvature%, = percentage of road that falls into each category of curvature

Example: Curvature adjustment

The curvature adjustment for a B-double on a curvy road is given by:

Curv(B — Double) = (0% X 10) + (0% x 15) + (10% % 20) + (30% X 15) + (60% x 0)
Curv(B — Double) = (0.1 x 20) + (0.3 x 15) + (0.6 x 0)

Curv(B — Double) = 6.5

Tyre costs incurred on a curvy road are 6.5 times higher than on a straight road. The curvature adjustment factor
accounts for the greatest change in tyre wear.

Cost-benefit Analysis manual, First Edition, February 2011
4.44 OTransport and Main Roads



4.4.4 Roughness adjustment
The roughness adjustment for tyre wear is dependent on operating speed and is shown by Table 18.

Table 18: Tyre roughness adjustment array

Vehicle type Operating speed (km/h)

8-16 16-24 24-32 40-48 48-56 56-64 64-72 72-80 80-88 88-96 96-104
Cars — private 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Cars — commercial 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Non-Articulated 0.32 0.32 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.30 0.30
Buses 0.28 0.28 0.28 0.28 0.29 0.29 0.29 0.29 0.29 0.29 0.29
Articulated 0.17 0.17 0.17 0.17 0.17 0.18 0.18 0.18 0.18 0.18 0.18
B-double 0.19 0.19 0.19 0.19 0.20 0.20 0.20 0320 0.20 0.20 0.20
Road train 1 0.19 0.19 0.19 0.19 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Road train 2 0.19 0.19 0.19 0.19 0.20 0.20 0:20 0.20 0.20 0.20 0.20

Source: adapted from Austroads (2005) p.40

The roughness adjustment value is selected from the tyre roughness,adjustment array based on the current operating
speed of the vehicle.

Example: Roughness adjustment example

The roughness adjustment for a B-double travelling at'64.4 km/h is 0.2, which indicates that the road roughness
increases tyre wear by 20%.

4.4.5 Total unit tyre cost

The total tyre unit cost represents the-total tyre usage cost adjusted for the road characteristics, as shown by Equation
31.

Equation 31: Tyre cost

Tyres(VT) = TreadCost X btw(VT) x (1 + Cong(VT) + Curve(VT) + Rough(VT) + Grad(VT))
Where:

e Tyres(VT) = tyre cost

e btw(VT) = basic tyre wear

Example: Tyre cost

For a B-double, the total unit cost is shown by the aggregate of the individual calculations as follows:

Tyres(B — Double) = 55.07 x 115.87 X (1 + 0.046 + 6.5+ 0.2 + 0.02)
Tyres(B — Double) = 49580.067 ¢/1000km

Tyres(B — Double) = 49.58c/km
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4.5 Repairs and maintenance

Repairs and maintenance costs are calculated using the road roughness and basic repairs and servicing costs as shown
by Table 19. This table shows the basic repairs and servicing costs for all vehicle types per kilometre travelled. Unlike
other operating cost components, speed, road alignment and traffic congestion do not directly affect vehicle repairs and
maintenance costs.

Table 19: Repairs and servicing cost (RMUC)

Vehicle type RMUC

Basic repairs and servicing cost (cents/km)

Cars — private 4.5
Cars — commercial . 4.6
Non-Articulated 8.6
Buses K 8.6
Articulated 16.6
B-double 20.6
Road train 1 22.0
Road train 2 28.2

Source: adapted from Austroads (2008) page 16.
Example: Repairs and service cost
The basic repairs and servicing cost for a B-double i$.20.6 c/km.

The basic servicing and repairs costs are adjusted.for pavement condition via the pavement condition index (pavind), in
Table 20.

Table 20: Pavement condition index

Surface type Pavind (NRM)

50 100 150 200 250
Earth/formed 3.5 3.5 3.5 3.5 3.5
Gravel 1.5 1.57 1.65 2 2.5
Sealed/concrete 1 1.15 1.3 1.45 1.6

Source: adapted from Austroads (2005) page 47.

Parameter values are given for 50, 100, 150, 200 and 250 NRM. These pavement condition values need to be
interpolated to attain a parameter corresponding to current roughness (CNRM).

Note: The current roughness should lie between 30 and 250 NRM. When the current roughness is less than 50 NRM, the
adjustment value or rscmrf factor will be equal to 1 as shown by Equation 32.
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Equation 32: Repairs and maintenance adjustment factor

30<CNRM <50=1

(CNRM - 50)
50 < CNRM < 100 = 1 + (PAVIND(ST,100) — PAVIND(ST, 50))m
100 < CNRM < 150 = PAVIND(ST,100) + (PAVIND (ST, 150) — PAVIND (ST, 100) (CNRM — 100)
rscmrf(VT) = B ’ ( ’ ’ ) (150 — 100)
(CNRM — 150)
150 < CNRM < 200 = PAVIND(ST, 150) + (PAVIND(ST,200) — PAVIND (ST, 150))m
(CNRM — 200)
200 < CNRM < 250 = PAVIND(ST, 200) + (PAVIND(ST,250) — PAVIND (ST, 200))m

Where:

e CNRM = current roughness in NRM

e PAVIND(PT) = pavement index value at the current surface type (ST)
Example: Repairs and maintenance adjustment factor

For a B-double on a sealed road with a current roughness of 120 NRM, th& calculation is as follows:

(120 — 100)

rscmrf (B — Double) = 1.15 + (1.3 — 1.15) X (150 — 100)

rscmrf (B — Double) = 1.21

The repairs and maintenance costs for a B-double travetting on a road would increase by 21% if the roughness was
increased from below 50 NRM to 120 NRM.
4.5.1 Total repairs and maintefance unit cost

The unit repairs and maintenance ‘egstfor this VOC component is the sum of the basic repairs and maintenance cost per
vehicle type and the roughness adjustment factor shown by Equation 33.

Equation 33: Repairs ang’/maintenance cost

REPMCS(VT) = RMUC(VT) X rscmrf(VT)

Where:

e REPMCS(VT) = repairs and maintenance cost per vehicle type

e RMUC(VT) = basic repairs and maintenance cost per vehicle type

e rscmrf(VT) = repairs and maintenance adjustment factor per vehicle type
Example: Repairs and maintenance cost

The total repairs and maintenance costs for a B-double are given by:

REPMCS = RMUC X rscmrf

REPMCS = 20.6 X 1.21
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REPMCS = 2493 c/km

The repairs and maintenance costs for a B-double travelling on a 120 NRM road surface would incur a repairs and
maintenance cost of 24.93 cents per kilometre travelled.

Cost-benefit Analysis manual, First Edition, February 2011
©Transport and Main Roads 4.49



4.6 Depreciation and interest costs
Depreciation and interest costs for all vehicle types are calculated using the data shown by Table 21.

Table 21: Time and depreciation factors

Tax Vehicles Ddpn Tdi Fleet Ahour
é Effective sales New vehicle  Basic distance Basic time Proportion of No. Of hours/
2 tax % on new price ($) depreciation depreciation VT susceptible  year vehicle is
= vehicles rate to fleet available on
2 reduction the road
Cars — private 10% 24,410 0.22 9.50 0.00 1000
Cars — commercial 10% 29,890 0.25 9.20 0.27 1200
Non-Articulated 10% 101,450 0.28 7.40 0.80 1760
Buses 10% 101,450 0.15 7.00 0.80 2000
Articulated 10% 245,917 0.15 5(50 0.65 2833
B-double 10% 357,110 0.14 5.50 0.60 3000
Road train 1 10% 395,720 0.14 5.50 0.60 3000
Road train 2 10% 495,950 0.14 5.50 0.60 3000

Source: adapted from Austroads (2008) page 16 and Austroads (2005) page 5%,

The values from Table 22 are used to calculate the net depreciation and interest costs. These values describe the
relationship between distance depreciation and road sutface type.

Table 22: Surface type factor

Surface type Depsrf

Factor relating distance depreciation to road surface type

Unsurfaced 2.5

Primerseal 1.5

Sealed 1

Concrete 1
Source: TMR.

The distance and time depreciation per vehicle type is derived to calculate the net depreciation and interest costs. The
economic cost of a new vehicle is calculated and then adjusted to account for distance and time.

4.6.1 Economic cost of a new vehicle

A component of the depreciation and interest calculations is the economic cost of a new vehicle. This is defined as the
price of the vehicle less the cost of all tyres supplied with the vehicle including any spares. The economic cost of a new
vehicle is shown by Equation 34, where price calculations are net of sales tax.

Equation 34: Economic cost of a new vehicle

100
100 + TAX(VT)

ECV(VT) = VEHICLESS(VT) x ( ) — CTYRE(VT) X (NOTYRE(VT) + 1)
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Where:

ECV(VT) = economic cost of the vehicle

VEHICLESS(VT) = new vehicle price per vehicle type ($)

TAX = effective sales tax on new vehicles

NOTYRE(VT) = number of tyres (including spares)

CTYRE(VT) = cost of new tyres ($)
Example: Economic cost of a new vehicle

For a B-double , the economic cost of a new vehicle is:

ECV=357110><( )—331><(30+1)

100 + 10%
ECV = $346,492.25

The economic cost of a new B-double including sales tax and the number oftyres’is $346 492.

4.6.2 Basic distance depreciation

Basic distance depreciation (cents/km) is derived from the eConomic cost of a new vehicle and a distance depreciation
rate. Basic distance depreciation is shown by Equation 35.

Equation 35: Basic distance depreciation

DDPN(VT)

DSTDEP(VT) = 0.001 x 100 x ECV (VB ———

Where:

e DSTDEP = basic distance depreeiation (cents/km)
e ECV(VT) = economic cost ofirrew vehicle ($)

e DDPN(VT) = distance dépreciation rate %
Example: Basic distance depreciation

For a B-double, the distance depreciation is:

DSTDEP (B — Double) = 0.001 x 100 x 346,492.25 X 100

DSTDEP (B — Double) = 48.51 c/km

The economic value of a new B-double will depreciate by 48.51 cents for every kilometre travelled.

4.6.3 Time depreciation

Basic time depreciation is derived as a function of the economic cost of a new vehicle, which is shown by Equation 36.
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Equation 36: Basic time depreciation

TDPINT(VT) = 100 x ECV(VT) x [ LAV FLEET(VT)
100 AHOUR(VT)

Where:

TDPINT(VT) = marginal time depreciation and interest per vehicle type (cents/hour)
e ECV(VT) = economic cost of new vehicle per vehicle type ($)
e TDI(VT) = basic time depreciation and interest rate per vehicle type (%/year)

e FLEET(VT) = proportion of vehicle type susceptible to ‘fleet reduction’ effects due to travel time reduction per vehicle
type

e AHOUR(VT) = number of hours a year for which vehicle type is available ‘on the road™per vehicle type
Example: Basic time depreciation

For a B-double, time depreciation is:

55 0.6
TDPINT (B — Double) = 100 x 346,492.25 x (ﬁ) X 3000
TDPINT(B — Double) = 381.14 c/hr

This value represents a depreciation rate of 381.14 centsforevery hour the vehicle is on the road in addition to the
distance depreciation.

4.6.4 Net depreciation and interesticosts

Net depreciation and interest costs cémbjne both time and distance components, shown by Equation 37.

Equation 37: Net depreciatiomand'interest

TDPINT(VT)
DPINCS(VT) = | DSEDEP(VT) x DEPSRF + ———~

oS(VT)

Where:

DPINCS(VT) = depreciation and interest costs per vehicle type (cents/km)

DSTDEP(VT) = basic distance depreciation (VT)(cents/km)

DEPSRF = factor relating distance depreciation to road surface type (VT)

TDPINT(VT) = marginal time depreciation and interest per vehicle type (cents/hour)

OS(VT) = operating speed
Example: Depreciation and interest

For a B-double travelling at 64.4 km/h on a sealed road, the net depreciation and interest cost is:

DPINCS(B — Double) (48 51 % 1.0 + 381'14)
— = . X 1.
oubte 64.49
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DPINCS(B — Double) = 54.42 c/km

This figure incorporates both the hourly and distance rates into a single per kilometre depreciation rate.
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4.7 Total unit vehicle operating cost

The total unit VOC is the sum of the individual VOC components calculated throughout Section 4. This includes fuel,
tyres, oil, repairs and maintenance, and interest and depreciation. Total unit VOC are given in Equation 38.

Equation 38: Total unit VOC

UnitVOC(VT) = Fuel + 0il + Tyres + Repairs + Depreciation
Where:

e UnitVOC(VT) = unit vehicle operating cost (cents/km)

Example: Total unit VOC

In the B-double, this would be as follows:

UnitVOC(B — Double) = 95.72 4+ 1.71 + 49.58 + 24.93 + 54.42

UnitVOC(B — Double) = 226.36¢/km

The total unit vehicle operating cost for the B-double is 226.36 centséper Kilometre travelled.
The total VOC for the year is then summed across all vehicle types:yThe VOC formula is shown by Equation 39.

Equation 39: Total VOC (all vehicle types)

VOC;
TotalVOC = Seclength X days X ZAADTi X 10(;
i

The VOC calculation is completed for each‘y€ar of the evaluation. The VOC value will change as road conditions such as
roughness and volume vary each year,

The annual VOC derivation is required for both the base and project cases. The difference between the VOC derived for
the base case and project casewill be used to estimate the annual and total VOC benefit for the proposed project.
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5 Travél time costs

TTC are theimonetised costs to the road user for the time taken to complete a
journéy. TTC benefits equal the difference in road user TTC between the base
caseland the project case. TTC are a function of trip time, average occupancy

per vehicle, the monetary value of time per occupant, cost of freight delay per
hour and AADT.
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The calculation of trip time is shown by Equation 40.

Equation 40: Trip time

SecLength
oSs(VT)

TripTime(VT) =
Where:

e TripTime(VT) = trip time (hours)
e Seclength = section length (km)
e OS(VT) = operating speed

Example: Trip time

For a B-double travelling along a sealed, 5 km road section at 64.4 km/h, the trip timeis:

5km

FripTime(B — Double) = 64.4km/h

TripTime(B — Double) = 0.0775 hrs (4.65 minutes)

The 5 km journey takes 4.65 minutes to complete when travelling'atan average speed of 64.4 km/h.
Note: Trip time will differ for each vehicle type based on operating speed as calculated in Section 3.

Each vehicle type has an associated cost reflecting the'value of the occupant’s time and the cost of freight delays. These
costs differ between urban and rural speed environments as the occupancy rates change between environments. These
time costs are shown by Table 23.
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Table 23: Estimated values of travel time — occupant and freight payload values

Vehicle type Environment Resource prices (June 2007)
Value per occupant  Freight travel time Occupancy rate  Total value of time
(pers/hr) (value per veh- (pers/veh) ($/veh.hr)

hour)

Cars — private Rural 11.49 0.00 1.70 19.53
Urban 11.49 0.00 1.60 18.38
Cars — commercial  Rural 32.01 0.00 1.30 41.62
Urban 32.01 0.00 1.40 44.81
Non-Articulated Rural 22.86 2.67 1.17 29.35
Urban 22.86 5.26 1.20 32.69
Buses Rural 11.49 0.00 12.00 137.88
Urban 11.62 0.00 15.00 174.30
Articulated Rural 23.76 15.00 1.00 38.76
Urban 23.76 29.54, 1.00 53.30
B-double Rural 23.87 24753 1.00 48.40
Urban 24.98 48.32 1.00 73.30
Road train 1 Rural 24.98 32.79 1.00 57.77
Urban 26.11 0.00 1.00 26.11
Road train 2 Rural 25.44 48.32 1.00 73.76
Urban 25.44 0.00 1.00 25.44

Source: adapted from Austroads (2008) page 18.

The final derivation of annual travel timewvalue per vehicle and vehicle type is given by Equation 41.
Equation 41: Annual travel time

TTC(VT) = AnnFact X fL¥ipTime(VT) X AADTwry X VTVEHR(VT))
Where:

e TTC(VT) =TTC cost ($)

e AnnFact = annualisation factor (days per year)

e TripTime(VT) =trip time (hrs)

e VTVEHR =value of time per vehicle ($)

e AADT(VT) = annual average daily traffic of vehicles type x

Example: Travel time cost

For a B-double travelling 4.65 minutes on a rural road, the annual time cost is:
TTC(VT) = 365.25 x (0.0775 x 1 X 48.40)

TTC(VT) = $1370.05 per year
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The TTC for a B-double is $1370.05 per year.

This TTC calculation is repeated for each year of the assessment as a number of variables will change with road and
traffic conditions, including congestion and trip time.

AADT in this example refers to the number of vehicles for each vehicle type, instead of the aggregate value. In calculating
the total TTC, these calculations would be summed for each vehicle type in both base and project cases.
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6 Acci&ent costs

Accident costs are calculated using a default accident rate based on road
type and the average cost of a crash. CBA6 calculates the accident cost from
estimations of average crash costs based on the crash severity and historical
Crash rates determined by the modal road state (MRS).

Accident costs are a Queensland average, based on Austroads unit crash
data. Unit costs used in CBA6 are shown by Table 24. Values calculated in this
table are derived using the human capital approach rather than willingness to
pay. For more detail see Section 2.2.3 of the Theoretical Guide.

59



Table 24: Unit costs per crash type for Queensland

Fatalinjury Serious injury Minor injury Average casualty Property damage
Rural 2102 000 502 000 20 200 259 000 7 500
Urban 1958 000 471 000 20 600 183 000 7 500

Source: Adapted from Austroads (2008), page 21.

Unit costs per crash type are weighted according to frequency of occurrence in Queensland. The breakdown of the
severity of road crashes in 2005 is shown by Table 25.

Table 25: Severity of road crashes in Queensland (2005)

Fatalinjury Serious injury Other injury =-Property damage Total
Rural Number of crashes 153 1051 1193 1462 3859
Number killed 174 W
Number serious injuries 76 1332
Number other injuries 22 229 1535
Number no injuries N/A N/A N/A
Urban Number of crashes 143 7 A 067 7 246 7 682 19138
Number killed 156
Number serious injuries 377 . 4842
Number other injuries 32 739 9059
Number no injuries N/A N/A N/A
Total Number of crashes 296 5118 8 439 9144 22997
Number killed 330
Number serious injuries 113 6174
Number other injuries 54 968 10594
Number no injuries N/A N/A N/A

Source: Table c3, Austroads (2008) page 56.

Costs per crash are stored in CBA6 as shown by Table 26.

Cost-benefit Analysis manual, First Edition, February 2011
4.60 OTransport and Main Roads



Table 26: Average crash costs

Crash type Rural Urban
Fatal injury $2 102 000 $1 958 000
Serious injury $502 000 $471 000
Other injury $20 200 $20 600
Property damage $7 500 $7 500
Average crash cost $229 145 $125532

Source: TMR calculations.

Table 26 shows that average crash costs calculated for individual casualty crash categories can vary across areas of
operation. Severity of crashes tend to increase with vehicle operating speeds as a greater proportion of people are killed
or seriously injured in higher speed environments than lower speed environments. As a result, average crash costs in
rural areas are higher than for urban areas.

To determine the casualty crash rate for a rural road, the casualty crash rate for artwo-lane road with a 7 m seal is used
as a base for deriving the casualty crash rate for alternative road types. The rufal read crash rate is shown by Equation
42,

Equation 42: Rural crash rate

Acr = KursKnaABcr

Where:

e A, = predicted casualty crashes per MVKT for asfoad of given attributes

* AB, = casualty crash rates for a two-lang%oad with a 7 m seal and nom curves of speed standard 90 km/h or less is
estimated at 0.25 crashes per MVKT

* K, = factor to derive crash rates)forfoad standards different from the ABCR value, with no curves of 90 km/h or less
e K, =factorto modify predicted crash rates for roads with horizontal alignment of speed standard 90 km/h or less
Note: the K., factor is notCurrently used in CBA6.

Casualty crashes in CBAG6 are factored up to the total crash rate as indicated by Equation 43.

Equation 43: Crash rate

Arp = —
Tr Pcas

Where:

e A, =predicted total crash per MVKT for a given road of given attributes
* P =proportion of casualty crashes in recorded rural crashes (0.568)
(Calculated from TMR databases from 1996-2001.)

The default crash rates applied in CBA6 to each MRS are shown by Table 27.
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Table 27: Crash rate per MRS

MRS Road width description KMRS * Acr —rural casualty  Atr - accidents per
crash rate/ MVKT MVKT
1 Unsealed natural surface 1 0.25 0.440140845
2 Unsealed formed road 1 0.25 0.440140845
3 Paved < 4.5 m 1.4 0.35 0.616197183
4 Paved >= 4.5 m 1.4 0.35 0.616197183
5 Narrow seal <= 4.5 m 1.2 0.3 0.528169014
6 Narrow seal 4.6 m—5.2 m 1.56 0.39 0.686619718
7 2 lane seal 5.3 m-5.8 m 1.6 0.4 0.704225352
8 2 lane seal 5.9 m—6.4 m 1.3 0.325 0.572183099
9 2 lane seal 6.5 m-7.0m 1 0.25 0.440140845
10 2laneseal 7.1 m-7.6 m 0.86 0.215 0.378521127
11 2 lane plus shoulder seal 7.7 m-8.2 m 0.74 0.185 0.325704225
12 2 lane plus shoulder seal 8.3 m-9.0 m 0.64 0.16 0.281690141
13 2 lane plus shoulder seal 9.1 m-9.4 m 0.58 O 0.145 0.25528169
14 2 lane plus shoulder seal 9.5 m=10 m 0.52 0.13 0.228873239
15 2 lane plus shoulder seal 10.1 m-11.6 m 0.47 0.118 0.206866197
16 3 lane for overtaking N/A N/A N/A
17 4 lane undivided sealed 0.85 0.213 0.374119718
18 6 lane undivided sealed 0.85 0.213 0.374119718
19 4 lane divided sealed 0.45 0.113 0.19806338
20 6 lane divided sealed 0.45 0.113 0.19806338
21 4 lane divided (limited access) 0.275 0.069 0.121038732
22 6 lane divided (limited access) 0.275 0.069 0.121038732
23 8 lane divided (limited"access) 0.275 0.069 0.121038732

Source: Austroads (2001).

Note: The accident crash rate is not applicable to MRS 16 as MRS 16 includes an overtaking lane. Accident cost benefits
for overtaking lanes can be found in Section 8.
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6.1 Total crash cost

The total crash cost in monetary terms is given by Equation 44. The total crash cost calculation is determined by the
number of vehicles on the road, the accident rate and the average crash cost.

Equation 44: Total crash cost

CT‘aShCOStRT = MVKT % ATR X AACCRT

CrashCost — AADT % 365.25 X SecLength A X AACC
raspLost = 1.000.000 TR RT

Where:

AADT = annual average daily traffic (vehicles)

Seclength = section length (km)

A, = total crash rate (accident/MVKT)

AACC,, = average crash cost for road type ($)
Example: Crash cost

The crash cost for a thousand vehicles travelling along a 10 km, rufal two-lane road with a shoulder seal (MRS 11) is:

1000 x 365.25 x 10
CrashCostpy = 1000000 % 0.325704225/x $229,145

CrashCostgr = 3.6525 x 0.325704225 x 229{145

CrashCostgr = $272,598.84 /year
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Percentage reduction in accidents for intersection treatments, low speed environment — two vehicle accidents

Two vehicle accidents

Accident Group Number 1 2 3 4 5 6 7 8 9 10 11
DCA Codes
3 5 & 3 g8 s & & &
T ”‘. R «a s A N i 5\
S 5 & © 5 & & 3 & g5 38
i o o o~ [ea} [sa} [ea} < wn O [e)}
Accident Costs (2007 prices) ° S ° ° ° ° ° ° ° ° S
S 5 8 8 & S 8 § 8 3§
00 N N 2] o < NI < o0 "o —
5 & & 8 & & & @a & oa &
Roundabout - 1 lane 70 70 60 50 30 20
Roundabout - 2 lane 70 70 60 50 30 N 20
New traffic signals - filter turns allowed 60 -30 -40 -\
New traffic signals - no filter turns allowed 60 90 -40 (
Street closure - cross intersection 70 50 70 50,
Street closure - T intersection 100 50 100 S0
Grade separation of intersection 100 100 7, 50
Median closure 100 100 100/ 50
Stagger cross intersection 50 50 507"
Seagull island without acceleration lane - raised island 10 40 . 4Q 15 60 40 40 70
Seagull island without acceleration lane - painted island 20 40 /) 40 15 60 40 40 70
Seagull island without acceleration lane - painted island 10 £ 40 = 40 15 60 40 40 70
Seagull island without acceleration lane - painted island 2@y 40 40 15 60 40 40 70
New signing stop 50 -50
New signing give way V10
New signing prohibit turns Z, 70 70 70 70
Fully control right turn with arrows R 80
Introduce right turn phase while leaving filter, -10
Red light camera at existing traffic signals 30 25 -30
Upgrade signal display (mast army/additional lanterns) 20 10 25
Protected right turn lane  » \_ 15 40 60 40 40 70
Protected right turn lane 15 40 60 40 40 70
Left turn acceleration lane 25 60 40 40
Separate left turn acceleration lane 10 15 60 40 40
Install additional priority signals 30
Move limit lines forward using paint markings 10
New signing - intersection warning 15 25 10
Move limit lines forward using curb extensions 25
Accident Group Description
1 Intersection - adjacent approaches 8 Manouvering 15 Off carriageway - hit object
2 Head-on 9 Overtaking - same direction 16 Off straight - hit object
3 Opposing vehicles 10 Hit parked vehicle 17 Out of control straight
4 U-turn 11 Hit railway train 18 Off carriageway - curve
5 Rear-end 12 Hit pedestrian 19 Off curve - hit object
6 Lane change 13 Permanent obstruction 20 Out of control - curve
7 Parallel lanes - turning 14 Hit animal
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Percentage reduction in accidents for intersection treatments, low speed environment —one vehicle accidents

Single vehicle accidents

Accident Group Number 12 13 14 15 16 17 18 19 20
DCA Codes B R
o~
8 R
o0 S o~ o~ <
o o O o o o o
= ~E RS « € 0
— N wn (o)) — O m n — [sa} wn
o O (=] (=] o O o (=] o o o
o O O \O NN~ N N [ee] [o'e] 00
Accident Costs (2007 prices) o o o o
o o o o o o o o o
O o o o (@] o N N o
< s\ I} 1\ © < ~ ~ N
\O < (@] o — < o o N
— N < Nel — 00 — — 00
“r +r &+ “ 7 &+ “r 7 “+r
|
Roundabout - 1 lane 10 |
Roundabout - 2 lane -20 <
New traffic signals - filter turns allowed 0 L )
New traffic signals - no filter turns allowed 10 N ¢
Street closure - cross intersection 30 U,
Street closure - T intersection 40 A~
Grade separation of intersection 70 N
Median closure e
Stagger cross intersection 50

Seagull island without acceleration lane - raised island 25
Seagull island without acceleration lane - painted island 25
Seagullisland without acceleration lane - painted island 25
Seagullisland without acceleration lane - painted island \25
New signing stop 10
New signing give way

New signing prohibit turns

Fully control right turn with arrows =
Introduce right turn phase while leavingfilter
Red light camera at existing trafficsignals
Upgrade signal display (mast arm/additional lanterns)
Protected right turn lane

Protected right turn lane

Left turn acceleration lane

Separate left turn acceleration lane

Install additional priority signals

Move limit lines forward using paint markings

New signing - intersection warning

Move limit lines forward using curb extensions

Note: Costs are based on the costs contained in “Crash costs 2001: cost by accident type” produced by Dr David
Andreassen of Data Capture and Analysis, factored up by 2.393% for 6 years and rounded to the nearest $100.DCA
codes, in TMR, are predominantly limited to the evaluation of accident cost savings at intersections. The columns

in the table represent the percentage reduction in accidents of a particular nature from a prescribed treatment. For
example, introducing a stop sign will reduce accidents from intersection, adjacent approaches by 50% and accidents
involving pedestrians by 10% but increase rear-end accidents by 50%. If we assume an annual average of 4 accidents
from intersection, adjacent approaches, 6 accidents from rear-end collisions and 1 accident involving a pedestrian

at a particular intersection, the annual undiscounted accident cost savings from implementing the stop sign at this
intersection = 4x0.5x$78,100+6x(-0.5)x$38,800+1x0.1x$164,600 = $56 260 in Year 1. The following years’ savings
can be calculated by multiplying the Year 1 savings by the traffic growth rate.
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7 Externalities

This section‘of the Technical Guide explains the calculation of externality
costsdfor transport infrastructure projects. Externality costs are calculated
outside’CBA6. The manual calculation is entered as a dollar value peryearin
the ‘accident and other costs’ screen, see Section 3.7 of the User Guide. The
theories supporting the calculation of externalities are covered extensively in
Chapter 3 of the Theoretical Guide.
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Externality costs are calculated based on VKT for passenger and bus vehicle types and 1000 tonne kilometres (1000 t/km)
for light and heavy freight vehicles. This applies to both rural and urban environments.

The equation for calculating externalities costs for passenger and bus movements is Equation 45.
Equation 45: Externality cost

Externality; = UnitCostex, X VKT

Where:

* Externality, = externality cost per year per vehicle type ($)

o UnitCostexty = externality unit cost per vehicle type and environment (c/km)

e VKT =vehicle kilometres travelled (AADT x SecLength x 365.25)

The unit externality costs are derived for both rural and urban environments for both/passenger cars and buses. The unit
costs are provided by Austroads in 2007 values as shown by Table 28.

Table 28: Externality unit costs for passenger vehicles and buses (c/vkt)

Vehicle/units Urban Rural
Passengers cars Buses Passengers cars Buses
Air pollution 2.54 28.61 0.03 0.00
(2.48-2.60) (20.24-31.82) (0.02-0.03) (0.00-0.32)
Greenhouse 2.00 11.79 2.00 11.79
(1.77-2,24) (n/a) (1.77-2.24) (n/a)
Noise 0.82 2.00 0.00 0.00
(0.59-1.06) (1.18-2.83) (0.00) (0.00)
Water 0.38 4.29 0.04 0.04
(0.37-0.39) (3.04-4.77) (0.04-0.04) (0.03-0.05)
Nature and landscape 0.05 0.13 0.47 1.3
(0.05-0.17) (0.13-0.6) (0.47-1.65) (1.3-6.01)
Urban separation 0.59 1.89 0.00 0.00
(0.35-0.82) (1.18-2.6) (0.00) (0.00)
Upstream and 3.42 17.68 3.42 17.68

downstream costs
(2.95-3.89) (14.14-21.21) (2.95-3.89) (14.14-21.21)

Source: Austroads (2008) pages 25-29.
Note: Austroads provides unit cost ranges (in brackets). The non-bracketed values are an average of the supplied range.
Example: Air pollution

The externality cost for 100 passenger cars over a 5 km section of urban highway is:
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Externality; = UnitCostgy, X 182,625

Air pollution externality costs are therefore given by:

Air Pollution; = 2.54 x 182,625

Air Pollution; = 463,867.5 cents

Air Pollution; = $4638.68 p.a.

The air pollution cost to the environment from 100 cars travelling 5 km is $4638 per annum.

The unit externality costs for light and heavy freight vehicles in both rural and urban environments are shown by Table

29.

Table 29: Externality unit costs for freight vehicles ($ per 1000 tonne-km)

Vehicle/units

Urban

Light vehicles

Heavy vehicles

Rural

Light vehicles

Heavy vehicles

Air pollution range 158.93 21.19 0.00 0.21

(117.85-261.60) (10.28-25.93) (0.00) (0.11-0.26)

Greenhouse range 49.50 471 49.50 4.71

(45.96-51.85) (2:36-8.25) (45.96-51.85) (2.36-8.25)

Noise ranges 27.10 3.54 0.0 0.35

(18.86-37.71) (2.36-4.71) (0.00) (0.24-0.49)

Water 23.8%4 3.18 0.24 1.27

(17.68439:20) (1.06-3.89) (0.18-0.42) (0.64-1.56)

Nature and landscape 17.68 0.35 0.18 3.54

(17.68-34.18) (0.35-0.71) (0.18-0.34) (3.54-7.07)

Urban separation 25.93 2.36 0.00 0.00

(15.32-36.53) (1.18-3.54) (0.00) (0.00)

Upstream and 164.99 18.86 164.99 18.86
downstream costs

(117.85-212.13) (16.5-21.21) (117.85-212.13) (16.5-21.21)

Source: Austroads (2008) pages 25-29.

To calculate the externality costs for freight vehicles, the unit externality costs per VKT are calculated using the gross
combination mass (GCM) as detailed by Table 30.
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Table 30: Gross combination mass (Queensland freight vehicles)

Vehicle type Maximal length (m) GCM (t) Weight of freight (t)
Semi-trailer 19.00 42.50 36.5
Quad axle semi-trailer 19.00 46.50 40.5
B-double 26.00 62.50 46.5
Road train 1 36.50 79.00 73.0
B-triple 36.50 82.50 76.5
AB-triple 36.50 99.00 93.0
Road train 2 53.50 115.50 109.5
AAB-quad 53.50 142.50 136.5
BAB-quad 53.50 119:00 113
ABB-quad 53.50 119.00 113
Source: TMR.

The unit externality costs per VKT per vehicle are calculated as shown by EqUatien 46.

Equation 46: Heavy vehicle externality costs per VKT
ExternalityCost ., o,., X WeightofFreight(VT)

10

UnitCost =
exty

Where:

° UnitCostexty = externality unit cost per vehicleltype and environment (c/km)
o WeightofFreight(VT) = GCM — weight of{printe mover

The unit externality costs per VKT forfréight vehicles are given by Table 31.

Table 31: Externality unit costsfer CBA6 heavy vehicles (c/VKT)

Vehicle/units Urban Rural

Articulated B-double Roadtrain1 Roadtrain2 Articulated B-double Road train1  Road train 2

Air pollution 77.34 119.72 154.69 232.03 0.77 1.19 1.53 2.30
Greenhouse 17.19 26.61 34.38 51.57 17.19 26.61 34.38 51.57
Noise 12.92 20.00 25.84 38.76 1.28 1.98 2.56 3.83
Water 11.61 17.97 23.21 34.82 4.64 7.18 9.27 13.91
Nature and 1.28 1.978 2.56 3.83 12.92 20.00 25.84 38.76
landscape

Urban separation 8.61 13.33 17.23 25.84 0 0 0 0
Upstream and 68.84 106.56 137.68 206.52 68.84 106.56 137.68 206.52
downstream

Equation 47: Freight externality cost
UnitCostFexty X VKT,

FreightExternality =
100
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Where:

* FreightExternality, = Freight externality cost per year per vehicle type ($)

® VKT, = AADT, x section length x 365.25

Example: Freight externality cost

The air pollution externality cost for 100 B-doubles over a 5 km section of urban highway per year is:
VKT, = 100 x 5 x 365.25 = 182 625

) , ] 119.72x 182,625
AirPollutionExternalityCost = =218,639

100

The air pollution cost to the environment from 100 B-doubles travelling 5 km is $218 639 per annum.
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8 Advanced projects

This section“pfovides the methodologies and algorithms contained in CBA6
for theé advanced modules. This section builds on the previous explanations
ofd#oad\dser costs such as VOC, TTC and accident costs and applies those
calculations to advanced projects. It outlines the methodologies applied to
derive the following benefits/costs:

¢ flooding/diversions (diversions with a road closure)
e road closures (road closure with no diversion)

e generated traffic

e livestock damage

e intersections

e overtaking lanes.

All examples in this chapter are consecutive quantifications of a single year’s
user cost for the B-double vehicle type.
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8.1 Road closure with diverting route

Flood immunity projects require a detailed understanding of both the road network and road user behaviour. As in
Section 5.4.5 of the User Guide, road user responses to flooding can vary depending on the frequency, severity and
extent of flooding. Flood warning times and the availability of alternative routes will also affect the decisions made by
motorists. The following three options exist for motorists affected by flooded roads:

e Wait - remain at the flood site for waters to subside.

e Divert — use an alternative route around the flood affected area.

e Do not travel — choose not to travel at all.

Example: Flooded road

In this example for a flooded road, the following assumptions apply:

*  10% - wait at the flooding site (wait for the flood to subside).

® 20% - divert to another route.

e 70% — choose not to travel during the flooding event at all.

Note: Proportions of road user behaviour must equal 100%.

For all road closure projects CBA6 requires road closure information associated with local flooding and data on the
AATOC and the ADC for the base and project cases.

Note: For further details on the costs of not travelling'see’Section 2.4.1.3 of the Theoretical Guide. CBA6 does not
calculate road user costs for existing traffic.

Figure 3 illustrates the relevant sections ofaflooding diversion which are identified as:
e Section Ais the flood affected section, which is to be upgraded.

e Section B is the normal fullllength of the road, and is assumed to have the same road configuration as section A in
the base case (prior to the upgrade). The length of B is the distance between X and Y minus the length of A.

e Section Cis the diverting route, which can be substantially longer than section B and should be measured as the
length along the diversion route between X and Y.
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Figure 3: Flooding closure

C - diverting route

X A - flooded section Y

B — normal section
(Xto Y minus A)

8.1.1 Flooding data
The AATOC and ADC values are used in CBA6 to determine the waiting time during a flood event. These calculations are
then used to estimate road user costs associated with the flood ewent. An example of flood data is shown by Table 32,

and formulae for AATOC are given by Equation 48.

Table 32: Example base case flood data

\ase case flood data

N
Years 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Number of 1 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0
floods
Total time 60 0 0 0 0 0 0 68 0 0 48 0 0 24 0 0 0 0 80 0

closed (hours)

8.1.1.1 Average annual time of closure

Equation 48: Average annual time of closure

(Z HoursClosedi)
Years;

AATOC =

Where:
e AATOC = average annual time of closure
* HoursClosed, = total hours closed per flooding event

® Years = number of years of flood data evaluated
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The AATOC is the average number of hours a road is closed per year. The AATOC calculation is used throughout CBA6’s
flooding diversion module to estimate the proportion of the year that the given road is closed to traffic. It is important to
note that averages are based on the range of time series flood data used. An appropriate number of observations should
be obtained in the sample to represent accurate closure averages.

Example: Average annual time of closure

The average annual time of closure is calculated as follows:

AATOC = 280
20
AATOC = 14

Using the data in Table 32, the road has been closed due to flooding for 280 hours over the last 20 years, which equates
to an annual average closure time of 14 hours per year.

8.1.1.2 Average duration of closure

The ADC represents the average duration of each road closure per flood and istused’in CBA6 to calculate costs incurred
by the road users who opted to wait. The ADC calculation is given by Equation 49.

Equation 49: Average duration of closure

The average annual time of closure is calculated as follows:
(Z Hours Closed,-)

Abe = (Z NoFloods, )

Where:

e ADC = average duration of closure

* NoFloods, = total number of floodscyer evaluation period
Example: Average duration of clasure

The ADC is calculated as?

apc < 280
-5
ADC =56

Based on the data in Table 32, the road is closed for an average of 56 hours per flooding event. This derivation of AATOC
and ADC is used by CBA6 to calculate road user costs based on the average number of days of the year that road users
are affected by a flooding event.

8.1.2 (CBA6 road user cost methodology

The CBA6 road user cost methodology is founded on the average period of closure during a flooding event and the traffic
behaviour during this period. Road users have three choices when confronted with a flood event. The consequence and
calculated costs of these choices are described by Table 33.
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Table 33: Flood/diversion road user costs calculation

Section During flood No flood

A Waiting costs calculated for % waiting Road user costs calculated as normal

B Road user costs forgone for % diverting and % no travel No road user costs calculated (net zero)
C Road user costs for % diverting only No road user costs calculated

For the flood affected section (A), road user costs are calculated during the periods where there is no flood event (% of
year). During a flood event, some road users will divert and some will choose not to travel. Waiting costs are calculated
for those vehicles that choose to wait at the flood affected site.

For the improved route (B) and diversion route (C), road user costs are only calculated during periods of a flood event as
the road user costs are assumed not to change from the base case to the project case when there is no flood event.

During a flood event, user costs are calculated for the improved route, as it is assumed te represent user costs forgone
as road users divert. For the diversion route during a flood event, road user costs are calctlated based on the percentage
of vehicles which choose to divert (% AADT).!

This methodology is highlighted in detailed road user cost algorithms.

e 8.1.3 Section A - project area

e 8.1.4 Section B - improved route

e 8.1.5 Section C - diversion route

8.1.3 Section A - project area
Section A refers to the flood prone section reqdiring the upgrade, see Figure 4. During periods when there are no
flooding events, road users will not incur’any,ddditional road user costs by travelling through the section. During a flood

event, the waiting costs associated with those vehicles that choose to wait at the flood site are calculated in CBA6.

Figure 4: Project area

X A - flooded section Y

1 For mathematical proof of improved route methodology, see Appendix C.
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8.1.3.1 Vehicle operating costs — Section A

VOC for Section A are shown by Equation 50. This equation shows that for the base and project cases VOCs are
calculated for vehicles that travel on Section A for the proportion of the year that the road is open.

Equation 50: Vehicle operating costs — Section A

AATOC voc;
TOTVOC, = SecLengthpcpc X | 365.25 — ( TR %D) X Z (AADTl- T )

i
Where:

e Seclength = section length as given in the base and project case

BC/PV

* %D = percentage of vehicles diverting during closure (%)

® VOC, = vehicle operating unit cost

Note: When %D is equal to 0, no vehicles divert and VOC is calculated as per equations outlined in Section 4.

Example: Vehicle operating costs — Section A

Assume that there are 100 B-doubles travelling along a 5 km stretch gfhighway. The traffic behaviour during a flood
event is anticipated to be 50% diverting, 30% waiting and 20% ch00sing not to travel at all. VOCs are assumed to be
255.42 c¢/km. Itis also assumed that the length for the upgraded'Section A is 5 km, the improved route is 10 km and the

diverting route is 50 km. Other road characteristics are repreSentative of examples illustrated in Sections 2 to 4. VOC are
given below:

255.42)

14 )
TOTVOC =5 X (365.25 - (ﬁ x 0.50 > X Z (100 X 100
L

TOTVOC = $ 466,088.29

The total VOC incurred over the year.when flooding occurs is $466 088.29.

8.1.3.2 Travel time cost {Section A
The TTC for Section A is given by Equation 51. This equation shows the base case and project case TTC.

Equation 51: Travel time cost — Section A
ATOC

A
Total TTC, = TripTimepc pc X (365.25 - ( X %D)) X Z(AADTl- X VTVEHR(VT))
i

Example: Travel time cost — Section A

Using the data from the previous example, trip time and VTVEHR from Table 23, the total TTC for Section A is equal to:

2

14
Total TTC = 0.07753 X <365.25 - (ﬁ X 0.5)) X 2(100 x 48.40)

Total TTC = 0.07753 X 364.96 x 484.0

Total TTC = $13,694.95
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The total TTC incurred over the year as a result of the flood is $13 694.95.

8.1.3.3 Waiting costs — Section A

Road users who choose to wait at the flood affected site and continue their journey once the flood subsides, incur a
waiting cost representative of the value of their personal and business time. The time spent waiting for the road to
reopen is valued based on the number of vehicles which choose to wait at the flood affected site and the duration of the
flooding event per year. The waiting time calculation is shown by Equation 52.

Equation 52: Waiting time — Section A

Waiting Time = ! AATOC AATOC X (T (ADC) X 12)
aiting Time = - ADC runc|—

Where:

e Trunc = truncates a number to an integer by removing the fractional part of the number

The %2 shown by the waiting time equation represents an even distribution of ¥ehicles while the truncation assumes
a smaller proportion of vehicles will wait the entire length of the closure once theroad has been closed for more than
24 hours. The waiting time is given in hours per year which is then used o calCulate the costs associated with those
vehicles which choose to wait.

Example: Waiting time — Section A

Waiting cost is based on the total waiting time of the clostre. The waiting time is calculated as follows:
Waiting Ti ! 14 14 X (T (14) X 12)

aiting Time = = X —-— Tunc | ==

g 2 56 24
Waiting Time = 7 hrs
Equation 53: Waiting costs — SectignA
s . ADE .

CW = WaitingTime X A X AADT(VT) X %VehWaiting X VTVEHR(VT)
Where:
e CW = costs of waiting ($)
*  %VehWaiting = the proportion of vehicles waiting per vehicle type (%)
Example: Waiting costs — Section A
Waiting costs are then calculated as follows:

58
CW=7x __x100x 30% x 48.40
24

CW =$23,716

8.1.3.4 Crash costs

The crash costs for Section A are shown by Equation 54.
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Equation 54: Crash costs — Section A

TOTACC, = SecLength X (365.25 - (AATOC X %D)) X Z (ﬂ) X Arp X AACCgy
24 - 1,000,000

Where:

e A, =total crash rate (Accidents/MVKT)

* AACC,, = average crash cost for road type ($)

Example: Crash costs — Section A

Total crash costs for Section A are calculated as follows:

14 100
TOTACC, = 5 x (365.25 - <ﬁ x 0.5)) x Z (W) X 0.325704225 x 229145

i

TOTACC, = $13,619.06

8.1.4 Section B — improved route

The improved route is assumed to be the section of road which vehigles are able to traverse during periods when the
road is not closed. This route spans from the origin of the diversion route to the end of the diversion route (where
the diverting traffic rejoins) minus the flooded section, see Figure”s. The assumption is made that under normal
circumstances, road user costs for Section B are the same’in the base and project cases and thus, the net difference
would be 0.

The difference in costs that occur on the improvedroute when there is a flood due to road users not travelling or
diverting is calculated. Based on this assumption‘the road user costs calculated are negative, i.e. road user costs not
incurred.

For the mathematical proof of improved route methodology, see Appendix C — Mathematical proof of improved route
calculation.
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Figure 5: Improved route

X A - flooded section Y

B — improved route
(Xto Y minus A)

8.1.4.1 Vehicle operating costs — Section B
VOC for Section B are shown by Equation 55.

Equation 55: Vehicle operating costs — Section B

AATOC vog,
TOTVOCy = SecLength;g X | — ( X %D) X z (AADTl- X )

24 100

i
Example: Vehicle operating costs — Section B
Calculation of VOC for the improved route is:

. 14 N (00 255.42)
% (24x') Z( * 100

L

TOTVOC;

TOTVOCy = —$744098

8.1.4.2 Travel time costs — Section B
TTC for Section B are shown by Equation 56.

Equation 56: Travel time costs — Section B

AATOC
24

Total TTCy = TripTime;g X <— ( X %D)) X Z(AADTi X VTVEHR(VT))

4

Example: Travel time costs — Section B

Calculation of TTC for the improved route is:

14
Total TTCg = 0.155 X <— (ﬁ X 0.5)) X Z(IOO x 48.40)
i
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Total TTCy = —$218.81

8.1.4.3 Crash costs — Section B
Crash costs for section B are shown by Equation 57.

Equation 57: Section B crash costs

TOTACC, = SecLength X (AATOC x 0/D> x Z ( AADT, ) Arp X AACC
= — —— e — x
B = oecheny 24 ° 1,000,000/ ~ “'TR RT

i
Example: Crash costs — Section B

Total crash costs for Section B are:

10 1 05 _ 100N 0325704225 x 229,145
% _(ﬁx : ) ><2(1,000,000)>< : X 22%

i

TOTACCj

TOTACCg = — $21.77

8.1.5 Section C - diversion route

The diverting route road user costs are only calculated during a flooding event. When a road closure occurs at Section
A, some vehicles that would normally traverse the flood affected site, will now divert to an alternative route to complete
their journey. The traffic diverting from Section A will jointhe existing traffic travelling along the diverting route.?

Figure 6: Diversion route

C - diverting route

V 4
/ ,

X A - flooded section Y

8.1.5.1 AADT - Section C

AADT on the diverting route during closure periods is determined by Equation 58. This equation incorporates the
proportion of vehicles that choose to divert and the number of existing road users on the diversion route.

2 Previous versions of the tool assumed that the road user costs of existing road users would be included in the diversion

calculation during a flooding event. Old versions however, did not fully capture the road user costs incurred by existing
traffic in the project case. CBA6 now omits existing traffic on the diverting route.
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Equation 58: AADT — Section C

%BDp X AADTp + %BDy X AADTE
AADTp + AADTg

Where:

* %BD,, = percentage breakdown of traffic on the diverting route

* %BD, = percentage breakdown of diverting traffic

* %BD, = percentage breakdown of existing traffic on the diversion route

* AADT, = traffic volume of diverting traffic

* AADT, = traffic volume of existing traffic

Example: AADT — Section C

If the diverting route consists of 5000 diverting vehicles and 2000 existing vehicles; and if 10% of diverting vehicles are

B-doubles while 17% of existing vehicles are B-doubles, the percentage breakdeWwn of B-doubles along the diverting
route during a closure is:

17% x 2000 + 10% x 5000
%BD, = _ ° = 12%

2000 + 5000

8.1.5.2 Traffic growth rate

Growth rate of AADT on the diversion route is¢nade up of the increase in traffic on the normal route and the diversion
route. The growth rate formula is shown byEquation 59.
Equation 59: AADT growth — Sectiom\C

o - Gp X AADTy + Gy X-AADTg
DR AADT), + AART;

Where:

* G,, = growth rate on diverting route (%)
* G, = growth rate of diverting traffic (%)
* G, = growth rate of existing traffic (%)
Example: AADT growth — Section C

If the growth rate of the diverting traffic is 5.1%, while the growth rate of the existing traffic is 3%, the growth rate of the
traffic along the diverting route is:

_ 5.1% x 2000 + 3% x 5000 —3.6%

DR

2000 + 5000
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8.1.5.3 Vehicle operating costs — Section C
VOC for Section C are shown by Equation 60.
Note: The traffic component is incorporated in the diversion route.

Equation 60: Vehicle operating costs — Section C

AATOC voc;
TOTVOC; = SecLengthpp X a1 X Z (AADTy;) % 100

i
Where:
* AADT, = average annual daily traffic of diverting traffic
Example: Vehicle operating costs — Section C

For the B-double example on a 50 km diverting route with similar characteristics of the'upgraded section where there is
no existing traffic.

255.42)

14
TOTVOCC—SOXﬁXZ<50X 100
L

TOTVOC; = $3,724.875

8.1.5.4 Travel time cost — Section C
TTC for Section C are shown by Equation 61.
Note: The traffic component is incorporated i the*diversion route TTC.

Equation 61: Travel time costs — Secti6y/C
AATOC

Total TTC¢ = TripTimepp X<~ — X z (AADT,; x VTVEHR VT))
i

Example: Travel time coSts —Section C
TTC for the B-double example is calculated as follows:

14
Total TTC; = 0.77531 X o2 X Z 50 x 48.40
i

Total TTC, = $1,094.48

Note: Trip time in this example is based on the B-double travelling at 80 km/h for the 50 km diversion route.

8.1.5.5 Crash costs — Section C
Crash costs for Section C are shown by Equation 62.

Note: The traffic component is incorporated in the diversion route.
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Equation 62: Crash costs — Section C
AATOC AADTy;

22~ 221,000,000 < Arr X AACCRr
L

TOTACC; = SecLength X

Example: Crash costs — Section C

Crash costs for the diverting route are:

50

14
TOTACC: = 50 X 7 X Z (—1,000,000
L

) x 0.325704225 x 229,145

TOTACC; = $108.84

8.1.6 Total road user cost — flooding diversion

Total road user costs and benefits in a flooding diversion are calculated by Equation®3y
Equation 63: Total road user costs

TotalRUCgc/pc = RUC4 + Waity + RUCg + RUC,

Where:

e Road user costs = total road user costs for the relevant section” (VOC + TTC + ACC)

* Wait, = waiting costs (Section A)

Example: Total road user costs

The annual net cost from the examples abgve is as follows:

Total Costge = (466,088.29 + 13,694.95 + 13,619.06) + 23,716 + (—744.98 — 218.81 — 21.77)
+ (3724.88 +1094.48 + 108.84)

Total Costge = 493,402.30 + 23,716 — 985.56 + 4928.20

Total Costg: = $521,060.94

The net benefits of a flooding/diversion are derived from road user costs calculated for all years in the evaluation for
both base and project cases. The total road user costs are also discounted, see Section 9.1. Benefits are the total
discounted base case costs minus the project case equivalents.
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8.2 Road closures

With the exception of the diversion and improved route calculations, the road closure module in CBA6 follows the same
methodology as the flooding diversion module. In road closure scenarios, such as rock falls and flooding, road users are
not provided with a viable alternate route and have only two options:

e Wait at the closure site.

e Choose not to travel at all.

Based on the percentage of road users who choose to wait at the project site, CBA6 calculates the average duration

of the road closure per year and waiting costs associated with the closure. Road user costs defined in Section 4 are
calculated during periods where the road is not closed. Similar to the flooding diversion, those road users who choose

not to travel at all during the road closure do not incur any additional road user costs for the duration of the closure.

Note: For further details on the costs of not travelling see Section 2.4.1.3 of the Theoretical Guide.
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8.3 Intersections

The intersection module is dependent on SIDRA outputs, see Table 34. Consequently, the accuracy of the CBA6 results

is dependent on the accuracy of the SIDRA modelling. Information is required for two or more years of the evaluation
period, for both base and project cases. This requires at least four runs of the SIDRA intersection analysis tool depending
on the number of time periods to be modelled. For this reason, generally only the peak periods are evaluated. For a more
detailed discussion on the intersection module, see Section 5.5 of the User Guide. Data from alternative modelling tools
could be used if converted to SIDRA output format.

Table 34: CBAG6 intersection inputs

Period description Period duration Flow Average delay Fuel consumption

(hours) (veh/hour) (seconds) (l/hour)
Morning peak 1 1000 20 100
Afternoon peak 1 2000 30 75
Non-peak 10 0 0 0
Night 12 0 0 0
Weekend day 12 0 0 0
Weekend night 12 0 0 0

One year is assumed to consist of 260.9 weekdays and 104.4 weekend days (i.e. 365.25 x5/7 and 365.25 x 2/7).
Hence, there are 260.9 morning peak periods and 104.4 weekend\geriods in a year.

Note: The flow rate (veh/hour) is representative of all vehiclesdin the fleet.

8.3.1 Delay cost calculation
The average delay in seconds is converted inte hours per year per vehicle type. This calculation is shown by Equation 64.

Equation 64: Annual delay (hours)

averagedelay

3600
Example: Annual delay (hours)

Delay(VT) = X flow(VT) X duration(period) X periods per year

Using inputs from Table 34, the average delay in hours in the morning peak for a B-double at a rural intersection is
calculated by the following:

2
X 35X 1x260.9=50.73 hrs
3600
The average delay of 20 seconds in the morning peak impedes the B-double fleet by 50.73 hours each year.

Delay(B — Double) =

Note: It is assumed that there are 3.5% B-doubles out of the total vehicle flow deriving an am peak flow of 35 B-doubles.
Vehicle delay time is multiplied by the unit cost of time. The annual delay cost per vehicle type is shown by Equation 65.
Equation 65: Annual delay cost

Annual Delav Cost(VT) = Delav(VT) X VTVEHR(VT)

Where:

e Time cost VIVEHR(VT) = TTC per vehicle ($)
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Example: Annual delay cost

Following the previous example, the annual delay cost is calculated as follows:

Annual Delay Cost(B — Double) = 50.73hrs X 48.40/h

Annual Delay Cost(B — Double) = $2455.38 p.a

Delays in the morning peak cost the B-double fleet $2455 each year.

8.3.2 Fuel cost calculation

In the intersection module, only VOC incurred by road users are fuel consumption costs. The basic fuel consumption is
calculated by Equation 66.

Equation 66: Basic fuel consumption

Reciprocal(VT)
0S

BFC(VT) = (Square(VT) x 05?% +
Where:

+ Constant(VT)) X FCAVF

e BFC(VT) = basic fuel consumption per vehicle type (L/1000 km)

e Square(VT) = model parameter

e OS(VT) = operating speed calculation for each vehiclg’type* (30 km/h)

e Reciprocal(VT) = model parameter

e (Constant(VT) = model parameter

Note: The intersection module operating.speed is assumed to equal 30 km/h.

The variables in the formula are soufced from Table 10, Section 4 and are reproduced in Table 35.

Table 35: Intersection BFC(vatjables

Vehicle type FCAVF Constant Reciprocal Square BFC
Cars — private 1.07 37.30 1526.20 0.01 96.40
Cars — commercial 1.07 38.90 1883.00 0.01 140.92
Non-Articulated 1.10 49.00 3 485.10 0.02 239.97
Buses 1.10 69.40 5451.10 0.01 239.97
Articulated 1.10 118.60 9621.10 0.02 445.52
B-double 1.10 172.70 14 720.40 0.02 745.56
Road train 1 1.10 223.60 17 201.80 0.01 891.34
Road train 2 1.10 312.10 26 646.90 0.02 1335.21

Source: Austroads (2005) and TMR calculations.
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Example: Basic fuel consumption

Using the same B-double example at an operating speed of 30 km/h, the basic fuel consumption is calculated as
follows:

BFC(B — Double) = 745.56 L /1000km

The fuel proportion weighting for each vehicle type, based on the volume and BFC of each vehicle type, relative to the
BFC of a private car is shown by Equation 67.

Equation 67: Fuel proportion
Veh/hr(VT) x BEC(VT)
Y.(Veh/hr x BCF(VT)

Fuel Proportion(VT) =

Where:

e Veh/hr(VT) = vehicles per hour for a specific vehicle type (Flow)

e BFC(VT) = basic fuel consumption for the target vehicle, see Table 35
Example: Fuel proportion example

In the B-double example, the total fuel consumption for all vehicles'is 164 052.6; this figure can be verified in Table 36.
The fuel proportion is calculated as:

35 x 745.56

Fuel Proportion (B — Double) = 164,052.60-

Fuel Proportion (B — Double) = 15.91%

The fuel consumption for each vehicle typé, Using the total fuel consumption value output by SIDRA, is shown by
Equation 68.

Equation 68: Fuel consumption

Fuel Consumption(VT) = fuelcons(SIDRA) X Fuel Proportion (VT)
Where:

e Fuelcons(SIDRA) = fuel consumption (L/hr) as per SIDRA output

Example: Fuel consumption

Fuel consumption for a B-double is:

Fuel Consumption(B — Double) = 100 X 15.91%

Fuel Consumption(B — Double) = 15.91 L/hr

Morning peak fleet fuel consumption of 100 litres per hour equates to 15.91 litres per hour for a B-double.

Annual fuel cost for each vehicle type, using the weighted average fuel price (fuelcf) is shown by Equation 69.
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Equation 69: Annual fuel cost

Fuelc
AnnualFuelCost(VT) = FuelCons(VT) X T()f X PeriodPerYear X HrsPerPeriod

Where:

e AnnualFuelCost(VT) = annual fuel cost per vehicle type
e FuelCons (VT) = fuel consumption per vehicle type (L/hr)
e Fuelcf = weighted fuel cost per vehicle type

Example: Annual fuel cost

In the B-double example, the annual fuel cost is calculated, assuming the weighted fuel cost for a B-double equals
81.57 cents per litre:

81.57
AnnualFuelCost(B — Double) = 15.91 X 100 X 260.90 x 1

AnnualFuelCost(B — Double) = $3385.10 p.a

Table 36 shows the complete calculation of fuel costs in the morning peakwusing the previous intersection calculations.

Table 36: Intersection fuel cost example

Morning peak fuel cost

Vehicle type Flow BFC Flow fuel Fuel proportion Fuel Annual fuel
(veh/hr) (1/2000km) consumption (%) consumption cost

PN (1/h) ©)

Cars — private 700.00 9640 67 480.50 41.13 41.13 8 852.59
Cars — commercial 100.00 I, 140.92 14 091.50 8.59 8.59 1848.63
Non-Articulated 100.00. 239.97 23 996.87 14.63 14.63 3130.53
Buses 75.0(7) 239.97 1199.84 0.73 0.73 156.18
Articulated 50:00 445.52 22 275.92 13.58 13.58 2892.99
B-double ¢ 35.00 745.56 26 094.53 15.91 15.91 3385.10
Road train 1 10.00 891.34 8913.45 5.43 5.43 1156.29
Road train 2 - 1335.21 - 0.00 0.00 0.00
Total 1 000.00 4134.89 164 052.60 100.00 100.00 21 422.30

8.3.3 Accident cost calculation

Accident costs for intersection evaluations are manually entered by the system user on a yearly basis. The manual
calculation of accident costs can be derived using the formulae provided in Section 6.

Note: Average intersection crash costs per million vehicles entering an inter (MVE) are provided in Appendix F as per
Austroads (2001) AP-R/184.

Example: Intersection accident

The crash cost for 1000 vehicles using the intersection with an average accident cost of $229 145 as per Section 6 is
derived by the following:
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CrashCostgyy = MVE X Arg X AAccyr

1000 x 365.25 x 1
CrashCostpy = 1000.000 X 0.25 x $229,145

CrashCostgr = 0.36525 X 0.25 x 229,145

CrashCostgr = $20,924 /year

In this example a project specific crash rate has been adopted based on the accident history of the intersection.

8.3.4 Benefit calculation

Calculation of benefits derived from an intersection evaluation using the outputs from SIDRA in CBA6 is shown by
Equation 70.

Equation 70: Total benefit

TotalBenefit = (TotalBaseCosts) — (TotalProjectCosts)

Where:

e TotalBaseCosts = Base delay costs + base fuel costs + base accidefit costs

e Total project Costs = Project delay costs + project fuel costs.+ project accident costs

Calculations of benefits are completed for each year of thé evatuation in both the base and project cases. Where SIDRA
data is only provided in the first and last year of the evaluation, intermittent data sets are interpolated through Equation

71.

Equation 71: Linear intersection interpolation

Valuey,y — Valuewx)

Valuey,; = Valuey,x + (YrZ — Y7X) X ( YrY —YrX

Where:

* Value,, = value of the interpolated variable in a year for which data has not been provided
* Value,, = value of the first variable provided by the data

* Value,, = value of the second variable provided by the data

Note: Data can be entered for each individual year, although this will first require multiple runs of SIDRA.
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8.4 Overtaking lanes

Overtaking lane methodology takes into account recent research on accident reductions from the Austroads report
AP-R184. Reduction in crashes depends on the type of overtaking lane constroad user coststed. The methodology
applied to the calculation of the reduction of crashes is different than the methodology applied to the calculation of the
reduction of crashes of a standard road evaluation.

8.4.1 Travel time costs and vehicle operating costs calculation

The capacity of the downstream section is assumed to increase by 20% because of the constroad user coststion of the
overtaking lane. Length of the downstream and upstream areas is assumed to be 5 km and 3 km respectively. For more
information on the downstream and upstream areas, see Section 2.4.5 of the Theoretical Guide.

8.4.2 Crash costs

Provision of an overtaking lane will reduce the frequency of crashes for the road sections\immediately before, during
and after the overtaking lane location (Austroads 2001). Crash cost reduction forthe three types of overtaking lanes is
shown by Sections 8.4.2.1 to 8.4.2.3 of the Theoretical Guide.

8.4.2.1 Single overtaking lane

The crash cost reduction for a single overtaking lane is illustratedby-Figure 7.

Figure 7: Single overtaking lane

Upstream Overtaking lane Downstream
Length: 3km Length: User inpli Length: 5km
Crash reduction: 2.5% Crash reductiof,25% Crash reduction: 2.5%

Direction of travel

Calculations for crash reductions are specified in monetary terms for a single overtaking lane by Equation 72. Accidents
are reduced by 25% in the section where the overtaking lane is constroad user coststed, 2.5% in the 3 km upstream
section and 2.5% in the 5 km downstream area. These reductions are applied to Equations 72 to 74.

Equation 72: Single overtaking lane crash reduction

ReductionOTLgingie = [(0.25 X SecLength)Ag x AADT X 365.2 X 107°] x Av.Crash Cost
ReductionUPs;p g1, = [(0.025 X 3)Ag X AADT x 365.25 x 107°] x Av. Crash Cost

ReductionDNg;y g0 = [(0.025 X 5)Ag X AADT x 365.25 X 107%] x Av.Crash Cost

Where:

° ReductionOTLSingle = reduction in crashes for the overtaking section
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* ReductionUP, . = reduction in crashes for the upstream section

ReductionDNSingle = reduction in crashes for the downstream section

* A, =base case crash rate for the relevant section (crashes per MVKT)

SeclLength = length of the relevant section (km)
Example: Single overtaking lane crash reduction

The reduction in crashes for a 2 km overtaking lane on a highway with MRS of 12 and 1000 vehicles is calculated by:

ReductionOTLsinge = [(0.25 X 2)0.281690141 X 1000 X 365.25 x 1076] x 229,145
ReductionOTLgpn g = $11,788.06

ReductionUPsig1e = [(0.025 x 3)0.281690141 x 1000 X 365.25 x 10~6}x229,145
ReductionUPs;pn g4, = $1768.21

ReductionDNspg1e = [(0.025 X 5)0.281690141 x 1000 X 365.25-%1076] x 229,145

ReductionDNg;y g, = $2947.01

Crash cost reduction is the sum of the single, upstream and downstream overtaking lane sections. The total crash cost
reduction as a result of the overtaking lane above is equal ta/$167503.28.

Note: The difference between the upstream and downstteam benefits is a factor of the section length.

8.4.2.2 Head-to-head overtaking lane
The crash reduction of a head-to-head,overtaking lane is illustrated by Figure 8.

Figure 8: Head-to-head overtaking tane

Upstream Overtaking lane Downstream
Length: 3km Length: User input Length: 5km
Crash reduction: 2.5% Crash reduction: 25% Crash reduction: 2.5%

Direction of travel

Direction of travel

-t
Downstream Overtaking lane Upstream
Length: skm Length: User input Length: 3km
Crash reduction: 2.5% Crash reduction: 25% Crash reduction: 2.5%

Equations for calculating the crash cost reduction for a head-to-head overtaking are shown by Equation 73.

Cost-benefit Analysis manual, First Edition, February 2011
©Transport and Main Roads 4.91



Equation 73: Head-to-head overtaking lane accident reduction

ReductionOTL,, = [0.25(2 x SecLength - SS)A_ x AADT x 365.25 x 10°] x AvCrashCost
ReductionUP, , = [(2 x 0.025 x 3)A, x AADT x 365.25 x 10°] x AvCrashCost

ReductionDN, , = [(2x0.025x5) A, x AADT x 365.25 x 10°°] x AvCrashCost

Where:

* ReductionOTL,, = reduction in crashes for the overtaking section

* ReductionUP, , = reduction in crashes for the upstream section

* ReductionDN, = reduction in crashes for the downstream section

* A, =base case crash rate for the relevant section (crashes per MVKT)

e Seclength = length of the relevant section (km)

e SS =section length of the overtaking lane that runs side-by-side

Note: Unlike single overtaking lanes, accident reductions for head-toshead“overtaking lanes are derived from two
upstream and downstream areas.

8.4.2.3 Side-by-side overtaking lane

Equations for calculating the crash cost reduction fora“side-by-side overtaking lane are shown by Equation 74. Figure 9
illustrates the crash reduction of a side-by-side @vertaking lane.

Figure 9: Side-by-side overtaking lane

Upstream Overtaking lane Downstream
Length: 3km Length: User input Length: 5km
Crash reduction:Q5% Crash reduction: 25% Crash reduction: 2.5%

Direction of travel

Direction of travel

-t
Downstream Overtaking lane Upstream
Length: skm Length: User input Length: 3km
Crash reduction: 2.5% Crash reduction: 25% Crash reduction: 2.5%

Equation 74: Side-by-side overtaking lane accident reduction

ReductionOTL,_ = [(0.25 x SecLength)A, x AADT x 365.25 x 10°°] x AvCrashCost

ReductionUP = [(2x0.025 x 3)A, x AADT x 365.25 x 10°°] x AvCrashCost
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ReductionDN , =[(2x 0.025x 3)A, x AADT x 365.25 x 10°°] x AvCrashCost
Where:

® ReductionOTL = reduction in crashes for the overtaking section

* ReductionUP, = reduction in crashes for the upstream section

* ReductionDN,, = reduction in crashes for the downstream section

e AR =base case crash rate for the relevant section (crashes per MVKT)

e Seclength = length of the relevant section (km)

Note: The side-by-side overtaking lane is not expected to provide the same amount of safety benefits when compared to
the head-to-head overtaking lane. The side-by-side configuration is usually constroad user coststed over a shorter ‘net’
distance. For example, the head-to-head overtaking lane can be constroad user coststed as‘to separate overtaking

lanes at 3 km each, which equates to 6 km in total, whereas two side-by-side overtakingtanes, 3 km each, only accounts
for 3 km in total road section.

Cost-benefit Analysis manual, First Edition, February 2011
©Transport and Main Roads 4.93



8.5 Generated traffic

As discussed in Section 2.4.2 of the Theoretical Guide, generated traffic is the number of additional road users making
trips in the project case. The benefits of generated traffic can be illustrated by the increase in consumer surplus in Figure
10.

Figure 10: Generated traffic

Generated traffic benefits

S = supply (base case)

S1 = supply (project case)

D =demand

E = Y-intercept

P = cost (ba%e‘case)

P1 = cost(projéct case)

A = Eqtilibrium (base case)

C #Egquilibrium (project case)
Q~=#dmber of trips (project case)
Qu= number of trips (base case)

Trips per year

Figure 10 shows that when road user costs decline’from p to p1, the declining perceived cost per trip entices more
trips to be made by transport and generates,additional road users. The declined perceived cost per trip is a result of an
improvement in the quality of the road, The benefit accruing to those generated road users is measured by the triangle,
ACB. The generated traffic module in €BA6 measures the benefit represented by this triangle by applying ‘the rule of
half.

Note: The theory of generatéd traffic benefits should not be applied to an evaluation with a capacity constraint issue.

The generated traffic benefit calculation is given by Equation 74. This equation applies the ‘rule of half to calculate the
benefits of increased road use by incorporating the benefits of lower TTC and VOC.

Equation 75: Generated traffic

(((ITCoe +VOCpe) = (TTCpc +VOCre)) X GenTraffic)
2

Benefitsgpnrrar =

Where:

e Benefits = the total value of generated traffic benefits derived in CBA6 ($)

GENTRAF
e GenTraffic = the number of vehicles generated from a project (vehicles)

e TIC,.and VOC, = base case annual total road user cost per vehicle

e TIC, and VOC,. = project case annual total road user cost per vehicle
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Note: Total road user costs (TTC and VOC) are calculated as follows:

Sec Length X Unit RUC X 365.25

100
Example: Generated traffic

RUC =

Table 37 outlines a generated traffic example which shows that an upgrade of a 5 km section of road offers a significant
reduction in travel cost which in turn is expected to generate 50 extra trips made by private vehicles. Using the data in
Table 37 and Equation 75, the benefit from generated traffic is:

_ ((253.85 + 279.42) — (228.25 + 255.68)) x 50)
Benefitgpntrar = >

BenefitGENTRAF = $123272 p-a

The above calculations show that the economic benefit of an increase in the number of private'vehicles is $1233 where
the benefit to existing road users is $4930.

Table 37: Generated traffic (private vehicle)

Case Section T1C vocC TTC per VOC per AADT Generated Annual Annual

length (c/km) (c/km) vehicle vehicle (S vehicles existing  generated

(km) (S p.a) pfa) benefit benefit

R )

Base 5 13.9 15.3 253.85 279.42 100 50 4930.88 1232.72
Project 5 12.5 14.0 228.28 255.68 150
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8.6 Livestock damage

Damage to livestock occurs as a result of dust inhalation and jarring on unpaved or unsealed roads. Livestock damage
benefits are calculated using default values from Table 38. This table shows that the default livestock benefit is based on
the change in MRS between the base and project cases. For example, if the base case road has an MRS of 1 (unsealed
natural surface) and the road is upgraded to an MRS of 3 (paved < 4.5 m), the benefit per kilometer for a B-double is
$0.605.

The largest livestock benefit accrues when an unsealed/formed road is upgraded to a sealed surface in the project case.
The lowest benefits occur when a paved road is sealed.

Table 38: Damage to livestock benefits

Heavy vehicle type Benefits ($/km) )

Unsealed/formed road to Unsealed/formed road to Paved road to sealed road
sealed road gravel/paved "Ed \,

MRS 1, 2 to MRS 5+ MRS 1, 2 to MRS 3,4 MRS 3,4 to MRS 5+
Articulated 0.304 0.202 0.104
B-double 0.909 ~X, 0.605 0.304
Road train 1 0.909 0.605 0.304
Road train 2 0.909 0.605 0.304

Source: TMR, see Appendix | — model road state.

The proportion of heavy vehicles carrying livestock requites specification in order for CBA6 to calculate the livestock
damage benefits. Equation 76 can be used to determine the proportion of total vehicles carrying livestock.

Equation 76: Vehicles carrying livestock

VTy;
%Livestock(VT) = [Z‘LW
Total

Example: Vehicles carrying livestock

The AADT along an unsealed.paved road is 200 and there are approximately 20 B-doubles, with only five of the 20
B-doubles carrying livestoek.

5
%Livestock(B — Double) = 0= 25%
25% would be entered in the livestock column for B-doubles.
After the proportion of vehicles carrying livestock has been determined, the benefits that are attributable to these
vehicles can be calculated using Equation 77. This shows the annual livestock damage benefit for those heavy vehicles
carrying livestock based on the road upgrade benefit from Table 38.

Equation 77: Annual livestock benefits

Benefits, = Z Benefit;yry X AADT(VT) X Livestock %(VT) X 365.25 X SecLength
VT
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Example: Annual livestock benefits

Table 39 illustrates the calculation of livestock benefits fora 10 km upgrade from an unsealed road with an MRS 4, to a
sealed road with an MRS 7. By inputting the assumed data presented in Table 39 into Equation 77, the benefits peryear
by vehicle type can be calculated. The results of these calculations are shown in the ‘benefits/year’ column of Table 39.

Table 39 shows that a benefit of $0.304 per kilometre per vehicle, for 35 B-double vehicles, travelling 10 km, on a
road upgraded from an unsealed road with an MRS of 4 to a sealed road with an MRS of 7, is equivalent to a benefit of
$31724.

Table 39: Damage to livestock benefits example

Vehicle type Benefits Section Number of Breakdown Number Livestock Benefits/year

($/km) length vehicles (%) carrying (%) S)
(km) livestock

Cars — private - 10 700 70.0

Cars — - 10 100 10.0

commercial

Non- - 10 100 10.0

Articulated

Buses - 10 5 0.5

Articulated 0.104 10 50 5.0 20 40.0% 15194.40

B-double 0.304 10 35 3.5 10 28.6% 31724.57

Road train 1 0.304 10 10 1.0 2 20.0% 22 207.20

Road train 2 0.304 10 (0) 0.0 0

Total - 10 1000 100 32 - 69 126.17
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8.7 Bypass
A bypass is a new road which provides an alternative route for traffic around a town or built-up area. In a bypass,
the total costs of all individual links are compared with a proposed bypass. Evaluations of bypasses tend to be data

intensive depending on the magnitude of the bypass. For an example of a bypass, see Section 5.7 of the User Guide.

In terms of methodology, CBA6 compares total road user costs on all individual links and the proposed bypass. The
bypass benefit calculation is shown by Equation 78.

Equation 78: Bypass

BypassBenefits = (RUC1g: + RUC2gc+...RUCBg:) — (RUC1p; + RUC2pc+...RUCBp()

Where:

* Road user costs1, = base case road user costs for existing section 1

* Road user costs1, = project case road user costs for existing section 1

* Road user costsB, = base case road user costs for the bypass section

Note: Road user costs1, = (TTC, +VOC, +Acc,).

Road user costs are calculated based on road conditions and traffi€ ¥olume for each individual road link and bypass
section for both base and project cases. The calculation of road user costs for each existing road section and bypass
section is consistent with the TTC, VOC and accident costs shiown-previously in Sections 4 to 6.

An example of a bypass project is shown by Figure 11 @nd\Jable 40. This example shows that without the bypass, road
users only have the option of travelling along the existing sections. Once the bypass route is in place, some motorists
who travel through the town will opt not to travel’along the existing sections but alternatively choose to travel on the

bypass route.

Figure 11: Bypass

Bypass route

To calculate the traffic breakdown of a bypass, attention is given to the amount of vehicles which divert from the existing
sections to the bypass in a project case. For example, in the bypass case study shown in the User Guide, the breakdown
is shown by Table 40.
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Table 40: Bypass traffic breakdown example

Existing 1 Existing 2 Existing 3 Existing 4 Bypass

Base Project Base Project Base Project Base Project Base Project
AADT 4000 2 000 8 000 6 000 8 000 6 000 4000 2 000 0 2 000
Cars — private 82.0% 88.0% 82.0% 84.0% 82.0% 84.0% 82.0% 84.0% 0.0% 76.0%
Cars - 11.0% 9.0% 11.0% 10.3% 11.0% 10.3% 11.0% 10.3% 0.0% 13.0%
commercial
Non- 3.3% 1.6% 3.3% 2.7% 3.3% 2.7% 3.3% 2.7% 0.0% 5.0%
Articulated
Buses 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 0.0% 1.0%
Articulated 1.1% 0.2% 1.1% 0.8% 1.1% 0.8% 1.1% 0.8% 0.0% 2.0%
B-double 1.6% 0.2% 1.6% 1.1% 1.6% 1.1% 1.6% 1% 0.0% 3.0%
Road train 1 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Road train 2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0:0% 0.0% 0.0% 0.0%
Growth rate 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% N/A 3.0%

(%pa linear)

To estimate the project case vehicle breakdown, the number of vehicl€s that enter the bypass in the project case is
derived from each existing section’s breakdown, and is shown by Jable 41.

Table 41: Bypass example — average annual daily traffic

Existing 1 Existing 2 Existing 3 Existing 4 Bypass

Base Project Base /. Proiect Base Project Base Project Base Project
AADT 4000 2 000 8 000 6 000 8 000 6 000 4000 2 000 - 2 000
Cars — private 3280 1760 / 6560 5040 6 560 5040 3280 1680 - 1520
Cars - 440 180 880 620 880 620 440 207 - 260
commercial
Non-Articulated 132 32 264 164 264 164 132 55 - 100
Buses 40 20 80 60 80 60 40 20 - 20
Articulated 44 4 88 48 88 48 44 16 - 40
B-double 64 4 128 68 128 68 64 23 - 60
Road train 1
Road train 2

The number of vehicles which will divert to the bypass is the difference between the bypass project case and each
existing section base case, as given by Equation 79.

Equation 79: Existing project case AADT
Existing, AADTp(VT) = Existing, AADTg(VT) — BypasspcAADT (VT)
Example: Existing project case AADT

In the bypass case study, AADT for the existing 1 for private cars is calculated as follows:

Existing 1 AADTp(Private) = 3280 — 1520 = 1760
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Existing private car AADT is converted to a percentage of total AADT.

1760
Existing 1 AADTp% (Private) = 5000 100 = 88%

Example: Bypass

Referring to Figure 11, a single B-double is currently travelling along two individual 10 km links (existing Sections 1 and
2), which will be bypassed under a new project. The single B-double is assumed to divert to the 7 km new bypass route.
The aggregate discounted road user costs for the individual links are assumed to be $525 000 and $650 000 for existing
Sections 1 and 2 respectively. When the bypass road is completed, the B-double is assumed to incur net discounted
road user costs equal to $750 000 for travelling along the bypass route. The total benefit of the bypass project is:

BypassBenefits = (525,000 + 650,000 + 0) — (0 + 0 + 750,000)

BypassBenefits = $425,000

The above calculation shows that in the base case, the B-double only incurs road user costsfor the existing Sections 1
and 2 as there are no road user costs for the bypass route in the base case, becauserthie bypass route is assumed to be
a new road (i.e. there is no bypass route in the base case).

However, in some instances the bypass route could be an existing road. This'example also shows that in the project case
the B-double only travels on the bypass route.
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9 Decision criteria

The decision-ctiteria provide an indication of the economic performance of
the proposal. This section provides the formula used to calculate the decision

criteria’émployed in CBA6. The key decision criteria used in CBA6 include:

BCR

NPV

FYRR

NPVI

IBCR
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The BCRis the economic measure which is used to prioritise the selection of road projects. The BCR provides a

single measure that can be used to support the decision to either accept or reject a project. In a budget constrained
environment, the BCR can be used as a tool to rank and prioritise all projects in the budget pool. For this reason, the BCR
is the preferred decision criterion for project economic justification.

The other decision criterion that provides decision makers with additional information is the NPV. Other indicators such
as payback period and internal rate of return are not addressed in CBA6 or in this section. For further detail on why some
indicators are used over others, see Section 1.7 of the Theoretical Guide.

Note: The principal of discounting is applied within each of these measures and is covered in Section 9.1. The residual
value calculation used to calculate the value of the remaining life of the asset is discussed in Section 9.7, and is
incorporated in the final year of the evaluation as a benefit.
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9.1 Discounting
Future flows of benefits and costs are discounted to reflect the time value of money, as discussed in Section 1.4 of
the Theoretical Guide. The discounting formula is applied to both benefits and cost streams. Equation 80 shows the

discounting formula used in CBA6.

Equation 80: Discounting benefits
B B B B
L2 =
1+r (A4+7r)2 (A+7r)3 (1+nr)n

p t Val —Zn: B
resen aue—.l(l_l_r)l.
i=

Where:

Present Value =

® B, =benefitor costinyeari

e n=numberofyears in the evaluation period

e r=real discountrate

Table 42 shows a benefit flow of $1000 in Year 1 followed by benefits0f $500 per annum until Year 5.

Table 42: Discounting benefits

Year 1 2 3 4 5 Total
Benefit ($) 1000 500 500 500 500 3000
Discounted benefit (present value $) 943 445 419 396 373 2577

Example: Discounting benefits

Assuming a 6% discount rate, the discounted total benefit is equal to:

1000 500 500

T B it=——+—% ..+ ——
otal Benefit 1.061+1.062+ +1.065

Total Benefit = 2577.88

The results shown by Table 42 show that the benefit of $500 earned in Year 2 is higher than the $500 earned in Year 5
when compared to the present value. $500 in Year 2 is equivalent to $445 in present value while benefits of $500 in
Year 5 are only worth $373 in present value.
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9.2 Benefit-cost ratio

BCR is the discounted benefits divided by the discounted capital costs and the discounted net operating costs. The
BCR is shown by Equation 81. The BCR will be greater than 1 whenever discounted benefits exceed discounted costs.
A project with a BCR above 1 provides a net economic gain and can be considered economically justified. In a budget
constrained environment, projects should be prioritised according to their BCRs. A project with a higher BCR provides a
greater benefit per dollar invested and should receive priority in the allocation of funding. This will ensure the efficient
allocation of scarce resources.

Equation 81: Benefit-cost ratio

BCR = Z a +r>l/2f1++f)cz

Where:
* K = capital costs
* 0OC = operating costs

e R=discount rate

B = net benefits
Example: Benefit-cost ratio

If the sum of the discounted capital and operating costs js assumed to be $50 million over the evaluation period and the
discounted benefits are assumed to be $70 million, then thé BCR is given as follows:

BCR = $70m/$50m

BCR =14

This example indicates that the preséent yalue of the benefits exceeds the present value of the costs required to build a
project by 1.4 times.
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9.3 Net presentvalue

NPV measures the actual or real net economic benefit of a project. While the BCR provides a ratio of benefits to
costs, NPV measures the absolute net economic gain. NPV is calculated by subtracting the discounted costs from
the discounted benefits. All projects with a positive NPV provide a net economic benefit. NPV should be used when

comparing mutually exclusive project options. The option with the highest NPV is the preferred option.

Equation 82: Net present value

n
(Bi — G
NPV = z—
L @+r)
i=

Where:

® B, =netannual benefits
e R=discountrate

e ( =netannual costs
Example: Net present value

If the discounted total benefits are assumed to be $70 million and the discounted total costs are assumed to be $50
million, the NPV is:

NPV = $70m — $50m

NPV = $20m

This result indicates that there has been a welfaréimprovement of $20 million in net terms as a result of this project.
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9.4 First year rate of return
FYRR measures the economic return of a project in the first year of operation. FYRR is defined as the ratio of benefits in
the first year divided by the capital costs of a project (including operating costs). If the FYRR is below the project discount

rate, deferral of the project may be warranted to maximise the net economic gain.

Equation 83: First year rate of return
tf—l

FYRR = By / Z b
A+ & 1+t

Where:

* B, =netbenefits in the first year of operation

e ( =netcapital costs

Example: First year rate of return

Using the 6% discount rate, if the first year net benefits of a project are $2 milliori.and the discounted total cost is $50
million, then the FYRR is:

FYRR = $2m/$50m

FYRR = 4%
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9.5 Incremental benefit-cost ratio
IBCR is generally used in options analysis.

Equation 84: /ncrem%vtal beneﬁt-costi%io
n _B& _yn _ B0
=11+ 1)t =11+ )t
n Kal+ICal_ n Kbl+ICbl
=1 (1 + 1)t =1 (1 +7)t

IBCR =

Where:

* Ka, and Kb, = capital costs for option A and option B respectively

* ICa, and ICb, = investment costs for option A and option B respectively

Example: Incremental benefit-cost ratio

IBCR compares the incremental benefits and costs of project option A to those of-eption B.

Discounted net benefits are assumed to be $70 million and $30 million foroptions A and B respectively, while the
discounted net costs are assumed to be $50 million and $25 million foroptiens A and B respectively. The IBCR is given

by:

IBCR = (70 — 30)/(50 — 25)

IBCR = 10
~ 25
IBCR = 1.6

In this example project option A is preferred ever.option B. Every additional dollar spent on option A increases the net
benefits of a project by $1.60.
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9.6 Net presentvalue per dollar investment
The NPVI, also known as the capital efficiency ratio, is the NPV of a project divided by the net capital cost of a project.

Equation 85: Net present value per dollar investment

NPVperDollarInvestment = (1 ) /z a1+ r)z

Where:

e Bi=netannual benefits
e (Ci=netannual cost
Example: Net present value per dollar investment

If the discounted net benefit of a project is $70 million and the discounted net cost i $50 million, the NPVI is:

NPVperDollarInvestment = ($70m — $50m)/$50m

NPVperDollarinvestment = 0.4

The NPVI of 0.4 means that for each dollar invested, a contribution”of $0.4 is made to a project’s NPV.
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9.7 Residual value

As mentioned in Section 2.3.3 of the Theoretical Guide, there are occasions where capital assets have a useful life
beyond the life of the evaluation. To account for the benefit that the asset returns beyond the evaluation period, a
residual value is calculated and applied in the last year of the evaluation as a negative cost.

The remaining life of the asset/project at the end of the analysis period should be expressed as a proportion of the
total asset life. Multiplying the capital cost of a project by the proportion of remaining asset life to total asset life is one

method of calculating the residual value of the asset. This value is then discounted in the final year of the evaluation.

Equation 86: Residual value

YearsRemain
X
Usefullife

ResidualValue =

Where:

* YearsRemain = useful remaining life of the project (years)

Example: Residual value

The residual value of a $100 million project with a useful life of 50 years/overa 30-year analysis period is:
] 20

ResidualValue = =0 X $100m

ResidualValue = $40m

The result implies that additional benefits to the value’of $40 million will accrue to a project beyond the evaluation.
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10 Sens;itivity testing

This section‘ettlines the calculations used in sensitivity testing presented
in the”road case report’ within CBA6. For further information on the ‘road
caselreport’ see Section 4.6 of the User Guide. For further detail on the
assumptions of sensitivity analysis, see Section 1.8.3 of the Theoretical
Guide.

The standard sensitivity analysis in CBA6 recalculates BCR, NPV and FYRR
subject to the following changes in inputs:

e capital costs + 20%
e TIC*40%

e VOC=*20%

e accident costs £20%

e exclude private travel time costs.
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Sensitivity testing shown in these sections is based on the following ‘best estimate’ assumptions:
e cost=$50 million

o capital costs = $40 million

e operating costs = $10 million

e benefits = $70 million

e TTC savings = $40 million

e private TTC savings = $1 million
e VOC savings = $20 million

e accident savings = $10 million
e first year benefits = $2 million
e discount rate = 4%.

Under these assumptions of benefits and costs the BCR is 1.4, the NPV)is-$20 million and the FYRR is 4%.
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10.1 Net present value

There are a number of key project inputs that can influence the NPV when they are subjected to some variability. These
inputs have been described in Section 10.1.1.

10.1.1 Changes in capital cost

Equation 87: Changes in capital cost (NPV)

B, — C; x (1+ AB)
NPV:Z — —
i=1

(1+7)t

Where:

NPV = net present value

B, = total discounted benefits

C, = total discounted costs

AB = the percentage change in capital cost determined in the sensitjvity analysis
Example: Changes in capital cost (NPV)

When the capital cost of a project, with discounted net benefits 6f'$70 million and discounted net costs of $50 million,
increases by 20%, the NPV is calculated as follows:

NPV =70 — (40 x 1.2) —10
NPV =70 —58

NPV = $12

Positive NPV indicates that despiteithe capital cost increase of 20% the project is still viable.

10.1.2 Changes in road user cost savings
The impact that changes in TTC, VOC and accident cost savings have on the NPV is shown by Equation 88.

Equation 88: Changes in benefits (NPV)
n

NPV — Z (Byy X (1 £ AA) + B, — C;
i=1

(1+7)t

* B, =road user cost savings (TTC, VOC or Acc)
* AA=the percentage change in B determined in the sensitivity analysis

e B, =benefits otherthan B |
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Example: Changes in benefits (NPV)

If TTC increase by 40%, all other benefits and costs remain unchanged at $20 million for VOC benefits, $10 million for
accident cost savings and $50 million for costs. The resulting NPV is:

NPV = (40 * 1.40) + (20 + 10) — 50

NPV = $36 million

The NPV has increased from $20 million under the normal scenario to $36 million when TTC savings are increased by
40%. This is an increase in NPV of 80% compared to the best estimate. In this example, the NPV is very sensitive to
changes in TTC savings.

10.1.3 Excluding private travel time costs

The impact that removal of private TTC savings has on NPV is calculated by Equation 89,

Equation 89: Excluding private TTC (NPV)

n

NPV — Z (B; — PTTC; — Cy)
- (14+nr)

i=

Where:
e PTIC, = private travel time costs
Example: Excluding private TTC (NPV)

If a project has discounted net benefits of $70 million, the private TTC component of that net benefit is $1 million, and
the net cost of the project is $50 million, thea'the NPV excluding private travel time is:

NPV =70—-1-50
NPV = $19 million

Given the small amount of grivate TTC savings as a proportion of total benefits in this case, the change in NPV is not very
sensitive to percentage ¢hanges in private TTC savings.
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10.2 Benefit-cost ratio

The derivation of BCR throughout the sensitivity analysis is shown in Sections 10.2.1 to 10.2.3.

10.2.1 Changes in capital cost
The impact of a change in capital cost on the BCR is given by Equation 90.

Equation 90: Changes in capital cost (BCR)

n n

Z B; EKix(liAB)+OCi
BCR = —_— -

.1(1+r)l = 1+t

i= i=

Where:

* K = capital costs
* 0OC =net operating costs
Example: Changes in capital cost (BCR)

With a 20% increase in capital cost with discounted net benefits of $70 million, discounted net capital cost of $40
million, and a discounted net operating cost of $10 million, the BERis:

BCR =70/(40x1.20)+ 10

BCR = 70
58
BCR =1.21

In this example, the BCR has decreasedfrom’1.4 to 1.21 demonstrating that the project is not economically viable if
capital cost was to increase by 20%.

Note: The BCR must be greaterthan 1 to justify the investment.

10.2.2 Changes in road user cost savings
The impact of a change in road user cost savings on the BCR is given by Equation 91.

Equation 91: Changes in road user cost savings (BCR)

n n
pop = N B X (L £84) + By [0 Ki+ 0C
_Z . (1 +7)t z 1(1+r)i

1= =

* B, =road user cost savings (TTC, VOC or Acc)

T

B, = benefits otherthan B |

AA = percentage change in B, determined in the sensitivity analysis

* K = capital costs
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* 0OC = operating costs
Example: Changes in road user cost savings (BCR)

Where TTC savings increase by 40%, discounted net investment costs are $50 million, VOC benefits are $20 million and
crash costs are $10 million, the BCR is:

BCR = ((40x1.4) + (20 + 10))/50

BCR = 1.72

The BCR of the project has changed from 1.4 to 1.72, an increase of 22% from the ‘best estimate’ as a result of a 40%
increase in TTC savings.

10.2.3 Excluding private travel time costs
The removal of private TTC on the BCR is given by Equation 91.

Equation 92: Excluding private travel time costs (BCR)

BCR — Z”: B; — PTTC; z“: K; + 0C;
__1 (1+7) ,1(1+r)i
1= =

Where:

e PTIC, = private travel time costs
Example: Excluding private travel time costs (BCR)

A project has discounted net benefits of $70.millioh, the private TTC component of that net benefit is $1 million, and the
net cost of the project is $50 million. The BCR excluding private TTC is:

BCR = (70 — 1)/50

BCR = 1.38

The BCRis reduced by 0:02 as a result of the escalating private TTC.

Note: The change in BCR is relatively small given the low proportion of private TTC savings.
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10.3 First year rate of return

The derivation of FYRR sensitivity analysis is calculated through Sections 10.3.1 to 10.3.3.

10.3.1 Changes in capital cost
A change in capital cost on FYRR is shown by Equation 93.

Equation 93: Changes in capita[ cost (FYRR)

By Cix (1£AB)
FYRR = (1+ r)tf/ Z (1+7)t

Where:

e B, =total first year benefits

e AB =the percentage change in capital cost determined in the sensitivity analysis
Example: Changes in capital cost (FYRR)

A 20% increase in the capital costs of a project with discounted first y€arbenefits of $2 million, discounted net capital
cost of $40 million, and a discounted net operating cost of $10 millien; produces an FYRR of:

FYRR =2/(40x1.2) + 10

2
FYRR = —
58

FYRR = 3.45%

The 20% increase in capital cost lowersthe FYRR from 4% to 3.45%.

10.3.2 Changes in road4iser cost savings
The impact that a changé.in road user cost savings has on FYRR is given by Equation 94.

Equation 94: Changes in benefits (FYRR)

tf—
Bru, X (1 £84) + By, /0
FYRR = - z —
A+ L (1+7)

e B ,=firstyearof road user cost savings
* AA=the percentage change in B , determined in the sensitivity analysis
* B, = benefits otherthan B ,

If first year TTC benefits increase by 40%, the FYRR becomes:

FYRR = (1 * 1.40) + (0.5 + 0.5)/50
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FYRR = 4.8%

A 40% increase in road user cost savings in the first year increases the FYRR from 4% to 4.8%.

10.3.3 Excluding private travel time costs
The impact that removal of private TTC has on the FYRR is given by Equation 95.

Equation 95: Excluding private travel time costs (FYRR)

f-1

B, — PTTC C
FYRR=—L "1 Z—l
A1+nt 1(1+r)t

Where:
PTTC, = first year private TTC savings
Example: Excluding private travel time costs (FYRR)

A given project has discounted first year net benefits of $2 million, a privateTT€.component of that net benefit of $0.1
million, and a net cost of $50 million. If private TTC savings are excluded'the-FYRR is:

FYRR = (2 -0.1)/50

FYRR = 3.8%

The removal of private TTC savings in the first year decréases the FYRR from 4% to 3.8%; this is below the cut off

level at 4%.
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11 Effects of intermediate outputs

This section‘ettlines the key relationships between intermediate outputs
suchds-road roughness and speed, and the outputs of VOC and TTC.

Table 43: Input and output relationships

Input Intermediary output
Speed/roughness Fuel

Tyres

Oil

Interest and depreciation
Repairs and maintenance

Travel time

Output
voC
vOoC
voC
voC
voC
TTC

This analysis will examine the effects of changes in the intermediate outputs

such as speed and roughness on the final outputs.
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11.1 Vehicle operating costs

Table 44 shows the effects of a change in operating speed and current roughness on the outputs. This comparison
differs with vehicle types, however it provides a general guide as to trends of output change, holding all other inputs
constant.

Importantly, this example compares changes to a ‘base case’ as described in the examples throughout Section 4 i.e. a
single B-Double travelling at 64.49 km/h on a curvy flat road with a VCR of 0.049.

As illustrated by Table 44, changes made in the intermediate outputs of speed and roughness have a significant effect
on VOC in CBA6. When these costs are combined over multiple vehicle types and lengthy sections of motorway, their
impacts become large in monetary terms.

Table 44: Sensitivity testing of VOC components in respect to changes in intermediate outputs (B-doubles)

Outputs (c/km) Base case Intermediate output change
Change in speed Change in roughness
64.49km/h/ 4okm/h 85km/h 30NRM 200NRM
120NRM

Fuel 95.72 113.04 95.42 81.26 99.42
(o] 1.71 1.60 1.80 1.71 1.71
Tyres 49.58 47.09 ¢ 52.60 49.58 49.58
Repairs and maintenance 24.93 24.93 24.93 20.60 29.87
Interest and depreciation 54.42 é 758.04 52.99 54.42 54.42
Total VOC unit cost 226.36 244.61 227.74 207.57 235.00

There are two important points to be noted from‘this comparison.

1 Table 44 illustrates trends in the calculation of fuel costs with regard to changes in roughness and speed. Fuel
consumption and speed do not have 3 linear relationship. Moreover, fuel consumption reaches an efficiency frontier,
when a marginal increase in speed‘pfoduces an increase in fuel consumption. This trend is illustrated by Figure 12.

2 Fuel costs are sensitive to.chafiges in road roughness. This point is based on the fuel consumption roughness
adjustment (Equation21) which becomes a proportionately larger adjustment as roughness increases (all other
things being equal). Oil costs however, are only affected by speed and not by roughness. This is a result of Equation
25, which is derived solely on changes in speed. Similarly, the results in Table 44 show that interest and depreciation
and tyre costs are based solely on changes in speed. This is a result of the net interest and depreciation equation
(Equation 37), which includes operating speed to derive the final cost. However, changes in operating speed in the
interest and depreciation calculation have a relatively small influence on the final unit VOC. The impact of changes
in speed on tyre costs are greater and are a result of the roughness adjustment and the basic tyre wear equation
(Equation 27).
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It is important to note that changes in roughness do not affect tyre wear or tyre costs. The inclusion of a ‘roughness
adjustment’ based on speed is the result of the assumption that lower operating speeds should reflect rough surface
conditions.

Figure 12: Fuel consumption (B-Double)
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11.2 Travel time

The impact of speed on travel time is intuitive. The following calculation shows TTC for the road user.

Equation 96: Trip time

TripTime(VT) SecLength
ripTime =
p 0S(VT)
As calculated in Section 5, trip time (hours) is then applied to vehicle cost per hour, which is reflective of the driver’s
time (for private vehicles), business costs and freight carried (commercial vehicles where appropriate).

Changes in road roughness have no effect on TTC, unless the vehicle’s operating speed is also affected by the change in
roughness. TTC are based purely on changes in operating speed.

Example: Trip time

A section length of a rural road remains constant at 5 km and a B-Double is travelling at 85 km/h. The time it takes for
the B-Double to complete its journey is:

= = 0.059%Ars
85
Applying this trip time to the hourly time unit rate for a B-Double ($48:40 from Table 23) yields TTC of $2.86. Assuming
that the B-Double travels the same section length at a speed ofi45)km/h, TTC increase to $5.38. When operating speed
decreases by 53%, TTC increase by 88%. There is an inverse‘telationship between the change in speed and the change
in TTC.

TripTime(VT) =
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Maintenance

Screen

Create new evaluation

Road details

Road traffic data

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
MRS

Section length
Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated
B-double
Road train 1

Road train 2

Capital and maintenance costs Capital

Routine maintenance costs

Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value

Cost-benefit Analysis manual, First Edition, February 2011
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Base case

State strategic
Darling Downs
Dry non-reactive
30

6%

Rural

8

2 km

80 NRM

8o km/h
Flexible
Sprayed surface-seal
Straight
Rolling.0ordindulating
2500

2% linear

73%

5%

5%

0%

5%

8%

3%

1%

o

$10 000 yearly

$500 000 in years 5, 10, 15, 20,
25and 29

5 NRM each time

NA

Project case
State strategic
Darling Downs
Dry non-reactive
30

6%

Rural

8

2 km

80 NRM

8o km/h
Flexible
Sprayed surface seal
Straight

Rolling or undulating
2500

2% linear

73%

5%

5%

0%

5%

8%

3%

1%

o

$10 000 yearly

$500 000 in years 6 and 28
5 NRM each time

$2 000 000 inyear 12
50 NRM

o
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Road widening without shoulder seal

Screen

Create new evaluation

Road details

Road traffic data

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
MRS

Section length
Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated
B-double
Road train 1

Road train 2

Capital and maintenance costs Capital

5.14

Routine maintenance costs

Periodic maintenance costs

Reduction in toughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value

Base case
Regional

North Coast

Wet non-reactive
31

6%

Rural

7

2 km

100 NRM

8o km/h
Flexible

Sprayed surface-seal
Curvy
Rolling.0ordindulating
3000

3% linear

84%

10%

2%

0%

2%

2%

0%

0%

0

$10 000 yearly

$500 000 in years 7, 21 and 28
5 NRM each time

$1 000 000 inyear 14
80 NRM

o

Project case
Regional

North Coast

Wet non-reactive

31

6%

Rural

10

2 km

50 NRM

8o km/h

Flexible

Sprayed surface seal
Curvy

Rolling or undulating
3000

3% linear

84%

10%

2%

0%

2%

2%

0%

0%

$2 500 000

$10 000 yearly excluding year 1

$500 000 in years 10, 17 and
24

5 NRM each time

NA
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Road widening with shoulder seal

Screen

Create new evaluation

Road details

Road traffic data

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
MRS

Section length
Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Capital and maintenance costs Capital

Routine maintenance costs

Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value
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Base case
Regional

North Coast

Wet non-reactive
31

6%

Rural

7

2 km

100 NRM

8o km/h
Flexible

Sprayed surface-seal
Curvy
Rolling.0ordindulating
3000

3% linear

84%

10%

2%

0%

2%

2%

0%

0%

0

$10 000 yearly

$500 000 in years 7, 21 and 28
5 NRM each time

$1 000 000 inyear 14
80 NRM

o

Project case
Regional

North Coast

Wet non-reactive

31

6%

Rural

11

2 km

50 NRM

8o km/h

Flexible

Sprayed surface seal
Curvy

Rolling or undulating
3000

3% linear

84%

10%

2%

0%

2%

2%

0%

0%

$2 800 000

$10 000 yearly excluding year 1

$500 000 in years 10, 17 and
24

5 NRM each time

NA
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Realignment

Screen

Create new evaluation

Road details

Road traffic data

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
MRS

Section length
Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT Year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated
B-double
Road train 1

Road train 2

Capital and maintenance costs Capital

5.16

Routine maintenance costs
Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value

Base case

Regional

Central West

Dry reactive

32

6%

Rural

12

2.5 km

100 NRM

8o km/h

Flexible

Sprayed surface-seal
Curvy
Level or flat
5000

4% compound
85%

5%

4%

2%

2%

2%

0%

0%

o

$50 000 yearly
$550 000 in years 7, 21 and 28

5 NRM each time

$2 000 000 inyear 14
50 NRM

o

Project case
Regional
Central West
Dry reactive
32

6%

Rural

12

2.3 km

60 NRM

100 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
5000

4% compound
85%

5%

4%

2%

2%

2%

0%

0%

$2 000 000 year 1 and
$6 000 000 year 2

$45 ooo0 yearly
$545 000 in years 9, 23 and 30
5 NRM each time

$1 950 000 in year 16
50 NRM

(o]
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Single overtaking lane

Screen Inputs Base case Project case
Create new evaluation Road class National network National network
Region Northern Northern
Zone Wet non-reactive Wet non-reactive
Evaluation period 31 31
Discount rate 7% 7%
Speed environment Rural Rural
Advanced option selected Overtaking lane (single) Overtaking lane (single)
Road details MRS 12 16
Section length 2 km 2,/km
Initial roughness 80 NRM 60 NRM
Safe operating speed 100 km/h 100 km/h
Pavement type Flexible Flexible
Surface type Sprayed surface‘seal Sprayed surface seal
Horizontal alignment Straight Straight
Vertical alignment Rollingwor undulating Rolling or undulating
Road traffic data AADT year 1 4545 4545
Traffic growth rate 2% compound 2% compound
Cars — private 80% 80%
Cars — commercial 5% 5%
Non-articulatéd 4% 4%
Buses 2% 2%
ArticUlated 2% 2%
B:double 7% 7%
Road train 1 0% 0%
Road train 2 0% 0%
Capital and maintenance costs  Capital $3 000 000
Routine maintenance costs $2000 yearly $3000 yearly
Periodic maintenance costs $20 0ooinyears 7, 12, 17, 22 $30 000 inyears 7, 12, 17, 22
and 27 and 27
Reduction in roughness from 5 NRM each time 5 NRM each time
periodic maintenance
Rehabilitation o )
Roughness after rehabilitation ~ NA NA
Residual value o} o}
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Screen

Downstream area details

5.18

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment

Vertical alignment

Base case

12

5 km

80 NRM

100 km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating

Project case

12

5 km

80 NRM

100 km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating
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Head-to-head overtaking lanes

Screen

Create new evaluation

Road details

Road traffic data

Capital and maintenance costs

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
Advanced option selected
MRS

Section length

Initial roughness

Safe operating speed
Pavement type

Surface type

Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private
Cars — commercial

Non-articulatéd

Buses
ArticUlated

B:double

Road train 1

Road train 2

Capital

Routine maintenance costs

Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value
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Base case
National network
Northern

Wet non-reactive
31

7%

Rural

Overtaking lane (head to head)

12

4 km

80 NRM

100 km/h

Flexible

Sprayed surface‘seal
Straight

Rollingwor undulating
4545

2% compound

80%

5%

4%

2%

2%

7%

0%

0%

$4000 yearly

$40 ooo inyears 7, 12, 17, 22

and 27
5 NRM each time

NA

Project case
National network
Northern

Wet non-reactive
31

7%

Rural

Overtaking lane (head to head)

16

4/km

60 NRM

100 km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating
4545

2% compound

80%

5%

4%

2%

2%

7%

0%

0%

$6 000 000

$6000 yearly excluding year 1

$60 000 inyears 7, 12, 17, 22

and 27
5 NRM each time

NA
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Screen

Downstream area details

5.20

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment

Vertical alignment

Base case

12

10 km

80 NRM

100 km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating

Project case

12

10 km

80 NRM

100 km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating
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Side-by-side overtaking lanes

Screen

Create new evaluation

Road details

Road traffic data

Capital and maintenance costs

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
Advanced option selected
MRS

Section length

Initial roughness

Safe operating speed
Pavement type

Surface type

Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private
Cars — commercial

Non-articulatéd

Buses
ArticUlated

B:double

Road train 1

Road train 2

Capital

Routine maintenance costs

Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value
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Base case
National network
Northern

Wet non-reactive
31

7%

Rural

Overtaking lane (side by side)

12

2 km

80 NRM

100 km/h

Flexible

Sprayed surface‘seal
Straight

Rollingwor undulating
4545

2% compound

80%

5%

4%

2%

2%

7%

0%

0%

$4000 yearly

$40 ooo inyears 7, 12, 17, 22

and 27
5 NRM each time

NA

Project case
National network
Northern

Wet non-reactive
31

7%

Rural

Overtaking lane (side by side)

17

2,/km

60 NRM

100 km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating
4545

2% compound

80%

5%

4%

2%

2%

7%

0%

0%

$5 500 000

$6000 yearly excluding year 1

$60 000 inyears 7, 12, 17, 22

and 27
5 NRM each time

NA
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Screen

Downstream area details

5.22

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment

Vertical alignment

Base case

12

10 km

80 NRM

100 km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating

Project case

12

10 km

80 NRM

100 km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating
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Flood immunity

Screen

Create new evaluation

Road details

Road traffic data

Road closure details

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment

Advanced option selected

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commer€iat
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Average annual time of closure
(AATOC)

Average duration of closure
(ADQ)

% of traffic not travelling
% of traffic waiting

% of traffic diverting

Cost-benefit Analysis manual, First Edition, February 2011
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Base case

State strategic
Fitzroy

Wet non-reactive
33

6%

Rural

Road closure and diverting
route

10
1km
80 NRM
8o km/h
Flexible
SprayedsSurface seal
Very ‘curvy
Rolling or undulating
8ooo
3% linear
67%
20%
0%
1%
3%
9%
0%
0%

14 hours
56 hours

0%
10%

90%

Project case
State strategic
Fitzroy

Wet non-reactive
33

6%

Rural

Road closure and diverting
route

15

1km

50 NRM

8o km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating
8000

3% linear

67%

20%

0%

1%

3%

9%

0%

0%

o hours
10

0%
20%

80%
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Screen

Capital and maintenance costs

5.24

Inputs

Capital
Routine maintenance costs
Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation
Residual value
Diverting route details
MRS

Road class

Roughness

Safe operating speed
Pavement type

Surface type
Horizontal alignment
Vertical alignment
Existing traffic on route

Length of alternatelroute (C)

Base case

$13 000 yearly
$300 000 in years 7, 21 and 28
10 NRM each time

$5 000 000 in year 14

60 NRM

Base case

9

Regional

60 NRM

60 km/h

Flexible

Sprayed surface seal
Curvy

Rolling or undulating

1200

15 km

Project case

$3 000 000 inyear1and
$7 000 000 in year 2

$15 ooo yearly excluding years
1and 2

$320 000 in years 10, 15, 20
and 30

10 NRM each time

$o

NA

$7 000 000

Project case

9

Regional

60 NRM

60 km/h

Flexible

Sprayed surface seal
Curvy

Rolling or undulating
1200

15 km
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Screen

Road traffic data

Inputs Base case
AADT year 1 8400
Traffic growth rate 3% linear
Cars — private 67%

Cars — commercial 20%
Non-articulated 0%
Buses 1%
Articulated 3%
B-double 9%

Road train type 1 0%

Road train type 2 0%

Improved route case

Improved route details

MRS 10

Road class State strategic
Roughness 60 NRM

Safe operating speed 8o km’h

Pavement type Flexible

Surface type Sprayed surface seal
Horizontal alignment Curvy

Vertical alignment Level or flat

Length of improved rotte (B) 10 km
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Project case
8400

3% linear
67%

20%

0%

1%

3%

9%

0%

0%.

10
State strategic

60 NRM

8o km/h

Flexible

Sprayed surface seal
Curvy

Level or flat

10 km
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Road closure

Screen

Create new evaluation

Road details

Road traffic data

5.26

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
Advance option selected
MRS

Section length

Initial roughness

Safe operating speed
Pavement type

Surface type

Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private
Cars — commercial

Non-articulatéd

Buses
ArticUlated
B:double
Road train 1
Road train 2
Road closure details

Average annual time of closure
(AATOCQ)

Average duration of closure
(ADQ)

% of traffic not travelling

% of traffic waiting

Base case

Regional

Central West

Dry non-reactive

31

6%

Rural

Road closure

10

1

110 NRM

100 km/h

Flexible

Sprayed surface‘seal
Straight
Level,or flat
500

3% linear
42%

10%

5%

0%

3%

12%

8%

20%

12
12

0%

100%

Project case
Regional
Central West
Dry non-reactive
31

6%

Rural

Road closure
10

1

60 NRM

100 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
500

3% linear
42%

10%

5%

0%

3%

12%

8%

20%

0%

0%
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Screen Inputs Base case Project case
Capital and maintenance costs  Capital $800 000
Routine maintenance costs
Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation $1000 yearly excluding years $1000 yearly excluding years
1and 31 1and 31

Roughness after rehabilitation 110 NRM 60 NRM

Residual value o 0

Cost-benefit Analysis manual, First Edition, February 2011
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Intersection

Screen

Create new
evaluation

Intersection data
(include at least 2
years data for each
case)

Intersection capital
and maintenance
costs

Accident and other
costs

5.28

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment

Advance option
selected

Morning peak

Duration of period
(hours)

Number of vehicles
(per hour)

Average delay (in
seconds/period)

Fuel consumption
(litres/hour)

Afternoon peak

Duration of period
(hours)

Number of vehicles
(per houn)

Average delay (in
seconds/period)

Fuel consumption
(litres/hour)

Cars — private
Cars,commercial
Non-articulated
Buses

Articulated
B-double

Road train 1

Road train 2
Capital

Maintenance and
operations

Residual value

Accident costs

Base int case
Regional

South Coast
Wet non-reactive
11

6%

Urban

New intersection
evaluation

Year 1

1
2203
28.2

152.7

Year 1

2361
3643
161.8

93%
5%
1%
1%
0%
0%
0%

0%

$2000 yearly

$50 000 yearly

Project int case

Regional

South Coast

Wet non-reactive

11
6%
Urban
New intersection
evaluation

Year 11 Year 1

1 1

2646 2203

181.1 44

335.3 122.5

Year 11 Year 1

1 1

2835 2361

327 3.7

503.4 126.7

93% 93%

5% 5%

1% 1%

1% 1%

0% 0%

0% 0%

0% 0%

0% 0%

$1 500 000

$15 ooo yearly
excluding year 1

$25 000 yearly

Year 11

1

2646

56.9

235.5

Year 11

1

2835

6.7

172.2

93%
5%
1%
1%
0%
0%
0%

0%
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Duplication

Screen

Create new evaluation

Road details

Road traffic data

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
MRS

Section length
Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Capital and maintenance costs Capital

Routine maintenance costs

Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value

Cost-benefit Analysis manual, First Edition, February 2011
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Base case

National network
Far North

Wet reactive

32

7%

Rural

13

3 km

75 NRM

100 km/h

Flexible

Sprayed surface-seal
Straight
Level or flat
12 0Q0

5% linear
77%

12%

5%

1%

3%

2%

0%

0%

)
$30 000 yearly

$500 000 in years 5, 10, 20, 25
and 30

5 NRM each time

$2 000 000 in year 15
75 NRM

(o]

Project case
National network
Far North
Wet reactive
32

7%

Rural

19

3. km

50 NRM
100 km/h
Rigid
Asphaltic concrete
Straight
Level or flat
12 000

5% linear
77%

12%

5%

1%

3%

2%

0%

0%

$2 000 000 year 1 and
$49 000 000 year 2

$75 000 yearly excluding years
1and 2

$1 200 000 in years 10, 17, 24
and 31

5 NRM each time

NA

5.29



Bypass

Screen

Create new evaluation

Road details

Road traffic data

Capital and maintenance costs

5.30

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
Advance option selected
MRS

Section length

Initial roughness

Safe operating speed
Pavement type

Surface type

Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private
Cars — commercial

Non-articulatéd

Buses
ArticUlated
B:double
Road train 1
Road train 2

Capital
Routine maintenance costs
Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value

Base case
State strategic
Fitzroy

Dry non-reactive
32

6%

Rural

Bypass

1

7 km

200 NRM
okm/h
Unpaved
Unsurfaced

Straight
Level,or flat
0

3% linear
100%

0%

0%

0%

0%

0%

0%

0%

)
$50 000 yearly
$o
NA

$o
NA

(o]

Project case
State strategic
Fitzroy

Dry non-reactive
32

6%

Rural

Bypass

15

z/km

50 NRM

100 km/h
Flexible
Sprayed surface seal
Straight

Level or flat
2000

3% linear
76%

13%

5%

1%

2%

3%

0%

0%

$10 000 000 year 1 and
$50 000 000 year 2

$20 000 yearly excluding years
1and 2

$1 000 000 in years 8, 15 and
29

5 NRM each time

$3 000 000 in year 22
50 NRM

(o]
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Existing section 1

Screen

Road details

Road traffic data

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Cost-benefit Analysis manual, First Edition, February 2011
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Base case
9

1 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
4000

3% linear
82.0%
11.0%
3.3%

1.0%

1.1%

106%

0%

0%

Project case
9

1km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
2000

3% linear
88.0%
9.0%

1.6%

1.0%

0.2%

0.2%

0%

0%

5.31



Existing section 2

Screen

Road details

Road traffic data

5.32

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Base case
9

4 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
8000

3% linear
82.0%
11.0%
3.3%

1.0%

1.1%

106%

0%

0%

Project case
9

4 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
6000

3% linear
84.1%
10.3%

2.7%

1.0%

0.8%

1.1%

0%

0%
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Existing section 3

Screen

Road details

Road traffic data

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Cost-benefit Analysis manual, First Edition, February 2011
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Base case
9

4 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
8000

3% linear
82.0%
11.0%
3.3%

1.0%

1.1%

106%

0%

0%

Project case
9

4 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
6000

3% linear
84.1%
10.3%

2.7%

1.0%

0.8%

1.1%

0%

0%
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Existing section 4

Screen

Road details

Road traffic data

5.34

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Base case
9

1 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
4000

3% linear
82.0%
11.0%
3.3%

1.0%

1.1%

106%

0%

0%

Project case
9

1km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
2000

3% linear
88.0%
9.0%

1.6%

1.0%

0.2%

0.2%

0%

0%
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Unsealed road

Screen

Create new
evaluation

Road details

Road traffic data

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment

Advance option
selected

MRS
Section length
Initial roughness

Safe operating
speed

Pavement type

Surface type

Horizontal
alignment

Vertical alignment
AADT year 1

Traffic growth rate
Cars — private
Cars — commercial
Non-articulated

Buses

Articulated/
livestock

B-double/livestock

Road train 1/
livestock

Road train 2/
livestock

Base case
District

Far North

Dry non-reactive
31

6%

Rural

Livestock

1
12 km

200 NRM
70 km/h

Unpaved

Unsurfaced
Straight

Level or flat
125

1% linear
55%

5%

3%

0%

6% 50%

14% 50%

0% 0%

17% 100%
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Project case
District

Far North

Dry non-reactive
31

6%

Rural

Livestock

7

12 km

75 NRM

100 km/h

Flexible

Sprayed surface
seal

Straight

Level or flat
125

1% linear
55%

5%

3%

0%

6% 50%

14% 50%

0% 0%

17% 100%

5.35



Screen

Capital and
maintenance costs

5.36

Inputs
Capital

Routine
maintenance costs

Periodic
maintenance costs

Reduction in
roughness
from periodic
maintenance

Rehabilitation

Roughness after
rehabilitation

Residual value

Base case

$20 000 yearly

NA

NA

$6 000 000

$25 000 yearly
excluding year 1

$250 000 in years
7,14, 21 and 28

5 NRM each time

NA

Project case
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Generated traffic

Screen

Create new evaluation

Road details

Road traffic data

Capital and maintenance costs

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
Advanced option selected
MRS

Section length

Initial roughness

Safe operating speed
Pavement type

Surface type

Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private
Cars — commercial

Non-articulatéd

Buses
ArticUlated

B:double

Road train 1

Road train 2

Capital

Routine maintenance costs

Periodic maintenance costs

Reduction in roughness from

periodic maintenance

Rehabilitation

Roughness after rehabilitation

Residual value

Cost-benefit Analysis manual, First Edition, February 2011
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Base case
Regional
Mackay/Whitsunday
Wet reactive

31

6%

Rural

Generated traffic
6

25 km

100 NRM

60 km/h
Flexible

Sprayed surface‘seal
Curvy
Mountainous
1750

3% linear

95%

0%

5%

0%

0%

0%

0%

0%

o}

$50 000 yearly

$600 000 in years 5, 10, 20, 25

and 30

5 NRM each time

$7 000 000 inyear 15
70 NRM

(o]

Project case
Regional
Mackay/Whitsunday
Wet reactive

31

6%

Rural

Generated traffic

15

20 km

65 NRM

100 km/h

Flexible

Sprayed surface seal
Straight

Rolling or undulating
1750

3% linear

95%

0%

5%

0%

0%

0%

0%

0%

$120 000 000

$40 000 yearly

$400 000 inyears 7 and 14 and

$500 000 in year 27

5 NRM each time

$5 000 000 in year 21
70 NRM

(o]
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Screen Inputs Base case Project case

Generated traffic — road traffic ~ AADT year 2 150 150

data Traffic growth rate 6% compound 6% compound
Cars — private 100% 100%
Cars — commercial 0% 0%
Non-articulated 0% 0%
Buses 0% 0%
Articulated 0% 0%
B-double 0% 0%
Road train 1 0% 0%
Road train 2 0% 0%
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Changes in multi-combination vehicle

Screen

Create new evaluation

Road details

Road traffic data

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
MRS

Section length
Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Capital and maintenance costs Capital

Routine maintenance costs
Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value

Cost-benefit Analysis manual, First Edition, February 2011
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Base case

Regional

Wide Bay/Burnett
Wet reactive

31

6%

Rural

8

2 km

110 NRM

100 km/h

Flexible

Sprayed surface-seal
Straight
Level or flat

515

3% linear

48.9%

21.0%

6.0%

1.0%

10.1%

1.0%

12.0%

0.0%

0

$5000 yearly

$100 000 inyears 7, 21 and 28

5 NRM each time

$700 000 in year 14
80 NRM

(o]

Project case
Regional

Wide Bay/Burnett
Wet reactive

31

6%

Rural

13

2 km

60 NRM

100 km/h
Flexible

Sprayed surface seal
Straight

Level or flat

491

3% linear

51.4%

22.0%

6.3%

1.0%

5.6%

1.2%

7.5%

5.0%

$1 000 000

$10 000 yearly
$110 000 in years 7, 14 and 28

5 NRM each time

$500 000 in year 21
60 NRM

(]
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Multiple project cases

Screen

Create new
evaluation

Road details

Road traffic data

Capital and
maintenance costs

5.40

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment

Advanced option
selected

MRS
Section length
Initial roughness

Safe operating
speed

Pavement type

Surface type

Horizontal
alignment

Vertical alignment
AADT year 1
Traffic growth rate
Cars — private
Cars — commercial
Non-articulated
Buses

Articulated
B-double

Road train 1

Road train 2

Capital

Routine
maintenance costs

Periodic
maintenance costs

Reduction in
Roughness

Rehabilitation

Roughness after
rehabilitation

Residual value

Base case

State strategic
Metropolitan
Wet non-reactive
32

6%

Rural

Multiple project
case

7

5 km
120 NRM
8o km/h

Flexible

Sprayed surface
seal

Straight

Rolling unduldting
10 000

3% dinear

81%,

8%

5%

1%

3%

2%

0%

0%

$20 000 yearly
$100 000 years 14,
21and 28

5 NRM

$1 000 000 year 7

80 NRM

[o]

Project case 1
State strategic
Metropolitan
Wet non-reactive
32

6%

Rural

Multiple project
case

10

5 km

60 NRM
8o km/h

Flexible

Sprayed surface
seal

Straight

Rolling undulating
10 000
3% linear
81%

8%

5%

1%

3%

2%

0%

0%

$2 000 000 year1
$3 000 000 year 2

$22 000 yearly

$125 000 years 9,
16 and 30

5 NRM

$1 200 000 year 23

60 NRM

Project case 2
State strategic
Metropolitan
Wet non-reactive
32

6%

Rural

Multiple project
case

15
5 km

60 NRMW

80 km/h

Flexible

Sprayed surface
seal

Straight

Rolling undulating
10 000
3% linear
81%

8%

5%

1%

3%

2%

0%

0%

$4 000 000 year 1
$6 000 000 year 2

$27 o000 yearly

$130 000 years 9,
16 and 30

5 NRM

$1 300 000 year 23

60 NRM

Project case 3
State strategic
Metropolitan
Wet non-reactive
32

6%

Rural

Multiple project
case

17
5 km
60 NRM

100 km/h

Rigid

Asphaltic concrete

Straight

Rolling undulating
10 000
3% linear
81%

8%

5%

1%

3%

2%

0%

0%

$8 000 000 year1
$10 000 000 year2

$35 000 yearly

$200 000 years 9,
16 and 30

5 NRM

$5 000 000 year 23

60 NRM
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Incremental analysis (town bypass 2)

Screen

Create new evaluation

Road details

Road traffic data

Capital and maintenance costs

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
Advance option selected
MRS

Section length

Initial roughness

Safe operating speed
Pavement type

Surface type

Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private
Cars — commercial

Non-articulatéd

Buses
ArticUlated
B:double
Road train 1
Road train 2

Capital
Routine maintenance costs
Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value

Cost-benefit Analysis manual, First Edition, February 2011
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Base case
State strategic
Fitzroy

Dry non-reactive
32

6%

Rural

Bypass

1

7 km

200 NRM
okm/h
Unpaved
Unsurfaced

Straight
Level,or flat
0

3% linear
100%

0%

0%

0%

0%

0%

0%

0%

)
$50 000 yearly
$o
NA

$o
NA

(o]

Project case
State strategic
Fitzroy

Dry non-reactive
32

6%

Rural

Bypass

V4

z/km

50 NRM

100 km/h
Rigid
Asphaltic concrete
Straight

Level or flat
2000

3% linear
76%

13%

5%

1%

2%

3%

0%

0%

$10 000 000 year 1 and
$70 000 000 year 2

$20 000 yearly excluding years
1and 2

$1 000 000 in years 8, 15 and
29

5 NRM each time

$3 000 000 in year 22
50 NRM

o

5.41



Existing section 1

Screen

Road details

Road traffic data

5.42

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Base case
9

1 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
4000

3% linear
82.0%
11.0%
3.3%

1.0%

1.1%

106%

0%

0%

Project case
9

1km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
2000

3% linear
88.0%
9.0%

1.6%

1.0%

0.2%

0.2%

0%

0%
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Existing section 2

Screen

Road details

Road traffic data

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2
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Base case
9

4 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
8000

3% linear
82.0%
11.0%
3.3%

1.0%

1.1%

106%

0%

0%

Project case
9

4 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
6000

3% linear
84.1%
10.3%

2.7%

1.0%

0.8%

1.1%

0%

0%
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Existing section 3

Screen

Road details

Road traffic data

5.44

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2

Base case
9

4 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
8000

3% linear
82.0%
11.0%
3.3%

1.0%

1.1%

106%

0%

0%

Project case
9

4 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
6000

3% linear
84.1%
10.3%

2.7%

1.0%

0.8%

1.1%

0%

0%

Cost-benefit Analysis manual, First Edition, February 2011

OTransport and Main Roads



Existing section 4

Screen

Road details

Road traffic data

Inputs

MRS

Section length

Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated

B-double

Road train 1

Road train 2
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Base case
9

1 km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
4000

3% linear
82.0%
11.0%
3.3%

1.0%

1.1%

106%

0%

0%

Project case
9

1km

75 NRM

40 km/h
Flexible
Sprayed surface seal
Straight
Level or flat
2000

3% linear
88.0%
9.0%

1.6%

1.0%

0.2%

0.2%

0%

0%

5.45



Linking analysis (arterial road)

Screen

Create new evaluation

Road details

Road traffic data

Inputs

Road class

Region

Zone

Evaluation period
Discount rate
Speed environment
MRS

Section length
Initial roughness
Safe operating speed
Pavement type
Surface type
Horizontal alignment
Vertical alignment
AADT year 1

Traffic growth rate
Cars — private

Cars — commercial
Non-articulated
Buses

Articulated
B-double
Road train 1

Road train 2

Capital and maintenance costs Capital

5.46

Routine maintenance costs
Periodic maintenance costs

Reduction in roughness from
periodic maintenance

Rehabilitation
Roughness after rehabilitation

Residual value

Base case
Regional

South Coast

Wet non-reactive
11

6%

Rural

10

1km

100 NRM

60 km/h

Flexible

Sprayed surface-seal
Straight
Level or flat
10 000

3% linear
93%

5%

1%

1%

0%

0%

0%

0%

0

$10 000 yearly

o

NA

$500 000 inyear7
80 NRM

o

Project case
Regional

South Coast

Wet non-reactive
11

6%

Rural

13

1 km

50 NRM

60 km/h
Flexible

Sprayed surface seal
Straight

Level or flat

10 000

3% linear

93%

5%

1%

1%

0%

0%

0%

0%

$2 500 000

$20 000 yearly
$500 000 in year 8

5 NRM each time

0
NA

$1 600 000
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Free speed array

Table 1: Free speed array

Straight gradient 4%
Straight gradient 6%
Curvy gradient 0-2%
Curvy gradient 6%
Curvy gradient 8%

Very curvy gradient 4%
Very curvy gradient 8%
Very curvy gradient 10%

Vehicle type

Road type*
& Very curvy gradient 6%
o

& Straight gradient 0-2%
o

& Straight gradient 8%

o

R Curvy gradient 4%

o

& Curvy gradient 10%

o

o
®
o

60.0

<3
N
o
<
N
o
192l
W
o

Cars — private (=4.5m 77.0

¥ & Straight gradient 10%

(o] o

3/~&  Very curvy gradient 0-2%
5 o

o
I
3
o
(%2
w
o
N
w
Ll
o
&
~
©
w

Cars — (=4.5m 82.0 68.0 59.7 51.0

commercial

72.0 75.0

~
\°
w
~
W

e}

Non-articulated <=4.5m 82.4 68.8 55.6  44.6 36.0 73.0 63.4 53.2 43.4\ 35.8 64.2 576 49.8 42.2 35.6

Buses (=4.5m 86.0 72.0 57.0  45.0 37.0 77.0 67.0 55.0, 45.0 370 670 61.0 53.0 44.0 36.0
Articulated <=4.5m 86.0 £49.0 39.0 32.0 24.0 71.0 45.0 38.07 32.0 24.0 £59.0 41.0 36.0 31.0 24.0
B-double <=4.5m 88.0 38.0 27.0 20.0 16.0 72.0 35.0{ 270 19.0 16.0 59.0 32.0 26.0 19.0 16.0
Road train 1 <=4.5m 88.0 38.0 270 20.0 16.0 72.0 /35.0 270 19.0 16.0 59.0 32.0 26.0 19.0 16.0
Road train 2 <=4.5m 88.0 38.0 27.0 20.0 16.0 720 )35.0 270 19.0 16.0 59.0 32.0 26.0 19.0 16.0

Cars — private >45m  105.0 102.0 88.0 72.0 59.0, 90.0 89.0 81.0 68.0 570 75.0 74.0 71.0 63.0 55.0

Cars — Y45m  99.7 95.0 813 663 543857 833 750 63.0 527 72.0 703 663 58.7 510
commercial

Non-articulated >4.5m  93.8 74.2 58.0 465.4 ,v36.2 79.8 672 550 44.2 36.0 672 60.2 514 42.8 358

Buses >4.5m  100.0 78.0 59.0/ “46.0 370 85.0 71.0 570 45.0 370 70.0 63.0 54.0 44.0 36.0
Articulated >4.5m  100.0 52.0 4000V 32.0 24.0 75.0 47.0 39.0 32.0 24.0 60.0 42.0 36.0 31.0 24.0
B-double >4.5m  100.0  40.0 28.0 20.0 16.0 750 36.0 270 19.0 16.0 60.0 33.0 26.0 19.0 16.0
Road train 1 >45m  100.0 £49.0 28.0 20.0 16.0 750 36.0 270 19.0 16.0 60.0 33.0 26.0 19.0 16.0
Road train 2 >4.5m  100.0  140.0 28.0 20.0 16.0 750 36.0 270 19.0 16.0 60.0 33.0 26.0 19.0 16.0
Cars — private Freeway 110%0 106.0 90.0 72.0 59.0 93.0 90.0 82.0 69.0 58.0 76.0 750 71.0 63.0 55.0
Cars — Freeway 105.0 99.3 833 663 543 887 847 76.0 637 533 73.0 713 66,7 58.7 510
commercial

Non-articulated Freeway 99.0 77-2 58.8 45.4 36.2 82.0 68.4 556 44.2 36.0 68.6 60.8 51.6 42.8 358

Buses Freeway 110.0 82.0 60.0 46.0 370 89.0 73.0 58.0 46.0 370 72.0 64.0 54.0 44.0 37.0
Articulated Freeway 106.0 53.0 40.0 32.0 24.0 77.0 47.0 39.0 32.0 24.0 60.0 42.0 36.0 31.0 24.0
B-double Freeway 105.0 41.0 28.0 20.0 16.0 76.0 36.0 270 19.0 16.0 60.0 33.0 26.0 19.0 16.0
Road train 1 Freeway 105.0 41.0 28.0 20.0 16.0 76.0 36.0 270 19.0 16.0 60.0 33.0 26.0 19.0 16.0
Road train 2 Freeway 105.0 41.0 28.0 20.0 16.0 76.0 36.0 270 19.0 16.0 60.0 33.0 26.0 19.0 16.0

Source: Austroads report bs.e.n.548 n.bs.9903 part 1, p. 12, Table 6.

* Corresponds with model road states detailed at Appendix 6:
e ¢ 4.5 m—model road state 1-5

® 4.5 m—model road state 6-14, 16, 18

e Freeway — model road state 15, 17, 19.
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Pavement speed condition factor

Table 2: FSRG1 pavement speed condition factor at 110 NRM

Straight gradient 6%
Straight gradient 8%
Straight gradient 10%
Curvy gradient 4%
Curvy gradient 6%
Curvy gradient 8%
Curvy gradient 10%
Very curvy gradient 8%
Very curvy gradient 10%

Curvy flat

Vehicle type
Road type
§ Very curvy gradient 4%

& Verycurvy flat
O
§ Very curvy gradient 6%

-
o

Cars — private <4.5m .00 1.00

o
Ne)
O

=N

o

o

=N

o

o

0.99 0.99 0.99 1.00 1.00

[e] o . .
o o Straightgradient 4%
0] (o]

$ g Straightflat
N o

Cars — <4.5m 0.99 1.00 1.00 0.98 0.99 0.99 100 1.004 0.99 0.99 0.99 1.00 1.00

commercial

Non-articulated <45m 0.95 097 098 099 100 097 098 099 0.99 {1.00 098 098 0.99 0.99 1.00

Buses <45m 0.97 098 0.99 100 1.00 098 0.99 0.99 1.00) 1.00 0.99 0.99 0.99 1.00 1.00
Articulated <45m 095 097 099 099 1..00 097 098 09¢..049 100 099 099 099 099 1.00
B-double <45m 0.94 097 0.99 099 1..00 097 098 099 099 100 099 0.99 0.99 0.99 1.00
Road train 1 <45m 094 097 099 099 100 097 098 %099 099 1.00 099 099 099 099 1.00
Road train 2 <45m 0.94 0.97 0.99 099 1..00 0.974 098 099 099 100 099 0.99 0.99 0.99 1.00
Cars — private >45m 0.96 096 098 099 1.00 ,0.97 0.98 0.99 100 100 0.99 0.99 0.99 1.00 1.00
Cars — >45m 096 096 098 0.99 1..00° 097 0.98 099 1..00 100 099 0.99 0.99 1..00 1.00
commercial

Non-articulated  >4.5m 0.93 0.96 0.98 0.99 /100 096 097 098 099 100 0.97 0.98 0.99 0.99 1.00

Buses >45m 095 098 0.99 /100 1.00 0.97 0.98 0.99 100 100 099 099 0.99 1.00 1.00
Articulated >45m 091 096 089’ 099 1.00 097 098 099 099 100 099 099 099 099 1.00
B-double Y45m 091 0.96") 6,99 0.99 1.00 0.97 0.98 0.99 0.99 100 099 099 0.99 0.99 1.00
Road train 1 >45m 091 096 * 099 0.99 100 0.97 0.98 099 099 100 099 0.99 0.99 0.99 1.00
Road train 2 »45m 0094 10196 0.99 0.99 1.00 0.97 0.98 099 0.99 100 099 0.99 0.99 0.99 1.00

Source: Adopted from Table 8, Austroads Publication AP-R264/05.
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Table 3: FSRG22 pavement speed condition factor (PCSPDF) at 250 NRM

° ° EN

2 N R N >

R X R ° < 0 0 -

) o 5 o ) —~— -~ -~ -

< O =] - o ) <0 N = = = =

2 2 = = %% o % g 92 = ) =2

2 2 2 2 = = =2 = — = o = =

(C

g 5 & & § 8 g g g2 £ £ & B @ @»

> ] = L] o0 o0 o = © © © © S = 2 S >

- Q. - - — - - o — - = = j= - j = =

@ > = 45 d5 = = &= bn bn bn bn > = = > =1

S 5 b0 o o) b0 i > > > > > =2 2 © =2 2

= © © © © © © c e < < < = = = = o

[ o —— = = — = =1 > =1 = =] () () () (] (<

> (4 ) ) 0 0 0 O O O o O > > > > >
Cars — private <45m o076 o077 o080 087 092 o079 0.8 0.8 088 092 084 085 087 090 0.94
Cars — <45m o5 o7 o081 088 o093 o079 o080 083 089 093 084 085 0.87 090 0.94

commercial

Non-articulated <45m 0.68 o0.76 0.84 091 0.95 074 079 0.86 091 095 0.79 “0:83 0.87 0.92 0.95

Buses <45m o074 081 089 095 0.97 079 0.84 0.90 0.95 0.97 085\%.87 091 095 0.97
Articulated <45m o061 078 087 093 097 o071 0.82 0.89 0.94 0.97 (081 087 091 094 0.97
B-double <45m 0.60 0.79 0.88 0.94 0.97 o071 0.83 0.89 094 097) 081 0.88 091 095 0.97
Road train 1 <45m o0.60 079 0.88 094 097 o071 0.83 0.89 0.94 097 0.81 0.88 091 0.95 0.97
Road train 2 <45m o060 o079 088 094 o097 o071 0.83 0.89 094 097 081 088 091 095 0.97

Cars — private >45m 0.63 0.65 073 083 o090 o071 072 077 §0.85 091 0.81 0.81 0.84 0.88 0.93

Cars — >45m 0.64 0.67 0.5 085 091 072 074+ 079 0.86 0.92 0.81 0.82 0.85 0.89 0.93
commercial

Non-articulated >45m 0.62 o071 083 090 095 o0.70¢€077 085 091 0.95 0.77 0.82 0.87 092 0.95

Buses >45m 0.65 0.6 0.88 094 097 Oy5./0.81 0.89 095 0.97 0.83 0.86 091 095 0.97
Articulated >45m 053 074 086 093 O097Z 068 081 0.88 094 0.97 0.80 0.86 091 0.94 0.97
B-double >45m 054 075 0.87 0.94 07 068 0.82 0.89 0.94 097 0.80 0.87 091 0.95 0.97
Road train 1 >45m 054 075 0.87 094 '0.97 0.68 082 089 094 o097 o0.80 0.87 091 0.95 0.97
Road train 2 >45m 0,54 075 0.87,094 o097 0.68 0.82 0.89 094 0.97 0.80 0.87 091 0.95 0.97

Source: Adopted from Table 8, Austroads Publication AP-R264/05.
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Fuel consumption gradient correction factors

Table 4: Fuel consumption gradient correction factors

Speed description

gI gI g: g; gl \8I 'O\I °°°I g: 8I :I 2I QI
o =l o =l =l o =l =l o =l o =l =l
o (=X (=X (=X (=X o (=X (=X o (=X (=8 (=X (=X
) ) ) ) ) () ) ) ) ) ) ) )
3 s £ £ £ £ £ = = = = £ %
= - = € = E £ £ £ T £ £ £ E =
g E E 2 I 24 ¥ % 8§ i 2 £ @2 § ¢
£ g =« § § & 7 P ¥ or ot o2 I g
= E <
S & ® Q S P g < 2 3 N ® 3 k- =
Cars — private 4% 0.03 0.07 0.07 0.07 0.08 0.09 0.09 0.10 0.08  0.05 0.04 0.04 0.03
Cars — 4% 0.02 0.06 0.06 0.05 0.06 0.06 0.07 0.07 0.05 0.04 0.04 0.03 0.03
commercial
Non-articulated 4% 0.06 0.09 0.08 0.08 0.11 0.16 0.25 0.22 0.18 0.17 0.17 0.17 0.17
Buses 4% 0.08 0.11 0.10 0.13 0.20 0.26 0.39 0.52 042 0.29 0.19 0.10 0.00
Articulated 4% 0.06  0.14 0.13 0.19 0.28 037 0.46 0.46) 0.46 0.46 0.46 0.46 0.46
B-double 4% 0.06 0.15 0.15 0.22 0.31 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43
Road train 1 4% 0.07 0.16 0.15 0.19 0.29 0.29 0l29 0.29 0.29 0.29 0.29 0.29 0.29
Road train 2 4% 0.16 0.17 0.13 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Cars — private 6% 0.04 0.11 0.10 0.11 0.12 0.14 0.17 0.19 0.16 0.12 0.11 0.10 0.08
Cars — 6% 0.04 0.09 0.09 0.09 0.10 0.11 0.12 0.14 0.11 0.09 0.08 0.08 0.07
commercial

Non-articulated 6% 0.10 0.18 0.22 0.28 . %0.34 0.43 0.52 0.47 0.46 0.46  0.46 0.46 0.46

Buses 6% 0.15 0.24 0.32 0,2 0.54 0.65 0.83 0.98 0.84 0.70 0.57 0.45 0.32
Articulated 6% 0.18 0.29 0.40 052 0.66 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
B-double 6% 0.10 0.30 042 0.54 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63
Road train 1 6% 0.11 0.29 0.39 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Road train 2 6% 039  ©29% 034 034 034 034 034 034 034 034 034 034 034
Cars — private 8% 0.05 o¥9 0.17 0.17 0.18 0.21 0.26 0.30 0.25 0.21 0.18 0.15 0.12
Cars — 8% 0.05 0.17 0.16 0.16 0.17 0.18 0.19 0.22 0.18 0.15 0.13 0.12 0.10
commercial

Non-articulated 8% 0.19 0.39 0.47 0.55 0.62 0.68 0.70 0.65 0.65 0.65 0.65 0.65 0.65

Buses 8% 0.26 0.50 0.62 0.76 0.91 1.05 1.25 1.42 1.25 1.08 0.92 0.78 0.62
Articulated 8% 0.33 0.60 0.75 0.90 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
B-double 8% 0.18 0.62 0.76 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Road train 1 8% 0.21 0.61 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Road train 2 8% 0.60 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61
Cars — private 10% 0.06 0.28 0.27 0.28 0.30 0.35 0.42 0.47 0.42 0.34 0.28 0.25 0.21
Cars — 10% 0.07 0.27 0.27 0.28 0.30 0.32 0.35 0.39 0.35 0.30 0.26 0.24 0.21
commercial

Non-articulated 10% 0.30 0.61 0.72 0.83 0.89 0.93 0.95 0.95 0.95 0.95 0.95 0.95 0.95

Buses 10% 0.39 0.76 0.93 1.11 1.28 1.45 1.69 1.90 1.69 1.49 1.31 1.13 0.95
Articulated 10% 0.47 0.90 1.08 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13
B-double 10% 0.27 0.93 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12
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Road train 1 10% 0.30 0.91 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01

Road train 2 10% 0.75 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Source: Adopted from Table 13, Austroads Publication AP-R264/05.
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Fuel consumption roughness correction factors

Table 5: Fuel consumption roughness correction factors

Speed description

N 0 0 o
8| ° S: 3} g: ° 8| ° ° g| =| 2| 2’\'|
= o o o o o o o o o o = o
Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q.
) ) ) ) v ) ) ) ) ) ) ) )
= = = £ = = = £
= = £ £ = S £ £ £ £ = £ < i~
& E ~ ~ &~ ~ X~ i~ ~ ~ i fn P o
= " Q = A $ A & ~ 2 © o S N
G T ' & & S ® o & ' o © o 3
= © g 8 ™M I < in ©° N o 0 - S
Cars — private 0.02 0.06 0.07 0.07 0.08 0.09 0.10 0.10 0.09 0.09 0.09 0.09 0.09
Cars — 0.03 0.06 0.07 0.07 0.08 0.08 0.09 0.09 0.08 0.08 0.08 0.08 0.07
commercial
Non-articulated 0.04 0.08 0.09 0.10 0.11 0.12 0.13 0711 0.10 0.10 0.09 0.08 0.07
Buses 0.05 0.08 0.09 0.10 0.11 0.12 0.14 0.15 0.13 0.12 0.12 0.11 0.10
Articulated 0.03 0.10 0.11 0.13 0.14 0.16 018 0.19 0.19 0.17 0.16 0.15 0.13
B-double 0.05 0.10 0.12 0.14 0.16 0.17 0.19 0.20 0.20 0.22 0.19 0.18 0.17
Road train 1 0.06 0.11 0.13 0.15 0.17 019 0.21 0.22 0.24 0.24 0.20 0.20 0.20
Road train 2 0.06 0.12 0.14 0.15 0.17 0.20 0.23 0.27 0.22 0.26 0.23 0.23 0.21

Source: Adopted from Austroads Publication AP-R264/05.
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ndix C: Improved route calculation
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Improved Route Calculation — CBA6

VOC and TTC are given as negative values for the improved route. This is intuitively incorrect, however the differences in
values derived (benefits) are the same.

The formula used in CBA6 to derive VOC is shown in Equation 96.

Equation 96: Total VOC
roc,
100

TOTVOC .= SectionLength ,,;x(— AATOC x %D)x AADT x

This formula is applied to both the base and project cases and can be written as in Equation 97 for the base case and
Equation 98 for the project case.

Equation g7: Total VOC base case

voc
TOTVOC ,,= SectionLength ; x(— AATOC ,.x%D . )x AADT x TOBC
Equation 98: Total VOC base case

voc
TOTVOC ;= SectionLength  x(— AATOC ,:x%D . ) 4D x—

If Equation 98 is subtracted from Equation 97, the benefits ta'the-improved route can be derived by Equation 99.

Equation 99: VOC benefits to improved route

Ben. - [(VOC . x(~AATOC ;. x(%D 4.)))~ [ROC px(—AATOC - X(%D p)))|x (AADT xSectionLength ;)
Imp—
100

The correct formulae to derive VOC for the basé case (improved) and project case (improved) for the improved route
are stated in Equation 100 and Equation 101 respectively. Benefits are derived when Equation 101 is subtracted from
Equation 100. This derivation can belfound in Equation 102.

Equation 100: Correct formulde for total VOC base case

T0TVOC .= SectionLength x(365.25 — AATOC 5. x%D ,. )x AADT x V?gogc

Equation 101: Correct formulae for total VOC project case

voc
TOTVOC .= SectionLength ;; x(365.25 — AATOC ,.x%D . )x AADT x——LC

Equation 102: VOC benefits to improved route (correct)

[(VOC ,.x(365.25— AATOC 4. (%D .)))—(VOC - x(365.25— AATOC 1. x(%D p.)))|x (AADT ;xSectionLength,;, )
100

Ben,, ,=
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Equation 102 can be rearranged as shown in Equation 103.
Equation 103: Re-arranged VOC benefits to improved route

[(VvOC ,.—VOC ... )~ ((365.25 — AATOC . x(%D 4.)) — (365.25 — AATOC ;. X(%D p.)))|x (AADT xSectionLength,y, )
100

365.25 can be eliminated from the equation, hence Equation 104 is derived which is equal to Equation 99.

Ben,, =

Equation 104: Second re-arrangement of VOC benefits to improved route

Ben. - [(VOC , . x(~4ATOC y . X(%D ,.))) = (VOC ;o Xx(=AATOC 1. x(%D ,.)))|x (AADT xSectionLength ;)

Imp
100
The same mathematical manipulation of TTC as VOC can be done. The benefits derived in CBA6 are correct even though
the VOC and TTC for the improved route have been stated as negative values in the reports.
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ix D: Casualty crash rates for
rban intersections
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Table 6 shows major urban intersection casualty crash rates suitable for use within eastern Australia.

Table 6: Estimated Crash Rates — Major Urban Intersections

Major rural intersection casualty crash rates  Crashes per 106 vehicles entering

Intersection stereotype Signalised 0.16
Roundabout 0.13

Freeway-arterial interchange Signalised 0.1
Unsignalised 0.11

Source: Austroads AP-R184
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ndix E: Heavy vehicle types
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Table 7: Austroads standard vehicle types

Vehicle types Configuration Maximum  Gcm (t) Hml (t)
length (m)

Semi-trailer 19 42.5 45.5

Quad-axle semi-trailer 19 46.5 50

B-double 26 62.5 68

Type 1 road train (A-double) 36.5 79 85

B-triple 36.5 82.5 90.5

AB-triple 36.5 99 107.5

Type 2 road train (A-triple) 53.5 115.5 124.5

AAB-quad 53.5 142.5 By special
assessment

BAB-quad 53.5 119 By special
assessment

ABB-quad 53.5 119 By special
assessment

Mandy Haldane 2009, Comparison of Queensland freight vehicles.
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ndix F: Roughness conversion
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Equation 10 is the standard roughness conversion between two measures of road roughness, the NAASRA roughness
measure (NRM) and the international roughness index (IRI). In CBA6, all IRl values should be converted to NRM for input.

Equation 10: NRM to IRI conversion

NRM = 2649 x [IRI- 127

Where:

e NRM = NAASRA roughness level

e [RA = International Roughness Index

This conversion is also illustrated in Table 48.

Table 48: Roughness conversion NRM—IRI and IRI-NRM

NRM IRI IRI NRM
30 1.18 1.0 25
40 1.56 1.5 38
50 1.94 2.0 52
60 2.31 2.5 65
70 2.69 3.0 78
80 3.07 3.5 91
90 3-45 4.0 105
100 3.82 4.5 118
110 4.20 5.0 131
120 4.58 5.5 1444 7
130 4.96 6.0 158
140 5.33 6.5 Lo
150 5.71 7.0 184
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Table 9: Model Road State

Carriageway Surface Model road state Road width description
Undivided Natural surface 1 Unsealed natural surface
Formed roads 2 Unsealed formed road
Gravel 3 Paved < 4.5 m
4 Paved >= 4.5 m
Sealed 5 Narrow seal<= 4.5 m
6 Narrow seal 4.6 m—5.2 m
7 2 lane seal 5.3 m-5.8 m
8 2 lane seal 5.9 m—6.4 m
9 2 lane seal 6.5 m-7.0 m
10 2 lane seal 7.1 m-z:6-m
11 2 lane plus shoulder seal 77 m—8.2 m
12 2 lane plus shoulder seal 8.3 m—9.0 m
13 2 lane’plus shoulder seal 9.1 m—9.4 m
14 2\ane plus shoulder seal 9.5 m—10 m
15 2 lane plus shoulder seal 10.1 m—11.6 m
16 3 lane for overtaking
17 4 lane undivided sealed
18 6 lane undivided sealed
Divided Sealed 19 4 lane divided sealed
20 6 lane divided sealed
21 4 lane divided (limited access)
22 6 lane divided (limited access)
23 8 lane divided (limited access)

Source: Adapted from Austroads 20e5y,page 22.
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Glossary

Thi ary defines concepts that are unique to CBA, as well as important or
ently used terms found in the manual.

Definitions have been derived from, and are complementary to, the glossary
in Volume 3 of the ATC Guidelines (2006).



Average annual daily traffic (AADT): The total number of
trips passing a point on a road in a year divided by the
number of days in a year.

ARRB Group Ltd (ARRB): A national organisation that
focuses on addressing transport policy and other
related issues through high quality road safety, road
construction and maintenance practices.

Australian Transport Council (ATC): A ministerial forum
represented by commonwealth, state and territory
transport ministers that advises government on the
issues of coordination and integration of transport and
road policies at a national level.

Austroads: An association of Australian and New
Zealand road transport authorities that aims to improve
road transport outcomes.

Base case: Represents the state of the world in absence
of the proposed initiative. The base case is the
benchmark that the project case is compared to.

Base year: Is the year to which all values are discounted
when determining a present value. It is usually the year
in which the analysis has been undertaken.

Benefit-cost analysis (BCA): A technique used to
assess the economic efficiency of resource allocation
by quantifying the costs and benefits of a proposed
initiative. BCA and CBA are used interchangeably,

Benefit-cost ratio (BCR): The ratio of the presefit value
of economic benefits to the present value of ,economic
costs of a proposed initiative.

Benefit: A quantified positive impact due to the
implementation of a project.

Bypass: A permanent re-rouyting ‘of traffic, for instance
around a mountain or a town.

Capacity factor: The factor which represents the
proportion of daily traffic in peak periods.

Compound growth: See Technical Guide.

Congestion adjustment: Is a factor that adjusts the
speed of the fleet relative to the effects of the congested
road.

Consumer surplus: Is the difference between the amount
the consumer is willing to pay for a good or service and
the amount the consumer actually pays.

Copy to clipboard: A CBA6 feature which allows the user
to transfer the data on the selected screen to another
application such as Microsoft Excel.

Corrected free speed: The calculated vehicle speed
accounting for various road characteristics including
roughness.

5.2

Cross elasticity of demand: Measures the responsiveness
of the quantity of demand of a particular product or
service to a change in the price of another product or
service.

Decision criteria: Decision criteria are the conditions
a project is required to meet to be considered viable,
and encompass an objective series of rules regarding
whether to reject or to proceed with a proposed project.

Depreciation: The amount that an asset reduces in value
over one year, due to wear and tear or environmental
factors.

Discounting: The process of converting multiple cash
flows that occur in differentyears to a common year or in
present value terms.

Discounted cash flow: Rresent value of future cash flows
generated by a project.

Diversion: A temporary re-route of traffic onto an
alternative €xisting route, e.g. due to flooding or rock
fall.

Disbenefit: A negative economic outcome due to the
implementation of a project.

Externality: An effect that one party has on another
that is not transmitted through market transactions.
An example is noise pollution from vehicles; those
operating the vehicles disturb other parties such as
nearby residents, but a market transaction between
these parties is absent (Page 219, Volume 5, ATC
Guidelines).

Existing route: The existing route in a bypass is the
section of road which will be bypassed and represents
the base case.

Ex-post evaluation: (Post Completion Evaluation) A
review of a completed set of actions to determine
whether the desired forecast ends have been realised,
and to explain the reasons for the outcomes.

Free speed: Free speed represents the average speed
of a vehicle and is related to the vehicle type, MRS, and
vertical and horizontal alignment.

First year rate of return (FYRR): Represents benefits
minus operating costs in the first full year of operation
of an initiative, divided by the present value of the
investment costs, expressed as a percentage. The first
year rate of return is used to determine the optimum
timing of initiatives.
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Generated traffic: Freight or passenger traffic that has
been induced by an initiative, that is the new traffic
would not exist but for the initiative, e.g. an unsealed
track being sealed generating new traffic to a beach
village.

Gradient adjustment: An adjustment factor added to a
value to account for changes in the gradient of the road.
The adjustment factor varies by vehicle type and by the
road gradient.

Highway Demand Management (HDM-4): A road
investment analysis tool that was initially developed by
the world bank.

Hourly capacity: Refers to the maximum amount of
vehicles per hour a given road type can accommodate.

Incremental benefit-cost ratio (IBCR): The IBCR is the
present value of additional costs when going from one
size or standard to the next. It is used to select between
mutually exclusive options (Page 89, Volume 5, ATC
Guidelines).

Improved route: Refers to the road which is being
upgraded, from the start of the diversion to where the
diverting route rejoins the upgraded route.

Inputs: Inputs refer to entered information within CBA6
which is used to calculate the final inputs and includes
roughness and speed.

Intermediary output: Refers to those calculatiohs'in
CBA6 which are used to calculate the finald®utputs
from the inputs and includes fuel, tyres;oil, repairs,
operating speed, travel time and vehicle operating
costs.

Linear growth: See Technical-Gtide.

Model road state (MRS)«Refers to the 23 categories of
road types.

Million vehicle kilometres travelled (MVKT): Refers to
distance travelled over a one year period.

Multi-combination vehicle: All articulated combinations
of vehicles exceeding 19 min length or 42.5 tonne gross
mass, including B-doubles, road trains and truck-trailer
combinations.

NAASRA Improved Model for Project Assessment and
Costing (NIMPAC): NIMPAC is an economic model first
developed by NAASRA in the 1980s to determine the
effects of changes in vehicle limits on Australian roads.

National Association of Australian State Road
Authorities (NAASRA): The predecessor of Austroads.

Network effects: Effects/impacts that occur on the wider
road network as a result of the proposed initiative.
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Network cost-benefit analysis (network CBA): Is a
cost-benefit analysis which identifies and incorporates
effects in the wider road network as a result of the
impact of the proposed initiative.

Net present value (NPV): Net Present Value is the
present value of benefits accruing from a project minus
the present value of operating costs.

Operating speed: A prediction on the average speed
each vehicle type will travel on a road when adjustments
are made for congestion and the road characteristics.

Opportunity costs: The value foregone by society from
using a resource in its next best alternative use.

Outputs: Outputs of the cost-benefit analysis model
including the road user.costfesults and decision
criteria.

Passenger car equivalents (PCE): Used to calculate
traffic voluméwPCE factors exist for each vehicle type.

Price year:\The year in which prices prevailing are used
in a ¢ost-benefit analysis for the valuation of the costs
and/benefits over the life of a project. This is usually the
base year.

Present value: The current value of a future cashflow or
series of future cashflows, discounted to reflect the time
value of money.

Producer surplus: The difference between the amount
that a producer receives from the sale of goods and the
lowest amount that a producer is willing to accept for
those goods.

Real prices: Prices that have been adjusted to remove
the effects of inflation. They apply for a particular
base year, e.g. 2004 dollars (Page 221, Volume 5, ATC
Guidelines).

Residual value: The value of an asset at the end of the
evaluation period.

Roughness: A measure of the unevenness of a road
surface. Itis reported as either NAASRA Roughness
Measurement (NRM) or International Roughness Index
(IRI). NRM can be reliably converted to IRI by a linear
equation, and vice versa, where required.

Road user costs (RUC): The costs of operating vehicles
on roads, including time costs. Crash costs may or may
not be included.

Sensitivity analysis: Changing a variable, or a number
of variables, in a model to discover how it affects the
model’s outputs.

5.3



SIDRA: An advanced micro-analytical traffic evaluation
tool that employs lane-by-lane and vehicle drive cycle
models for intersection simulation. SIDRA output is a
key input to CBA6.

Transport and Main Roads (TMR): The Queensland
Government department incorporating the former
departments Queensland Transport and Main Roads.

Travel time costs (TTC): Represents the economic value
of time taken to travel for road users. Travel time is a key
output of a road project evaluation.

Vehicle volume capacity ratio (VCR): A measure of the
level of congestion on a road given the traffic volume on
road capacity.

Vehicle operating costs (VOC): The costs of operating
a vehicle, including fuel, oil, tyres and repairs and
maintenance costs.
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A

AADT - see Average Annual Daily Traffic

accident benefits

adjusted cost-benefit analysis

allocative efficiency

appraisal summary table

ARRB — see ARRB Group Ltd

ARRB Group Ltd
definition

ATC - see Australian Transport Council

Austroads

Australian Transport Council
calculations of resource costs
definition

average annual daily traffic

B

base case
definition
base year
definition
BCA - see benefit-cost analysis
BCR - see benefit-cost ratio
B-double
benefit
benefit-cost analysis
definition
benefit-cost ratio
definition
Brisbane Strategic Transport Model (BSTM)
BSTM — see Brisbane Strategic Transport Model
B-triple
bypass

5.8

C

capital costs

CBA - see cost-benefit analysis

CBA6 — see Cost-Benefit Analysis 6

CGE — see computable general equilibrium models
Compound growth

Computable general equilibrium models
Congestion adjustment

Consumer surplus

Copy to clipboard

Corrected free speed

Costs

Cost-benefit analysis
Cost-Berefit-Analysis 6

cross\elasticity of demand

D

decision criteria
benefit-cost ratio
decision rules
first year rate of return
net present value
depreciation
detailed appraisal
disbenefit
discounted cash flow
discounting

diversion
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E

economic efficiency
evaluation period
definition
ex-post evaluation
existing route
externality
definition
negative externality

positive externality

F

free speed

first year rate of return
decision criteria
decision rule
definition of

fixed trip matrix

FYRR — see first year rate of return

G

generated traffic
benefits to
definition of

gradient adjustment

H

HDM — see highway demand management
HDM-4
highway demand management

hourly capacity
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IBCR - see incremental benefit-cost ratio
improved route

incremental benefit-cost ratio

inputs

intermediary outputs

international roughness index
intersection model

IRl — see international roughness index

K

Kaldor Hieks.criterion

L

linear growth

local inundation

M

maintenance costs

sources of costs

types of costs
micro-simulation traffic model
million vehicle kilometres travelled
model road state

definition

road types
Monte Carlo simulation
monetised costs
multi-combination vehicle
multi-criteria analysis
MRS - see model road state

MVKT - see million vehicle kilometres travelled
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N

NAASRA - see National Association of Australian State
Road Authorities

roughness measurement

improved model for project assessment and
costing

net present value
decision criteria
decision rule
definition of
discounting
time value of money
network cost-benefit analysis
definition
wider economic benefits
network effects
network inundation

NIMPAC - see NAASRA improved model for project
assessment and costing

NPV — see net present value

NRM — see NAASRA roughness measurement

O

operating speed
opportunity costs

outputs

P

Pareto efficiency

passenger car equivalents

PCE — see passenger car equivalents
present value

price year

producer surplus

project case

definition

Q

5.10

R

rail

rapid appraisal
definition

real prices

residual value

resource costs
definition
sources

risk

road user costs

road user effects-group

RUC — see road’user costs

RUEG — s€e road user effects group

S

sensitivity testing
shadow pricing
SIDRA

speed environment
strategic merit test

strategic model

T

technical efficiency
time value of money
TMR — see Transport and Main Roads
tolling
traffic behaviour
Transport and Main Roads
travel time costs
definition
travel time savings
business travel time
private travel time

TTC — see travel time costs
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U

uncertainty

v

variable trip matrix
vehicle capacity ratio
vehicle kilometres travelled
vehicle operating costs
definition
sources
VCR - see volume capacity ratio
VKT — see vehicle kilometres travelled

VOC - see vehicle operating costs

W

WEBs — see wider economic benefits
welfare economics
wider economic benefits
willingness to pay
definition of

consumer surplus
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