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1.1

1.2

EXECUTIVE SUMMARY

Terms of Reference & Objectives

In November 2007, Federal Infrastructure engaged Evans & Peck to develop a
Standard for “Best Practice Cost Estimation for Road and Rail Construction” for
proposed construction projects on the National Land Transport Network that
would be in receipt of Australian Government Road and Rail funding.

Federal Infrastructure’s objective is to use the Standard to foster an
improvement in (1) the project cost estimating practices of all agencies that have
projects on the National Land Transport Network and (2) its own capacity to
monitor and vet project cost estimates so as to improve the management of
government road and rail funding throughout Australia.

‘Best Practice’ in cost estimation from project identification phase through to
project delivery and implementation leads to efficient use of scarce public
resources and mitigates the risk of cost overruns. Better cost estimation also
provides higher levels of certainty for public sector organisations, governments
and the public to whom government agencies are accountable.

Key Findings

As part of developing a Best Practice Standard, major agencies were interviewed
to understand the common issues that are faced by the agencies in preparing
reliable estimates for projects. The general findings from the interviews with the
agencies were:

" All agencies acknowledge that cost estimating standards need to be
improved and that the problem was exacerbated by a shortfall in resources
skilled in estimating;

= Defining the scope of a project and controlling within that definition
requires effective project management procedures;

" The documented estimating procedures varied in content from agency to
agency and broadly reflected the size of the organisation and the volume of
work delivered;

" Scope for improvement and the need for more helpful material was
identified in all estimating procedures;

. Structure and use of estimating methods varied between agencies;

" Understanding of risk assessment and the methods of application of
contingency allowances varied significantly between agencies;

. Development and application of realistic allowances for escalation varied
significantly between agencies;

= Ability to support thorough project scoping and estimate reliability at an
early stage was hampered by resource constraints; and

" Federal Infrastructure phases were not always aligned with an agency’s
project planning, development and delivery process phases.

l -
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1.3

From an analysis of these findings it became clear that the Best Practice Cost
Estimation Standard needed to be a document that could be a benchmark for
agencies to measure themselves against. It had to be structured in such a way
that the focus was on a ‘top down’ set of attributes rather than a prescriptive
manual.

A Best Practice Cost Estimating Standard

A ‘Best Practice’ standard has been developed that describes a set of attributes
rather than the preparation of a standard document to be used by all agencies.
These attributes, as shown in the figure below, both general and specific, should
be evident and included in the documentation, manuals and demonstrable
practices that are used by each agency for cost estimation.

( General Attributes \

Easy to use, comprehensive, logical,
precise, informative, wide application,
simple processes & procedures

Specific Attributes

Project Scope Definition

Estimate Structure & Presentation format
> Base Estimate
> Risk & Contingency
> Cash Flow
> Escalation
> Project Summary

Estimate Preparation
> appropriate level of detail
> project scope definition
>right information & experienced people
>risk assessment & contingencies
>benchmarking

| Review & Approval |

Change Management

\ 1y

Figure E 1 Attributes of a Best Practice Cost Estimation Standard

The Standard is presented in concise form in Appendix 10.
The issues highlighted in the Standard that require improvements are:

" project scope definition, particularly at early phases of a project when
there is minimal project specific data available;

" preparation of a base estimate in a standardised format and presentation;
. making proper provision for risk with contingency allowances;
. giving careful attention to correctly establishing yearly cash flows;
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1.4

. the importance of providing for escalation and how to determine it for
years ahead; and

" ensuring changes are categorised and clearly documented between
estimates.
Recommendations

Key recommendations relating to the implementation of the Standard,
documentation requirements and staff training are described in the report and
are summarised below.

It is recommended that all parties should:

= use and support the Best Practice Standard for Cost Estimation;

" adopt common project phases;

. endeavour to better define the scope of the project for cost estimates;

= ensure that the Base Estimate structure and content is used in the project
phases;

. improve the understanding of risk and contingency allowances to cover risk

that should be included in outturn cost estimates;

" work pro-actively to improve cash flow forecasting;

. develop a more definitive policy and approach to calculation of escalation;
= have appropriate cost estimate review and approval processes;

" control and manage changes to cost estimates;

. train their staff in the new Standard.
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2.1

2.2

FEDERAL INFRASTRUCTURE’S BRIEF TO EVANS
& PECK

Preamble

Federal Infrastructure wants to foster an improvement in both the project cost
estimating practices of all agencies that have projects on the National Land
Transport Network and in its own capacity to monitor and evaluate project cost
estimates so as to improve the management of government road and rail funding
throughout Australia.

Objectives

The primary objective is to develop a Best Practice Cost Estimation Standard (the
Standard). This is to guide agencies in the preparation of cost estimates for
proposed construction projects on the National Land Transport Network that may
receive Australian Government funding. Federal Infrastructure engaged Evans &
Peck to help it achieve this objective following a separate independent review by
Evans & Peck in 2007, on behalf of Federal Infrastructure, of the cost estimation
processes of the Queensland Department of Main Roads (“the previous report”) in
respect of three projects in Queensland.

Secondary objectives are:

. Develop improved understanding by both Federal Infrastructure and the
agencies of the Federal Infrastructure milestones and what prerequisite
information is required to be prepared by the agencies to meet Federal
Infrastructure expectations at each phase.

" Provide guidance to agencies developing appropriate processes and
procedures to meet Federal Infrastructure standards;

. Provide guidance to Federal Infrastructure staff to better understand what
underlies the estimate and how to better engage in constructive
discussion;

. Improve the presentation of cost estimates to Federal Infrastructure; and

" Assist Federal Infrastructure in taking a leadership role in aligning industry

standards nationally for cost estimating of major infrastructure projects.

In developing this best practice standard for Federal Infrastructure, Evans & Peck
was to have regard to the current cost estimation practices of State and Territory
road and rail agencies and the need to align these with standards that Federal
Infrastructure may subsequently set for Australian Government funding.

Best Practice Cost Estimation
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2.3

2.4

24.1

Scope of the work

The Federal Infrastructure brief set out a series of things that Evans & Peck was
required to do including:

" Investigate appropriate tools and methodologies for best practice cost
estimation having regard to current industry trends and market forecasts;

" Examine current practices with a view to developing a common approach
that can be adopted by Federal Infrastructure and State and Territory

agencies;

" Define and recommend appropriate standards for use by Federal
Infrastructure;

. Recommend appropriate methods of dealing with delay and scope changes

during the development of a project;

= Recommend best practice methods of dealing with risk and contingency in
the estimating process;

" Develop and conduct a joint workshop represented by Federal
Infrastructure and agencies;

. Recommend a method of implementing standards nationally; and

" Provide guidance on the appropriate training of Federal Infrastructure staff.

The scope of Evans & Peck’s work is to evaluate and distil the best practice
existing in Australian industry, in particular in the road and rail sectors, and
produce a high level Standard that can be understood and implemented by all
agencies. Adopting and meeting the Standard will imply a rigorous and
disciplined approach to project cost estimating.

While the outcome should, as a minimum, reflect the best practice that currently
exists within Australian industry, the outcome should ideally give consideration to
international best practice in cost estimating. As part of this work, the results of
research in a number of overseas agencies have been considered and
incorporated as appropriate.

The brief for this study is non-specific in terms of project size. It is also non-
specific in the amount of Australian Government Road and Rail funding envisaged
for any project

The outcomes Federal Infrastructure is seeking from the
use of Best Practice

More certainty in outturn cost estimates

Federal Infrastructure wants more certainty in the costing of projects throughout
their life cycle, from the start (the project identification phase) through to the
end (the delivery phase). The four phases of a project included in Federal
Infrastructure’s Notes on Administration are shown below.
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Project Scoping phase

X

Project Development phase:

X

~
Project Delivery phase
o J
Figure 1 Federal Infrastructure Project Phases

In recent years a number of projects submitted to the Australian Government for
Road and Rail funding have incurred significant cost increases in the period
between Project Scoping Phase and the start of the Project Delivery Phase. With
an increased level of infrastructure and resources construction activity occurring
across the nation, both planned and in progress, the issue of more reliable cost
estimation practices is critical. Failure to address this issue will lead to continuing
overruns in cost estimates as projects are progressed, leading to deferment or
cancellation of projects and disruption to infrastructure development programs.

Federal Infrastructure will require outturn cost estimates on which funding will be
based. Outturn costs represent the cost of the completed project in dollars of the
years in which funds are expended. In essence, it is the estimated cost of the
project at current prices to which estimated cost escalation is added for the
period up to physical completion of the works within a specified program.

Outturn cost estimates, when prepared in an early phase of a project that may
not be implemented for several years, are significantly influenced by the cost
escalation component. Any changes to the implementation program or
fluctuation in annual escalation rates can significantly alter an outturn cost
estimate, which is why Federal Infrastructure has requested a more effective
means of dealing with scope changes and delay as a project develops.

2.4.2 Applicable to any project

The objective is to produce a standard that can be applied, in principle, to any
project for which Australian Government Road and Rail funding is sought. All
agencies have the majority of their projects in the minor to medium size, with
only a small number of projects being treated as major projects. By definition
minor projects have a shorter life cycle and generally less risk, which means if
one project overruns, action can be taken locally within program budgets to
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2.4.3

2.5

reduce the overall (cost) impact to the agency. This is not the case with major
projects e.g. >$50 million. It is well understood within the agencies that major
projects generally present the most risk as they are often more complex, take
longer to develop, have more community interaction etc which, over time, results
in greater risk to increases in cost.

As a major project presents the greatest (cost) risks, the Standard is premised
mainly towards cost estimation practices expected in a major project. The
principles apply equally to projects of all sizes.

Good governance

The key to good cost estimating is to engage personnel with the relevant
experience in the process so they can apply their depth of judgment and
experience when limited project specific information is available. Much of what is
discussed in this report is already contained in whole or part in the various
procedures maintained by the agencies. The task for Evans & Peck was to
identify and draw together best practice.

Finally, the degree of compliance with procedures is an ongoing issue. If the
current procedures within agencies were more rigidly complied with, the
reliability of estimates would improve accordingly. This report recognises that
simply adding procedure upon procedure does not guarantee a successful
outcome. The outcome desired from an overarching estimating standard is to
align the key elements of best practice across agencies so that estimates
submitted to Federal Infrastructure are prepared and reviewed with appropriate
rigour and compliance and are presented in a consistent, logical format.

An Industry Perspective — current practice

Estimating in Australia is carried out by a wide range of personnel who subscribe
to protocols that are broadly understood, but not consistently well documented.
From Evans & Peck’s understanding, formed prior to and during this study, the
approach to estimating varies between contractors, service providers, client
organisations, etc and is not reflected in a documented and accepted industry
standard. However, estimators perform work across all states and the relatively
minor differences in practice between client organisations are absorbed in the
process and inconsistencies continue to be tolerated.

Initiatives addressing common standards are an opportunity to learn from each
other towards achieving improved outcomes.

Government agencies as well as public and private companies require reliability in
the estimation of project costs to achieve their objectives. A wide number of
industry sectors draw on the specialist resources of estimating personnel. In
recent years with strong economic growth, there has been a chronic shortage of
specialized resources to carry out project cost estimating work.

The industry sectors are broadly divided into the building sector and the
engineering infrastructure sector.
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The estimating function in the building sector is served in the most part by the
Quantity Surveying profession which subscribes to standards set out by the
relevant professional institution, i.e. the Australian Institute of Quantity
Surveyors. Hence stakeholders in that broad sector understand the processes
that support estimating of projects. The educational institutions servicing the
building sector are geared to provide the relevant education to people in that
sector.

The engineering infrastructure sector is arguably more diverse; covering a wide

range of project types, e.g. roads, rail, resources, marine, process, power, water
sectors to name a few. The skills required to estimate infrastructure projects are
more heavily reliant on technical knowledge and experience in a particular sector.

The estimator in the engineering sector typically has an engineering background
and gained his/her skills from years working in a particular sector. There is
limited formal training support available from the educational institutions for the
education of estimators. This training is normally gained “on the job” with
contractor organisations. Training in estimating is an issue that the Australian
engineering and infrastructure industry should consider, given the strong demand
in infrastructure and resource development.

In summary, by commissioning this report, Federal Infrastructure has recognised
the need for improvements in the cost estimation of road and rail projects and is
providing valuable leadership in establishing a benchmark standard that should
be met to achieve Australian Government Road and Rail funding. By setting a
standard, the flow on effects will assist the process of alignment of work practices
and the training of new staff. The ongoing development of best practice in cost
estimation can then be more effective.

It is Evans & Peck’s belief that a Best Practice Cost Estimation Standard that
provides an alignment of processes and procedures would provide significant
improvement in the reliability of road and rail infrastructure project cost
estimates.
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b
3 METHODOLOGY OF EVANS & PECK’S WORK
3.1 Generally
Federal Infrastructure identified a logical and workable process in their brief and
Evans & Peck followed that process. The steps in the process are shown in the
figure below.
,35':'2::-,- FINAL REPORT
VISITATION WORKSHOP
ESTABLISH RESEARCH ANALYSIS . the Recognise the
Meet & interview ument = Bring together Workshop cutcomes
Meet & interview Look for Best practitioners Investigate the by a['j " Infrastructure and & prepare a Final
Infrastructure Practice and from many road best features of all Bg;fga“;? ’g ot @lliunsdiction Report that includes
staff & review intial and rail processes and 5108 practitioners to the BPCES plus
understand their material from each jurisdictions & highlight key Esstg’“g":‘dg comment on & implementation
requirements jurisdiction listen to their attributes e improve the draft recommendations for
views (BPCES) BPCES Infrastructure & the
for comment & jurisdicstions
review
) C— o

3.2

3.3

Figure 2 Process to develop a Best Practice Cost Estimation Standard

Establishment

This phase entailed the interview of the appropriate Federal Infrastructure staff
with responsibilities for specific agencies.

Expectations varied amongst the staff, but they shared the common view that
there was generally insufficient focus on project definition, an inconsistent
approach to establishing risk and contingency and a lack of documentation of
changes between estimates.

Research

Each of the agencies was contacted prior to visitation to introduce the study and
to brief the relevant personnel as to what was expected in the planned
interviews. In many cases, estimating procedures and examples of completed
work were passed to Evans & Peck for prior orientation as to the process and
procedure for that department.

A high level of cooperation and interest was experienced in this process as all
agencies had experienced issues with the reliability of cost estimates in recent
years.

Evans & Peck reviewed the material received from each agency and identified
examples of best practice. As a cross check of Australian practices, research of a
number of overseas road agencies was carried out. AustRoads assisted with
identifying suitable overseas road agencies and the following agencies were
researched for cost estimating practices:

" Federal Highways Administration (USA)

. Transit NZ

" National Cooperative Highway Research Program (NCHRP) (USA)
. Washington State Department of Transportation (USA)
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. International Highway Transport Outreach (USA)

. Federal Transit Administration (FTA) (USA)

" AASHTO Technical Committee on Cost Estimating

. AACE The Association for the Advancement of Cost Engineering

A report prepared for the UK Ministry for Transport on the optimism bias
associated with costing for transport projects provided a valuable guide to what
has happened in the UK, Europe and USA on road and rail project costings.
Extracts of that report are included in Appendix 7.

3.4 Visitation

The following agencies were visited in the course of the research phase of this
study.

Western Australia
Department of Planning and Infrastructure
Main Roads —Western Australia

Public Transport Authority

South Australia

Department of Transport, Energy and Infrastructure

Queensland

Queensland Department of Main Roads
Victoria

Department of Infrastructure

VicRoads

New South Wales
Road and Traffic Authority

Northern Territory

Department of Planning and Infrastructure

Tasmania

Department of Infrastructure, Energy and Resources

Commonwealth

Department of Infrastructure, Transport, Regional Development and Local
Government

Australian Rail Track Corporation Ltd

Meetings were held with the responsible managers in each of the road and rail
agencies. The process of estimating and the submissions of proposals to Federal
Infrastructure were discussed. The visits to agencies are recorded in Appendix 8.
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3.5

3.6

3.7

Analysis

From the research and visitations the analysis brought out the following key
points:

= there is already a good base to build upon rather than starting from
scratch;

. pre-construction phases for cost estimates need agreed universal
definitions;

" the attributes of a Best Practice Cost Estimating Standard have to be

defined; and

= Federal Infrastructure and agencies need a common and documented
understanding of the alignment of the respective phases.

Draft Report

A draft report was prepared and circulated to the agencies by Federal
Infrastructure ahead of the joint workshop. The purpose of the workshop was to
receive feedback on the recommended approach.

Joint Workshop

A joint workshop was held in Adelaide on 28 February 2008. The work done by
Evans & Peck throughout the process together with the findings and conclusions
in this draft report were presented at the joint workshop to almost 50 people
representing the agencies and Federal Infrastructure.

The seven key issues that emerged at the workshop in respect of the Standard

were:
= project scope definition;

" estimates prepared early in the project life cycle;
= risk;

. cash flow and escalation;

" optimism bias;

= scarcity of skilled resources; and

= naming and alignment of project phases.

The points brought out in the workshop during the group discussions and plenary
sessions have been carefully considered and integrated into the text, figures and
Appendices in the preparation of this Final Report.

It was highlighted in the workshop, by agencies that have been through the
process of attempting to introduce Best Practice, that the task is really a cultural
change process. That is, more than simply providing additional documentation
and processes and assuming that staff has the skill and willingness to implement
these consistently. Evans & Peck agrees with this sentiment; achieving a good
practice in cost estimating is about attitudes and people becoming engaged and
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committed to a process of doing things a better way rather than the same old

way.

Whatever is written in this report the achievement of Best Practice in cost
estimation in each agency will depend heavily upon the commitment to it from
the agencies. It will also need an ongoing commitment and dedication from
senior management to persist until the culture embraces Best Practice and does
it repeatedly such that it becomes the normal and accepted way.
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4 FINDINGS

From the process outlined above two broad findings have emerged;

- To improve the quality and reliability of project cost estimates there needs
to be a Best Practice Cost Estimation Standard that agencies can use to
benchmark against and if necessary upgrade their own manuals, processes
and procedures in relation to project cost estimation; and

- To provide a common understanding, when applications are being made
and assessed for Federal infrastructure funding, there needs to be greater
consistency and alignment between the agencies capital works funding
processes with their project phases and terminologies and the Federal
Infrastructure project phases and terminology.

More detail on these findings is set out below. The proposed Best Practice Cost
Estimation Standard is described in Section 5 and the suggested steps towards
greater consistency and alignment between Federal Infrastructure and the
agencies is dealt with in Section 6.

4.1 The need for a Best Practice Cost Estimation Standard

The research and analysis phases and the interviews and discussions with
agencies and Federal Infrastructure staff highlighted a number of issues that had
a high degree of commonality with the findings of the previous report. This is
because all agencies are faced with similar challenges in the management of
large portfolios of infrastructure projects from early inception phases to
handover. The findings, sorted into various categories, are summarised below.

4.1.1 Findings related to cost estimation

General

" All agencies acknowledge that cost estimating standards need to be
improved;

= Problems are exacerbated by a shortfall in resources skilled in estimating;

" Volume and size of projects by the agency differs greatly from state to
state;

= Degree of development of a thorough estimating procedure broadly reflects

the size of the organisation and the volume of work delivered;

. Documented estimating procedures varied in content from state to state;
and
" Scope for improvement and the need for more helpful material was

identified in all estimating standards;
Project Scope Definition

" Ability to support thorough project scoping and estimate reliability at an
early stage was hampered by funding constraints;

= Engineering Definition not sufficiently developed for Benefit Cost Ratio
phase (for Federal Infrastructure funding purposes);
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. Insufficient clarity of functionality and performance of the project;

= Variance in the quality and content of how scope is described, including
what is and isn’t included; and

. Content of some submissions was unclear, e.g. whether property
acquisition costs were/were not included.

Preparing the Base Estimate

. Structure and use of estimating methods varied between agencies;

= Lower end unit rates commonly used;

" The level of common understanding of estimating methods was insufficient;
and

= Inconsistent estimate breakdown structures.

Risk and Contingency Allowances

. Contingencies generally set too low;
= Inconsistent use of risk assessment tools and ranges; and
" Lack of transparency of contingencies, escalation etc.

Cash Flow

= Emphasis on the timing / cash flow required;
Escalation
. Better techniques required for monitoring and forecasting (regional) cost

escalation indices.
Review and Approval
. Improvement in compliance with internal procedures is required; and
= Improved rigour required in review and approval processes.
Change Management
. Changes in estimates from phase to phase not adequately explained; and

= Inadequate methodologies to deal with change.
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4.1.2

4.1.3

Comment on findings related to cost estimation

A general comment is that cost estimation has not been given the priority and
attention it deserves. This has been manifested at times in poor quality cost
estimates, lack of funds and skilled resources, indifferent processes and a lack of
adherence to procedures.

Evans & Peck is strongly of the view that benefits for all stakeholders would occur
if the approach to estimating projects was more generically documented to
achieve more consistent approaches and outcomes and was more closely aligned
across the agencies. The principles of estimating and managing projects are the
same anywhere in Australian industry. The variances between agencies is
principally in the way the cost estimating process interfaces with the overall
Project Management process used by each agency.

In developing the Standard recommended in this Report there has been
recognition that each agency is its own entity, with a high level of ownership in
its processes, and has developed the “way things get done” over many years.
The Project Management process rightfully dictates the way the agency conducts
the management and delivery of its projects and so interfaces with the various
sub-processes that make it up, including cost estimation. Despite this ownership
of the Project Management process, the agencies agreed they would welcome
any constructive initiatives for improving the reliability of cost estimation.

The Standard has been developed by taking close account of the findings listed
above and identifying a number of universal attributes of cost estimation that
would apply to any agency and to a cost estimate prepared for any phase of a
project, irrespective of whether there is Federal Infrastructure funding.

Blending the Australian and overseas experience on cost estimation

The status quo of estimating practices in each of the agencies is acknowledged.
In developing a best practice standard, it was important to understand the
industry practices that currently underpin the industry in Australia and to build
upon that base.

Australian industry is renowned for its high level of professionalism and technical
skill, its innovation and its competitive spirit. Many of the standards, processes
and practices used in the Australian industry may have origins from overseas
practices, however the Australian industry has developed these standards over
many years of successful operations in the infrastructure sectors and they are
carried forward as “industry practice”.

At any level, no two agencies are identical in approach to estimating practice.
However agencies generally subscribe to estimating practice developed within
their agency, albeit with varying degrees of interpretation of the estimating
standards.

In summary, cost estimation practices across Australia have developed in a
purposeful way and have proven to be effective in servicing the industry as it is
today.
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4.2

4.2.1

4.2.2

To develop the Standard these qualities are recognised, built upon and
supplemented with some features from overseas practice as previously identified.
The Standard does not attempt to introduce new concepts, untested in Australia,
that require any significant overhaul of the process of estimating and retraining
of industry resources.

Lastly, this report does not attempt to benchmark the performance of one agency
against another with respect to quality of procedures and compliance therewith.
Each agency should consider the proposed Standard, review their own existing
cost estimation processes and procedures and make the changes necessary to
meet it.

The need to achieve consistency and alignment between
agencies and Federal Infrastructure

Findings related to the interface between agencies and Federal
Infrastructure

Whilst the primary purpose of this report was to provide a Best Practice Cost
Estimation Standard there were a few issues that arose relating to the interface
and interactions between the agencies and Federal Infrastructure on federally
funded projects including

= Federal Infrastructure’s four project phases were not well aligned with
some agency’s project planning, development and delivery process phases;
and

" Lack of alignment of procedures with Federal Infrastructure expectations.

Project Phases

Every agency tends to classify its project phases, stages or milestones using
slightly different terminology. Federal Infrastructure manages the portfolio of
road and rail projects by “phase”. For the purposes of establishing a uniform
terminology the term “phase” is adopted.

Many of the agencies have their own titles for different project phases as shown
on the comparison table in Figure 3. In general the agencies identify three
phases (sometimes four) prior to the construction phase when the project is
actually built. Overall there is quite a reasonable degree of correlation of phases.

During the workshop session there was a discussion on the preferred number and
titles of phases but no universal agreement was reached. It is important that
each agency is aware of what the phase entails and the nature of its outputs, as
described below.
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Project Identification Project Scoping Project Development Project Delivery

Federal Pre-Project — | Concept m | Development o | Implementation
Infrastructure x = S
Project Identification 5 g =
Usually no funding approved §_ Funding approved < ?_I
=1 c
o o =1
Appraises Broad Alternatives I;_I" Investigates options to achieve | | Preferred option developed 2 | Construct and Commission Selected Option
& |_the preferred alternative = 3
o | Project Proposal Report lodged %‘ 5
= Q@
OUTPUT Strategic Merit Test 2 | preferred Option Option Refinement 2 | construction
Rapid BCA Business case Planning and Design =
Identify preferred alternative Investigate BCA Delivery Strategy Revised BCA
Project Budgets / Timing (semi- Revised BCA
detailed) Detailed Project Budgets/Timing
Procurement Method
APPROVAL Approval to go to project Scoping Approval to begin Project Approval to begin Project Delivery
Development
QDMR Strategic Planning Concept Preliminary Design Detailed Design _
Estimate Stage | Strategic Proposals, Options, Business Detailed Design Tender
Case, Prelim Design
Method | Procedure not applicable Unit Rate, First Principles First Principles (WBS 3) First Principles
(combination)
RTA Strategic Planning Concept Detailed Design
Estimate Stage | Strategic Concept Detailed Tender
Method | Global/Composite/Unit Rates/First Composite/Unit rates/ First Unit rates/First Principles/ Hybrid Unit rates/First Principles/Hybrid
Principles / Hybrid Principles/Hybrid
VicRoads Strategic Network/Corridor Plan Project Development Project Pre-Construction Construction
Phase/Project Scope and
Approval
Estimate Stage | Risk Adjusted Preliminary Estimate Risk Adjusted Concept Estimate Project Budget Tender Estimate
Method | Unit Rates, Historical rates Unit rates Unit rates
Main Roads Define Phase Define Phase Develop Phase Deliver Phase
Western Australia
Estimate Stage | Strategic Concept Preliminary Estimate Design Estimate
Method | Historical rates, First Principles Historical rates, First Principles Historical rates, First Principles Contract Award Estimate
Dept of Tpt, Concept Phase Planning Phase Deliver Phase
Energy, Infra
(South Australia)
Estimate Stage Concept Planning Estimate Detailed Estimate Pretender Estimate
Method First Principles First Principles First Principles
Figure 3 Comparison of Phases
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For the purposes of this report, and to maintain a system that is in current use and

Best Practice Cost Estimation

working reasonably well, Evans & Peck considers it appropriate to retain the current

number and titles of phases that have been used over several years in Federal

Infrastructure’s Notes on Administration.

These four phases are:

e Project Identification Phase

e Project Scoping Phase

e Project Development Phase

e Project Delivery Phase

Their scope and content is best described by reference to Figure 4 which is an

extract from Table 3 in Federal Infrastructure’s Notes on Administration (March

2006 issue date). Agencies can ensure that the material they need to provide to

Federal Infrastructure in each phase in respect of applications for Australian

Government funding is consistent with the requirements of these phases.

o Q Network and
= 2 Corridor Objectives
2,F
BT
L s >
00k |
o @
= & (@] ) . . Project Identification requires appraisal of broad alternatives such as
<—(' 9: Project Strategic Merit Test road, rail, technology, travel demand management, land use etc. The
=) = Identification Rapid BCA appraisal considers how well the broad alternatives meet network and
g o corridor objectives and identifies a preferred alternative for inclusion on
o the National Land Transport Plan and progressive Project Scoping.
. . . Project Scoping entails the investigation of specific options that achieve
w Hold Point 1 Option Refinement | |i,o" s eferred alternative (such as route selections for a bypass). For
— % Approval to begin Business Case each of the specific options, a Business Case is required investigating
z S - . BCA, financial analysis, triple bottom line reporting and budgets/timing.
% o 8 U SEw el A preferred option will be the result of the Business Case.
(@] o =z
59 | |
o = - - - - -
a -5 Hold Point 2 | . . Project Development entails detailed planning (such as environmental
[a)] Q O . Planning & Design approvals, land, acquisition, community consultation) and design (such
g 0 % Approval to begin Delivery Strategy as field studies, preliminary / detailed design, quantity estimates) of the
8 ﬁ: > Project preferred option. A Delivery Strategy requires revised BCA, detailed
& U'_) 6 Development project budgets / timing and a procurement method.
< O
|
Z202
o==zx - - - - -
o . . Project Delivery requires construction and commissioning of the
:Z) 8 Hold Point 3 Construction preferred option following a procurement process. Preliminary works
L % Approval to begin Commissioning (relocation of services, earthworks etc) could precede the main
o Project Delivery construction contract. Progress reporting and progress cle'ums are
required from the proponent at regular intervals during this phase.
Figure 4 National Projects Phase Requirements
4.2.2.1 Project Identification phase

This is a strategic phase where alternatives are being considered. Specific data is

often scarce or unavailable so typical or benchmark rates and costs are used. Cost

estimates are for the purposes of comparing alternatives rather than for budget

purposes.
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4.2.2.2

4.2.2.3

4.2.2.4

Federal Infrastructure uses this phase to do Strategic Merit Tests (SMT) which
include Rapid Benefit Cost Analysis (BCA) on alternatives to establish if there is a
potentially suitable project for Australian Government Road and Rail funding.
Agencies use their equivalent project identification phase for similar purposes.

If a budget cost has to be provided it should be the highest cost alternative with
very substantial contingency allowances. There is a high risk that later estimates
will be different if this estimate is used as the basis for any project.

Project Scoping phase

This is a scoping (or concept) phase that concludes with a Business Case, usually for
a preferred option.

The capital cost estimate produced in this phase is the first cost estimate in the life
of a project that should be able to be relied upon for program purposes and taken
forward through future phases. It must be underpinned by a combination of
sufficient investigation and definition, preliminary design of key elements to ensure
constructability, expert knowledge to advise on the design, definition and
construction, comparison with benchmark costs, appropriate risk and contingency
allowances and rigorous review.

An Outturn Cost estimate at this phase requires a cash flow that is based on a
stated plan to construction commencement plus a construction program based on
an identified delivery method and identified constraints. It also requires an
assessment of likely escalation in the market place during the planned time frame to
completion of construction.

An Outturn Cost estimate prepared as part of a full Business Case and detailed
Benefit Cost Ratio during the Project Scoping phase in the Federal Infrastructure
process becomes part of a request for Australian Government funding.

Project Development phase

The Project Development phase takes the project from post Business Case to be
ready to call tenders for construction or equivalent.

The Project Development phase (or pre-tender) cost estimate is made with the
design either fully complete (for Construct Only contracts) or to a reasonable
preliminary stage (for Design & Construct or Early Contractor Involvement
contracts). In the case of an Alliance delivery method this estimate would be the
Alliance’s Target Cost Estimate.

Change management is an important discipline to be followed between the Project
Scoping and Project Development cost estimates. If there have been changes they
should be categorised as set out in the Standard, with the reasons for them stated
and explained. Federal Infrastructure would then determine approval of any
variation to the funding.

Delivery Phase

The Project Delivery phase includes the final procurement activities, award of
contracts and construction through to commissioning and handover.

The outcome of this phase is a final project outturn cost, being the actual costs
incurred during delivery and all previous phases.



/‘_z : Best Practice Cost Estimation
\- EVANS & PECK

4.2.3 Interface documentation between Federal Infrastructure and the agencies

The Federal Infrastructure Notes on Administration requirements for both the
Project Proposal Reports (PPR’s) and the Yearly Reports for approved projects
should be modified to reflect the introduction of the Standard.

The extent and nature of these changes will depend on the acceptance and
implementation of the recommendations in this Final Report and the approach taken
by Federal Infrastructure to its Notes on Administration.
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51

THE BEST PRACTICE COST ESTIMATION
STANDARD

Introduction

The work carried out in this study combines with the findings and recommendations
developed in the previous study to develop initiatives that will make up the Best
Practice Cost Estimation Standard.

In developing such a Standard, it is important to maintain more of a strategic
approach rather than become overly prescriptive. Provided appropriate high level
standards and principles are set in a logical and simple manner, then the detailed
procedures underlying the Standard can be developed by each agency.

This has been achieved by describing the desired attributes of the Standard, both
General and Specific. If an agency believes it has a project management/cost
estimating manual of processes and procedures that has all the attributes described
in the Standard then they could be considered to have documented Best Practice. If
they implement and comply with what is in their documentation, then they would
also be able to claim they were operating at Best Practice.

The more collaboration between agencies to achieve closer commonality in
procedures, the stronger the sharing of information becomes. This has a
contributory effect to the improvement of estimating reliability through
benchmarking etc.

The best practice Standard contained in this report takes a “top down” approach to
the issue.

The Standard specifies:

" The format of financial reporting of projects, showing all elements presented
in a consistent manner;

" The degree of rigour that is expected in preparation of the financial data,
including base estimate, contingency, risk and escalation provisions;

= The way changes in costs of projects are dealt with; and
" Checklists for guidance in preparation and review of submissions.

The best practice Standard does not take a “bottom-up” approach which would
entail elementary descriptions on how an estimate should be prepared. The
Australian industry is advanced in its approach to estimating, albeit with variability
in the detail between agencies.

It should be noted at this point that each of the agencies has its own individual
estimating standard to which it subscribes. The depth of these standards is variable
and conformity with the standards is also variable.
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52 Attributes of the Standard

The attributes of the Standard are classified into summary categories as follows and
as shown on the figure below.

( General Attributes \

Easy to use, comprehensive, logical,
precise, informative, wide application,
simple processes & procedures

Specific Attributes

Project Scope Definition

Estimate Structure & Presentation format
> Base Estimate
> Risk & Contingency
> Cash Flow
> Escalation
> Project Summary

Estimate Preparation
> appropriate level of detail
> project scope definition
>right information & experienced people
>risk assessment & contingencies
>benchmarking

| Review & Approval |

Change Management

\ )

Figure 5 Attributes of a Best Practice Cost Estimation Standard

The above attributes are more fully explained in the following sections and in
Appendix 1 that lists out “Attributes of an Estimating Procedure”

53 General Attributes

5.3.1 General Attributes -Overview

Delivery of public infrastructure is all about the delivery of public value and the best
use of scarce public resources. There is an obligation to use public resources
efficiently and effectively. One way of achieving this is to have consistently accurate
cost estimates supporting funding proposals. These principles underpin good
financial management of projects and good public administration.

To a government organisation, poor estimating can result in unexpected higher
costs, less efficient and effective use of public resources, loss of reputation and
credibility for the agency and government.

To a contractor organisation, the results of poor estimating are quickly taken to the
bottom line. This may result in financial difficulties for the contractor and additional
costs to the client in the event of default.

To support an estimating process and support the delivery of good public value and
value for money, a robust Estimating Procedure is essential. The procedure is
designed to inform stakeholders of the agency’s objectives, tools and standards to
achieve reliable estimates and competently financially manage a portfolio of
projects.
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From the review of the procedures provided by the agencies, the variability in intent
and execution was quite clear. As stated before, agencies acknowledged that there
is always room for improvement, particularly when skill shortages are affecting
quality of outputs.

The attributes described below provided guidance on the types of issues that a Best
Practice Estimating Procedure should address. Establishing, implementing and
conforming to a comprehensive estimating procedure provides a good basis for
meeting an overarching Standard that will be implemented by Federal
Infrastructure.

The attributes identified below are largely taken from the existing procedures
existent in the government agencies which form the basis of this work. They are
not radical or academic in their nature. The attributes represent the best practice
by experienced estimating practitioners in Australian industry. The attributes are
critical success factors in the creation of a comprehensive, effective procedure.

In many cases, a procedure identifies a requirement in a brief notation, without any
supporting explanation. For that requirement to be understood, a more complete
description of how this is done should be provided. This is based on the premise
that a Best Practice Estimating Procedure is a one-stop document that informs and
educates the user within an agency. It does after all reflect the agency’s intellectual
property in relation to estimating costs.

In summary, there is need for estimating procedures in a number of agencies to be
revised to align with the proposed Standard.

5.3.2 Easy to use

The procedure has to be easy to use for both experienced and novice users. Itis
suggested that a primary sort category be by size of project capital cost. Any
project over a certain value (eg $50 million) or a project with a higher risk rating,
should have separate documentation to smaller, less risky projects.

5.3.3 Comprehensive

For the larger projects the procedure should be comprehensive. This implies all
information in one document rather than using cross referencing to other
documents, even if it means using several appendices to incorporate the material.

5.3.4 Educates Users

Users need to be educated, particularly if they are not regularly preparing cost
estimates. This can be achieved by explanations of why specific requirements are
important. The procedure should seek to provide understanding in areas that are
often least understood such as project definition, the make up of estimates, risk and
contingency and managing and documenting change in projects between estimates.

5.3.5 Simple Processes and Procedures

Simple illustrated processes with flow sheets and clear dot point procedures
accompanied by worked examples, contribute to an effective best practice
procedure.

An effective estimating process and procedure is a key plank in establishing a
reliable approach to financial management of projects developed by any agency.
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5.4 Specific Attributes - Project Scope Definition

The main issue underlying the reliability of any cost estimate is the ability to define
the project scope. The scope description defines what is, and is not, included.

If a clear functional and physical description of the project is not adequately
prepared in the first instance it will be difficult to monitor and control any changes
impacting the cost as the project progresses through subsequent pre-construction
phases.

This aspect was highlighted in the previous report and is repeated here because of
its fundamental importance. All the best estimating in the world will not produce a
reliable cost estimate if the project scope is poorly defined.

A best practice document would provide both a structure and advice on content for
the Project Scope Definition component.

There is a distinct hierarchy in the way the project scope definition should be
structured, as shown in the figure below and described in the following sections. In
principle, the objectives must be set first, from which performance criteria and
functionality requirements can be established. Definition, Context and
Constraints lists out the characteristics of the project which together with the
physical scope, are the key items to be covered in the cost estimate.

- A
Project Objectives
5 4
~
Performance Criteria &
Requirements

—Ir n

Definition,
Context & Physical Scope
Constraints
Figure 6 Project Scope Definition

A more detailed description of how project scope is better defined is contained in
Appendix 2. A clearly documented scope is an invaluable tool to manage project
development and enable cost changes within the project phases to be better
explained.

5.4.1 Project Objectives

A project should have defined objective(s) even if expressed in just a few words.
The figure below provides some examples of what project objectives might cover
and that they could have specific exclusions as well.
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5.4.2

5.4.3

-~

Project Objectives

Should be expressed as:

— An operational target date;

— A link between corridors; or

— A corridor capacity improvement;
— A community linking facility;

— A safety target; etc,

With any exclusions noted.

= J

Figure 7 Project Objectives

Project Performance Requirements

These should be expressed as performance requirements and/or as functional
requirements. However they are expressed, they should be capable of
measurement such that any subsequent design and or construction can be assessed
against those requirements. Examples of publicly funded projects are shown in the
figure below.

Project Performance Requirements \

Should be stated as:

— Vehicle carrying capacity / train path capacity;

— Functionality of an intersection/junction or section of highway/rail track;

— Design and posted speed limits;

— Pavement or track life/axle load capacity;

— Sustainability criteria;

— Maintenance and operational requirements for structures and
track/pavements; etc

QVith any exclusions noted. J

Figure 8 Project Performance Requirements

By not specifying measurable performance and criteria before doing concept and
preliminary engineering design and drawings, the reliability of cost estimates will
suffer. The result is that additional features get included that were not originally
contemplated or budgeted for.

Project Definition, Context and Program

This part of a project cost estimate is not immediately apparent in the list of items
making up the costs because the definition and context of a project is what affects
productivity. It also determines the level of risk and financial exposure the public is
expected to wear. That in turn affects the rates, the indirect costs, the contractor’s
margin contingency allowances to be included in the cost estimate. For example in
some projects the requirements for temporary works and staging may have a big
impact on the project’s constructability and its cost.

A project plan is required to determine when construction would commence stating
its planned duration. The start date may depend on many factors, not least being
the availability of funding from Federal Infrastructure and the agency. The duration
may influence cost, particularly if it is a ‘tight’ program.

Some examples of definition, context, constraints and program are shown in the
figure below.
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Should include and define:

— Likely project programme (both pre-construction & construction phases);

— Type of project to establish level of risk & complexity (is it ‘greenfield’ or
‘brownfield’);

— What constraints exist (on access/possessions, staging, continuity of
traffic/train flow, etc);

— Key interfaces so extent of project is known and conditions applying at those
interfaces;

— Method of delivery (Construct only, Design & Construct, Alliance, ECI, etc);

— Exclusions to the project as defined (for avoidance of doubt, for example refits

\ or upgrades often require existing items to be brought up to current standardy

etc).

Figure 9 Definition, Context and Program

5.4.4 Physical Scope

Following on from the performance requirements and criteria and taking into
account the definition and context of the project, an engineering design should be
created that will document the physical scope of works, both permanent and
temporary. The extent of the design and its accuracy will depend on the stage of
the project, the level of planning and investigation and the experience of the
designer.

The most important aspect to remember for a reliable cost estimate is to ensure
that the part of a project that accounts for the greatest cost and/or the greatest risk
is where design resources should be focused. The lesser or straightforward items
can be costed from the performance criteria with limited design, or allowances made
based on past experience and benchmarking standards.

The physical scope should not just be drawings. A design report should be prepared
that gives textual comment and lists constraints eg required property acquisitions
and regulatory approvals. Future development of the project should be assessed
against this report. The figure below gives some guidance as to what physical scope
should include.

Physical Scope

Should be properly documented on concept/preliminary design drawings to identify:

— Nature of work (interchange/junction, stretch of new highway or track, widening
existing highway/track duplication, large bridgeworks, change to signaling etc;

— Extent and limits of work (so there is less uncertainty as to extent of work
costed);

— Assumptions made in design of key features (for pavements/track, the soil tests,
for earthworks extent of rock, for signaling and communications the ability to
add to existing systems, etc);

— Interfaces, such as property, grade separations, existing infrastructure etc;

— Services (utilities) relocations as these are regularly vastly underestimated; and

& Specific exclusions to physical scope, so that scope creep can be measured. /

Figure 10 Physical Scope
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55

5.5.1

Information required to prepare an estimate

As a project progresses from Scoping to Development phases, so does the
underlying information which supports the estimates. Guidance for the level of
information that would be expected at each stage is provided by the Association for
the Advancement of Cost Engineering, AACE International in its Recommended
Practice Note No 18R-97 of Feb 2005. This Practice Note is contained in Appendix
6.

While the AACE paper is based on the mechanical process industries, the principles
are applicable to any sector. AACE refers to its Estimate Input Checklist and
Maturity Matrix to describe the classification of estimates and what the appropriate
inputs would be.

An Estimate Input Checklist and Maturity Matrix applicable to the road and rail
sector and the classifications recommended in this report has been prepared as part
of this report and is contained in Appendix 9.

Specific Attribute - Estimate Structure and Presentation
Format

Component Parts

The structure of a project cost estimate should include the following key
components:

= Base Estimate comprising the sum of Construction Costs and Owner’s Costs;

" Contingency allowance that is applied to the Base Estimate to cover a
specified level of risk in the project implementation;

" Cash Flow applied to the Base Estimate plus Contingency based on a project
program
. Escalation that is applied to the Cash Flow and which takes account of

increased costs through the period from the date of the estimate to the
completion of construction.

These components are shown schematically in the figure below.
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5.5.2

5.5.2.1

-
DIRECT COSTS

- use an appropriate level WBS

- establish quantities

- establish unit rates

Direct Costs

r,IMDEREIGT COSTS

- develop a plan
Indirect Costs - prepare a program
- establish quantities
\ establish unit rates

P
MARGIN
- influenced by form of delivery
- affected by market conditions
\-estabdish most likely margin

Margin

CONSTRUCTION COSTS

-
PROJECTCOSTS
- Owner's internal staff costs
- project management & design fees
k-iand costs, levies & other charges

OWNER'S PROJECT COSTS

\_ BASE ESTIMATE J

i B 7z ; : i
CONTINGENCY
- an allowance to cover a specified level of risk in
for Risk - for inherent or ‘range’ risk on measured items in
' Base Estimate _
- for 'other' unmeasured item risks

- - v

g ™ - = ™
CASH FLOW - based on project implementation program
3 applied to Base Estimate + Contingency

ESCALATION
ESCALATION - applied to Cash Flow

L ) - up to start of & during construction
\ TOTAL OUTTURN COST /

Figure 11 Components in the structure of an Outturn Cost Estimate

Construction Costs

General

One of the detailed findings of the review of current practices is that there is an
inconsistency of how Base Estimates are prepared. In particular, the procedures
reviewed describe how estimates are made up of direct and indirect costs, but in
actual fact are often estimated at “all up” rates which contain a spread allowance
(often by percentage uplift) for Contractor’s Indirect Costs and Margins in the unit
rate.

Construction Costs in an estimate should be structured in one of two ways:
1. (using ‘all up’ rates that include all contractor costs and margin as a spread
allowance (often by percentage uplift) across all rates or

2. by separating out the contractor’s costs into direct costs, indirect costs and margin.
Either method can be used and still meet Best Practice.

Evans & Peck is of the opinion that the latter method is the better way to identify
and assess construction costs and recommends it wherever possible. It is Evans &
Peck’s experience that many providers of estimating services use a contractor’s
approach to prepare estimates at a direct cost level to which they calculate the
indirect costs that would be expected for a particular project plus contractor’s
margin.

Best Practice Cost Estimation
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Data on ‘all up’ rates has been available in Construct only or Design & Construct
contracts. Gathering information on how contractor’s split their costs into direct
costs, indirect costs and margin has been more difficult for government agencies
and some service providers if not set out in and gained from tendered submissions.

With the more extensive use of the Alliance form of contract by government
agencies it is a fundamental requirement to provide the split up of contractor’s costs
in to direct, indirect, risk allowances and margin, thereby providing more ready
access to the detail.

The benefit of splitting the estimate into Direct and Indirect Costs is that changes in
margin or indirect costs can be determined when there may be little change in
direct costs, and vice versa. For example the cost for a quantum of pavement laid
on a ‘greenfield’ site is likely to be much less than the same quantum of pavement
placed on a ‘brownfield’ site. The direct worksite cost of the pavement material and
laying equipment may be almost identical but the indirect costs of ‘brownfield’
construction will probably be much higher than a ‘greenfield’ construction due to
operational constraints.

Another example could be where a job in one location attracts a higher margin than
a similar one in another location due to competitive factors but direct and indirect
costs remain the same. This is identified in the estimate if the costs are split up
into direct, indirect and margin.

What constitutes the Indirect Cost portion of an estimate is subject to interpretation
between estimators. A checklist for indirect costs is provided in Appendix 3.

All construction costs should be calculated as being effective at a specific date or
month; i.e. costs applicable as at the date of the estimate or some other nominated
date or month.

5.5.2.2 Approaches to calculating Construction Costs for road projects

There is a long history of project cost estimating and a Work Breakdown Structure
that has a set of headings and subheadings that are widely used and shown in the
presentation format in Section 5.5.10 of this report. This example is based on a
road project. A similar common approach should be developed for rail projects.

The costing approach taken with road projects has been reliant on historic costs
which are updated for inflation. The key components of many road projects are
bulk earthworks, structures, pavement and drainage depending upon the
topography. Productivity rates are generally well understood and there is generally
a competitive tender market for the work. There is not a significant level of
proprietary or manufactured items in above ground road projects (except for some
road furniture).

5.5.2.3 Approaches to calculating Construction Costs for rail projects

Rail projects, unless they are large greenfield projects (of which there are some but
not many), tend to be major upgrades, duplications, or enlargements to existing rail
infrastructure. A common Work Breakdown Structure, specific to Rail projects,
should be established. The components used tend to have a higher level of
manufacture and are of a proprietary nature (turnouts, signaling, communications,
power equipment, rolling stock, etc).
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5.5.3

554

5.5.5

Rail construction work has to be planned (and therefore scheduled and costed)
around “possessions”, being that window of time when normal train operations shut
down and access is provided to enable construction work to take place.

The influence of planning around possessions and the use of a higher level of
manufactured items of a proprietary nature makes rail construction cost estimating
different to cost estimating of roads and arguably more difficult. Rail projects also
have a greater tendency to optimism bias than road projects based on the COWI
report (refer Appendix 7).

In Evans & Peck’s experience the three factors that require special attention when
costing rail projects are:

" costing must be based around possessions not necessarily by work type;

= costing of systems items must reflect the manufacturing and installation
market competition for that equipment; and

. work done in “brownfield” narrow sites (rail reserves) with limited physical
access and specific rail safety requirements has significant additional indirect
costs compared with a road project.

Owner’s Costs

The agencies should provide more explanation of the costs in this category in their
guidance notes and estimating manuals. Internal staff costs may be an area of
uncertainty as different agencies have different policies on whether these are
included in project costs or covered elsewhere in their agency’s overhead costing.

Owner’s costs must include the estimated cost of land acquisition.

Owner’s costs should also be assessed on the basis they are current at the same
date as the construction costs.

Base Estimate

The Base Estimate is simply the sum of the Construction Costs and Owner’s Cost
with an applicable base date. It should not include any contingency allowance or
escalation.

The refinement of the Base Estimate as much as possible by use of experienced
personnel is critical to achieving a reliable estimate.

Contingency and Risks

This section covers the principles of a contingency allowance and provides guidance
on determining the quantum of contingency to be allowed for a specific type of
estimate.

A contingency allowance is used to cover risk. Risk is a measure of uncertainty.
The two basic requirements to set a contingency allowance are:
(1) What is the risk profile inherent in the project? and

(2) What level or probability of risk occurring should be allowed for in the
contingency? Once these two requirements have been determined the
contingency allowance can be established, either by the deterministic method

30

Best Practice Cost Estimation
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(manually applying a percentage) or the probabilistic method (using ranges
and a computer program such as @Risk).

5.5.5.1 Establishing the risk profile
Risks should be identified in two parts:

(1) Inherent (or range) risk in the measured items (that have a 100% likelihood
of occurring) included within the various components of the Base Estimate
and

(2) Contingent risk being the risk attached to items outside the base estimate
(that have a less than 100% likelihood of occurring).

Inherent risk can be applied separately to the quantity used and to the rate used
in a measured item, or simply be applied to both the quantity and rate combined. If
the contingency allowance is being calculated using probabilistic risk assessment it
requires the lowest likely, most likely and highest likely point in the range. For
example in assessing the risk on the area of pavement the most likely may be
100% of the rate and quantity used in the base estimate. The lowest likely may be
90% and the highest likely 125%. If the contingency allowance is being calculated
using deterministic risk assessment the + and — percentages will suffice.

Optimism bias is common in estimating, so it is always wise to ensure that guidance
to the estimator states that the ranges should be both wide and biased towards the
upside.

For example, the cost of utilities or services alterations is often unknown and the
range between lowest, most and highest likely might be 50%, 100% and 500% (or
+500%. -50%). Whereas a specific length of rail line may have little risk on the
length and the only range risk is in the rate, so it may have a range of 95%, 100%b,
115% (or +15%, -5%).

Inherent risk is applied not only to measured items in direct costs but also to
measured items in indirect costs, margin and owner’s costs.

The concept that a cost estimate is within the range of + or — the same figure is
misguided. Due to optimism bias it is more likely the range will be twice on the
upside what it is on the down side, i.e. a range of +20% and — 10%.

Inherent risks may then be either assessed deterministically (manually) or
subjected to a probabilistic analysis using proprietary computer programs such as
@Risk.

Contingent risk is the risk due to unmeasured items. Typical contingent risks (as
listed in Appendix 5) include weather impact, industrial issues, safety, planning
approval conditions, design development, owner requirements, geotechnical
investigations and potential claims from contractors. They should not be expected
to cover project scope definition changes, as these may also bring a change in
project benefits. Contingent risk should include the risk of changes to standards
and minor changes due to slight changes to owner’s requirements.

The process of assessing a contingent risk is firstly to assess the most likely cost
impact of such a risk and then assess its probability of arising. If it were to
eventuate, an estimate is made of the least likely, most likely and highest likely
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5.5.5.2

amount. As an example, a contractor’s claim during or at the end of a project might
be assessed as follows:

= amount: 5% of the $100m Construction Costs = $5m;

" probability of a claim occurring: 25%:;

. if a claim occurs, least likely 30% of $5m, most likely 100%, highest likely
200%.

In simple terms this means if the project construction cost is $100m, there is a 25%
chance of a contractor’s claim, the least likely amount is $1.5m, the most likely
$5m, and the highest likely $10m.

As for inherent risks, contingent risks may then be assessed manually or subjected
to a probabilistic analysis. Again, the guidance to estimators should make them
aware of optimism bias and ensure the quantum, probability and likelihood levels
for contingent risks are adequate for the project, given its context and the level of
knowledge to hand.

Items with no information, but known to be required should be included as
allowances in the Base Estimate and not rely on the contingent risk assessment
process to make up differences. An additional item for “unmeasured” work is a
good practice to include in direct costs to cover work not specifically identified or
quantified.

Determining the probability to allow for

By adding together the range risk and the contingent risk, the risk profile of the
project is established. For the probabilistic method of analysis this is represented
graphically by an ‘S’ curve.

The quantum of the contingency allowance depends upon how much risk is ‘insured
for’ in the estimate’s contingency allowance and how much risk is left as
‘commercial exposure’ to the owner.

Contractors typically bid jobs around the P50 value (or equivalent if done
deterministically), being a 50% probability that the cost will not be exceeded, so
their contingency allowance is often quite a small amount over and above their Base
Estimate. Owners (and their management) often prefer to have less commercial
(and political) exposure in respect of capital budgets and often look for a P90 figure
(or equivalent if done deterministically), meaning the contingency allowance on top
of the Base Estimate is sufficient to ensure that there is a 90% chance that the
amount will not be exceeded.
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Total Project Cost
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Figure 12 Probabilistic cost curve

Federal Infrastructure requirements are for an Outturn Cost Estimate with a P90 or
equivalent confidence level.

5.5.6 Base Estimate plus Contingency

This is simply the total of the Base Estimate plus Contingency allowance, all
expressed in dollars current at the date of the estimate or such other date as may
be applicable.

5.5.7 Cash Flow (and Program)

Cash Flow is the Base Estimate plus Contingency (P90 or equivalent) amount spread
out across the financial years the funds are expected to be spent. The project Cash
Flow is heavily influenced by the implementation program and the expenditure
profile during construction.

To avoid optimism bias the estimators should be guided to be conservative as to
when the project will commence construction and the likely expenditure profile
(drawdown rate) through the construction period. The date when a project may
commence construction is never certain and will depend on many factors including
timing of funding approvals. The planned construction commencement date and
expenditure profile, including funding availability should be discussed with Federal
Infrastructure before finalising the anticipated project Cash Flow.

Projects often experience cash flows (particularly construction expenditure profiles)
much slower than expected due to delays in getting project approvals or funding,
rescheduling of work, shortage of labour or materials, land acquisition process
delaying commencement, etc. Most of the contingency amount should be placed in
the last years of a project, with some in the year following practical completion.
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Figure 13 Cash flow showing possible allocation of Contingency
5.5.8 Escalation

5.5.8.1 Outturn costs must include escalation

Federal Infrastructure requires all estimates to be expressed in Outturn Costs based
on the program of development and delivery. This requires the application of
escalation factors to an estimated Cash Flow.

The amount of money calculated to accommodate escalation is determined by the
project Cash Flow (which is the P90 or equivalent) and the assumed rate of
escalation in each year from the date of the estimate to one year after practical
completion.

It is necessary to cover escalation during the construction period because even if
the construction contract is a fixed price the contractor will have priced into the
contract sum an allowance for escalation during the construction and defects liability
period.

Good industry practice recognises that escalation is calculated on cash flow using
forecast (yearly) percentage increases, compounded year on year.

For projects that are planned to start several years after the estimate date (lead
time) and which have reasonable construction period, the cumulative amount of
escalation may be a significant percentage in addition to the Base Estimate +
Contingency. Due to the significance of the escalation component in the overall
outturn cost the escalation figure has to be carefully assessed. This should be done
by experienced people who look critically at the implementation program, who have
broad market knowledge and an understanding of likely price movements over
coming years.

It should be noted that escalation is included to provide adequate capital funding to
compensate the project for forecast cost increases due to inflationary imposts in the
construction sector. It is not a secondary contingency figure.

5.5.8.2 Determining annual rates of escalation

Determining the rate of likely rate of escalation each year into the future is the
difficult part. In recent years in most agencies, the escalation rate for infrastructure
and resource projects has far exceeded the generally recognized inflation rate
measured by Consumer Price Index.
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Each agency should therefore have a studied view of the potential escalation rates
in its region for the various types of work in its projects with a centre of excellence
to develop the process of monitoring and forecasting escalation. Queensland
Department of Main Roads has established a tool to assist in determining escalation
forecasts. The methodology of these tools is not discussed further in this report
other than that they should broadly align with the cost inputs to the type of work
undertaken (e.g. road and / or rail works) as closely as possible.

5.5.8.3 Applying a general escalation rate or specific unit price escalation rates

Escalation can be assessed in an overall way by multiplying the cash flow for a
specific year by the expected percentage figure to cover escalation for the entire
cash flow in that year. An alternative methodology can also be used that breaks
down the annual expenditure into key components such as pavement, structures,
drainage, etc for roads or formation, track, signaling, etc for rail and apply the
expected unit price escalation percentages to each key element.

5.5.8.4 Updating existing estimates for escalation

A basic requirement is that any agency should apply its forecasts across its program
of projects in a consistent manner. As these assumptions are updated regularly
(say every 6 -12 months), it is good practice to revisit the effect on existing
estimates and report changes to Project Estimates accordingly.

During the life of the project, new estimates are prepared and escalation forecasts
are recalculated. The amount of escalation allowance in an estimate will differ for
the following underlying reasons:

= The base date of the estimate has changed, incorporating revised rates;

" The program of work has changed e.g. delayed start and/or extended
program;

= The quantum of work has changed.

In reality it may be impractical to accurately identify the value of escalation
attributable to each of the above reasons but the overall allowance should be
monitored.

5.5.9 Total Outturn Cost

Total Outturn Cost is Base Estimate + Contingency + Escalation. It is the figure
that Federal Infrastructure will use in its forward capital planning and when
determining project funding allocations.

5.5.10 Presentation Format

Having determined a Total Outturn Cost using the estimate structure above this
information could be presented in a format that is likely to be universally adopted
across the agencies and by Federal Infrastructure.

The two presentation formats that Evans & Peck considers could be standardised
across all agencies and in Federal Infrastructure in order to ensure consistent
presentation of key data in all phases, are:

. Project Summary, which includes all of the costs associated with the project,
complete with a breakdown of the construction cost component; and
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5.5.10.1

" Cash Flow, which shows expenditure on a financial year basis as required by
Federal Infrastructure.

There are a number of other detailed breakdowns that would be required in any
estimate submission, but the formats of the above summaries are important if
improvements to financial management are to be achieved.

Project Summary

The priority in a project summary is to show the major categories of project cost.
The format in the figure below has been developed for a road project based on a
consensus of best practice observed during the research phase. Some amendments
have been made to ensure a complete profile of the project is presented. It is for
use where contingency is assessed on a deterministic (percentage) basis rather than
on a probabilistic basis. A similar project summary where contingency has been
assessed on a probabilistic basis is in Appendix 4.

The infrastructure construction cost should be included within the Project Summary
and further expanded into construction elements to provide a more detailed
breakdown of construction costs. The benefits in presenting project information in
this way include a better understanding on what project cost elements have
changed during design development and also more effective benchmarking between
projects.

In the medium to longer term, collecting information in this way better informs the
strategic estimating stages of projects.
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Project Summary (Example only-Deterministic Risk Assessment)

ate ge 0 ge ate
anae
Phase oping
Base date of Estimate: Jan 2008 % Amount
Concept Development
Route /Concept /EIS 300,000 10% 30,000 330,000
Project Management Services 250,000 15% 37,500 287,500
Sponsor 120,000 20% 24,000 144,000
Community Liaison 85,000 30% 25,500 110,500
Subtotal Concept Development 755,000 117,000 872,000 1.6%
Detail Design and Documentation
Investigation and Design 2,500,000 20% 500,000 3,000,000
Project Management Services 1,250,000 25% 312,500 1,562,500
Sponsor 125,000 20% 25,000 150,000
Community Liaison 160,000 30% 48,000 208,000
Subtotal Deé?;LE;zﬁ:aszg 4,035,000 885,500 4920500|  8.5%
Property Acquisition
Acquire Property 3,750,000 30% 1,125,000 4,875,000
Professional Services for Property 275,000 25% 68,750 343,750
Project Management Services 180,000 25% 45,000 225,000
Sponsor 120,000 20% 24,000 144,000
Subtotal Property Acquisition 4,325,000 1,262,750 5,587,750 9.1%
Total Owner's Cost 9,115,000 2,265,250 11,380,250|  19.2%
Construction W,
Contractor's Direct Costs [ [
Utility Adjustments 3,000,000 40% 1,200,000 4,200,000
Bulk Earthworks | ] 5500000 15% 825,000 6,325,000
Drainage 1,250,000 15% 187,500 1,437,500
Retaining Walls 2,400,000 25% 600,000 3,000,000
Bridges 3,000,000 25% 750,000 3,750,000
Pavements 8,500,000 20% 1,700,000 10,200,000
Other
Noise Barriers 1,200,000 25% 300,000 1,500,000
Road Lighting 750,000 20% 150,000 900,000
Road Furniture and Safety Barriers| 650,000 30% 195,000 845,000
Road Markings and Signage 425,000 20% 85,000 510,000
Traffic Signals 0
Traffic Information Systems 0
Environmental Works 360,000 25% 90,000 450,000
Landscaping 300,000 20% 60,000 360,000
Other 125,000 30% 37,500 162,500
Subtotal Contractor's Direct Costs 27,460,000 6,180,000 33,640,000
Contractor's Indirect Costs
Preliminaries 24.00%| 6,590,400 25% 1,647,600 8,238,000
Contractqr's Offsite Overhead 13.00%| 4,426,552 20% 885,310 5,311,862
and Margin
Total Construction Cost (TCC) 38,476,952 8,712,910 47,189,862|  80.8%
s EsnEs (Owner.'s e 47,591,952 10,978,160 58,570,112  100.0%
Construction Cost)
Contingency - Inherent risk 0.0%
Contingency - Contingent risk 15.00%|of TCC 8,785,517 0.0%
Base Estimate + Contingency (Inherent + Contingent) 67,355,629 141.5%
Cash Flow: start Construction July 2009, Finish Construction Dec 2010
Escala}tlon (applled_ to Base T B T
Estimate + Contingenc

Total Outturn Cost 79,142,864 166.3%

(Note: If the project contains major separable portions which need to be monitored separately, the above information should be repeated for each portion)

Figure 14 Project Summary presentation format
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5.5.10.2 Cash Flow

The cash flow format shows the expenditure on a financial year basis for each of the
line items at the Project Summary level. It is expected that further breakdown into
construction elements should be made available if required.

Overall Project Budget Cash Flow Requirements

Base Estimate Date : Jan 2008

Phase of Project Year 1 Year 2 Year 3 Year 4 Year 5 |Total

$ Millions

Concept Development

Detail Desigh and Documentation

Property Acquisition

Construction

Base Estimate : Sub-Total
Contingency

Subtotal
Escalation
Project Budget : Total
Figure 15 Cash Flow presentation format

5.6 Specific Attribute - Estimate Preparation

The previous section described in a Best Practice Cost Estimation Standard how the
cost estimate would be structured and the results presented. This specific attribute
is directed at the content that goes into the structured components of each
estimate. Insufficient attention to the quality of inputs and the approach to the
preparation of estimates will lead to unreliable results. Important aspects to
consider when dealing with estimate content are:

= Using an appropriate Work Breakdown Structure;
" the project scope definition and checklists applicable to the project phase;
" obtaining more of the right information and the time of experienced people to

increase the estimate’s reliability;

" managing risk assessment and determining the appropriate contingency
allowance; and

= using benchmarking and cost data bases to validate cost estimates.

The previous report also dealt with the need to ensure careful guidance to enable
thorough estimate preparation and much of the material below is drawn from that
report.
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5.6.1

Appropriate Level of Detail

An amount of detail that can be generated in an estimate is in direct proportion to
the amount of design and other documentation available. The “detail” in an
estimate refers to:

. Quantity detail
" Unit Rate detail

The quantity detail is dictated by the availability and quality of drawings, while the
detail in the rate is a consequence of the quantity detail and is largely influenced by
the time available and effort required in preparing the estimate. Both play
complementary roles in making up an estimate.

The estimate titles proposed to be used in the Federal Infrastructure project phases
are Project Identification, Project Scoping, Project Development and Project
Delivery. The level of detail in the quantities that can be generated increases as the
project develops through each phase.

In summary, the level of detail in both quantity and rate increases during the
project life cycle, commencing with a concise strategic estimate and finishing (at
pre-tender estimate) with a large detailed estimate.

To meet the Federal Infrastructure requirement to provide reliable estimates, the
table below sets out the appropriate level of supporting detail that is required for an
estimate. The level of detail is expressed as levels in a Work Breakdown Structure
that underpins how an estimate is structured. The levels referred to in this report

are:

. Level 1 Elemental level

" Level 2 Heading level

= Level 3 Item level

. Level 4 Rate Build up level.

Estimates at all stages should be presented showing a cascade of Elements,
Headings and Items, however the headings and items become expanded as more
design information is made available. Not all estimates will use all four levels at
once. A Project Identification phase estimate might use Levels 1 and 2, while a
Project Development estimate may use levels 1 to 4. Refer Figure 16.

The detailed estimates prepared for agencies are expressed in Work Breakdown
Structure Level 3 in item description, but contain Level 4 rate build up detail (which
can be viewed in supplementary estimate reports). However, a tender prepared by
a contractor will be backed by an estimate with Level 4 or greater detailed rate build
ups.

The figure below illustrates an example of a Work Breakdown Structure.
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LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
Element Heading Main Item Sub-item or price
build-up
EARTHWORKS Earthworks Preparation |Clearing and Grubbing Dozer, Type X
Tipper
Loader
Labour CW 4
Strip Topsoil (Rate make-up
generally as above)
Bulk Excavation Bulk Excavation in OTR, (Rate make-up
cut to fill. generally as above)
Excavate and dispose of
unsuitable material
Bulk Filling Imported bulk filling to Supply imported filling
embankment, compacted
Grader, Type x
Compaction roller
Water truck
Labour CW 4
Subgrade Subgrade in cuttings, Type |(Rate make-up
B etc generally as above)
Geotextile Geotextile supply
Geotextile lay
DRAINAGE Removal / Demolition Remove culverts (Detailed make-up)
Culverts Concrete Pipe Culverts (by |(Supply, install rate
size) make up)
Concrete Box Culverts (by |Ditto
size)
Steel, corrugated culverts |Ditto
(by size)
etc
Pavement Drainage
Subsurface Drainage
Figure 16 Example Extract of a Work Breakdown Structure
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The estimating approach required to support estimates at the various stages of the
project life cycle are shown in Figure 17 below.

Estimate
Content

Construction

Project Phase

Project
Identification

Report based on

Project Scoping

Report based on

Project
Development

Report based on

Project Delivery

Report based on

Cost Base WBS Level 1 WBS Level 1 WBS Level 1 WBS Level 1

Estimate

Summary Report

Estimating Parametric, First Principles, First Principles, First Principles,

Approach Historical rates Unit rates, Composite Rates, | Composite Rates,

Unit rates, Unit rates,

WBS Levels used | WBS 2 WBS 2/3 with WBS 3 & 4 used WBS 3 & 4 used

supported by some Level 4 throughout throughout

Level 3 items

rate build up

Note: WBS means Work Breakdown Structure

Figure 17 Estimating Approach
5.6.2 Improving project scope definition at each phase
A Best Practice Cost Estimation Standard should provide guidance to cost estimators
on the level of project scope definition they would expect to have in preparing an
estimate at the Identification, Scoping, Development and Delivery Phases. How to
do this is dealt with in section 5.4 above and summarised in the figure below.
Improving Project Scope Definition \
Might be achieved by better documentation of what IS and IS NOT included:
— Project objectives;
— Project performance requirements;
— Project definition, context and programme;
— Physical scope; and
( Check lists /
Figure 18 Project Scope Definition and Checklists
5.6.3 More of the right information and using the right people at the right time

This again is a reinforcement of getting the project scope definition as best
developed as possible at the relevant phase. The more effort that goes into getting
the parts of the Base Estimate correct means less effort that has to be made to
assess, and less reliance placed on, the contingency allowance.

In providing guidance to their estimators, agencies should not overlook the
enormous benefit that comes from using a small amount of time of highly
experienced people in the early stages of project scope definition, preparing an
implementation program, estimate preparation, developing the risk profile and
contingency allowances and assessing escalation. Further suggestions are included
in the figure below.
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ore of the right information using the right people at the right time

can be summarized as:

— Allocating more resources to properly define the project;

— Doing more preliminary investigations & design to provide cost certainty,
particularly of the items making up the majority of the cost;

— Using experienced staff to define concept phase scope, advise on

estimate preparation, develop the implementation programme and cash

flow and advise on calculation of escalation.

- /

Figure 19 The right information and the right people at the right time

5.6.4 Risk assessment and contingency allowance
The identification of risk was described in section 5.5.5 above.

Recent work carried out in this area show the two major issues relating to Risk and
Contingency which deserve closer attention by practitioners are:

" Contingencies are often set too low.

= Probabilistic Risk and P90 value not universally understood

Gsk Assessment \

Must be properly used and concentrate on:

— Lower and upper ranges used for Inherent (range) risk contingency on
measured items;

— Type of distribution used (as Pert favours the most likely figure unless range
is wide);

— Correlation between estimate items should be used or risk can be under
assessed;

— Contingent risk allowance should be extensive and substantial at concept

k stage of a project.

Figure 20 Risk assessment and Contingency allowance

5.6.4.1 Contingencies are too low

This is a common issue found in all agencies and is dealt with in the paper contained
in Appendix 7 Procedures for Dealing with Optimism Bias in Transport Planning by
Bent Flyvbjerg in association with COWI (June 2004).

At the time of this report, the levels of contingency allowance made are recognised
by all agencies as a wider industry issue, exacerbated by the recent boom
conditions for infrastructure projects throughout Australia.

A good procedure will describe the contingency range expected at each phase of the
project. This is particularly important for the project identification phase. This range
is linked to the level of uncertainty that exists in a project as seen objectively by
experienced personnel. These views are often in conflict with the range used by
optimistic project managers or estimators who believe they have fully scoped the
work and covered the risks.

Whether an estimate has a percentage risk allowance or a probabilistic risk
assessment at a particular stage, the result should fall in the expected range as
suggested by the agency’s estimating procedure.



-
\.JEVA NS & PECK

5.6.4.2

Figure 21

5.6.5

Probabilistic Risk and P90 value

Best Practice Cost Estimation

Federal Infrastructure requires that all estimates are expressed at P90 value or

equivalent. This is the value that is “unlikely to be exceeded but not overly

conservative”. This is irrespective of whether a percentage or a probabilistic

method has been used to calculate the contingency. The two methods are quite

different and the methods of presenting this information also differ.

There is no specific formula or accurate correlation between a contingency

allowance for risk exposure determined by a percentage basis or a by a probabilistic

basis. The table below gives some guidance as on the percentage above the Base

Estimate that would represent the P50 and P90 levels.

Phase (as per Federal
Infrastructure Notes on

Administration)

Type of estimate

Project Identification

Project Scoping

Project Development

Project Delivery

Strategic (strategic
business case)

10% to 20% | 40% to 60%

Concept (full
business case)

10% to 15% | 25% to 40%

Pre-tender 3% to 7% 5% to 15%

Construction Actual cost Actual Cost

Broad correlation proposed by Evans & Peck between percentage

above Base Estimate and probabilistic contingency allowances

Incorporating contingencies into the Project Summaries and Infrastructure
Construction Costs described in section 5.5 requires the layout to accommodate
both probabilistic and conventional risk assessments to be shown appropriately.

Appendix 4 contains a developed example of each of these formats.

Benchmarking

The value of historical data should not be overlooked in the guidance provided in a
Best Practice Standard. Historical data should be carefully gathered and analysed in
a consistent manner, noting the date and project context from where it came.

Other features of benchmarking are in the figure below. The value of benchmarking

is particularly helpful in Project Identification and Project Scoping phase estimates

where there is always limited information available on which to base the

assumptions underlying those estimates.

KBenchmarking

Can use past information to assist future estimates by:

— Gathering data in a consistent format throughout a project from design
through to tender forms;

— Using statistical measures to assess estimate amounts where project specific

\

— Cross check against known ratios for other similar projects; and

data is unavailable;
t Providing a sanity check. J

Figure 22 Benchmarking
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5.7 Specific Attribute - Review and Approval

Every cost estimate requires a review. The agencies have recognised this
requirement and each has a process of some form to provide reviews. The question
is: What forms of review are required, when, by whom and for what purpose? It is
important that a recognised governance structure is implemented by each agency.

Figure 23 below describes attributes of the review process and the potential
requirements that would apply to conduct the review.

It is most important that reviews be rigorous and examine carefully:

- what should be in the cost estimate for this project (the project scope definition,
context and program);

- what is in the cost estimate and its risk profile (the base estimate costs and
contingency allowances to determine if it matches what would be required for an
estimate at the stage the project has reached);

- when and at what rate are the funds in the cost estimate likely to be expended
(the key start date, the cash flow/expenditure profile and the allowances to cover
escalation); and

- if there has been a prior cost estimate what has changed and why (change
management by categorizing any variances between estimates).

Approval of an estimate is a matter for each agency but in the material submitted to
Federal Infrastructure they would be expecting to see approval of the estimate by
an appropriately senior officer and to see the trail of reviews that preceded the
approval.
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Attributes of the Review
Process

Roles and Responsibilities for
review and Approval

How to review an estimate
Peer Review Requirements

Concurrence Review
Requirements

Independent Review
Requirements

Periodic reviews
Approvals requirements

Announcement of Project
Estimates

Figure 23:

Best Practice Cost Estimation

Requirement

Identify the criteria, eligible reviewers and approvers
Identify the roles and responsibilities.

Guidance notes that are helpful and educate
Checklists for Peer reviewers
Checklists for Independent Reviewers

Review procedures described and the process mapped
Who can/ must review
Review records

Review procedures described and the process mapped
Who can/ must review
Review records

Review procedures described and the process mapped
Who can/ must review
Review records

How often should estimates for future projects be
reviewed (e.g. yearly)

Review records

How to deal with the consequences.

Who can approve estimates and under what
circumstances

Checklists for Approvers

Records of Approval

Policy regarding procedure for ministerial and/ or
departmental announcement of a $ figure (Who, limits
etc)

Attributes of the review process
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Risk/Contingency Spread
-
-
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Best Practice Cost Estimation

Specific Attribute - Dealing with Delay and Changes

History has shown that most projects continually increase in cost. This is the area

that causes the most disruption to the funding process and has proven hard to

manage in the past.

It creates concern for Federal Infrastructure and the agencies

and results in delays and lost opportunities as other projects with a higher benefit to
cost ratio or more strategic merit may have to be delayed to allow additional

funding to be diverted to a project with cost overruns.

The three diagrams below capture the cost history of an ‘ideal’ project, an

‘acceptable’ project and an ‘unacceptable’ project. The unacceptable project

regrettably is quite common.

Figure 24
Project Project
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Phase Phase
'first cost +
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Risk/Contingency Spread
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Project Project
Identification Scoping
- Phase Phase
—
-
— - ey
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- —
o} —
first cost +

The "Ideal” Project where the 'final cost’ is the 'first cost excluding contingency’

contingency'

Project
Development
Phase

Project
Delivery
Phase

final cost

ssnnnnnsn: Project Cost Estimate

= a project where the net cost of anticipated risk and contingent items was nil and there were no net cost changes

The ldeal project

Project
Development
Phase

Project
Delivery
Phase

=wmmmmwns Project Cost Estimate

'final cost

The "Acceptable" Project where 'final cost' doesn't exceed the 'first cost + contingency'

= aproject where all the risks and contingent items occurred
or where net changes were absorbed within the risk and contingency allowance

Figure 25

An Acceptable Project
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5.8.1

Project Project Project Project
|dentification Scoping Development Delivery
Phase Phase Phase Phase

‘final cost

i~
-~
—
—

firstcost +
ntingeﬂcr BN NN NN NN NN ENENNEENEE
— iy -
T /
S
ssssss==s: Project Cost Estimate

Risk/Contingency Spread

The "Unacceptable” Project where the *final cost’ is well above the *first cost + contingency’

= a project where there was a combination of either
> risks eventuating were above those anticipated, or
> extra cost changes occurred plus all the anticipated risks eventuated, or
> lots of extra cost changes occurred even though risks were less than anticipated

Figure 26 An Unacceptable Project

Improving how change is dealt with

Improvement in the way delay and changes are dealt with can be achieved provided
that the improved standards referred to above are implemented. The
implementation of the above standards will provide improved consistency and
transparency in (original) submissions, enabling subsequent changes to be better
communicated by following the same standards.

The previous report identified that the way estimates increased during the phases
between project funding milestones was poorly explained. In reality, cost estimates
change over time for a wide range of reasons, not always for acceptable or
legitimate reasons. Changes to estimate values are caused by scope changes,
pricing adjustments, errors, program changes, contingencies, escalation and many
other reasons.

The previous report identified that better explanation of estimate changes must be
provided. The explanations must focus on “why” the change rather than only
“what” the change was. By articulating “why” the change, there is a better
understanding provided to management to enable an informed review whether or
not the change is justifiable on a value basis.

The purpose of defining standard categories for reporting changes to cost estimates
is to enable more effective communication throughout the life cycle of the project.
The proposed categories are listed below.
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5.8.2

5.8.3

Categories of Change
Categories that sufficiently segregate the issues underlying the change are:

Performance and Functionality changes: This category changes the scope of the
project through providing more/ less performance and functionality. These changes
can be caused by social, economic or safety reasons. They are regularly the cause
of cost increases and can also occur through insufficient consideration and
documentation of the project objectives at project inception. A cost/benefit
calculation is necessary to determine whether these changes are justifiable on
economic grounds.

Policy and Standards Changes: This category includes changes to the design and
management requirements mandated by an agency, often through ongoing
improvements in safety, whole of life considerations and management policy. These
changes are often of a continuous improvement nature based on research and
development. It is unlikely that these changes can be avoided.

Third Party Changes: This category includes requirements of authorities outside
the sponsor agency (e.g. Power, Water, Gas Utilities etc) who impose unexpected
changes during the course of the project. Little is known about the requirements of
such authorities at the strategic estimate stage. It is unlikely that these changes
can be avoided.

Design Development Changes: This category includes the other changes not
included above, encountered during the development of a project. These changes
are often represented by increased work scope required to achieve the previously
stated performance objectives of the project. They often occur through lack of
investigation (e.g. geotechnical and survey, concept engineering etc) and are
typified by the term “scope creep”. Correction of error in quantities and rates is
also covered by this category. Early use of experienced personnel and thorough
investigation work is effective in reducing unexpected cost increases in this area.

Escalation: Escalation allowances will change as the project is re-estimated (new
base date) and factors are used. As noted before, it is difficult to accurately
apportion the escalation changes to exact causes with so many variables of
program, scope, rates, escalation factors etc.

Contingency: Each estimate submission should include an updated contingency
assessment. It is expected that as projects develop, construction costs may
increase as scope definition and engineering definition is improved. However such
increases should be compensated by reduced risk through more thorough
knowledge of the works, thus reducing the contingency allowance.

In the ideal scenario, the value of an Outturn Estimate will be maintained at or
below the P90 value established early in the project life cycle.

Graphical Analysis

A key aspect of any report or submission is how well it communicates the
information. Graphical representation of facts and figures can vastly improve the
message written within words and spreadsheets, particularly with explaining
changes.

In that respect, it is recommended that a number of standard graphical
representations be included in submissions to Federal Infrastructure to show how
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changes are explained. The graphs will support the written explanation included
elsewhere in the report.

The graphs required as shown in the figures below are:

" Column chart of Project Summary on a project timescale (each submission
added to previous)

= Bar chart of changes (by Category) between successive reports.

" Summary of Cost Adjustments table

Project Summary

90

80
—

60

50

40

$ Millions

30

20

10

Jan 2008 Jun2008 Jan2009 Jun2009 Jan2010 Jan2010 Jun2010 Sep 2010 Jan2011 Jun 2011

H Escalation B Contingency

O Contractor's Margin OContractor's Indirect Costs

B Remaining Items -Contractor B Pavements

B Bridges ORetaining Walls

BDrainage OBulk Earthworks

O Utility Adjustments OProperty Acquisition

H Detail Design and Documentation B Concept Development
Figure 27 Project Summary
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Categories of change (Jan 2008-Jan 2009)

O Performance and Functionality

OPolicy and Standards

BThird Party

e

O Design Development/ update pricing |

O Contingency

O Escalation-Revised Forecast Factors ]

0_ . 1 2 3
$ Millions

Figure 28 Categories of Change

Summary of Cost Adjustments (Project Summary Level)

Initial Current Change  Comment

Estimate Estimate

Cat 1 |Performance and/or Functionality

Sub-total
Cat 2 |Policy and Standards Changes

Sub-total
Cat 3 |[Third Party Changes

Sub-total
Cat 4 |Design Development

Sub-total
Cat5 |Escalation Allowances

Sub-total
Cat 6 |[Contingency Allowances

Sub-total

TOTAL

Figure 29 Summary of Cost Adjustments Table
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6 ALIGNMENT AND CONSISTENCY BETWEEN
FEDERAL INFRASTRUCTURE AND AGENCIES

6.1 How the Standard will improve the alignment

The interaction between Federal Infrastructure and agencies is essentially related to
the process of applying for, receiving and the administration of Australian
Government funding for infrastructure projects. This process and the
documentation requirements are described in the Notes on Administration. The
Standard will:

1. improve the preparation by the agencies of the cost estimates that form part
of the documentation to make them more transparent, more reliable and
more consistent, and

2. assist Federal Infrastructure in improving their understanding and appraisal of
project proposal reports.

While not imposing a requirement for agencies to redefine their own project phases,
the standard may, over time influence.

The potential impact of the Standard in this way on the respective processes is
represented schematically in Figure 30.

FEDERAL Project Project Project Project

INFRASTRUCTURE Identification Scoping Development Delivery

Project Phases

BEST PRACTICE
COST ESTIMATION Project
STANDARD Data

AGENCIES Project Project Project Project

Identification Scoping Development Delivery
Possible Future Phases

Existing Agency Phases

(Schematic representation)

Figure 30 Moving towards alignment of Phases



/-l : Best Practice Cost Estimation
\ EVANS & PECK

6.2 Comparison with the Australian Transport Council (ATC)
Guidelines for Transport System Management Framework

Whilst not directly related to the relationship between Federal Infrastructure and the
agencies, there was a request during and subsequent to the workshop that
terminology and descriptors for the various phases of project development be in line
with those already included in the ATC Guidelines which have been endorsed by
Coalition of Australian Governments (COAG).

The ATC Guidelines in Figure 1 of Volume 1 set out their 7 phase process which is
reproduced in Figure 31 below.

Figure 31 Summary of the eight ATC phases

The current Federal Infrastructure Notes on Administration (March 2006 version)
Table 3 identifies project phases which are shown on the figure below. By
superimposing the ATC’s Figure 1 and the Federal Infrastructure’s Table 3 on one
diagram it is possible to compare the two organisations’ phases.
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6.3

Phass 6 :
ATC Guidelines Phass 5 (ol g il
process Appraisal & H Frograrm
(Figure 1) Business Casa  Filler 3 F?;‘,‘:;::‘ - Eativery;

/ Eilters | Development
l

|
"
snnmw

E . Project : Project
Federal Project I = Devalopment . Delivery
< Identification : - = | Preject Scoping - phase 5 = phase
Infrastructure’s phase DociEoniiNls 3 phase RigL ok 2 : GadEa S =
Review & - ] Appraisal & Minister's . . | Review & =
process ) i | Preiim & Deta hpproval ) =|  Contract
(Table 3) SMT & * «| Detailed BCA H Design . award,
Rapid BCA : H H Pre-tender = | construction &
= . H estimate =| handover
s e ! commmmm— :
Jurisdiction's . . ot : et & :
project design $ iz . Iy [
status HE Dexign : [REEesn H
. . J Y H
| I | I initiative approved for quantum of funding
Figure 32 ATC and Federal Infrastructure Project Phases

The broad alignment is that the ATC phase 5 Appraisal and Business Case covers
the Federal Infrastructure Project Identification and Project Scoping phases and the
ATC phase 7 Program Delivery covers the Federal Infrastructure Project
Development and Project Delivery phases.

The ATC phase 6 is when initiatives (projects) are prioritised and the program
development (timing and funding) occurs. Once this is done, agencies can be
advised of initiatives (projects) that will get capital funding and they are able to
then pursue ATC Program Delivery phase activities which are Federal Infrastructure
Development (up to pre-tender) and Delivery phases.

By putting this in an overall context it is clear as to why Federal Infrastructure
requires more certainty of cost estimates in coming from either the Project
Identification or Project Scoping phase because these are the inputs to the decision
making process that prioritises and allocates funding.

Any untoward change in the outturn cost estimate to a committed project in the
later ATC Program Delivery phase (Federal Infrastructure’s Development and
Delivery phases) causes significant problems and embarrassment.

The flowchart of documents and approvals

An agency seeking Australian Government funding is required to submit a project
Proposal Report to Federal Infrastructure for the phase for which the agency is
seeking funding.

The Notes on Administration provide for alternative arrangements where projects
exhibit low risk to cost, scope and timing or by their nature, eg rail projects, are
better appraised as a whole.

The documents between agencies and Federal Infrastructure are currently defined

as being:

" Project identification phase data;

. PPR’s for subsequent phases and approvals;
" Monthly reports from agencies; and

" Yearly reports from agencies.
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An outline of this process is shown on the flowchart in Figure 33.

ATC Phases

Phase 5
Appraisal and
Business Case

Filter 1 : SMT
Filter 2: Rapid BCA
Filter 3: Detailed
BCA

Hr/

- R
Phase 6
Initiative prioritisation
& program
development
(% >y

/_LH

Phase 7
Program Delivery

N

Figure 33

Federal Infrastructure Phases

INPUT

Agency advises Federal Infrastructure of QUTRET : y
d % 4 : i e Federal Infrastructure gives its
potential project for project identification
concurrence
phase
TASKS DONE
. Appraisal of broad alternatives
Project
Identification phase: .
No Federal
Infrastructure TASK OUTPUTS
Funding generally Strategic Merit Test
Rapid BCA
Cost Estimate

INPUT
PPR prepared by agency & lodged with
Federal Infrastructure for project scoping
phase

QUTPUT
Federal Infrastructure gives approval &

commits some of its funds for project
scoping phase

TASKS DONE
Investigate specific options
Do a Business Case for each

Project Scoping

phase:

N8

Federal

TASK OUTPUTS
Option Refinement concludes with Preferred Option
Full Business Case including detailed BCA

Cost Estimate

Infrastructure
Funding

INPUT
PPR prepared by agency & lodged with
Federal Infrastructure for development
phase

OUTPUT
Federal Infrastructure gives approval &

commits some of its funds for
development phase

TASKS DONE
Detailed planning, environmental approvals

Project Development Preliminary & detailed design

phase:
Federal

NN

Infrastructure
Funding

TASK OUTPUTS

Planning & Design complete
Delivery strategy developed with project programme
Vs Cost Estimate

INPUT
PPR prepared by agency & lodgedfvi
Federal Infrastructure for project gelivery
phase including the anticipated 'Gutturn
cost at the pre-tender phase

OUTPUT
Federal Infrastructure gives approval &
commits the balance of its project funds
for the project delivery phase

TASKS DONE
Call tenders & award contract

Project Delivery Construction of works

phase:

Federal
Infrastructure
Funding

TASK OUTPUTS
Construction complete
Commissioning and handover

Final project cost

Federal Infrastructure phases Flow Chart
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7.1

Best Practice Cost Estimation

RECOMMENDATIONS

Recommendations

The following recommendations should be adopted.

Primary _ _
X Detailed recommendation
recommendation

1 All parties should — Adopt the Best Practice Cost Estimation Standard (“the
use and support Standard”) and its key attributes as described in this
the Best Practice report;

Standard for Cost Agencies should amend their manuals, processes and
Estimation. procedures to ensure compliance with the Standard
when seeking Australian Government funding;
Ensure Federal Infrastructure reviews its Notes on
Administration in respect of project cost estimates, so
that they are consistent with the Standard;
Federal Infrastructure to consider undertaking an audit
of agency documentation to assess compliance with
Standard.

2 All parties should Adopt the four project phases and phase titles that are
adopt common described in Federal Infrastructure’s Notes on
project phases Administration when seeking Australian Government

funding.

3 All parties should Ensure agencies best practice meets the attribute
endeavour to covering project scope definition;
better define the Provide more resources at early project phases to
scope of the develop design and data to increase certainty of the
project for cost outturn cost estimate.
estimates.

4 All parties should Use a Work Breakdown Structure (WBS) that provides a
ensure that the consistent hierarchy of detail in cost estimates for
Base Estimate purposes of comparison, review and benchmarking;
structure and Use the relevant levels of detail, applicable to the
content is project phase, in the preparation of the Base Estimate.
applicable to the
project phase.

5 All parties should Promote understanding that risk is assessed in two

improve the
understanding of
risk and
contingency
allowances to
cover risk that
should be included
in outturn cost

components; inherent risk and contingent risk;

Provide appropriate contingency allowances for each
risk component;

Agencies should use either deterministic or probabilistic
methods to assess contingency allowances;

Provide both P50 and P90 values (or equivalent) in any
submission for federal funding.
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estimates.

All parties should
work pro-actively
to improve cash
flow forecasting.

Develop expenditure profiles for different types of
projects based on prior project experience;
Ensure delivery phase start dates are realistic and
allow for potential project delays.

All parties should
develop a more
definitive policy
and approach to
calculation of
escalation.

Establish a consistent policy and approach to the
monitoring, forecasting and calculation of escalation
based on the key project components;

Recognise the significant impact of time, including
potential delays, in the amount of escalation required
for projects with long lead times prior to contract award
and lengthy delivery phases.

All parties should
have appropriate
cost estimate
review and
approval
processes

Develop procedures for cost estimate reviews, including
what and how to review, and the level and types of
review, including peer, independent, concurrence and
periodic reviews;

Ensure the approval process has clear definition of the
roles and responsibilities of those nominated to approve
cost estimates.

All parties should
control and
manage changes
to cost estimates.

Ensure better project definition in the early project
phases to reduce the likelihood of changes later in the
project;

Prepare variance reports on changes that identify and
properly explain the reason for the changes and their
impact on the cost estimate.

10

All parties should
train their staff in
the new Standard.

Provide training to staff so they fully understand the
attributes of the new Standard and develop a culture of
collaboration;

Train Federal Infrastructure staff in developing
techniques to better assess and review project cost
estimates.
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Appendix 1 Attributes of an Estimating
Procedure

Best Practice Cost Estimation Ver 26 20080811.doc -
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Attributes of an Estimating Procedure

Attribute Identifies Explanation
General | Policy Statement/ Executive Describing the agency’s overall
objectives with estimating.
summary
Logical, easy to understand Reflects good professional practice
Simple language and set-out
Glossary of terms and
acronyms
Informative and comprehensive A document that educates through
words and examples.
The “Go to” document fro
estimating
Is the document that contains all
there is to know
Stand alone document, not
requiring extensive cross
reference to other procedures
Wide application Principles should apply to large
and small projects, even outside
road and rail sector. (with
appropriate changes to detail)
Continuous Improvement Evidenced by the degree of
application and compliance
Procedure for feedback for process
improvement made clear
Bibliography Bibliography of external reference
material to assist and inform
users
Project ) Proj(_act Objectives
L e Corridor Strategy
Definition e Performance Requirements
¢ Functionality Requirements
e Scope of Works
e Options ldentified
e Context (Brownfields/
Greenfields)
e Program Requirements
e Environmental Requirements
e Community Requirements
e Legislative Requirements,

Standards

e External influences on Scope
(Third parties)

e Interfaces with other
Infrastructure

e Delivery Method
Assumptions

e Constraints

e Key Risks

e Exclusions / qualifications

Best Practice Cost Estimation Ver 26 20080811.doc
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Attribute

Estimate
Structure

Identifies

Estimating Process

Best Practice Cost Estimation

Explanation

The estimating process should be
shown graphically as well as
described.

Each step should be described and
cross referenced to other relevant
procedures.

Which estimating method applies?

A decision path demonstrating
methodology based on size, risk,
complexity, urgency, stage, etc
Description of estimating methods
linked to estimate stage

Defined estimate stages

Estimate types linked to defined
project stages.

Work Breakdown Structure and
Substructure

Levels (eg 1-4) explained
Commonality at Level 1 would be
beneficial

Consistent use in estimates and
tender pricing schedules, leading
to knowledge gathering

Acts as good checklist

Basis for gathering historical
information, benchmarking and
sanity checking

Defined estimating methods

Definition of estimating methods
linked to estimate stage

Global, Unit Rates, First Principles,
etc should be described in
conjunction with estimate types
and applicable WBS level.

Presentation of estimates

Standard summary formats
Describe requirements for
consistent breakdown elementally
(always), however in discreet
projects stages or areas of the
project.

Rounding policy (if required)
described. This policy should be
set out in a table so that the
accuracy of the estimate is not
misrepresented by figures that
appear to be accurate.

Outturn Costs

Estimates that are complete.
All up costs, including Owner’s
costs and contingencies
Includes escalation based on a
program.

Net of GST

Direct and Indirect Costs

Explain the differences and
relevance of this

Estimate Report standard format

Major Sections and headings
standardised (also acts as
checklist)

Example formats

Best Practice Cost Estimation Ver 26 20080811.doc
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Attribute Identifies Explanation

e Emphasise the benefits of using

Estimate | Experienced personnel ¢
experienced personnel.

Preparation

¢ Importance of commencing with a
new estimate at key milestones,
rather that making continued
adjustments to an old estimate.

New Estimates

e Scope information (see above)

e Site visit (Checklist is helpful)

e Procurement method proposed.
(Construct only, Design &
Construct, Alliance etc)

e Reference date for estimate

e Constructability and staging
information

e Program

What is needed to prepare an
estimate?

e Overview probabilistic and
deterministic risk
e Consistent approach to “known”

Estimate | Policy Overview
Preparation-

Risk and and “unknown” risks, with
Contingency appropriate ranges
e Sensitivity analysis, policy if
applicable.

e When to apply either method
e Determining contingency

e Recognise tendency for “optimism
bias”

e Provide expected risk range
(safety net)

e Provide broad comparison of
deterministic ranges for
contingency versus probabilistic
values (eg P10, P50, P90)

Anticipated risk ranges

e Typical risk assessment pro-forma

e Typical summaries

¢ Include realistic ranges and not be
influenced by optimism bias

e Consistent approach to “known”
and “unknown” risks, with
appropriate ranges

e Agency policy on what probability
is to be used (P50 & P90 should
be submitted)

Worked examples

What values are required to be
reported

e Reference date for estimate

e Start and finish dates for
construction.

Cashflow e General policy for calculating cash
flows

e Yearly/Monthly etc

e Examples / Templates

Best Practice Cost Estimation Ver 26 20080811.doc -

Estimate | Approach to Cash Flow
Preparation -
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Attribute Identifies Explanation

Estimate | Approach to Escalation * General policy for assessing

P i escalation
reparation- e Base on cash flow
Escalation e Refer to departmental forecast

o Examples / Templates

e Overview of forecasting model
e Who is responsible for updating
e How to apply data

Agency'’s forecasting process

e Base on program cash flow

e Yearly expenditure (monthly,
quarterly, half yearly or yearly)

e Compounded yearly

Applying escalation to projects

e Identify the criteria eligible
reviewers and approvers

¢ Identify the roles and
responsibilities.

Review and | Roles and Responsibilities for review
Approval | and Approval

How to review an estimate e Guidance notes that are helpful
and educate

e Checklists for Peer reviewers

e Checklists for Independent
Reviewers

e Review procedures described and
the process mapped

e Who can/ must review

e Review records

Peer Review Requirements

e Review procedures described and
the process mapped

e Who can/ must review

e Review records

Concurrence Review Requirements

. Review procedures described
and the process mapped
Who can/ must review
Review records

Independent Review Requirements

e How often should estimates for
future projects be reviewed (eg
yearly)

e Review records

e How to deal with the
consequences. (eg allowable
percentages variance prior to
corrective actions)

e Who can approve estimates and
under what circumstances

e Checklists for Approvers

e Records of Approval

Periodic reviews

Approvals requirements

Best Practice Cost Estimation Ver 26 20080811.doc -
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Attribute Identifies Explanation

e Policy regarding procedure for
ministerial and/ or agency
announcement of a $ figure (Who,
limits etc)

Announcement of Project Estimates

Checklists-DOTARS e Checklists that assist DOTARS to
interrogate the information

e Federal Infrastructure interface
described

Quality Assurance e Any requirements described

e Presenting information to show

Change | ldentifying Changes :
variances

Management

e Eg Performance and functionality
changes, Design Standards,
Community demands, Design
Development etc

e Graphical standards

Explaining changes in a consistent
manner (eg Why the change?)

Best Practice Cost Estimation Ver 26 20080811.doc -
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Appendix 2 Scope Definition
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Best Practice Cost Estimation
Defining Project Scope at an early stage

Project Scope

Is determined by:

— Project Objectives;

— Project Performance Requirements;
— Project Definition; and

— Physical Scope.

/Proj ect Objectives \

Should be expressed as:

— An operational target date;

— A link between corridors; or

— A corridor capacity improvement;

— A community linking facility;

— A safety target; etc,

KWith any exclusions noted. /

Project Performance Requirements \
Should be stated as:

Vehicle carrying capacity / train path capacity;

Functionality of an intersection/junction or section of highway/rail

track;

Design and posted speed limits;

Pavement or track life/axle load capacity;

Sustainability criteria;

— Maintenance and operational requirements for structures and
wth any exclusions noted. /

track/pavements; etc
ﬂoject Definition \

Should include and define:

— Likely project programme (both pre-construction & construction phases);

— Type of project to establish level of risk & complexity (is it ‘greenfield’ or
‘brownfield’);
What constraints exist (on access/possessions, staging, continuity of
traffic/train flow, etc);

— Key interfaces so extent of project is known and conditions applying at those
interfaces;

— Method of delivery (Construct only, Design & Construct, Alliance, ECI, etc);

— Exclusions to the project as defined (for avoidance of doubt, for example refits

K or upgrades often require existing items to be brought up to current standary

etc).

Gysical Scope \

Should be properly documented on concept/preliminary design drawings to identify:

— Nature of work (interchange/junction, stretch of new highway or track, widening existing
highway/track duplication, large bridgeworks, change to signaling etc;

— Extent and limits of work (so there is less uncertainty as to extent of work costed);

— Assumptions made in design of key features (for pavements/track, the soil tests, for
earthworks extent of rock, for signaling and communications the ability to add to existing
systems, etc);

— Interfaces, such as property, grade separations, existing infrastructure etc;

( Services (utilities) relocations as these are regularly vastly underestimated; and /

Specific exclusions to physical scope, so that scope creep can be measured

Best Practice Cost Estimation Ver 26 20080811.doc -
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Best Practice Cost Estimation
Making improvements to current methods

IMPROVING PROJECT SCOPE DEFINITION
MORE OF THE RIGHT INFORMATION

RISK ASSESSMENT

BENCHMARKING

flmproving Project Scope Definition \
Might be achieved by better documentation of what IS and IS
NOT included:

— Project objectives;

— Project performance requirements;

— Project definition, context and programme;
— Physical scope; and

K— Check lists /

KI\/Iore of the right information using the right people at the right time \
can be summarized as:
— Allocating more resources to properly define the project;
— Doing more preliminary investigations & design to provide cost certainty,
particularly of the items making up the majority of the cost;
— Using experienced staff to define concept phase scope, advise on
estimate preparation, develop the implementation programme and cash
K flow and advise on calculation of escalation. /

KRisk Assessment \

Must be properly used and concentrate on:

— Lower and upper ranges used for Inherent (range) risk contingency on measured
items;

— Type of distribution used (as Pert favours the most likely figure unless range is
wide);

— Correlation between estimate items should be used or risk can be under assessed;

— Contingent risk allowance should be extensive and substantial at concept stage of a

k project. j
/Benchmarking \

Can use past information to assist future estimates by:

— Gathering data in a consistent format throughout a project from design through to
tender forms;

— Using statistical measures to assess estimate amounts where project specific data is
unavailable;

— Cross check against known ratios for other similar projects; and

K_ Providing a sanity check. /

Best Practice Cost Estimation Ver 26 20080811.doc -
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Appendix 3 Indirect Costs - Checklist

Best Practice Cost Estimation Ver 26 20080811.doc -



INDIRECT COST -PROFORMA

Main Heading

PRELIMINARIES

Sub-Headings

(not exhaustive)

Alternatively
incl in Direct

Costs

Establish &
Dis-establish
Costs

Recurring
Costs

Authority Fees & Charges

Council Permits and Fees

Long Service Levy

Project Insurances

Public Liability

Professional Indemnity

Contract Works

Difference in Conditions

Bank Guarantee Charges

Bank Guarantees

Performance Bonds/ Securities

Retention

Survey Fees

Survey Crew

Altin DC's

Temporary Sheds.

Contractor's Offices

Contractor's Change and Amenities Sheds

First Aid Sheds

Storage Sheds

Sub-Contractors Sheds (if provided by Main)

Hoardings,Fences &

Temporary hoardings and gantries

Temporary Fencing

Notice Boards & Sians

Site sign board

Site signage

Temporary Roads,Bridges

Temporary site roads

Temporary site bridges and access

Making Good to Council F/paths

Site Communications

Computer and IT costs

Plan Printing & Photocopying

Telephones, faxes

Radios

Couriers

Stationery

Temporary Electrical

Establish Temp connections

Power usage charges

Maintain and adjust power distribution

Temporary Hydraulics

Establish Temp connections

Water usage charges

Maintain and adjust water distribution

Watchman or Security Patrol

Site security patrols

Watchman

Site Safety

Protective clothing

Barriers, Lighting, Safety Signage

Safety Precautions

Safety Inductions and Training

Medicals

Nursecall

Environmental Monitoring

Noise

Altin DC's

Hazardous materials

Altin DC's

Sedimentation basins and treatment

Altin DC's

Plant & Equipment

Forklifts

General Site Equipment

Altin DC's

Man and Material Hoists

Altin DC's

Small Tools

Site vehicles

Craneage

Fixed craneage (dry or wet hire)

Altin DC's

Mobile craneage (to run the site compound)

Altin DC's

Scaffolding

General Scaffolding

Altin DC's

Access stairs and walkways

Altin DC's

Appx 3- indirects.xIsProforma
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: Alternatively Establish & Recurrin
Sub-Headings incl in Direct | Dis-establish 9

(not exhaustive) Costs
Costs Costs

Main Heading

Testing

Testing Altin DC's

Sundry Operating Expenses

Sundry Expenses
Petty Cash
Freight & Transport Altin DC's
Carparking

Entertainment

Training and Development

Cleaning

Maintenance of Site establishment
Interim site clean ups Altin DC's
Final Clean Altin DC's

Maintenance Period

Attendant labour Altin DC's
Consumables Altin DC's

LABOUR AND SUPERVISION

Labour

Gateman

First Aider

Nipper

Storeman

General site labour (non-direct)

Labour Accomodation

Labour camp

Per diem accomodation rates
Other labour expenses
Relocation Costs

LAFHA

Labour Travel

Allowances (for above)
Travel Costs

R&R trips

Vehicles

Supervision

Project Director
Project Managers
Engineers
Planners

Contract Admin
Safety Managers
Quality Assurance
Specialist engineers
General Foreman
Foreman
Superintendent

Supervision Accomodation

Supervison camp

Per diem accomodation rates
Other supervision expenses
Relocation costs

LAFHA

Supervision Travel

Allowances (for above)
Travel Costs

R&R trips

Vehicles

Appx 3- indirects.xIsProforma Page 2 of 2
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Appendix 4 Project and Construction
Summaries and Cash Flows
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Project Summary (Example only-Deterministic Risk Assessment)

ate ge 0 ge ate
anae
Phase oping
Base date of Estimate: Jan 2008 % Amount
Concept Development
Route /Concept /EIS 300,000 10% 30,000 330,000
Project Management Services 250,000 15% 37,500 287,500
Sponsor 120,000 20% 24,000 144,000
Community Liaison 85,000 30% 25,500 110,500
Subtotal Concept Development 755,000 117,000 872,000 1.6%
Detail Design and Documentation
Investigation and Design 2,500,000 20% 500,000 3,000,000
Project Management Services 1,250,000 25% 312,500 1,562,500
Sponsor 125,000 20% 25,000 150,000
Community Liaison 160,000 30% 48,000 208,000
Subtotal Deéﬂ?féﬁ&?ﬂﬂ 4,035,000 885,500 4920500  85%
Property Acquisition
Acquire Property 3,750,000 30% 1,125,000 4,875,000
Professional Services for Property 275,000 25% 68,750 343,750
Project Management Services 180,000 25% 45,000 225,000
Sponsor 120,000 20% 24,000 144,000
Subtotal Property Acquisition 4,325,000 1,262,750 5,587,750 9.1%
Total Owner's Cost 9,115,000 2,265,250 11,380,250]  19.2%
Construction - X 1A I\ | ]
Contractor's Direct Costs |
Utility Adjustments 1) N\ | 3006000 40% 1,200,000 4,200,000
Bulk Earthworks 5,500,000 15% 825,000 6,325,000
Drainage 1,250,000 15% 187,500 1,437,500
Retaining Walls 2,400,000 25% 600,000 3,000,000
Bridges 3,000,000 25% 750,000 3,750,000
Pavements 8,500,000 20% 1,700,000 10,200,000
Other
Noise Barriers 1,200,000 25% 300,000 1,500,000
Road Lighting 750,000 20% 150,000 900,000
Road Furniture and Safety Barrierg 650,000 30% 195,000 845,000
Road Markings and Signage 425,000 20% 85,000 510,000
Traffic Signals 0
Traffic Information Systems 0
Environmental Works 360,000 25% 90,000 450,000
Landscaping 300,000 20% 60,000 360,000
Other 125,000 30% 37,500 162,500
Subtotal Contractor's Direct Costs 27,460,000 6,180,000 33,640,000
Contractor's Indirect Costs
Preliminaries 24.00%| 6,590,400 25% 1,647,600 8,238,000
Contractqr‘s Offsite Overhead 13.00%| 4,426,552 20% 885,310 5,311,862
and Margin
Total Construction Cost (TCC) 38,476,952 8,712,910 47,189,862  80.8%
R (B (Owner.'s Gl 47,591,952 10,978,160, 58,570,112|  100.0%
Construction Cost)
Contingency - Inherent risk 0.0%
Contingency - Contingent risk 15.00%|of TCC 8,785517|  0.0%
Base Estimate + Contingency (Inherent + Contingent) 67,355,629] 141.5%
Cash Flow: Start Construction July 2009, Finish Construction Dec 2010
Escala}tlon (applleq to Base . 11787235 24
Estimate + Contingenc

Total Outturn Cost 79,142,864 166.3%

(Note: If the project contains major separable portions which need to be monitored separately, the above information should be repeated for each portion)

Best Practice Cost Estimation Ver 26 20080811.doc
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Appendix 4: Fig B

Project Summary (Example only-Probabilistic Risk Assessment)

o _ » . »le .
Phase oping
Base Date of estimate : Jan 2008
Concept Development
Route /Concept /EIS 300,000
Project Management Services 250,000
Sponsor 120,000
Community Liaison 85,000
Subtotal Concept Development 755,000
Detail Design and Documentation
Investigation and Design 2,500,000
Project Management Services 1,250,000
Sponsor 125,000
Community Liaison 160,000
Subtotal Detail Design and Documentation 4,035,000
Property Acquisition
Acquire Property 3,750,000
Professional Services for Property 275,000
Project Management Services 180,000
Sponsor 120,000
Subtotal Property Acquisition 4,325,000
Total Owner's Cost 9,115,000
Construction
Contractor's Direct Costs
Utility Adjustments 3,000,000
Bulk Earthworks 5,500,000
Drainage 1,250,000
Retaining Walls 2,400,000
Bridges 3,000,000
Pavements 8,500,000
Other
Noise Barriers 1,200,000
Road Lighting 750,000
Road Furniture and Safety Barriers 650,000
Road Markings and Signage 425,000
Traffic Signals 0
Traffic Information Systems 0
Environmental Works 360,000
Landscaping 300,000
Other 125,000
Subtotal Contractor's Direct Costs 27,460,000
Contractor's Indirect Costs
Preliminaries 24.00%| 6,590,400
Contr_actor's Offsite Overhead and 13006 4426552
Margin
Total Construction Cost (TCC) 38,476,952
Base Estimate (Owner_'s Cost + 47,591,052 P50 P90
Construction Cost)
Contingency - Inherent risk 4,000,000 11,000,000
Contingency - Contingent risk 5,200,000 9,000,000
Base Estimate + Contingency (Inherent + Contingent) 56,791,952 67,591,952
Cash Flow: start Construction July 2009, Finish Construction Dec 2010
Escalation (applied to Base !Estlmate I SRR D
+ Contingenc

Total Outturn Cost 66,730,544 79,420,544

Best Practice CO@{O@%IEW?EH%QI %'}35% %%gﬂeagrgons which need to be monitored separately, the above -

information should be repeated for each portion)
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Appendix 4: Fig C:
Estimate Summary- Showing history of Esti

mates

Base Estimate
(=
Contingency)

Best Practice Cost Estimation

Base Estimate
(Excl
Contingency)

Base Estimate
(Excl
Contingency)

Contingenc

Total Outturn Cost

79,420,544

82,846,440

Base Date : Base Date : Base Date :
Jan 2008 Jan 2009 June 2010
Concept Development
Route /Concept /EIS 300,000 400,000 400,000
Project Management Services 250,000 300,000 300,000
Sponsor 120,000 100,000 100,000
Community Liaison 85,000 115,000 115,000
1 Concept Development 755,000 915,000 915,000
Detail Design and Documentation
Investigation and Design 2,500,000 2,750,000 2,750,000
Project Management Services 1,250,000 1,100,000 1,100,000
Sponsor 125,000 150,000 150,000
Community Liaison 160,000 200,000 200,000
2 Detail Design and Documentation 4,035,000 4,200,000 4,200,000
Property Acquisition
Acquire Property 3,750,000 4,000,000 4,500,000
Professional Services for Property 275,000 300,000 300,000
Project Management Services 180,000 150,000 150,000
Sponsor 120,000 150,000 150,000
3 Property Acquisition 4,325,000 4,600,000 5,100,000
Total Owner's Cost 9,115,000 9,715,000 10,215,000
Construction
Direct Costs
Utility Adjustments ~ — /~ /-\ | VI = = = 3,000,000 4,000,000 5,000,000
Bulk Earthworks | 5,500,000 6,500,000 7,000,000
Drainage JJ IN L Y 1,250,000 3,000,000 3,200,000
Retaining Walls 2,400,000 2,800,000 3,000,000
Bridges 3,000,000 2,700,000 2,800,000
Pavements 8,500,000 7,500,000 7,750,000
Remaining Items-Contractor
Noise Barriers 1,200,000 1,500,000 2,750,000
Road Lighting 750,000 1,000,000 1,100,000
Road Furniture and Safety Barriers 650,000 1,000,000 1,100,000
Road Markings and Sighage 425,000 600,000 750,000
Traffic Signals 0 0 1,000,000
Traffic Information Systems 0 500,000 600,000
Environmental Works 360,000 1,750,000 1,800,000
Landscaping 300,000 500,000 450,000
Other 125,000 200,000 220,000
Directs-Sub-Total 27,460,000 33,550,000 38,520,000
Contractor's Indirect Costs
Preliminaries 24.00% 6,590,400] 24.00% 8,052,000] 26.50% 10,207,800
Directs-Sub-Total 34,050,400 41,602,000 48,727,800
Offsite Overhead and Margin 13.00% 4,426,552] 14.00% 5,824,280] 14.50% 7,065,531
Total Construction Cost (TCC) 38,476,952 47,426,280 55,793,331
e Bl (Owner_‘s Cioeds 47,591,952 57,141,280 66,008,331
Construction Cost)
Contingency - Inherent risk 11,000,000 9,000,000 5,500,000
Contingency - Contingent risk 9,000,000 7,500,000 3,500,000
Base Estimate + Contingency (Inherent + Contingent) 67,591,952 73,641,280 75,008,331
Cash Flow
Socelelion Epplen 10 Eate Ealalz 17.5% 11,828,592] 12.5% 9,205,160] 6.5% 4,875,542

79,883,873

Best Practice Cost Estimation Ver 26 20080811.doc
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Project Manager's Risk Management Guidelines V1.2 Department of Main Roads

Category 2 — Cost Risks:
Commercial, Legal, Economic, Managerial

1.0 Project Scope

1.1 Clarity of functional objectives not clearly defined and desired project outcomes not achieved
1.2 Performance criteria not clearly scoped, thus not meeting client expectations
2.0 Team relationships (performance, communication etc)

2.1 Alliance / joint venture / D&C partners relationship breaks down

2.2 Funder-developer relationships breaks down

23 Developer-designer/contractor relationship breaks down

24 Contractor-subcontractor relationship breaks down

25 Ineffective teamwork will impact on project implementation

2.6 Poor personnel change management

2.7 Project failure due to ineffectual communication between stakeholders

2.8 Industrial action delays programme

3.0 Funding

3.1 Project failure if project funders are hesitant about supporting the project

3.2 Project failure due to uncertain funding criteria

3.3 Project failure if sufficient funding not available

34 Alternative funding methods not available

4.0 Procurement

4.1 Inappropriate tendering/procurement methods

42 Inadequate quality or scope of contract documents

43 Alternative tender submissions affect project program/quality

44 Project unable to start as tenders exceeded budget allocation

4.5 Tender award is challenged, leading to pregramme delays

5.0 Legislativefregulation issues

6.0 Document control

6.1 Realisation of an error though using superseded documents

7.0 Market issues

7.1 Supply & demand increases project costs / affect programme

7.2 Skilled-labour shortage

7.3 Rate of cost escalation

7.4 Qil price fluctuation

7.5 Increase in insurance premiums (eg following major incident or natural disaster)

8.0 Programming issues

8.1 Base programme not realistic

8.2 Staging of construction not considered

83 Client imposes unrealistic timeframe

8.4 Productivity assumptions incorrect

8.5 Protracted consultation affects programme

86 Late client-approvals delay programme

8.7 Information-supply delay programme

8.8 Insufficient resources available to complete the project

8.9 Late or defective material supply delays to programmefrework

8.10 Contractor delays affect programme

8.11 Archaeological issues delay programme

9.0 insolvency

9.1 Contractor becomes insolvent during construction; severely affects project at all levels
Page 12 of
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Department of Main Roads Project Manager's Risk Management Guidelines V1.2

Category 2 — Cost Risks:
Commercial, Legal, Economic, Managerial

10.0 Contractual claim/dispute

10.1 Dispute develops during construction, affecting programme and cost model
10.2 Valuation of variations outside cost model limits

10.3 Professional indemnity insurance not in place or adequate for the project
1, Health and safety

0
1 Poor public security leads to member of public becoming injured
2 Poorly developed / implemented H&S procedures
11.3 Inadequate temporary / permanent access / crossings
4 Emergency service routes disrupted

5 Safety audit findings disputed / not completed

12.0 Inadequate QC/QA
12.1 Error in calculations/design assumptions that affect design concept not recognised prior fo
project funding commitment

13.0 Post-construction liability

131 Non-compliance, omission or latent defect discovered after work completed; requires additional
funding

14.0 Other

Page 13 of 17
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Project Manager's Risk Management Guidelines V1.2 Department of Main Roads

Category 3 — Cost Risks:
Community, Pelitical, Environmental, Land and Property

1.0 Community

11 Not identifying / consulting all stakeholders / affected parties

1.2 Indigenous issues not identified / resolved

1.3 Impact on local economy & amenity not assessed

1.4 Severance of social & community routes / networks

1.5 Special interest group issues not identified / affect project

1.6 Essential road users disrupted

1.7 Neighbouring business access / parking disrupted

1.8 Unrealistic community expectations

1.9 Community expectations not met

1.10 Poor public relations / breakdown of relationships

1.11 Protest ! public opposition

1.12 Vandalism / sabotage / theft / arson

2.0 Industrial action by others

3.0 Ecological issues

3.1 Adverse ecological impact

3.2 Protected flora / fauna found on site

3.3 Inaccurate or inadequate flora / fauna survey

3.4 Watercourse & groundwater protection issues

35 Erosion & sediment discharge exceeds consent requirements

3.6 Marine habitat damaged

3.7 Landscape and aesthetic issues damaged

3.8 Impact on special / protected features or environments

4.0 Impact on public health

4.1 Nuisance {(eg noise, dust, vibration) results in complaints; additicnal controls need to be
employed

42 Emission levels exceed consent levels, requiring additional control methods

4.3 Work-hours restrictions imposed on project, resulting in programme delays / cost increases

5.0 Heritage issues — Historic Places Trust

5.1 Significant heritage issues not recognised until late in project

52 Special requirements for investigation / survey near or in heritage areas require additional
resources (time / cost)

53 Heritage issues approval application declined, appeal / design change required

54 Heritage issues approval application delayed

55 Heritage issue consent expires; renewal required

56 Onerous conditions imposed, with time / cost implications

57 Accidental damage to artefacts; heritage artefact restoration required

5.8 Heritage issues consent breached, leading to litigation / settlement

6.0 Building consent

6.1 Building consent approval delayed

6.2 Building consent expires

6.3 Building consent breached; litigation possible

Page 14 of

17
Qct 04




Department of Main Roads Project Manager's Risk Management Guidelines V1.2

Category 3 — Cost Risks:
Community, Political, Environmental, Land and Property

7.0 Land and property

7.1 Land designation delayed

7.2 Land designation declined

7.3 Unable to advance purchase of land within designation

74 Land designation inadequate; construction extends outside designation
7.5 Estabiishment / borrow / dump area requirements not covered by designation
7.6 Land designation breached,; litigation possible

1.7 Property acquisition delayed

7.8 Property purchase / compensation valuation outside budget

7.9 Residual property disposal valuation less than budget

7.10 Compulsory purchase required; has implications for time / cost

71 Railway requirements onerous; has implications for time / cost

712 Delay in obtaining land eniry agreements affects programme

7.13 Eniry agreement conditions breached; litigation possible

7.14 Delay to procurement of drainage easements

7.15 Access / way leave approvals delayed

7.16 Project-specific land / property issues not resolved (eg tunneliing rights, airport proximity,
navigation issues)

747 Damage to neighbouring property; time / cost implications

7.18 Post-construction complaints (eg property access & drainage)
719 Post-construction rectification / mitigation measures required
8.0 Political

8.1 Vulnerability of political support

8.2 Change to project priority

8.3 Adverse reaction of local council

8.4 Pressure group action

8.5 Changes in roading policy / transportation strategy

8.6 Toll charging considerations

8.7 Terrorist action

8.8 Action

9.0 Other

Page 15 of 17
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Project Manager's Risk Mapagement Guidelines V1.2 Department of Main Roads

Category 4 — Cost Risks:
Site Conditions, Engineering, Services, Natural Events

1.0 Project scope, definition / unscheduled items

2.0 Design standards definition

3.0 Client initiated changes

3.1 Network interfaces

3.2 Client-initiated variations to scope have time / cost impiications

4.0 Change in technology / new technology

5.0 Topographical data

5.1 Topographical data coverage inadequate or not extensive

52 Accuracy of topographical data questionable

6.0 Site / ground conditions

6.1 Poor / partly complete knowledge of ground conditions

6.2 Uncertainty associated with complex ground conditions

6.3 Unforseen ground conditions during construction have time / cost implications

6.4 Limited experience of consultant / contractor with materials

6.5 Contamination or hazardous materials found / occur on site

6.6 Complexity of foundations / road design form

7.0 Design issues

7.1 Design preparation delay; time / cost implications

7.2 Design omissions have time / cost implications

7.3 Design errors fime / cost implications

74 Stability of cut and embankment slopes inconsistent with environment

75 Earthworks quantities under / over-estimated

7.6 Material workability issues have time / cost implications

7.7 Adequacy of material sources not evaluated in detail

7.8 Surplus / waste material disposal areas / costs not considered

79 Bulking factors incorrect; time / cost implications

7.10 Mass balance / mass haul not considered or fully developed; time / cost implications

7.1 Contractor's alternative proposals accepted without due consideration of time / cost implications

712 Failures / poor performance of works; time / cost implications

7.13 Material properties inappropriate; time / cost implications

7.14 Drainage design not adequately justified for design flows

8.0 Design changes

8.1 Design changes resulting from actual field conditions

8.2 Design changes invalidate consents

8.3 Design changes invalidate designation / property agreements

8.4 Design changes cause public dissatisfaction

9.0 Design and / or rework

8.1 Design and / or rework arising from design errors or omissions

9.2 Design and / or rewark arising from construction errors or omissions

9.3 Design and / or rework arising from breach of statutory obligations, consents, agreements etc
Page 16 of
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Department of Main Roads Project Manager's Risk Management Guidelines V1.2

Category 4 — Cost Risks:
Site Conditions, Engineering, Services, Natural Events

10.0 Buildability issues

10.1 Construction methodology inappropriate
10.2 New / unproven technology / method issues
10.3 Lack of experienced contractors in market
10.4 Haul routes inappropriate

10.5 Nearest cenire / railhead

10.6 Construction access not considered

10.7 Lack of appropriate ptant available

10.8 Inadequate supply of materfais

10.9 Restrictions on transportation of materials
11. Traffic management

0

1 Delay in approving TMP

2 Ineffective TMP ~ impact of changes on time / cost
11.3 Failure to comply with TMP

4 Temporary works / diversions

5 Repairs foltowing accidents

12.0 Impact of value engineering risk / opportunity findings
13.0 Changes arising from safety audits

13.1 Safety Audits undertaken at the design stage.
13.2 Safety Audits undertaken on Corridor segments.

14.0 Pavement / surfacing inadequate
141 Premature deformation / failure

14.2 Unacceptable noise

15.0 Issues associated with structures
151 Engineering complexity

15.2 Dewatering / stream diversion

16.0 Traffic control & lighting

16.1 Temporary signage, marking, lighting requirements
16.2 Traffic control requirements

16.3 New signage, marking, lighting

16.4 Barrier requirements

17.0 Services

171 Inadequate data acquisition re existence, lacation, condition (extent, accuracy)
17.2 Limited site fiexibility

17.3 Delayed refocation works
17.4 Un-cooperative utilities
17.5 Un-cooperative consumers
17.6 Dispute over cost-sharing
17.7 Disruption to services

17.8 Failure of ufility services
17.9 Other

18.0 Natural events

18.1 Adverse weather

a. precipitation
b. wind / cyclone
c. flood

18.2 Earthquake

18.3 Tsunami

18.4 Fire

18.5 Land instability
18.6 Other

19.0 Other
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Recommended Practice No. 18R-97 padlt

Cost Estimate Classification System — As Applied in Engineering, \ ....... T
Procurement, and Construction for the Process Industries .

February 2, 2005

PURPOSE

As a recommended practice of AACE International, the Cost Estimate Classification System provides
guidelines for applying the general principles of estimate classification to project cost estimates (i.e., cost
estimates that are used to evaluate, approve, and/or fund projects). The Cost Estimate Classification
System maps the phases and stages of project cost estimating together with a generic maturity and
quality matrix, which can be applied across a wide variety of industries.

This addendum to the generic recommended practice provides guidelines for applying the principles
of estimate classification specifically to project estimates for engineering, procurement, and construction
(EPC) work for the process industries. This addendum supplements the generic recommended practice
(17R-97) by providing:

e a section that further defines classification concepts as they apply to the process industries;

e charts that compare existing estimate classification practices in the process industry; and

e achart that maps the extent and maturity of estimate input information (project definition deliverables)
against the class of estimate.

As with the generic standard, an intent of this addendum is to improve communications among all of
the stakeholders involved with preparing, evaluating, and using project cost estimates specifically for the
process industries.

It is understood that each enterprise may have its own project and estimating processes and
terminology, and may classify estimates in particular ways. This guideline provides a generic and
generally acceptable classification system for process industries that can be used as a basis to compare
against. It is hoped that this addendum will allow each user to better assess, define, and communicate
their own processes and standards in the light of generally-accepted cost engineering practice.

INTRODUCTION

For the purposes of this addendum, the term process industries is assumed to include firms involved
with the manufacturing and production of chemicals, petrochemicals, and hydrocarbon
processing. The common thread among these industries (for the purpose of estimate classification) is
their reliance on process flow diagrams (PFDs) and piping and instrument diagrams (P&IDs) as primary
scope defining documents. These documents are key deliverables in determining the level of project
definition, and thus the extent and maturity of estimate input
information.

Estimates for process facilities center on mechanical and chemical process equipment, and they have
significant amounts of piping, instrumentation, and process controls involved. As such, this addendum
may apply to portions of other industries, such as pharmaceutical, utility, metallurgical, converting, and
similar industries. Specific addendums addressing these industries may be developed over time.

This addendum specifically does not address cost estimate classification in nonprocess industries
such as commercial building construction, environmental remediation, transportation infrastructure, “dry”
processes such as assembly and manufacturing, “soft asset” production such as software development,
and similar industries. It also does not specifically address estimates for the exploration, production, or
transportation of mining or hydrocarbon materials, although it may apply to some of the intermediate
processing steps in these systems.

The cost estimates covered by this addendum are for engineering, procurement, and construction
(EPC) work only. It does not cover estimates for the products manufactured by the process facilities, or
for research and development work in support of the process industries. This guideline does not cover the
significant building construction that may be a part of process plants. Building construction will be covered
in a separate addendum.

Copyright 2005 AACE, Inc. AACE International Recommended Practices
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February 2, 2005

This guideline reflects generally-accepted cost engineering practices. This addendum was based
upon the practices of a wide range of companies in the process industries from around the world, as well
as published references and standards. Company and public standards were solicited and reviewed by

the AACE International Cost Estimating Committee. The practices were found to have significant
commonalities that are conveyed in this addendum.

COST ESTIMATE CLASSIFICATION MATRIX FOR THE PROCESS INDUSTRIES

The five estimate classes are presented in figure 1 in relationship to the identified characteristics.
Only the level of project definition determines the estimate class. The other four characteristics are
secondary characteristics that are generally correlated with the level of project definition, as discussed in
the generic standard. The characteristics are typical for the process industries but may vary from
application to application.

This matrix and guideline provide an estimate classification system that is specific to the process
industries. Refer to the generic standard for a general matrix that is non-industry specific, or to other
addendums for guidelines that will provide more detailed information for application in other specific
industries. These will typically provide additional information, such as input deliverable checklists to allow
meaningful categorization in those particular industries.

Primary oy
Characteristic Secondary Characteristic
EXPECTED PREPARATION
EEVELIOT ACCURACY EFFORT
PROJECT END USAGE METHODOLOGY .
. . s RANGE Typical degree of
DEFINITION Typical purpose of Typical estimating . o f
ESTIMATE - Typical variation in effort relative to
Expressed as % of estimate method . .
CLASS complete definition low and high least cost index of
P ranges [a] 1 [b]
Capacity Factored,
. Parametric Models, | L: -20% to -50%
0, 0, il
Class 5 0% to 2% Concept Screening Judgment, o H: +30% fo +100% 1
Analogy
Equipment 4B/ 1200,
Class 4 1% to 15% Study or Feasibility Factored or ';' +12%,,/2 © fgo/;’/c 2104
Parametric Models '
Budget Semi-Detailed Unit
A Costs with L: -10% to -20%
0, 0,
Class 3 10% to 40% Authcg;z:ttrl;n, or Assembly Level H: +10% to +30% 3to 10
Line ltems
. Detailed Unit Cost . ro o
Class 2 30% to 70% C°”¥§r'13;f"d/ with Forced h +55{/° tt% ':250/;’/ 41020
Detailed Take-Off |~ - ”° °
. Detailed Unit Cost
Check Estimate or . . L: -3% to -10%
0, 0, -
Class 1 50% to 100% Bid/Tender with Deta(l;lf?d Take H: +3% to +15% 5to 100
Notes: [a] The state of process technology and availability of applicable reference cost data affect the range markedly.

The +/- value represents typical percentage variation of actual costs from the cost estimate after application of

contingency (typically at a 50% level of confidence) for given scope.
[b] If the range index value of “1” represents 0.005% of project costs, then an index value of 100 represents 0.5%.

Estimate preparation effort is highly dependent upon the size of the project and the quality of estimating data and

tools.

Figure 1. — Cost Estimate Classification Matrix for Process Industries

Copyright 2005 AACE, Inc.
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CHARACTERISTICS OF THE ESTIMATE CLASSES

February 2, 2005

The following charts (figures 2a through 2e) provide detailed descriptions of the five estimate
classifications as applied in the process industries. They are presented in the order of least-defined
estimates to the most-defined estimates. These descriptions include brief discussions of each of the
estimate characteristics that define an estimate class.

For each chart, the following information is provided:

e Description: a short description of the class of estimate, including a brief listing of the expected
estimate inputs based on the level of project definition.

e Level of Project Definition Required: expressed as a percent of full definition. For the process
industries, this correlates with the percent of engineering and design complete.

e End Usage: a short discussion of the possible end usage of this class of estimate.

o Estimating Methods Used: a listing of the possible estimating methods that may be employed to
develop an estimate of this class.

e Expected Accuracy Range: typical variation in low and high ranges after the application of
contingency (determined at a 50% level of confidence). Typically, this results in a 90% confidence
that the actual cost will fall within the bounds of the low and high ranges.

o Effort to Prepare: this section provides a typical level of effort (in hours) to produce a complete
estimate for a US$20,000,000 plant. Estimate preparation effort is highly dependent on project size,
project complexity, estimator skills and knowledge, and on the availability of appropriate estimating
cost data and tools.

e ANSI Standard Reference (1989) Name: this is a reference to the equivalent estimate class in the
existing ANSI standards.

e Alternate Estimate Names, Terms, Expressions, Synonyms: this section provides other
commonly used names that an estimate of this class might be known by. These alternate names are
not endorsed by this Recommended Practice. The user is cautioned that an alternative name may not
always be correlated with the class of estimate as identified in the chart.

CLASS 5 ESTIMATE

Description:

Class 5 estimates are generally prepared based on very
limited information, and subsequently have wide accuracy
ranges. As such, some companies and organizations have
elected to determine that due to the inherent inaccuracies,
such estimates cannot be classified in a conventional and
systemic manner. Class 5 estimates, due to the
requirements of end use, may be prepared within a very
limited amount of time and with little effort expended—
sometimes requiring less than an hour to prepare. Often,
little more than proposed plant type, location, and capacity
are known at the time of estimate preparation.

Level of Project Definition Required:
0% to 2% of full project definition.

End Usage:

Class 5 estimates are prepared for any number of strategic
business planning purposes, such as but not limited to
market studies, assessment of initial viability, evaluation of
alternate schemes, project screening, project location
studies, evaluation of resource needs and budgeting, long-
range capital planning, etc.

Estimating Methods Used:

Class 5 estimates virtually always use stochastic
estimating methods such as cost/capacity curves and
factors, scale of operations factors, Lang factors, Hand
factors, Chilton factors, Peters-Timmerhaus factors,
Guthrie factors, and other parametric and modeling
techniques.

Expected Accuracy Range:

Typical accuracy ranges for Class 5 estimates are - 20% to
-50% on the low side, and +30% to +100% on the high
side, depending on the technological complexity of the
project, appropriate reference information, and the
inclusion of an appropriate contingency determination.
Ranges could exceed those shown in unusual
circumstances.

Effort to Prepare (for US$20MM project):

As little as 1 hour or less to perhaps more than 200 hours,
depending on the project and the estimating methodology
used.

ANSI Standard Reference Z94.2-1989 Name:
Order of magnitude estimate (typically -30% to +50%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:

Ratio, ballpark, blue sky, seat-of-pants, ROM, idea study,
prospect estimate, concession license estimate,
guesstimate, rule-of-thumb.

Figure 2a. — Class 5 Estimate
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CLASS 4 ESTIMATE

Description:

Class 4 estimates are generally prepared based on limited
information and subsequently have fairly wide accuracy
ranges. They are typically used for project screening,
determination of feasibility, concept evaluation, and
preliminary budget approval. Typically, engineering is from
1% to 15% complete, and would comprise at a minimum
the following: plant capacity, block schematics, indicated
layout, process flow diagrams (PFDs) for main process
systems, and preliminary engineered process and utility
equipment lists.

Level of Project Definition Required:
1% to 15% of full project definition.

End Usage:

Class 4 estimates are prepared for a number of purposes,
such as but not limited to, detailed strategic planning,
business development, project screening at more
developed stages, alternative scheme analysis,
confirmation of economic and/or technical feasibility, and
preliminary budget approval or approval to proceed to next
stage.

Estimating Methods Used:

Class 4 estimates virtually always use stochastic
estimating methods such as equipment factors, Lang
factors, Hand factors, Chilton factors, Peters-Timmerhaus
factors, Guthrie factors, the Miller method, gross unit
costs/ratios, and other parametric and modeling
techniques.

Expected Accuracy Range:

Typical accuracy ranges for Class 4 estimates are -15% to
-30% on the low side, and +20% to +50% on the high side,
depending on the technological complexity of the project,
appropriate reference information, and the inclusion of an
appropriate contingency determination. Ranges could
exceed those shown in unusual circumstances.

Effort to Prepare (for US$20MM project):

Typically, as little as 20 hours or less to perhaps more than
300 hours, depending on the project and the estimating
methodology used.

ANSI Standard Reference 294.2-1989 Name:
Budget estimate (typically -15% to + 30%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:

Screening, top-down, feasibility, authorization, factored,
pre-design, pre-study.

Figure 2b. — Class 4 Estimate

CLASS 3 ESTIMATE

Description:

Class 3 estimates are generally prepared to form the basis
for budget authorization, appropriation, and/or funding. As
such, they typically form the initial control estimate against
which all actual costs and resources will be monitored.
Typically, engineering is from 10% to 40% complete, and
would comprise at a minimum the following: process flow
diagrams, utility flow diagrams, preliminary piping and
instrument diagrams, plot plan, developed layout drawings,
and essentially complete engineered process and utility
equipment lists.

Level of Project Definition Required:
10% to 40% of full project definition.

End Usage:

Class 3 estimates are typically prepared to support full
project funding requests, and become the first of the
project phase “control estimates” against which all actual
costs and resources will be monitored for variations to the
budget. They are used as the project budget until replaced
by more detailed estimates. In many owner organizations,
a Class 3 estimate may be the last estimate required and
could well form the only basis for cost/schedule control.

Estimating Methods Used:

Class 3 estimates usually involve more deterministic
estimating methods than stochastic methods. They usually
involve a high degree of unit cost line items, although these
may be at an assembly level of detail rather than individual
components. Factoring and other stochastic methods may
be used to estimate less-significant areas of the project.

Expected Accuracy Range:

Typical accuracy ranges for Class 3 estimates are -10% to
-20% on the low side, and +10% to +30% on the high side,
depending on the technological complexity of the project,
appropriate reference information, and the inclusion of an
appropriate contingency determination. Ranges could
exceed those shown in unusual circumstances.

Effort to Prepare (for US$20MM project):

Typically, as little as 150 hours or less to perhaps more
than 1,500 hours, depending on the project and the
estimating methodology used.

ANSI Standard Reference 294.2-1989 Name:
Budget estimate (typically -15% to + 30%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:

Budget, scope, sanction, semi-detailed, authorization,
preliminary control, concept study, development, basic
engineering phase estimate, target estimate.

Figure 2c. — Class 3 Estimate
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CLASS 2 ESTIMATE

Description:

Class 2 estimates are generally prepared to form a detailed
control baseline against which all project work is monitored
in terms of cost and progress control. For contractors, this
class of estimate is often used as the “bid” estimate to
establish contract value. Typically, engineering is from 30%
to 70% complete, and would comprise at a minimum the
following: process flow diagrams, utility flow diagrams,
piping and instrument diagrams, heat and material
balances, final plot plan, final layout drawings, complete
engineered process and utility equipment lists, single line
diagrams for electrical, electrical equipment and motor
schedules, vendor quotations, detailed project execution
plans, resourcing and work force plans, etc.

Level of Project Definition Required:
30% to 70% of full project definition.

End Usage:

Class 2 estimates are typically prepared as the detailed
control baseline against which all actual costs and
resources will now be monitored for variations to the
budget, and form a part of the change/variation control
program.

Estimating Methods Used:

Class 2 estimates always involve a high degree of
deterministic estimating methods. Class 2 estimates are
prepared in great detail, and often involve tens of
thousands of unit cost line items. For those areas of the
project still undefined, an assumed level of detail takeoff
(forced detail) may be developed to use as line items in the
estimate instead of relying on factoring methods.

Expected Accuracy Range:

Typical accuracy ranges for Class 2 estimates are -5% to
-15% on the low side, and +5% to +20% on the high side,
depending on the technological complexity of the project,
appropriate reference information, and the inclusion of an
appropriate contingency determination. Ranges could
exceed those shown in unusual circumstances.

Effort to Prepare (for US$20MM project):

Typically, as little as 300 hours or less to perhaps more
than 3,000 hours, depending on the project and the
estimating methodology used. Bid estimates typically
require more effort than estimates used for funding or
control purposes.

ANSI Standard Reference Z294.2-1989 Name:
Definitive estimate (typically -5% to + 15%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:

Detailed control, forced detail, execution phase, master
control, engineering, bid, tender, change order estimate.

Figure 2d. — Class 2 Estimate

CLASS 1 ESTIMATE

Description:

Class 1 estimates are generally prepared for discrete parts
or sections of the total project rather than generating this
level of detail for the entire project. The parts of the project
estimated at this level of detail will typically be used by
subcontractors for bids, or by owners for check estimates.
The updated estimate is often referred to as the current
control estimate and becomes the new baseline for
cost/schedule control of the project. Class 1 estimates may
be prepared for parts of the project to comprise a fair price
estimate or bid check estimate to compare against a
contractor’s bid estimate, or to evaluate/dispute claims.
Typically, engineering is from 50% to 100% complete, and
would comprise virtually all engineering and design
documentation of the project, and complete project
execution and commissioning plans.

Level of Project Definition Required:
50% to 100% of full project definition.

End Usage:

Class 1 estimates are typically prepared to form a current
control estimate to be used as the final control baseline
against which all actual costs and resources will now be
monitored for variations to the budget, and form a part of
the change/variation control program. They may be used to
evaluate bid checking, to support vendor/contractor
negotiations, or for claim evaluations and dispute
resolution.

Estimating Methods Used:

Class 1 estimates involve the highest degree of
deterministic estimating methods, and require a great
amount of effort. Class 1 estimates are prepared in great
detail, and thus are usually performed on only the most
important or critical areas of the project. All items in the
estimate are usually unit cost line items based on actual
design quantities.

Expected Accuracy Range:

Typical accuracy ranges for Class 1 estimates are -3% to
-10% on the low side, and +3% to +15% on the high side,
depending on the technological complexity of the project,
appropriate reference information, and the inclusion of an
appropriate contingency determination. Ranges could
exceed those shown in unusual circumstances.

Effort to Prepare (for US$20MM project):

Class 1 estimates require the most effort to create, and as
such are generally developed for only selected areas of the
project, or for bidding purposes. A complete Class 1
estimate may involve as little as 600 hours or less, to
perhaps more than 6,000 hours, depending on the project
and the estimating methodology used. Bid estimates
typically require more effort than estimates used for funding
or control purposes.

ANSI Standard Reference 294.2 Name:
Definitive estimate (typically -5% to + 15%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:

Full detail, release, fall-out, tender, firm price, bottoms-up,
final, detailed control, forced detail, execution phase,
master control, fair price, definitive, change order estimate.

Figure 2e. — Class 1 Estimate
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COMPARISON OF CLASSIFICATION PRACTICES

February 2, 2005

Figures 3a through 3c provide a comparison of the estimate classification practices of various firms,
organizations, and published sources against one another and against the guideline classifications.
These tables permits users to benchmark their own classification practices.

Association of Cost

Norwegian Project

American Society

INCREASING PROJECT DEFINITION

N/

AACES?;?;::?"O" ANSIZSQt“agdard AACE Pre-1972 Engineers (UK) Management of Professional
’ ACostE Association (NFP) | Estimators (ASPE)
Concession Estimate
Order of Magnitude Order of Magnitude Order of Magnitude Exploration Estimate
Class 5 Estimate Estimate Estimate
-30/+50 Class IV -30/+30 Level 1
Feasibility Estimate
Class 4 Study Estimate Study Estimate AuItEh(;rlzatt|on
Class Il -20/+20 stimate Lovel 2
Budget Estimate eve
-15/+30
- . : Master Control
Class 3 Preliminary Estimate Budget Estimate )
Class Il -10/+10 Estimate Level 3
Class 2 Definitive Estimate Level 4
Definitive Estimate Definitive Estimate Current Control
-5/+15 Class | -5/+5 Estimate Level 5
Class 1 Detailed Estimate
Level 6

Figure 3a. - Comparison of Classification Practices
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AACE Classification Major Consumer Major Oil Company Major Oil Company Major Oil Company
Products Company N ) . .
Standard . (Confidential) (Confidential) (Confidential)
(Confidential)
Class A
Class Class V Prospect Estimate
Class 5 88 S Order of Magnitude Class V
Strategic Estimate Estimat
stimate Class B
% Evaluation Estimate
E
% Class C
g Class 4 Class 1 ) Qlass IV_ Feasibility Estimate Class IV
P Conceptual Estimate Screening Estimate
5 Class D
g Deé/etlgpn:ent
& Class 2 Primcalfysél)l:]trol S Class Il
o Class 3 Semi-Detailed Esti Class E
= Estimate stimate Preliminary Esti
% ry Estimate
<
w Class Il
o Class F
% Class 2 MaStef Control Master Control Class |
= Estimate Estimat
Class 3 stimate
Detailed Estimate Class |
— Class 1 Current Control Cu"Een.t Control Class |
N stimate
V Estimate

Figure 3b. — Comparison of Classification Practices

INCREASING PROJECT DEFINITION

N\

AACE Classification J.R. Heizelman, K.T. Yeo, Stevens & Davis, P. Behrenbruck,
Standard 1988 AACE The Cost Engineer, 1988 AACE Journal of Petroleum
Transactions [1] 1989 [2] Transactions [3] Technology, 1993 [4]
Class V . .
Class 5 Class V Order of Magnitude Class Il Order of Magnitude
Class IV
Class 4 Class IV .
Factor Estimate Study Estimate
Class Il Class Il
Class 3 Class Il Office Estimate
Budget Estimate
Class Il
Ciss2 Class I Definitive Estimate
Class 1 Class | Class | Class | Control Estimate

Final Estimate

[1] John R. Heizelman, ARCO Oil & Gas Co., 1988 AACE Transactions, Paper V3.7
[2] K.T. Yeo, The Cost Engineer, Vol. 27, No. 6, 1989

[3] Stevens & Davis, BP International Ltd., 1988 AACE Transactions, Paper B4.1 (* Class Il is inferred)

[4] Peter Behrenbruck, BHP Petroleum Pty., Ltd., article in Petroleum Technology, August 1993

Figure 3c. — Comparison of Classification Practices
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ESTIMATE INPUT CHECKLIST AND MATURITY MATRIX

Figure 4 maps the extent and maturity of estimate input information (deliverables) against the five
estimate classification levels. This is a checklist of basic deliverables found in common practice in the
process industries. The maturity level is an approximation of the degree of completion of the deliverable.
The degree of completion is indicated by the following letters.

¢ None (blank): development of the deliverable has not begun.

e Started (S): work on the deliverable has begun. Development is typically limited to sketches, rough
outlines, or similar levels of early completion.

e Preliminary (P): work on the deliverable is advanced. Interim, cross-functional reviews have usually
been conducted. Development may be near completion except for final reviews and approvals.

e Complete (C): the deliverable has been reviewed and approved as appropriate.

ESTIMATE CLASSIFICATION

General Project Data: CLASS 5 CLASS 4 CLASS 3 |CLASS2|CLASS1
Project Scope Description General Preliminary Defined Defined | Defined
Plant Production/Facility Capacity Assumed Preliminary Defined Defined | Defined
Plant Location General Approximate Specific Specific | Specific
Soils & Hydrology None Preliminary Defined Defined | Defined
Integrated Project Plan None Preliminary Defined Defined | Defined
Project Master Schedule None Preliminary Defined Defined | Defined
Escalation Strategy None Preliminary Defined Defined | Defined
Work Breakdown Structure None Preliminary Defined Defined | Defined
Project Code of Accounts None Preliminary Defined Defined | Defined
Contracting Strategy Assumed Assumed Preliminary | Defined | Defined

Engineering Deliverables:

Block Flow Diagrams S/P P/C C C C
Plot Plans S P/C C C
Process Flow Diagrams (PFDs) S/P P/C C C
Utility Flow Diagrams (UFDs) S/P P/C C C
Piping & Instrument Diagrams (P&IDs) S P/C C C
Heat & Material Balances S P/C C C
Process Equipment List S/P P/C C C
Utility Equipment List S/P P/C C C
Electrical One-Line Drawings S/P P/C C C
Specifications & Datasheets S P/C C C
General Equipment Arrangement Drawings S P/C C C
Spare Parts Listings S/P P C
Mechanical Discipline Drawings S P P/C
Electrical Discipline Drawings S P P/C
Instrumentation/Control System Discipline Drawings S P P/C
Civil/Structural/Site Discipline Drawings S P P/C

Figure 4. — Estimate Input Checklist and Maturity Matrix

REFERENCES
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0 Executive summary

0.1 Introduction and rationale

The Supplementary Green Book Guidance on Optimism Bias (HM Treasury
2003) with reference to the Review of Large Public Procurement in the UK
(Mott MacDonald 2002) notes that there is a demonstrated, systematic, ten-
dency for project appraisers to be overly optimistic and that to redress this ten-
dency appraisers should make explicit, empirically based adjustments to the
estimates of a project’s costs, benefits, and duration.

HM Treasury recommends that these adjustments be based on data from past
projects or similar projects elsewhere, and adjusted for the unique characteris-
tics of the project in hand. In the absence of a more specific evidence base, HM
Treasury has encouraged departments to collect data to inform future estimates
of optimism, and in the meantime use the best available data.

In response to this, the Department for Transport (henceforth DfT), has con-
tracted Bent Flyvbjerg in association with COWI to undertake the consultancy
assignment "Procedures for dealing with Optimism Bias in Transport Plan-
ning". The present Guidance Document is the result of this assignment.

0.2 Objective

The main aims of the present Guidance Document are to:

»  provide empirically based optimism bias up-lifts for selected reference
classes of transport infrastructure projects'; and

» provide guidance on using the established optimism bias uplifts to produce
more realistic forecasts for the individual project's capital expenditures.

! The present guidance document establishes empirically based uplift for capital expendi-
tures for transport infrastructure projects based on the full business case (time of decision to
build). Similar works duration uplifts and reduction factors for project benefit have not
been established due to lack of statistical data.

Bent Flyvbjerg in association with COWI
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Furthermore, the underlying causes and institutional context for optimism bias
in British transport projects are discussed and some possibilities for reducing
optimism bias in project preparation and decision-making are identified.

The guidance is however not designed to provide comprehensive information
on the range of tools that exist to prevent optimism bias, including project man-
agement and risk management techniques. Reference should be made to the
Green Book and related sources of guidance, including the Office of Govern-
ment Commerce.

0.3 The established uplifts

The types of transport schemes under the direct and indirect responsibility of
the Department for Transport have been divided into a number of distinct
groups where the risk of cost overruns within each of the groups can be treated
as statistically similar.

For each of the groups, a reference class of completed transport infrastructure
projects has been used to establish probability distributions for cost overruns
for new projects similar in scope and risks to the projects in the reference class.

Based on this, the necessary uplifts to ensure that the risk of cost overrun is be-
low certain pre-defined levels have been established. These up-lifts are re-

flected in the table below.

Table 0: Applicable capital expenditure optimism bias uplifts

Category Types of projects Applicable optimism bias uplifts

50% 80%
percentile percentile

Roads Motorway
Trunk roads
Local roads
Bicycle facilities
. el 15% 32%
Pedestrian facilities
Park and ride

Bus lane schemes

Guided buses on wheels

Rail Metro

Light rail
Guided buses on tracks 40% 57%
Conventional rail

High speed rail

Fixed links Bridges
23% 55%
Tunnels
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Building projects Stations
. g 4-51%*
Terminal buildings

IT projects IT system development 10-200%*
Standard civil Included for reference purposes only

) . 3-44%*
engineering
Non-standard civil Included for reference purposes only

) . 6-66%*
engineering

*) Based on Mott MacDonald study, p. 32; no probability distribution available.

0.4 Using the established uplifts

The established uplifts for optimism bias should be applied to estimated budg-
ets at the time of decision to build a project. The approval stage is equivalent to
the time of presenting the business case for a project to the Department for
Transport with a view to obtaining the go or no-go for that project. The uplifts
refer to cost overrun calculated in constant prices.

In relation to the appraisal requirements for Local Transport Plans (LTPs) the
application of up-lifts should be in connection with the submission of the ap-
praisal information (Annex E) provided by authorities to help determine the
allocation of resources for five-year programmes and major schemes. The ap-
plication of the uplifts should be transparent for the appraiser.

If, for instance, a group of planners were preparing the business case for a new
motorway, and if they or their client had decided that the risk of cost overrun
must be less than 20%, then they would use an uplift of 32% on their estimated
capital expenditure budget. Thus, if the initially estimated budget were £100
million, then the final budget taking into account optimism bias at the 80%-
level would be £132 million. If the planners or their client decided instead that
a 50% risk of cost overrun was acceptable, then the uplift would be 15% and
the final budget £115 million.

Similarly, if a group of planners were preparing the business case for a metro
rail project, and if they or their client had decided that with 80% certainty they
wanted to stay within budget, then they would use an uplift on capital costs of
57%. An initial capital expenditure budget of £300 million would then become
a final budget of £504 million. If the planners or their client required only 50%
certainty they would stay within budget, then the final budget would be £420
million.

It follows that the 50% percentile should be used only in instances where inves
tors are willing to take a high degree of risk that cost overrun will occur and/or
in situations where investors are funding a large number of projects and where
cost savings (underruns) on one project may be used to cover the costs of over-
runs on other projects. The upper percentiles (80-90%) should be used when
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investors want a high degree of certainty that cost overrun will not occur, for
instance in stand-alone projects with no access to additional funds beyond the
approved budget. Other percentiles may be employed to reflect other degrees of
willingness to accept risk and the associated uplifts can be found in the Guid-
ance Document.

0.5 Causes of optimism bias and possible cures

Transport projects are inherently risky due to the long planning horizon and
complex interfaces. Often the project scope or ambition level will change sig-
nificantly during project development and implementation. Changes may be
due to uncertainty at the early project stages on the level of ambition, the exact
corridor, the technical standards, project interfaces and geotechnical conditions,
etc. Hence, a certain degree of budget uncertainty exists which will typically be
reduced through the project cycle.

However, the complexity should not be a surprise to the experienced planner as
the occurrence of a certain number of unplanned events is the norm rather than
the exception in transport infrastructure projects. It is therefore relevant to ask
if there are more deep-seated causes of optimism bias that can explain why pro-
ject planners do not set aside substantial contingencies when massive evidence
show that initial budgets for transport infrastructure projects are characterised
by pronounced optimism bias.

Theories on cost overrun suggest that optimism bias could be caused by a com-
bination of how the decision-making process is organised and strategic behav-
iour of actors involved in the planning and decision-making processes.

Our analysis indicates that political-institutional factors in the past have created
a climate where only few actors have had a direct interest in avoiding optimism
bias.

At the same time it is important to recognise that the introduction of optimism-
bias uplifts will establish total budget reservations (including up-lifts) which for
some projects will be more than adequate. This may in itself have an incentive
effect which works against tight cost control if the total budget reservation is
perceived as being available to the project.

This makes it important to combine the introduction of optimism bias uplifts
with maintained incentives for promoters to undertake good quantified risk as-

sessment and exercise prudent cost control during project implementation.

It is therefore recommended that the introduction of optimism bias uplifts is
supported by:

*  Emphasis on establishing realistic budgeting as an ideal and de-legitimise
over-optimistic budgeting as a routine

Bent Flyvbjerg in association with COWI



The British Department for Transport, Procedures for Dealing with Optimism Bias in Transport Planning 6

Guidance Document, June 2004

Introduction of fiscal incentives against cost overruns e.g. through requir-
ing local co-financing of project cost escalation where possible

Formalised requirements for high quality cost and risk assessment at the
business case stage

Introduction of independent appraisal supported by necessary enforcement
measures
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Figure 8 - Required uplift as function of the maximum acceptable level
of risk for cost overrun, roads.
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Source: Flyvbjerg database, 2004. Constant prices.

4.1.2 Rail

On the basis of the probability distribution for rail shown above, required up-
lifts may be calculated, as shown in Figure 9. With a willingness to accept a
50% risk for cost overrun in a rail project, the required uplift would be 40%. If
the Department for Transport were willing to accept only a 10% risk for cost
overrun, then the required uplift would be 68%.

Figure 9 - Required uplift as function of the maximum acceptable level of
risk for cost overrun, rail.
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Source: Flyvbjerg database, 2004. Constant prices.
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runs on other projects. The upper percentiles (80-90%) should be used when
investors want a high degree of certainty that cost overrun will not occur, for
instance in stand-alone projects with no access to additional funds beyond the
approved budget. Other percentiles may be employed to reflect other degrees of
willingness to accept risk.

Table 6 - Applicable capital expenditure uplifts for selected percentiles.
Constant prices.

Category Types of projects Applicable optimism bias uplifts
50% 60% 70% 80% 90%
per- per- per- per- per-
centile centile centile centile centile
Roads Motorway
Trunk roads
Local roads
Bicycle facilities
. . 15% 24% 27% 32% 45%
Pedestrian facilities
Park and ride
Bus lane schemes
Guided buses on wheels
Rail Metro
Light rail
Guided buses on tracks 40% 45% 51% 57% 68%
Conventional rail
High speed rail
Fixed links Bridges
23% 26% 34% 55% 83%
Tunnels
Building Stations
. . g 4-51%*
projects Terminal buildings
IT projects IT system development 10-200%*
Standard Included for reference
civil engi- purposes only 3-44%*
neering
Non-standard | Included for reference
civil engi- purposes only 6-66%*
neering

*) Figure based on Mott MacDonald study, p. 32; no probability distribution or percentiles available.

Bent Flyvbjerg in association with

COWIL
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The schedule below lists the agencies and personnel visited in the research phase
of this assignment.

WESTERN AUSTRALIA
Department of Planning and Infrastructure

Date: 14 November 2007

John Fischer Executive Director-Transport Industry Policy
Bruce Chan Director — Land Transport Policy Program
Phil Ariti Strategic Policy Analyst —Land Transport Policy

Public Transport Authority
Date: 14 November 2007
Reece Waldock Chief Executive Officer

Peter King Executive Director — Finance and Contracts

Main Roads WA
Date: 15 November 2007

Menno Henneveld Commissioner of Main Roads

Mike Cosson Manager Project Programming (Budget and Program Management)
Trevor Gee Project Programming Manager (Budget and Program Management)
Jim Gerrard Acting Director Regional Operations

Randall Field Manager Contract Services

Bruce Cunningham Manager — Project and Contract Management Practice

Kathy Martin Acting Manager — Road Asset Planning

SOUTH AUSTRALIA

Department of Transport, Energy and Infrastructure

Date: 16 November 2007

Mark Elford Director — Road Transport Policy and Planning

Aaron Bell Senior Project Finance Analyst, Project Office-Projects
Christopher Carr Manager Project Office-Projects

Denise Hatzi Acting Project Investment Manager — Road Transport Policy &
Investment

Best Practice Cost Estimation Ver 26 20080811.doc -
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Australian Rail Track Corporation Ltd

Date: 19 November 2007

Mark Skanes Executive Manager — Standards and Systems
Phillip Campbell Configuration Manager — Asset Management
VICTORIA

Department of Infrastructure

Date: 29 November 2007

Elizabeth O’Keefe  General Manager — Capital Planning and Review

Ben Barrow Senior Infrastructure Analyst — Capital Planning and Review
Frank Wagner General Manager Operations — Infrastructure Projects Division
VicRoads

Date: 29 November 2007
Bruce Gidley Executive Director — Major Projects
Ed McGeehan Manager - Network Evaluation and Analysis

Charlie Broadhurst  Project Director — South Eastern Projects

Kevin Devlin Alliance Project Manager —West Gate Bridge Strengthening Alliance
David Teague Delivery Manager, Pre-construction Deer Park Bypass

Jamie Favaloro Team Leader, Improvement Projects Metro South East Region
Nicki Kyriakou Auslink Program Coordinator

Dimitrios Polymenakos Manager Operations - M1 Project

QUEENSLAND

Queensland Department of Main Roads

Date: 22 November 2007

lan Gray Project Manager (Estimating)-Project Support Services

NORTHERN TERRITORY

Department of Planning and Infrastructure

Date: 3 December 2007

Ken Grattan Director, Network Development, Road Network Division
Peter Toll Manager, Engineering Services, Construction Division
Daniel Lobley Network Development, Road Network Division

Shane Tapper Engineering Services, Construction Division

Best Practice Cost Estimation Ver 26 20080811.doc -
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TASMANIA
Department of Infrastructure, Energy and Resources

Date: 18 December 2007

Phil Cantillon Manager — Programming and Delivery

Geoff Mulcahy Manager Project Services - Programming and Delivery
Scott Dobie General Manager Rail

Narelle Harvey Senior Executive Office Programming

Travis Prins Policy Analyst

Gundasa Ginneliya Senior Project Manager

Mike King Consultant Project Manager

NEW SOUTH WALES

Road & Traffic Authority

Date: 23 November 2007

Brian Watters Director, Major Infrastructure

Peter Wellings Major Infrastructure
Date: 3 December 2007

Peter Letts Manager, Project Management Office, Infrastructure Contracts

Basil Pazpinis Estimating Manager/PMO/MIC
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Appendix 9 Input Checklist
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Estimate Input Checklist and Maturity Matrix

The schedule below suggests the level of input information that should be provided at the three stages of estimate.
The amount of detailed input at the Development phase w ould be influenced by the Procurement Strategy (eg Design and Construct w ould not require a detailed reference design)

General Project Data
General

Project Identification Phase

Project Scoping Phase

Best Practice Cost Estimation

Project Development Phase

Performance and Functionality
Requirements

General Description

Developing Definition

Defined

Project Scope Description

General Description

Developing Description

Defined

Alignment - Horizontal

Assumed (eg on photo map)

Alignment - Vertical

Assumptions described

Property Requirements

Major requirements and assumptions noted

Prelim schedule of properties prepared

Complete schedule of properties,

Geotechnical

Regional Data/ know ledge

Limited investigation

Detailed investigation

Survey

Maps/ Casastral boundaries overlaid on
photomaps

Preliminary survey, identify problem areas

Detailed survey

Environmental

Assumptions, key issues

Preliminary Studies

Detailed studies

Community Consultation

Assumptions, key issues

Preliminary Studies and Consultation, w ith extent

Full consultation and requirements identified

Noise Studies

Assumptions, key issues

Preliminary Studies and Consultation

Full consultation

Escalation

Apply factors at overall level

Based on Preliminary Cash Flow

Based on developed Cash Flow

Work Breakdown Structure

Level 1/2

Level 2/3

Level 3

Contracting Strategy

Assumption

Preliminary

Defined

Engineering Documentation

Utility Adjustments

Assumptions and desktop research for major
issues

Limited research (Dial for Dig)

Detailed research and documentation

Bulk Earthworks

Assumptions, based on experienced judgement

Preliminary Cut and Fill quantities, Key Sections,

Confirmed Cut and Fill quantities, All Sections,

Drainage

Key areas identified, otherw ise assumptions

Preliminary layout, sizing of major items

Detailed layout, sizing of all items

Retaining Walls

Major locations identified, otherw ise assumptions

Locations and extent defined, assumed types.

Locations and extent defined, defined types.

Bridges

Locations identified, (typical solutions assumed)

Preliminary Designs, sizes available for all
structures

Detailed Designs, sizes available for all
structures

Pavements

Preliminary types identified

Developed types and locations show n

Detailed types and locations show n

Noise Barriers

Assumed possible locations

Extent and type show n, typical solutions

Extent and type show n, detailed solutions

Road Lighting

Assumption only

Assumptions, show n by locations

Detailed extent show n

Road Furniture and Safety Barriers

Assumption only

Assumptions, show n by locations

Detailed extent show n

Road Markings and Signage

Assumption only

Assumptions, show n by locations

Detailed extent show n

Traffic Signals

Assumed locations

Preliminary extent

Detailed extent show n

Traffic Information Systems

Assumption only

Assumption developing

Detailed scope

Environmental Works

Assumption only, key issues identified

Preliminary scope

Detailed scope

Landscaping

Assumption only, key issues identified

Preliminary scope

Detailed scope
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Appendix 10 Concise guide to Best Practice
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Standard™)
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Australian Government

Department of Infrastructure, Transport,
Regional Development and Local Government

CONCISE GUIDE TO BEST PRACTICE COST ESTIMATION (“THE STANDARD”)

1 INTRODUCTION

What is in this Concise Guide?

= a snapshot of the Best Practice Cost Estimation Standard

= the key attributes of the Standard as per the Evans & Peck 2008 report

= reference to check lists for CEO’s and senior officers when reviewing estimates

= important aspects of each attribute are outlined and explained

Objectives in seeking Best Practice in Cost Estimation:
. provide greater certainty of financial management

= achieve more uniformity in agency’s approach and presentation
= avoid cost overruns on project cost estimates

= deliver improved outcomes for financial management

Objectives
ENE

Inclusion in processes
1

Assuring compliance

Inclusion of the Best Practice Standard in Federal Infrastructure’s processes
= as part of a cultural change in the relationships with agencies

= as an integral part of the Notes on Administration

= to apply from the earliest phase of project identification to project completion

= built into the cost component of Project Proposal Reports and their outcomes

Use of Federal Infrastructure’s Best Practice Standard

= agencies requested to ‘sign on’ to achieving Best Practice in Cost Estimation

= each agency can retain their own documentation & governance processes

= agencies to demonstrate that they meet the Best Practice Cost Estimation Standard

= feedback from agencies on the benefits of the Standard

Page 1
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2 WHERE AND WHEN IS THE BEST PRACTICE STANDARD PUT INTO
USE

Best Practice in Cost Estimation must be applied to all phases of a project. While it is essential for
Australian Government funded road and rail projects, agencies will benefit from its application for
State/Territory funded projects.

It is crucial in the early phases, particularly where there is uncertainty as to the project’s preferred
course, its scope definition, any potential implementation program and outturn costs.

Early project cost ‘announcements’ are not forgotten as projects unfold. A ‘low’ number becomes
a problem in later phases for all involved. Poor cost estimation can become a reputational issue
for organisations.

The project phases and key outcomes relating to cost estimates are shown below.

4 N

Project Identification

Identifying options & strategic merit testing

Minimal information for cost estimating

o Project may be considered to have Strategic Merit

\ )

( N

Project Scoping
° Preferred option may be identified
. Business case completed with Benefit Cost Report’s
o Outturn cost estimate developed as part of request for
K Australian Government funding /

( N

Project Development
o Design & documentation completed
° Ready to call tenders with pre-tender estimate

o Australian Government funding sought

- j

4 N

Project Delivery
. Contract awarded & construction occurs
. Commission, handover and asset put to use

3 All claims resolved, project accounts completed & file
closed

. /
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3 PROJECT CHECK LISTS

To meet the Best Practice Standard for the cost estimate in each project phase an agency needs a
check list or check lists for each phase.

The check lists provide guidance to those preparing, reviewing and approving the cost estimate.
They can range from input check lists to process check lists. The check list provides the
organization with an assurance that the correct processes have been followed and this improves
accountability.

A broad check list could be as set out below.

4 N

INPUTS FOR BASE ESTIAMTE

Has the inputs check list been followed?
Is the cost of land and other high value acquisitions included?

Has a ‘sanity check’ been done on the estimate?

YV V VYV V

Has there been a peer review?

INE

CONTINGENCY ALLOWANCE

» Are the contingency percentages based on the agency’s view?
What level of risk does the estimate cover, a P50 or P90?

» Has a ‘sanity check’ been done on the overall contingency allowance to
ensure it is suitable for the phase the project is up to?

NS

CASH FLOW & ESCALATION

/

~

Has there been discussion and agreement with Federal Infrastructure on this project
regarding

» The implementation program & cash flow?

» The escalation model and annual percentages?

INE
a )

CHANGES, REVIEW AND APPROVAL

\ J

» Have all changes from prior cost estimates been identified and accounted
for?

» Has the estimate been properly prepared, reviewed and approved?
»  Why has the estimate changed?
\ >  Should this cost estimate be anproved? J
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4 ATTRIBUTES OF A BEST PRACTICE COST ESTIMATION STANDARD

The Best Practice Cost Estimation Standard has a series of attributes, both general and specific.
These in themselves are not a manual, a set of processes or a prescribed form of documentation.

It is for the agencies to ensure and to be able to demonstrate that their manuals, documentation,
processes and governance relating to project cost estimation have these attributes.

There is a requirement that presentation of cost estimates should meet a uniform national
standard in terms of broad common approach. This is to encourage compatibility of data and to
form a useful basis for comparison and development of benchmark cost data for the benefit of
Federal Infrastructure and all agencies.

A summary of the general and specific attributes of a Best Practice Cost Estimation Standard are
shown in the figure below and described in the following pages.

K General Attributes \

Easy to use, comprehensive, logical,
precise, informative, wide application,
simple processes & procedures

Specific Attributes

Project Scope Definition

Estimate Structure & Presentation format
> Base Estimate
> Risk & Contingency
> Cash Flow
> Escalation
> Project Summary

Estimate Preparation
> appropriate level of detail
> project scope definition
>right information & experienced people
> risk assessment & contingencies
>pbenchmarking

Review & Approval

Change Management
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5 GENERAL ATTRIBUTES

Listed below are the attributes that define the characteristics, feel or style of an agency’s
documentation, manuals and processes.

They relate to the ‘user friendly’ nature of the material rather than to the technical content. Some
of the general attributes and an explanation about each one are listed in the table below.

Identifiable attribute How the attribute is recognised ‘
Policy Statement/ Executive e Describing the agency’s overall objectives with
summary estimating.

Logical, easy to understand o Reflects good professional practice

e Simple language and set-out
e Glossary of terms and acronyms

e Simple illustrated processes with flow sheets and clear
dot point procedures accompanied by worked
examples

Informative and comprehensive e A document that educates through words and
examples.

e The “Go to” document for estimating
e |s the document that contains all there is to know

e Stand alone document, not requiring extensive cross
reference to other procedures

Wide application e Principles should apply to large and small projects,
even outside road and rail sector (with appropriate
changes to detail)

Continuous Improvement e Evidenced by the degree of application and compliance

e Procedure for feedback for process improvement made
clear

Bibliography e Bibliography of external reference material to assist
and inform users
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6 SPECIFIC ATTRIBUTE — PROJECT SCOPE DEFINITION STRUCTURE

A reliable project cost estimate has to be based on a reliable project scope definition. This
requires a clear set of project objectives upon which the performance, functional and physical
requirements can be developed. It is equally important to identify the project context, constraints
and specific exclusions. This is an essential prerequisite for best practice cost estimating.

The process to establish the project scope definition is shown below. In can be a high level check
list (with other lower level check lists) to ensure the project scope definition has been done as
thoroughly as possible consistent with the phase the project has reached. Project scope definition
is most important in the early phases of a project when there may be minimal engineering design
and site information available.

A thorough project scope definition makes it possible to monitor and identify any changes in future
phases and to assess their impact on the project cost estimate.

/ Project Objectives \
Should be expressed as, and not limited to:

>  An operational target date;

» A link between corridors; or

> A corridor capacity improvement;

» A community linking facility;

» A safety Target; etc,
\With any exclusions noted /

e |

o

/ Performance Criteria & Requirements \
Should be stated as:
»  Vehicle carrying/train path capacity;
»  Functionality of an intersection/junction or section of
highway/rail track;
Design and posted speed limits;
Pavement/permanent way life;
Sustainability criteria
Maintenance and operational requirements etc

QVith any exclusions noted /

Gefinition, Context & Constraints \ / Physical Scope \

VVVYYVY

Should include and define: Should be drawings and design report to
» Likely project plan (fast or identify:
optimum); Nature of work;
>  Type of project to assess risk & Extent and limitations of work;
complexity; Assumptions made in design;

Interfaces & work required at them;
Services (utilities) relocations;
Specific exclusions, to measure scope

creep; and

»  Constraints affecting design or
construction;

» Key interfaces & conditions at those
interfaces;

» Method of project delivery; and

\> Exclusions to the project

Acquisitions

/\7 VVVYVYVYVYY
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7 SPECIFIC ATTRIBUTE — ESTIMATE STRUCTURE & PRESENTATION

Estimate Structure

There are four main components of a project outturn cost estimate: base estimate (construction
cost + owners cost), contingency allowance, cashflow determination and escalation.

The format for the base estimate should be standardised to a large extent by all agencies to meet
a Federal Infrastructure preferred layout. A consistent set of headings provides consistent data for
comparison purposes and to develop benchmarks. Construction costs are determined using the
direct/indirect cost plus margin method (which is preferred) or alternatively by the use of all-up
rates. The direct/indirect plus margin method should be used for large projects at more developed
phases because the impact of indirect costs on unit rates and risk can be better identified.

Contingency allowance is to cover a level of risk, in itself a measure of uncertainty. Federal
Infrastructure requires all project outturn cost estimates submitted to it to be at the P90 level of
probabilistic risk analysis or equivalent if risk is assessed by a deterministic method (i.e. a
percentage). Shown below is an outturn cost estimate structure with its key component parts.

e ™\
DIRECT COSTS

-usean appropriatelevel WBS

-establish quantities

-establish unit rates

DirectCosts

/INDIRECTCOSTS
-develop a plan
Indirect Costs -prepareaprogram
- establish quantities
\-establish unitrates

-
MARGIN
-influenced by form ofdelivery
-affected by marketconditions
\-establish mostlikely margin

Margin

CONSTRUCTION COSTS

PROJECTCOSTS

OWNER'S PROJECT -Owner's internal staff costs
COSTS -projectmanagement & design fees

-land costs,levies & othercharges

BASE ESTIMATE

/ \ /CONTINGENCY N

-an allowanceto cover a specified level of risk
CONTINGENCY inthe projectimplementation

for Risk -forinherentor ‘range' risk on measured
itemsin Base Estimate
\ / \-for ‘other'unmeasureditem risks

CASHFLOW

CASHFLOW -based on projectimplementation program
-applied to Base Estimate + Contingency
N

-
ESCALATION

ESCALATION -applied to Cash Flow
\ ) -up to start of & during construction )

K TOTAL OUTTURN COST /
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8 SPECIFIC ATTRIBUTE — ESTIMATE STRUCTURE & PRESENTATION

Estimate Presentation

Shown below is a summary presentation format with contingency using the deterministic method
(more presentation and layout details are in the Federal Infrastructure Notes on Administration).

The Work Breakdown Structure for the Construction Costs is a key structure to achieve a common
standard for estimate breakdown.

Project Summary (Example only-Deterministic Risk Assessm ent)

= Base o =
ate ge 0 ge _
d ge c
Phase op g
Base date of Estimate: Jan 2008 % Amount
ConceptDevelopment
Route /Concept /EIS 300,000 10% 30,000 330,000
Project Management Senices 250,000 15% 37,500 287,500
Sponsor 120,000 20% 24,000 144,000
Community Liaison 85,000 30% 25,500 110,500
Subtotal Concept Devel opment 755,000 117,000 872,000 1.6%
Detail Design and Documentation
Investigation and Design 2,500,000 20% 500,000 3,000,000
Project Management Senices 1,250,000 25% 312,500 1,562,500
Sponsor 125,000 20% 25,000 150,000
Community Liaison 160,000 30% 48,000 208,000
StulietEl e Beslgn end 4,035,000 885,500 4,920,500  8.5%
Documentation
Property Acquisition
Acquire Property 3,750,000 30% 1,125,000 4,875,000
Professional Senices for Property 275,000 25% 68,750 343,750
Project Management Senices 180,000 25% 45,000 225,000
Sponsor 120,000 20% 24,000 144,000
Subtotal Property Acquisition 4,325,000 1,262,750 5,587,750 9.1%
Total Ow ner's Cost 9,115,000 2,265,250 11,380,250 19.2%
Construction
Contractor's Direct Costs
Utility Adjustments 3,000,000 40% 1,200,000 4,200,000
Bulk Earthworks 5,500,000 15% 825,000 6,325,000
Drainage 1,250,000 15% 187,500 1,437,500
Retaining Walls 2,400,000 25% 600,000 3,000,000
Bridges 3,000,000 25% 750,000 3,750,000
Pavements 8,500,000 20% 1,700,000 10,200,000
Other
Noise Barriers 1,200,000 25% 300,000 1,500,000
Road Lighting 750,000 20% 150,000 900,000
Road Furniture and Safety Barriers 650,000 30% 195,000 845,000
Road Markings and Signage 425,000 20% 85,000 510,000
Traffic Signals 0
Traffic Information Systems 0
E nvironmental Works 360,000 25% 90,000 450,000
Landscaping 300,000 20% 60,000 360,000
Other 125,000 30% 37,500 162,500
Subtotal Contractor's Direct Costs 27,460,000 6,180,000 33,640,000
Contractor's Indirect Costs
Preliminaries 24.00% 6,590,400 25% 1,647,600 8,238,000
Co ntractolr's Offsite Overhead 13.00%| 4,426,552 20% 885,310 5,311,862
and Margin
Total Construction Cost (TCC) 38,476,952 8,712,910 47,189,862| 80.8%
SR (SSRGS (o ner.'s Gt & 47,591,952 10,978,160 58,570,112| 100.0%
Construction Cost)
Contingency - Inherent risk 0.0%
Contingency - Contingent risk 15.00%|of TCC 8,785,517 0.0%
Base Estimate + Contingency (Inherent + Contingent) 67,355,629 141.5%
Cash Flow : Start Construction July 2009, Finish Construction Dec 2010
Escalation (applied to Base
. . 17.5% 11,787,235 24.8%
Estimate + Contingency)
0 @) 0 9,142,864 66.3%

(Note: If the project contains major separable portions w hich need to be monitored separately, the above information should be repeated
for each portion)
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9 SPECIFIC ATTRIBUTE — ESTIMATE PREPARATION (1)

This attribute is about people and their skills. Who are they, what process do they follow and what
actually has to happen to prepare the outturn cost estimate given the structure is in place to
determine (1) the project scope definition and (2) the components and presentation of the cost
information.

Estimates prepared early in a project’s life require more experienced people than for estimates at
later stages. Why? Because the project is often ill-defined and an estimate may be required
quickly in order to make ‘an announcement’. Hence there is a need for experienced people who
can exercise judgment and use their knowledge to ‘bridge’ the information gaps and lack of data.

For early stage outturn cost estimates the experienced people’s time should be allocated
appropriately to the three most important aspects:

(1) project scope definition (what is it, what’s in, what’s out, what must be allowed and
working through the checklists);

(2) the base estimate of measured construction and owner costs (using the appropriate level
of detail in a Work Breakdown Structure to suit the phase of the project); and

(3) the contingency allowance (made up of range risk and contingent risk) to cover a P90
level of risk, the projected cash flow based on an implementation program and
expenditure profile and escalation based on that cashflow (preferably using a model that
predicts annual escalation rates in each agency.

There can be a tendency in some cases to provide low contingencies in the early stages of
projects, in order to “make the project appear more affordable”. This approach should be avoided
and is viewed as unacceptable.

Project Scope Definition and the Base Estimate

This is essentially an inward focussed task to define the project and produce the best effort
possible in the time to list out its measured quantities and apply appropriate unit cost rates. To
avoid wasting estimator’s time, a session to do the project scope definition should precede
preparation of the base estimate.

The estimate components should be benchmarked against other projects or using benchmark rates
or benchmark percentages as a comparison (i.e. drainage & environmental equals the expected
percentage of overall road construction cost).

The two steps are shown schematically below.

s ™
( \ Project Objectives
\
N B
Project Scope Performance Criteria &
Definition Requirements
L S/
1L 1T
Definition,
Context & Physical Scope

K j Constraints

Construction Costs
Base Estimate plus

Owner’'s Costs
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10 SPECIFIC ATTRIBUTE — ESTIMATE PREPARATION (2)

Contingency allowance, cash flow and escalation

There should be some interaction with Federal Infrastructure on the implementation program (year
of start up then duration of works), as it affects the cash flow and escalation provision. In the cash
flow the contingency should be biased towards the back end of the project.

Future Australian Government funded road and rail projects require liaison on the cash flow
estimates and escalation provisions between the agency and Federal Infrastructure as many
projects may be co-funded.

Federal Infrastructure projects currently require an outturn cost estimate at, or equivalent to a P90
level.

Escalation estimating requires a prediction of future per annum rates of escalation well out into the
future. As this is an inexact science it could become a matter of debate between Federal
Infrastructure and the respective agency, hence close liaison is required.

These last three estimate preparation steps leading to an outturn cost estimate are illustrated
below.

Total Project Cost

.
P90 commercial Decision
/ \ 0.9
Risk

0.7 Base Expostre
Estimate
Es Value

ity

Contingency
Allowance

0.5 ¥

0.4 4

w

Cumulative Probabili

0.3

Project
0.2 Eontimgency

. | v

Cost$'m

| A—

3

LEGEND

Cashflow Base Estimate
Contingency

Expenditure

1 2 3 4 5 6
Year

Cumulative total
Escalation = Cashflow per annum
X annual escalation rate
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11 SPECIFIC ATTRIBUTE — REVIEW AND APPROVAL

A review and approval process must be in place that identifies the criteria for review and approval,
which nominates eligible reviewers and approvers and defines their roles, responsibilities and
delegations.

Review comes in many forms. It includes:

= a review by the estimating staff’'s senior officer for content and accuracy;
= a peer review by others within the estimating or project area;

= an independent review by a party outside of the organisation;

. a periodic review to keep the estimate ‘up to date’ between phases.

Approval is determined by a agency’s management structure and delegations. Approvers
(including Federal Infrastructure staff) should be assisted with check lists and proper records of
the review and approval process.

Federal Infrastructure requires all outturn cost estimates from agencies to be reviewed and
approved in accordance with the agency’s documented processes that adhere to the attributes of
this Best Practice Cost Estimation Standard.

The review and approval process is a useful part of any policy that an agency may have in regard
to ministerial and/or departmental announcements of a project cost figure.

The key attributes for reviews and approvals that should be contained in procedures are listed
below.

Subject Requirement

Roles and Responsibilities for Identify the criteria, eligible reviewers and approvers

review and Approval Identify the roles and responsibilities.

How to review an estimate Guidance notes that are helpful and educate
Check lists for Peer reviewers
Check lists for Independent Reviewers
Peer Review Requirements Review procedures described and the process mapped
Who can/ must review
Review records
Concurrence Review Review procedures described and the process mapped
R RIS Who can/ must review

Review records

Independent Review Review procedures described and the process mapped
REENLIFEINATE Who can/ must review

Review records

Periodic reviews How often should estimates for future projects be reviewed (e.g.
yearly)
Review records

How to deal with the consequences.

Approvals requirements Who can approve estimates and under what circumstances
Check lists for Approvers
Records of Approval

Announcement of Project Policy regarding procedure for ministerial and/ or departmental
Estimates announcement of a $ figure (Who, limits etc)

Check lists-Federal Infrastructure  Check lists that assist Federal Infrastructure and agencies to
& Agencies interrogate the information
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12 SPECIFIC ATTRIBUTE — CHANGE MANAGEMENT

Dealing with delay and changes is an important factor in any project, particularly as it affects the
outturn cost estimate. As a project moves through its various phases the objective is to ensure
that its P90 outturn cost estimate is maintained at or below the P90 value established early in the
project life cycle.
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The "Acceptable" Project where 'final cost' doesn't exceed the 'first cost + contingency'

= a project where all the risks and contingent items occurred
or where net changes were absorbed within the risk and contingency allowance

Identifying categories of change enables a consistent approach to recording the cost of change and
provides agencies and Federal Infrastructure with a means to manage the changes. Suggested
categories of change are; performance and functionality change, policy and standards change,
third party changes, design development changes, escalation and contingency. Apart from
recording the data as a summary of cost adjustments it is best presented graphically to illustrate
the impact on the overall project cost as it moves from phase to phase (see figure below) and to
specifically record the extent of change in each of the above categories (see figure below).
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