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Foreword

The purpose of this Technical Reference Manual (TRM) is to assist the
Minnesota Department of Transportation (Mn/DOT) in achieving accuracy,
accountability, and consistency in cost estimation and cost management
efforts during the Planning, Scoping, Design, and Letting phases of project
development.

Mn/DOTs Mission is to provide the highest quality, dependable multi-modal
transportations system through ingenuity, integrity, alliance and accountability.
Mn/DOT hasundertaken several initiatives inan effort to continue tostrive for
this mission, including the Mn/DOT Cost Estimation Process Improvement
and Organizational Integration project. This TRM is one of the outcomes of
this multi-year project which involved Mn/DOT personnel from all levels,
districts, and functional groups.

The Mn/DOT Cost Estimation Process Improvement and Organizational
Integration project has been a comprehensive effort with broad participation
of those involved in cost estimating and cost management prior to project
letting for construction. The TRM addresses a wide range of topics that
include broad policies and organizational issues to detailed estimating tools.
That being said, the majority of the TRM was written with the junior estimator
inmind. More senior management personnel will find the TRM more useful
asareview or reference document. More experienced estimators will find the
TRM useful in creating estimating checklists or as a process review checklist.
This TRM is organized in four stand-alone sections: Introduction, Essentials,
Practice, and Appendices. All users are encouraged to read the Introduction
and Essentials sections. The practice sections include guidance for Planning,
Scoping, Design, and Letting phases. The Planning, Scoping, and Letting
sections focus primarily on the cost estimating practices for those phases,
and the Design section is written principally for cost management that is
reinforced by cost estimating. Each of these sections is considered standalone
and can be used independent of the other sections.

A tremendous amount of effort was put forth to encourage consistency
and accuracy in cost estimation and cost management through this TRM.
However, this TRM is intended to be a living document. Cost estimating
and cost management tools will continue to be developed and added to the
TRM. Also, there are some areas which could not be addressed, or addressed
sparingly, within the scope of the work. These areas include design-build
project delivery, accelerated projects, and accelerated estimates. These ‘




limitations should be kept in mind when using the TRM. In striving for
continued enhancement in cost estimating, cost management, and project
scope development Mn/DOT has established the Office of Project Scope and
Cost Management which is charged to serve as the home for resources related
to this TRM and information relating to scope and cost management.
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Introduction

The Minnesota Department of Transportation (Mn/DOT) initiated the Cost
Estimation Process Improvement and Organizational Integration Project
to address the many challenges and difficulties associated with estimating I
project costs and managing costs during all phases of project development. The

purpose of the project is to achieve accuracy, accountability, and consistency in )
cost estimation (CE) and cost management (CM) efforts during the Planning,

Scoping, Design, and Letting phases of project development. In the early phases

of this project, subject matter experts in the areas of cost estimating and risk The purpose of
analysis conducted information-gathering sessions and interviews with District ) ]
representatives. The following observations established the need for guidance the project is to

in the form of a Technical Reference Manual (TRM):

achieve accuracy,
« The need for a systematic and consistent approach to cost estimating and .-
cost management, as highway projects become more complex than ever and accountabili ty,
face intense challenges, such as inflation and changing requirements and and cons/stency

expectations, from project inception to completion.

_— . o _ in cost estimation
« Increased visibility among legislators, public officials, national and local

transportation agency representatives, and citizens, leading the Department (CE) and cost
of Transportation to seek ways to improve their highway construction project
P ysto1mp gy prol management

and program management efforts.
« The need for organizational support and management support for effective (CM) efforts

cost estimating and management that is consistent with the findings of a during the
National Cooperative Highway Research Program (NCHRP) guidebook on .
the subject. Planning,

This TRM is intended as a guide for developing and managing project costs. It SCO’OIng’ DeSIgn’
provides procedures to aid Mn/DOT staff in preparing project cost estimates and Lett/'ng

and managing coststhroughoutthe Mn/DOT project development process. Cost .
estimating and cost management process models developed with participation ,ohases of ,OI’OjeCt
from Mn/DOT staff serve as the framework for the content covered in this deve/o,omen t
manual. Cost estimating and cost management policies were also developed,
which are integrated into this manual. Although the manual is primarily
geared towards Project Managers and Estimators, it is strongly recommended
that others involved in Mn/DOT’s project development activities familiarize
themselves with this document.




The potential
benefits of this effort
include improved
delivery of projects
and program
management, better
use of available
resources, greater
credibility with the
public and other
stakeholders, and
increased satisfaction
as a result of more
efficiently and
effectively meeting
public needs.

.1 Mn/DOT VISION FOR
COST ESTIMATION AND
COST MANAGEMENT

Mn/DOT management’s vision provided an overarching direction to the Cost
Estimation Process Improvement and Organizational Integration Project and
the development of this TRM. The potential benefits of this effort include
improved delivery of projects and program management, better use of
available resources, greater credibility with the public and other stakeholders,
and increased satisfaction as a result of more efficiently and effectively meeting
public needs. The management vision states that Mn/DOT will manage
and control costs through a department-wide priority on cost estimating and
cost management, reliable and accurate estimates, statewide uniformity and
consistency, improved communication and credibility with external stakeholders,
and clear accountability. The vision further states that Mn/DOT leadership is
committed to developing a standard process and supporting policies, integrating
processes and policies across all functions, and making the necessary organizational
adjustments to fulfill the vision. Key components of the Mn/DOT vision include
the following:

Department-wide priority on estimating, managing, and controlling costs
« Fully developed and integrated policies, processes, and tools for cost
estimation, management, and control

+ Baseline estimates that align with early project scope development and
include an initial assessment of risk and uncertainty

« Clearly defined and documented cost management approval processes
to authorize changes in scope and cost after the baseline estimate is
established

« Dedicated resources that are focused on effective scoping, project cost
estimating, and cost management

Reliable and accurate estimates
« Well-documented and complete cost estimates

« Clearly spelled-out assumptions, risks, and uncertainties that can be
easily communicated

Statewide uniformity and consistency
+ Uniform application and consistent statewide use of well-documented
processes and tools

« Use of process and tools during Planning, Scoping, Design, and Letting
phases

Improved communication and credibility with external stakeholders
+ Consistent and clear communication of cost estimates to external
stakeholders at milestone points

+ The ability to communicate cost estimates with confidence, leading to
stronger relationships with external stakeholders, greater possibility
for collaboration, and increased funding support of transportation
initiatives
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Clear accountability
« Accountability for cost estimating and cost management at all levels of
the organization

« Defined roles and responsibilities for every person involved

« Accountability that is tracked at key milestones in the process

Figure 1.1-1 illustrates how the management vision led to the development of
cost estimating and cost management policies and performance measures.
The National Cooperative Highway Research Project Report 574! served as
the key guiding document throughout the effort. Extensive modeling of the
existing and the desired cost estimating and cost management processes within
Mn/DOT provided key input to the development of this TRM.

Mn/DOT STATEWIDE
TRANSPORTATION
PLAN

v

Mn/DOT POLICY 9
INVESTMENT
STRATEGIES
Mn/DOT COST ESTIMATION

PROCESS IMPROVEMENT AND

ORGANIZATIONAL
NCHRP REPORT INTEGRATION VISION NCHRP REPORT
574 CE/ICM A T A 574 GUIDING
STRATEGIES X l X PRINCIPLES
v \ 4

Mn/DOT CE/CM
POLICIES

Mn/DOT CE/CM
PROCESS MODEL

Mn/DOT CE/CM

TECHNICAL
REFERENCE MANUAL

1 Guidance for Cost Estimation and Management for Highway Projects During Planning,
Programming, and Preconstruction (http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_

rpt_574.pdf)

Figure I.1-1. Development of the
Technical Reference Manual
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Depending on the
need, the user can
go directly to the
section of interest,
although it is
recommended that
everyone read the
Essentials section
at least once before
using the manual.

.2 USE OF TECHNICAL
REFERENCE MANUAL

This TRM is organized in four sections: Introduction, Essentials, Practice, and
Appendices. Depending on the need, the user can go directly to the section of
interest, although it is recommended that everyone read the Essentials section
at least once before using the manual.

|.2.1 Section II: Essentials &

The first part of the Essentials section describes the approach used and the
rationale behind the recommended improvements for cost estimating and
cost management within Mn/DOT. Mn/DOT’s Highway project development
process, the Scoping Process, the Long Range Plan, the Highway Improvement
Plan (HIP), and the State Transportation Improvement Program (STIP) are
briefly described, all providing a context for the implementation of the new
cost estimating and cost management processes. The relationship between CE
and CM and project development is depicted in a flowchart. Cost estimating
and cost management policies are also discussed, including policy guidance.

The second part of the Essentials section describes the new process of cost
estimating and cost management. Key information regarding this process is
discussed, including key terms and definitions, risk and contingency, total
project cost components, and other important concepts. Finally, the roles and
responsibilities of different participants within Mn/DOT who are involved
either directly or indirectly in cost estimating and cost management are
presented.

|.2.2 Section Ill: Practice ‘2

The practice section of this TRM describes the CE and CM process in detail.
This section begins with an overview of the various estimating and risk
methodologies. The steps in the preparation, risk evaluation, review, and
approval of cost estimates are described for each project development phase:

« Planning;

« Scoping;

+ Design; and
« Letting

Finally, the resources and training needs for proper cost estimating and cost
management are discussed.
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1.2.3 Appendices [+

The Tool Appendix describes various estimating tools aimed at addressing
an Estimator’s specific needs. Some of the tools are ready-to-use, while some
others may require tailoring to the specific needs of the project or the District.
The Appendix also provides a glossary of terms and tips for estimating.

A general framework provided in Table 1.2-1 explains the relevance of the
various sections and sub-sections in this TRM to the different phases in the
project development process.

Table 1.2-1. Framework for Layout of TRM

Project

Development Phase

Estimate Type, Purpose and
Plan/Program Supported

Relevant
TRM Sections

Conceptual Estimating Section lll.1 and Ill.2 and
Planni Estimate Potential Funds Needed (20-year plan) Appendix
anning Conceptual Estimating Section lll.1and Ill.2 and
Prioritize Needs for Long Range Plans (HIP — 10-year plan) | Appendix
Scope Estimating Section lll.L and Ill.3 and
Scoping Establish a Baseline Cost for Project and Program Projects | Appendix
(HIP and STIP)
Design Design Estimating Section lll.L and I1l.4 and
Manage Project Budgets Against Baseline (STIP) Appendix
Letting Plans, Speci [cdtions, and Estimate (PS&E) Estimating | Section lll.1 and II1.5 and
Compare with Bid and Obligate Funds for Construction Appendix

' Introduction



Mn/DOT Cost Estimation and Cost Management Technical Reference Manual '



1.1 PROJECT DEVELOPMENT
PROCESS AND INTERACTION WITH
COST ESTIMATION AND COST
MANAGEMENT PROCESSES

II.1.1 Project Development Process

In the CE/CM context, the Mn/DOT project delivery process is composed of five
phases. These phasesare Planning, Scoping, Design, Letting, and Construction.
As seen in Figure 11.1-1, these phases are not necessarily mutually exclusive
in time. Guidance for development of a project through these five phases is
described in the Scoping Process (Mn/DOT Scoping Process, 2008).

The Mn/DOT Project Planning — Scoping — Design cycle begins with the
Project Planning Phase, in which transportation system performance needs are
identified and prioritized. The most critical needs are carried forward into the
Scoping Phase. During this period, the full range of functional and stakeholder
groups are queried to identify potential work to be completed during the project.
Decisions are made as to what will be included in the project’s definition and
what will not be part of its definition. These decisions are documented in a
Scoping Report so that they can be conveyed to those who will work on the
project. A cost estimate is also developed based on the project’s definition. The
defined projects are then reviewed during Programming and either included in
the STIP or the 10-Year HIP or held for reconsideration the following year. Once
the project is programmed in the STIP, the Design Phase commences, in which
project development leads up to letting. A simplified drawing in Figure 11.1-2
depicts the major activities of the Mn/DOT project development process.

Planning ‘

‘ Scoping ‘

‘ Construction ‘

\ Time

S .

Cost estimating
and cost
management
process models
developed with
participation
from Mn/DOT
staff serve as
the framework
for the content
covered in this
manual.

>

Figure 11.1-1. Project
Delivery Process




Identify Needs . . sTip
(Huge List) Assign Project Manager
L + Project Change
Scoping Worksheets Process
Select Candidate Projects + Design
(Long List)

:

Project Scoping Report

Select Projects to Scope

(Short List)

v ) 4

Scope Approval < LETTING >

e

Figure I1.1-2. Major Activities of
Mn/DOT Project Development

Process (Mn/DOT Scoping
Process, 2007)

II.1.2 Plans and Programs

Federal and state regulations require that Mn/DOT prepare fiscally constrained
plans/programs for projects to be completed by Mn/DOT. These plans/
programs are the 20-year Long Range Plan and the four-year STIP. Mn/DOT
also internally requires a 10-year HIP. The timing of these plans and programs
are shown in Figure 11.1-3 in relation to letting (time 0). Similarly to the
project development process, these plans/programs are not mutually exclusive.
The FHWA stipulates that these plans and programs must be consistent. As
indicated by the name, the 20-year plan indicates the Mn/DOT plan for projects
over the next 20 years. Years 10 to 20 of this plan may be very conceptual in
nature, and this period aligns primarily with the Planning Phase of project
development. The first 10 years of the 20-year plan is called the 10-year plan, or
HIP. Projects included in the HIP are becoming better defined. Years5 through
10 generally align with the Scoping Phase of project development. The STIP is
years 0 through 4 of both the 20-year plan and the HIP. Prior to entering the
STIP, a project must have completed an approved Scoping Report. Projects in
the STIP are typically in the Design Phase of project development, in which
plan development occurs. The timeline for conducting project planning and
scoping depends on the magnitude of the project. A generalized concept of
the timeframes showing a variety of project types with varying complexity is
presented in Figure 11.1-4. It should also be noted that timelines vary between
Districts depending upon their unique program needs and District resources.

20 Year Plan

HIP (10 Year Plan)

STIP

Construction

-20

Figure 11.1-3. Timing of Mn/DOT
Plans and Programs

-10 -4 o] 10

Time (years)
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Safety I E
Preservation | -

Setaside Projects (e.g. BARC)

l:| Project Planning |:| Scoping 33% Programming

11.1.3 Interaction Between Cost Estimation and Cost
Management

Both CE and CM are critical processes that occur multiple times during each
project development phase. The flowchart shown in Figure 11.1-5 describes the
integration of the CE/CM processes with the Mn/DOT project development
process phases. The right side of Figure 11.1-5 represents the project development
process, and the center part of the graphic depicts the CE and CM processes.
The project delivery process spans the entire project life, starting from the need
for transportation facilities through the construction of these facilities, whereas
the CE and CM processes start after the need for transportation facilities is
established, that is, during the Planning Phase and spans through the Scoping,
Design, and Letting Phases. Generally, the planning and engineering design
outputs from the project development process phases become the inputs to the
CE and CM estimating processes, and the outputs of the CE and CM processes
become inputs to project development for making financial and other decisions.
These major inputs and outputs are illustrated in Figure 11.1-5. Also depicted
in Figure 11.1-5 are the estimating types and their purpose, as related to each
development phase.

As an example, during the Planning Phase of the project development process,
a key input is the definition of a need described by general project concepts
and complexity. This input is transformed by the CE and CM processes to
generate an output, planning estimates. The Mn/DOT 20-year plan is prepared
during the Planning Phase. These planning estimates support projects that
are included. Similarly, a Baseline Cost Estimate, Updated Estimates, and
Engineer’s Estimate represent outputs of the CE/CM process. These estimates
are included in plans and programs such as the HIP and STIP. The exchange of
information between the project development processand the CE/CM processes
is iterative because the project’s definition and other project parameters change
as the project needs and requirements become better defined. The final output
of the Letting Phase is a complete design (final plans and specifications). This
output leads to the preparation of the Engineer’s Estimate. The Engineer’s
Estimate is compared to bids.

Figure 11.1-4. Timeline of
Project Development by

Project Type

Essentials



| Transportation Need
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Estimated Construction * Bid Data |
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and Compare with Bid C&StnEStlTnat::g > AWARD
anageme Award Recommendation
CONSTRUCTION

| Needs /
I I Deficiencies
I | Planning
Definition |
| (Concepts & Complexities) | |
Conceptual I Y i
Estimate | Cost Estimating |
Estimate Potential Funds I Total Planning Estimate . |
Needed and Prioritize | Package | Cost Estimate
Needs for Long Range v (Prioritization Loop) |
Plans I
Cost Estimating |
| Management | 4
| T Approved Planning Estimate Package \ ‘m?;nge S
| L
[ Project Definition |
| (Schematics / Alternatives Project I Scoping
I Complexity) 1=
| £
| v A o
Design Estimating | | o)
——— Cost Estimating >
Estimate Baseline Cost Total Project Cost I 8
for Projects and | Estimate Package | —
Program Projects l v l 8
| S
| Cost Estimating . . . a -
Management Approved Baseline Total Project Cost Estimate | 5
| Package | >
1 =
| - g
| o
| Project Definition 3
| (% Design Complete & | ko)
Project Complexity) | o
| i Design o
| - "
Design Estimating L |
S — Updated Total Project Cost Gl (SHENIE |
Manage Project Budget | Estimate Package : I
l Design Development/ |
| v v Site Conditions |
I Cost Estimating |
| Management Approved Updated Estimates with Changes/ | |
| ompare witl Scope Amendments
Budget |
| | v
| Project Definition | Letting
| (Final Plans/ Specs &
Complexities) | ]
| v | o
| | v
}
| )
| T

Figure I1.1-5. Interaction

of the Project Development
Process, Mn/DOT Programs,
and Cost Estimation and Cost
Management
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1.2 PROJECT COST ESTIMATION
AND COST MANAGEMENT POLICIES

The TRM is supported by Mn/DOT management policies that elaborate upon
the Mn/DOT management’s vision for cost estimation and cost management.
The policies are also derived from the management strategies and guiding
principles described in NCHRP Report 574 (see Figure 1.1-1 on page 3). The
rationale for each policy and its implications for cost estimation and cost
management are explained in this section in order to facilitate improved cost
estimation and cost management throughout Planning, Scoping, Design, and
Letting. Five management policies are defined as follows:

Project Cost Estimation Policy
Uncertainty, Risk, and Contingency Policy
Communications Policy

Project Cost Management Policy

Program Management Policy

ok~ wDnE

Specific policy guidance was developed for each of these policy areas, some of
which is referenced in Section 11 at appropriate places. Each policy is defined
and its content summarized below. The policies provide the overall basis
behind the content in the TRM, consistent with the strategic directions of the
Minnesota Statewide Transportation Plan and Mn/DOT management’s vision
of improving cost estimation and cost management.

II.2.1 Project Cost Estimation Policy

To improve the reliability and accuracy of cost estimates, project cost
estimation will be the responsibility of each of Mn/DOT’s Districts and
Mn/DOT’s Central Office.

This policy addresses Mn/DOT management’s vision of achieving statewide
uniformity and consistency of project cost estimates and department-wide
priority on estimating, managing, and controlling costs. Cost estimation
involves the use of resources, including personnel, that have the necessary
knowledge, skills, and abilities to accurately and consistently predict costs.
Depending on the project phase, the primary responsibility for cost estimation
will reside with either the concerned District or the Central Office (CO). The
role of the Central Office will primarily be to provide cost estimating direction,
support, and resources, including training opportunities, to the Districts.

Districts will have a dedicated estimating function with the primary
responsibility of preparing and refining cost estimates from the Planning
through the Design phases of project development. District Estimators with
local knowledge will be responsible for all initial cost estimates. The Central
Office estimating function is to prepare the Engineer’s Estimate based on items
and their quantities furnished by the Districts. Project cost Estimators will
follow the cost estimating guidelines and processes outlined in this TRM. The
cost Estimators will be independent in order to prevent internal and external
pressures from having undue influence on the estimates. These estimates

Essentials



include those completed internally, as well as those prepared by consultants.

For statewide consistency, all project-related costs will be expressed as a Total
Project Cost Estimate in year-of-construction dollars, regardless of the project
development phase. The Total Project Cost Estimate consists of a base estimate
and a contingency. Post-letting or construction contingency is included, but
separately identified, to account for potential supplemental agreements, change
orders, cost overruns, or incentive awards, as applicable. A Project Estimate File
will be established and maintained for the life of the project, from Planning to
Letting. The basis of the estimate and the inputs to cost estimating will be
documented every time a cost estimate is updated.

Year-of-construction cost for each project development phase will be based on
annual inflation adjustment guidelines provided periodically by the Office of
Investment Management. Inflation factors will reflect the midpoint of the year
of construction for projects that span more than one year.

To achieve consistent and accurate cost estimates, project cost estimates
will be prepared to coincide with critical points (“gates”) during the project
development phases. Figure 11.2-1 shows the gates in the various project
development phases.

| Planning Phase | HIP (Program) | Scoping Phase | STIP (Program) Design Phase Letting Phase | Post-Letting |
I T T T T T T 1

PERIODIC HIP
PROJECT COST
UPDATES
PREPARE
PLANNING
REPORT I

|

APPROVED | g1
G

ENTER AND \G2B

PLANNING CONTINUE IN G4 APPROVED
REPORT HIP PREPARE ANNUAL STIP — PREPARE FINAL @‘ SOLICIT/
SCOPING PROJECT COST DESIGN DESIGN [—="* APPROVE
G2A REPORT AMENDMENT(S) |¢ PoRE BID PRICE
o 7y
1[ &7
A
Gn A,
— GATES APPROVED | g3 @ APPROVED )
SCOPING — DISTRICT G5
G1: To Enter HIP — 22 | LETTING CONSTRUCTION
: ' REPORT DESIGN -
gg ;g E;o‘;eesqntg Scoping SUBMITTAL PHASE PHASE
G4: To Remain in STIP/ Proceed LETTER
to Design
G5: To Proceed to Letting
G6: To Solicit/ Approve Bid Price
G7: To Proceed to Construction
Figure I1.2-1. Cost Estimate There are seven gates shown in Figure 11.2-1. Each of these gates will require
Review and Approval Gates an estimate approval from the appropriate management staff before the project

is allowed to move to the next phase of project development. For example,
prior to a project entering the STIP, it will be required to have an approved
estimate that is tied to an approved Scoping Report (Gate G3). Likewise, the
same project will be required to have approved estimates at each annual STIP
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update. If a STIP update estimate exceeds the current approved Baseline Cost
Estimate, the project will not proceed with design until the cost estimate is
brought back in-line with the current Baseline Cost Estimate or receives an
approved change request (see the Program Management Policy that follows in
this section for more details on this process).

I1.2.2 Uncertainty, Risk, and Contingency Policy

The Total Project Cost Estimate for each of the project development phases
will include an analysis of uncertainty and risk, and associated contingency
estimates.

This policy responds to Mn/DOT management’s vision of achieving reliable
and accurate estimates and statewide uniformity and consistency of project
cost estimates. Uncertainty, risk, and associated contingencies will be
acknowledged early for all projects in the project development process, starting
with the Planning Phase, and updated in subsequent phases. Regardless of the
cost estimation methodology, an element of uncertainty is inherent in any
cost estimate. In order to account for as much of the uncertainty associated
with a project cost estimate as is practical, project teams will use a risk analysis
to estimate the contingency amount to be included in the Total Project Cost
Estimate.

A contingency estimate based on risk analysis will be developed for all projects.
The extent of risk analysis, including the possible use of a specialized risk-
estimation expert, will be determined by each project’s complexity, local
impacts, 