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ABSTRACT
Front End Planning (FEP) is a critical process for uncovering girajgknowns,
while developing adequate scope definition following a structuredoapbprfor
the project execution process. FEP for infrastructure progesists in identifying
and mitigating issues such as right-of-way concerns, utilityusaaients,
environmental hazards, logistic problems, and permitting requirem&hits
thesis describes a novel and effective risk management toolh#satbeen
developed by the Construction Industry Institute (CIlI) called thejeBr
Definition Rating Index (PDRI) for infrastructure projectapuit from industry
professionals from over 30 companies was used in the tool developmentisvhich
specifically focused on FEP. Data from actual projects arengshowing the
efficacy of the tool. Critical success factors for FEPnéfaistructure projects are
shared. The research shows that a finite and specifaf lissues related to scope
definition of infrastructure projects can be developed. The thé&siscancludes
that the PDRI score indicates the current level of scope defiratid corresponds
to project performance. Infrastructure projects with low PDRIesc outperform

projects with high PDRI scores.
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CHAPTER 1: INTRODUCTION

For over two decades the Construction Industry Institute (Cll) has be
pursuing research focused on front end planning also know as pre project
planning. The CII defines front end planning or FEP as the émispricess of
developing sufficient strategic information with which owners can es$drisk
and make decisions to commit resources in order to maximize thdigbfer a
successful project (Gibson 1996). In its efforts, Cll has developed babladsist
project teams in the successful planning of projects. One such tih@ Rroject
Definition Rating Index (PDRI). The first PDRI tool developed @y was the
PDRI for Industrial Projects. The subsequent success of that toohighd
demand led to the development of the PDRI for Building Projects. litke i
predecessor, the PDRI for Building Projects has become highlydvelitiein the
Cll membership and industry leaders. While addressing front end ipdp(iFicP)
of industrial and building projects, previous Cll research efforts havéocused
on infrastructure work, and little research in general haa pedormed in the
area of FEP for infrastructure projects. The research project outlined neploirt
is a continuation of the research/development thread conducted kextehding

to the important industry sector of infrastructure projects.
1.1. Research Team 268

The task of completing a Project Definition Rating Index Tool for
Infrastructure Projects was given to Cll Research Teamir2@808. This team
consisted of select members of the CIl from both owner and ctmtrac

organizations throughout the world. The team also consisted of members



representing academic institutions. The author of this thesis isobrtbe
academic contributors. A list of the participating researcimbegs and their

organizations can be found in Appendix A.

Research Team 268 consisted of professionals from all types inftasgruc
projects; their expertise, as well as the contributions of over n@dsiry
professionals helped in contributing the background and basis for the fBDRI
Infrastructure. Together they make up more than 1,300 years of engeeri
working on infrastructure projects. The following sections desctlee main
objectives of the research team.

1.1.1. Research Team Objectives

The CIl desired a user friendly FEP tool to assist projech$ein defining
project scope and increasing the probability of successful infrasteuprojects.
The first task of the research team was to identify whainfrestructure industry
was lacking. RT 268 determined that a quantitative understandirsgope
definition issues during FEP of infrastructure projects had not lyséensatically
studied. Their research goals were to develop a tool that would sigmilyca
enhance the project team environment in the infrastructure indystigibg the

following:

e Improve predictability of project parameters
e Reduce the cost of design and construction
e Preserve schedule

e Reduce risk during project execution

e Improve project team alignment and communication

2



e Assure customer satisfaction

e Improve the probability of a successful project

The fundamental objective of the research team was centered on

developing a PDRI tool for infrastructure projects.

1.2. Project Domain

As the research team its effort, the team came to the canclimat the
word infrastructure had many different meanings and was wustdn the
industry and outside of the industry to define many different thimgsrder to
clarify the domain of this tool they created a definition of istinacture for use in
relation to the PDRI for Infrastructure Projects. Over sav&iccessive meetings
and using the available literature and suggestions of industry gimfals the

team came to consensus upon the following definition of an infrastructure project:

“An infrastructure project is defined as a capital project tpabvides
transportation, transmission, distribution, collection or other capabiliti
supporting commerce or interaction of goods, service, or people. lottast
projects generally impact multiple jurisdictions, stakeholder grongékoaa wide
area. They are characterized as projects with a primappgel that is integral to
the effective operation of a system. These collective capabilities prosetgiae
and are made up of nodes and vectors into a grid or system (e.gingsipel
(vectors) connected with a water treatment plant (node))” (Gibson et al. 2010).

This definition demonstrates the linear nature of infrastructuregsojin
further development of the tool the projects were divided in to thaegaries;
projects involving the transportation of people and freight, energy flaius.

People and Freight projects are considered to be projects involving the

transportation of people and/or freight and include projects suchghwdys,



railroads, access ramps, toll booths, tunnels, and airport runwaystypai®f
infrastructure project can also be extended to linear projects rteamntrol
people or freight, for example security fencing. An energy ptageany project
involved in the distribution, transmission, or collection, of energy or
communications. Examples of these types of projects could ineliedtricity
transmission/distribution, fiber optic networks, electrical sulastatswitch gears,
towers, wide area network (WAN), and many more. Fluids progeetdinear in
nature and transport substances like gas, water, steam, oil, samndgmany
more. Some projects that fall under this category could includelingpe
aqueducts, pumping and compressor stations, locks, reservoirs, meters and
regulator stations, pig launchers and receivers, canals, wateolcstntictures,
and levees.

Because each of these types of projects have their own unique
characteristics and priorities, this thesis addresses thdicpeeds of each type
of project, and shows some of those distinguishing findings. That baichgtise
tool was intended for general-use and the research team caagminst the use
of the tool as all inclusive.

1.3.Research Objectives

The objective of this thesis is to provide support for the tool develojpme
methodology, tool testing/validation, and conclusions in relation to thie eame
by the CIlI research team tasked with the development of DRI Hor

Infrastructure Projects. The methodologies, testing processcarausions by



the author are corroborated in this report by statistical aradysl supporting

literature.

1.4.0rganization of the Thesis

The organization of this thesis is based very similarly to tle¥iqgus
PDRI reports, as was the research itself. This thesig@nized into 7 chapters. It
includes several appendices that provide information on collected rdatdts
from analysis and other important reference materials. Tpertrencludes the
following.

Chapter one is an introduction to the research project scope, thechesea
team, and research objectives. Chapter two introduces previouarctese
vocabulary, and general relevant information that assists in the doengren of
the PDRI tool and its development. A background of the PDRI toal$,an
explanation of important concepts such as; front end planning, scopdiaiefini
Project Definition Rating Index, is provided. Chapter three identifiegproblem
statement and defines the research hypotheses. Chapter four odtienes
methodology used in developing the PDRI for Infrastructure. It alsesghe
framework upon which the tool was developed through weighting workshops,
data collection and multiple statistical tests. Chapter fie¢s dorth the
development process used in the tool’'s creation. In this chapt@rdbess of
formation for the tool and all its parts is presented. Chaptas € report of the
research testing process and the outcome of findings from détated| from

actual projects. This chapter also shows the results of testmgesearch



hypotheses. Chapter seven offers recommendations for using the &idRI

presents conclusions of the research.



Chapter 2 BACKGROUND

To chronicle previous research and provide a foundation for further
research a literature review was performed. The studgast works offers a
background in the development of comparable tools as well as suppdnefor t
need for a front end planning tool specifically focused on infretstre projects.
In addition, the literature review in this chapter helps introdueevant
organizations, terms, and related studies essential in understandiPDRhdor
Infrastructure Projects and front end planning.

2.1. Summary Literature Review

This section provides findings of literature related to the Pio8l| front
end planning, project definition rating index, planning related to iméretsire,
transportation, fluid transportation, energy transmission, as wethas topics of
relevant interest.

2.1.1. Construction Industry Institute (CllI)

Cll is an organization of owner, engineering-contractor, and supipires
from the public and private sector. The main purpose of this group is t
measurably improve the delivery of capital projects. (Cll 2010). partof their
mission, they fund a considerable amount of research and have sheain gr
success in their research efforts by combining credible, quargitasearch, with
significant industry input. CIl works with academic professisndrom
universities in this effort and combine with that the knowledge dilfigkilled
professionals from the construction industry. These individuals makesegarcé

teams tasked with certain topics of high demand within the Cthlmeeship and



industry as a whole. The CIl has defined the mission of the osjamzas

follows:

“Through research-based, member-driven knowledge creation, dissemiaiadl
implementation, development of best practices and assessment ofpée bf
resulting improvements, CIlI creates global, competitive, and mardkaintages
for its members. Through CIll, member organizations and their emgloyee
cooperatively engage with academics in the creation of knowledgedimgIClII
Best Practices. This collaborative effort adds value to meorganizations and
academia, and supports the professional development of employees, mgprovi
the entire industry. CII provides a forum for academics to dssand investigate,

in partnership with industry leaders, the most significant opportaniioe
industry improvement.” (CIl 2010)

The research project for the development of the PDRI for Inficiste
Projects is a CIll sponsored research project. Many of the ,teefisitions, and
findings, discussed in this chapter, come directly from the work dgr@ll and
its research teams. Some important terms and there definiticinge: front end
planning — the process of developing sufficient strategic infoomatith which
owners can address risk and make decisions to commit resourcedemtamr
maximize the potential for a successful project (Gibson 1996). Pregape
definition — A process by which projects are defined and prepared for execution, it
is a key component of front end planning (Gibson et al. 1993). Projecttioafin
Rating Index — a tool used to assess the level of scope definitia project and
identify risk factors that may impact the project (Gibson and @nirh996). This
chapter discusses these and other relevant terms in detail and gravide

description of their development.



2.1.2.Front End Planning
The CIlI definesfront end planningor FEP as the essential process
developing sufficient strategic information with mh owners can address ri
and make decisions to commit resources in ordengwirrize the potential for
successful projecibson 1996 Figure 2.0shows the project life cycle diagra
This figure demonstrates 1 planning thatoccurs in the first three stages
construction; those of feasilty, concept, and detailed scopeThes: are

considered to bpart of thefront end planning process.

TR B =
\_ J

VT

Front End Planning

Figure 2.C Project Life Cycle Diagram

In a study conducted by the CIlI in 1994 front end planning researcl
team begamxploratory research to define tfront end planningprocessand its
benefits in the capital facility life cyc (Gibson and Hamilton 1994)Thefront
end planningporocess we broken into manageable phases of the project yidéec
This increased level of detail allows for greateeamlining, and control ovehe
project progress. After detailing the breakout loé tmodel, the team offert
supporting research to validate the neecdront end planning.

The team recognized that, the first step in detairmgi the relationshi

betweenfront end plannin and progct success was to identify the variables



define success and front end planning effort. After establishingitaldbaseline,
the CIl research team identified several fundamental principésare important
to front end planning. Once these principles are mastered, the fajldenefits
are often realized; improved cost predictability, improved scleephddictability,
better attainment of operational and production goals in the ixrshenths of
operation, better achievement of business goals, better definitioskef fewer
scope changes, greatly reduced probability of project failures andtelis. It is
the recommendation of the authors that, front end planning should be adopted and
implemented as a Corporate Best Practice. This move mayffloelltlibecause
habits are deeply entrenched. This will make consistent impletiwenthfficult,
at least in the beginning.” (Cll 1994)
Building on the foundation of front end planning work begun earlier by

Cll, Research Team 39 was tasked with identifying specificradgas to front
end planning. In 1994 their findings were published as “Pre Project Planning
Tools: Building a Project the Right Way” (Gibson et al. 1995). Theirk has
provided much of the base for subsequent tools dealing with front end planning
Some key findings of the research team indicate that welhypeeid front end
planning can:

¢ Reduce total project design and construction costs by as much as 20

percent (versus authorization estimate).

¢ Reduce total project design and construction schedule by as much as 39
percent (versus authorization estimate).

e Improve project predictability in terms of cost, schedule, and operating
performance.

10



e Increase the chance of the project meeting environmental and social
goals.

This research work outlined six front end planning factors that
significantly affect project success, among these are thd tteincrease total
project design work-hours completed to between 10 and 25 percent prior to
project authorization; development of a written charter; developmeptoggct
control guidelines; preparation of execution approach; assurancadeqtiate
numbers of organizations participate in front end planning; as wdilaging a
front end planning plan in place. The research team also madelliheing
conclusions:

e Pre-project planning is an owner-driven process that must be tied closely
to business goals.

e Pre-project planning is a complex process that must be adapted to the
business needs of the company, tailored to specific projects, and applied
consistently to all projects in order to gain full benefits.

e Corporate goals and guidelines for both pre-project planning and the
project must be well defined and aligned among project participants.
Alignment requires involvement of operations, business, and project

management early in the pre-project planning process.

e A direct relationship exists between the level of pre-project planning effor
and project success.

Additional works by CII research teams include development ofignna¢nt
tool for projects using the PDRI. This tool was completed in 1997 and was

followed by the PDRI for Buildings; these tools with be outlined later.

11



Another contributor to the research on front end planning was Cll Rbesea
Team 213. Through an analysis of case studies, they developed adet dbr
using the front end planning tools. These rules are:

e Develop and consistently follow a defined front end planning process

e Ensure adequate scope definition prior to moving forward with design
construction.

e Uses front end planning tools.

e Define existing conditions thoroughly.

e Select the proper contracting strategy early.

e Align the project team, include key stake holders.

e Build the project team, including owner stage holders and consultants.
¢ Include involvement from both owners and contractors.

e Stalff critical project scoping and design areas with capable and
experienced personnel.

¢ Identify and understand risks of new project types, technologies or
locations.

e Address labor force skill and availability during planning.

e Provide leadership at all levels for front end planning process, including
executive and project, owner and contractor.

The team concluded that project teams that did not follow these rule
would pay a price in terms of disappointing results (Gibson et al. 2006).

Cll research team 242 worked on front end planning for renovation and
revamp projects. These projects were described as projectsichatel the act,
process, or work of replacing, restoring, repairing, or immg\a facility with

capital funds or non-capital funds (Gibson et al. 2006). The findiagsluded

12



that R&R projects have unique risks in areas such as securgiingxgonditions,
coordination, compatibility, environmental issues, contract and procaoteme
strategies, historical/archeological concerns, and dismantimgld®sn
requirements. The team concluded that better focus on front end planning of
R&R projects can greatly benefit owners, designers, and consdctaddition to

this work the team contributed updated versions of previous tools foessfick

front end planning.

Another study interest used as a reference in understanding th@tcohce
scope definition is a study entitled “Starting Smart: Keyctas for Developing
Scopes of Work for Facility Projects”. In the course of this \gtilde authors
concluded that the key practice for developing an effective scopeoi for
design is to conduct a structured, consistent, and thorough front end planning
process and fully develop a project scope of work. The authors found that,
effective front end planning is not a process that can be congistestrporated
throughout an entire organization in a short time frame, rather, full
implementation of these activities requires cultural and prodessyes that may
take several years to achieve. It was the opinion of the authorthéhautlined
process will improve project team formation and cohesiveneggnadint of
goals, and project scope definition. The authors believe that outcothés \an
improved capacity to develop accurate project scopes of work, biliy @0
predict cost and schedule performance with greater accuracycarsgquently,

an improved capacity to develop effective contractual requiremenscépes of

13



work for design. Ultimately, taking such actions should result iretovosts and

shorter schedules for the execution of facility projects (Gibson and Pappas 2003).

Within the CII organization, certain products of research reddise
become highly valued within the industry. The practices assocvaitd this
highly valued research are given the title “Best PractiEeoht End Planning, is
one of these “Best Practices.”

2.1.3. Project Scope Definition Tools

There have been several studies that have focused on the impafance
developing definition within projects scopes. Project scope definitiothas
process through which projects are defined and prepared for executsoa.key
component of front end planning (Gibson et al. 1993). Through project scope
definition a set of specifically defined deliverables or objectives isrdeted.

The CII sponsored a series of studies focused on the development of tools
that could assist project teams in achieving a greater lesglople definition and
improving the front end planning process. In this process the Projécitioa
Rating Index (PDRI) for Industrial projects was developed. Thisitamdlded a
list of 70 elements categorized by the research team throngbxi@nsive
literature review and an assessment of industry practicesel&éhents related to
important considerations that should be made during a font end planning process
and were weighted in order of importance using input from 54 experienced
project managers and estimators (CIl 1996).

The development of the PDRI for Industrial Projects and the subsequent

success of that tool led to the development of the PDRI for Buildingects.

14



Similarly to the PDRI for Industrial projects, the reseaedmt for the PDRI for
building projects decided the best way to quickly develop reasonathleredible
weights for the PDRI elements was to rely on the expertise lmbad range of
construction industry experts marshaled together in workshops. Tlaecteseam
hosted seven “weighting” workshops. The central premise of the R@RI
Building Projects is that “teams must be working on the right proje a
collaborative manner (alignment) and performing the right workop@c
definition) during pre-project planning (CIl 1999). This tool consists64f
elements in a weighted checklist format and provides a method &sunieg the
completeness of project scope development. It allows its usergdsune the
level of scope definition and to compare scope definition to anticigatgdct
success. This tool was designed to help owners and contractorsdobitare

business, operational, and project objectives.

Both the PDRI for Industrial and the PDRI for Buildings usestaring

system in which a low score would represent better scope da®firt more in-

depth discussion of the PDRI tools, their development, and this scoring system are

discussed in detail in the next section.

Another notable study that can help understand project scope definition

and its use in developing the PDRI for Infrastructure Projeets performed by
the Texas Department of Transportation (TxDOT). The TxDOT sinttgduced

a risk management tool focused on a project’s scopes and improvingutitg cl

comprehensiveness and entirety of those scopes. The tool Advanceddlanni

Risk Analysis (APRA), was an easy-to-use tool for measuhaglegree of scope
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development and identifying potential risks early in the proj€etldas et al.
2007).

The creators of the APRA identified that the implementation &f tibwl
allows a project planning team to optimize the identificationtha project
requirements in all major disciplines (e.g., right-of-way, uéiitienvironmental,
design, and planning and programming) by quantifying, rating, asebssiag the
level of scope development. One key suggestion for the use of the APR#&t
this is not a "one use" tool; rather, it should be used at poirdsghout the
project development process to ensure continued alignment, process checkups
and a sustained focus on the key project priorities. The PDRI docitierdlso
recommended the use of the PDRI at multiple stages during plaf®ahdas et
al. 2007). In like manner to the PDRI tool's scoring system, aABRA score
represents a well-defined project scope and a higher score esgthifit certain
elements within the project scope lack adequate definition.

2.1.4. Project Definition Rating Index

The Project Definition Rating Index (PDRI) tool offers a method to
measure project scope definition for completeness. Critical elements withi
scope definition package are described in detail. This provides project team
members a checklist or tool for determining the definition of a projebedtrhe
of analysis. The tool could then be used in predicting the future project success or
failures in terms of cost, schedule, and changes. It allows for projectteams

focus on problem areas or scopes lacking complete definition. The PDRI is used
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as a front end planning tool in the stages of a project previous to design and

construction (Gibson et al. 1997). The PDRI is:

» A checklist that a project team can use for determining the necesgay ste
to follow in defining the project scope.

» Alisting of standardized scope definition terminology for infrastructure
projects.

» An industry standard for rating the completeness of the project scope
definition package to facilitate risk assessment and prediction of
escalation, potential for disputes.

* A means to monitor progress at various stages during the front end
planning effort when used successively.

* Atool that aids in communication and promotes alignment between
owners and design contractors by highlighting poorly defined areas in a
scope definition package.

* A means for project team participants to reconcile differenceg asin
common basis for project evaluation.

* A means whereby members of the project team can identify enabling tasks
and act upon them before the project schedule becomes delayed.

» A training tool for organizations and individuals throughout the industry.

* A benchmarking tool for organizations to use in evaluating completion of
scope definition versus the performance of past projects, both within their
organization and externally, in order to predict the probability of success
on future projects.

The PDRI tools use a score sheet to rate the level of defirati a list of
element scopes. The resulting score gives a level of scope idefifor the
project. Project teams work together to assign a list ohais relevant to the
project with a level of definition. Elements that are consideosdptetely or well
defined are given the definition level one. Elements that are ypaarl
incompletely defined are given the definition level of five. Defamtilevels of
two, three and four are given for levels of definition in betweeah Etement has

a weight assigned to the five levels of definition, higher weigitscores are
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given to the elements determined to be the most likely to introdskeand
therefore result in unplanned results. A higher total score egees poorly
defined project and a low score represents a project thatlisdefened. The
scoring process is used to identify areas of risk within a prajet allows teams
to work on achieving higher levels of definition within the projectcd&mse the
PDRI for Infrastructure Projects was developed using thidhadebf element
weights, the author has written about this process in more dethi ichapters
dealing with methodology and development process. There have been Rio PD
tools developed before the PDRI for Infrastructure Projects. Theviias the
Project Definition Rating Index for Industrial Projects.
2.1.4.1. PDRI for Industrial Projects

The PDRI for Industrial Projects is a widely used front endedrphg
tool. It is used in the industrial industry to reduce the risks tlradgntification
of key scopes. The tool is a list of 70 elements together witialed description
of each element. Figure 2.1 shows an example element and el@esenption

that make up the tool.
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A. MANUFACTURING OBJECTIVES CRITERIA
Al. Reliability Philosophy
A list of the general design principles to be considered to achjeve
dependable operating performance from the unit. Evaluation
criteria should include:

o Justification of spare equipment

e Control, alarm, and safety systems redundancy

e Extent of providing surge and intermediate storage capacity to permit
independent shutdown of portions of the plant

e Mechanical / structural integrity of components (metallurgy, seals,
types of couplings, bearing selection, etc.)

Figure 2.1 PDRI for Industrial Projects Element Description

The 70 elements are divided among sections and categories and can be
used as a checklist to identify possible risk factors. The eletitkes are also
placed in a score sheet allowing team members to organize etii@it and
determine the level of definition for each ranging from no dédimito total
definition. The project team assigns the level of definition &mheelement based
on its level of definition. This in turn relates to the how aitithat element is to
project success. The resulting total score is the project wafimating. The score
represents the level of definition for the project and is gdiyesomewhere in
range from 70 (completely defined) to 1000 (no definition).

The tool was developed through a research process that is donilee
research process that is outlined in this report. The studyseswed that there
were certain elements that were determined as more oimpsstant within the
industrial sector. These elements need the greatest focus wiempey front
end planning. Figure 2.2 shows the top ten elements determined Bsdagch

team as elements of greatest risk (i.e., those that are most critiddr¢ss).
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Element Weights
B1. Products 56
B5. Capacities 55
C1. Technology 54
C2. Processes 40
G1. Process Flow Sheets 36
F1. Site Location 32
G3. Piping & Instr. Diagrams (P&ID's) 31
D3. Site Characteristics Available vs. Required 29
B2. Market Strategy 26
D1. Project Objectives Statement 25
384/1000

Figure 2.2 PDRI Ten Highest Weighted Elements - Industrial Projects

The PDRI for Industrial Projects determined that there wemnking to
the element weights (i.e. some risks were more significantdtieers). In Figure
2.3 the section and category weights are displayed. If no work emagleted in
front end planning these are the values that each section andrgatenuld

result.
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Industrial Projects

Section Weight
Basis of Project Decision 499
Front End Definition 423
Execution Approach 78
1000
Category Weight
Business Objectives 213
Process / Mechanical 196
Project Scope 120
Site Information 104
Basic Data Research & Development 94
Manufacturing Objectives Criteria 46
Instrument & Electrical 45
Project Execution Plan 36
Equipment Scope 33
Value Engineering 27
Infrastructure 25
Civil, Structural & Architectural 19
Project Control 17
Procurement Strategy 16
Deliverables 9
1000
Figure 2.3 PDRI Section and Category Weights -

Industrial Projects
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The PDRI for Industrial Projects found that projects that had a lower PDRI
score performed better in terms of final cost overruns, schataleéhe cost due
to changes. These results came from a testing process usirdudfial projects.
PDRI scores were collected from these projects and were cetparfinal

performance measures. The study found a significant differenaedreiprojects




with a PDRI score below 200 and projects scoring over 200. Figdrées 2a
representation of the performance results of the projects’ usin@Obeevel

cutoff.

PDRI Score
Performance <200 > 200
Cost 5% under budget 14% over budgdt
Schedule 1% ahead of schedule 12% behind sche¢dule
Change Orders 2% of total cost 8% of total cos}
(N=20) (N=20)

Figure 2.4 Cost, Schedule, & Change Order Performance -
PDRI 200 Point Cutoff for Industrial Projects PDRI

The research findings showed that as the PDRI score iedieh® level
of definition decreased and as a result performance worsenédo(Gand
Dumont 1996). It has subsequently been used on billions of dollars of project
over its 14 year life. The success of the PDRI for IndustriajeBts led to the
development of subsequent PDRI tools.

2.1.4.2. PDRI for Building Projects

Cll sponsored the creation of the PDRI for building projects in 19@8 aft
years of success with the PDRI for Industrial projects acdus® of the demand
from the CII membership for development of a similar tool th#ated to
buildings. The authors of this PDRI tool reestablished that it is vitally impdda
utilize front end planning tools. The PDRI for Building Projectsséss project

team in developing a complete project definition package.
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The development process, as well as significant findings dPiiel for
Building Projects effort was closely aligned to the findingstted PDRI for
Industrial Projects. The PDRI for Buildings found through an elememghting
process that there was ranking of elements according tocthr@iibution to risk.

The top ten elements along with their weights can be can be seem lagure

2.5.
Element Weights
Al. Building Use 44
A5. Facility Requirements 31
A7. Site Selection Considerations 28
A2. Business Justification 27
C6. Project Cost Estimate 27
A3. Business Plan 26
C2. Project Design Criteria 24
C3. Evaluation of Existing Facilities 24
A6. Future Expansion / Alteration Considerations 22
F2. Architectural Design 22
275/1000

Figure 2.5 PDRI Ten Highest Weighted Elements - Building Projects

Additionally the weighting for sections and categories is shown in Figure

2.6.
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Building Projects
Section Weight
Basis of Design 428
Basis of Project Decision 413
Execution Approach 159
1000
Category Weight
Business Strategy 214
Building Programming 162
Project Requirements 131
Building / Project Design Parameters 122
Site Information 108
Owner Philosophies 68
Project Control 63
Project Execution Plan 60
Equipment 36
Procurement Strategy 25
Deliverables 11
1000

Figure 2.6 PDRI Section and Category Weights -
Building Projects

The testing of the PDRI for Building Projects used the contohatfrom
33 sample building projects. The results of the testing processsabwed a
direct correlation between the PDRI score and projects’ sucgdds#ionally a
PDRI score of 200 was analyzed and it was determined that projEmtisig
below 200 performed significantly better then projects scoring 208r This
level of definition has become the goal of industry professionatg) ke PDRI

tools. In Figure 2.7 the results of an analysis of project perfornand its
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relation to the PDRI score at the 200 level is given. All tladues were

statistically different.

PDRI Score
Performance <200 > 200
Cost 1% over budget 6% over budget
Schedule 2% behind schedule  12% behind schedule
Change Orders 7% of total cost 10% of total cogt
(N=16) (N=17)

Figure 2.7 Cost, Schedule, & Change Order Performance -
PDRI 200 Point Cutoff for Building Projects PDRI

The PDRI for Building Projects and its predecessor the PRI f
Industrial Projects led to the development of the PDRI for Infresire Projects,
although it took a number of years to sanction the effort.

2.1.5. Infrastructure Project Literature

Infrastructure projects cover a wide range of project typeh edth
specific requirements and considerations for complete scope definitiong Seei
need to address these different project types, the researchptewisied in the
PDRI tool additional definitions with the individual element desmi. They
divided Infrastructure projects into three main categoriesingportation of
People and Freight, Energy, and Fluids. A literature review wdsrped to
discover what has been written about these three topics.

The PDRI descriptions effectively address the unique nature of
infrastructure projects and provide direction for use within the rdifte

disciplines of infrastructure projects. Although there has bigmifisant research
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involving each type of infrastructure project. People and Freightrginand
Fluids, this research has not specifically addressed front end planning.
2.1.5.1. People and Freight

Projects considered to be people and freight are involved in the
transportation, conveyance, distribution and/or collection of people or goods.
Some example of these types of projects include but are ntdditw; highways
railroads, access ramps, toll booths, tunnels, and airport runwaysation to
projects involving the transportation of people and freight some helgeareh
used in the development for the PDRI for infrastructure includeady &ty the
Federal Highway Administration (FHWA) that provides a strateglian for
highway infrastructure research and development. It is a c@edirplan that
provides direction for future infrastructure research. This plso éémonstrates
how the focus on highway infrastructure research, development, dnblegy
deployment benefits the economy of the nation (Turner-Fairbank 2008).

Other notable works include a text on traffic and highway rexgging.
The writers approach the subject of technical elements, and greupiggneral
elements in order to provide adequate topic coverage. The authorsblyegin
discussing the basics of transportation, its importance in soaretythe degree to
which transportation pervades our lives. The bulk of the text condiddiis
operations, management, planning, design, construction and maintenance (Garbe
et al. 2002).

In Handbook of Transportation Engineering the author identifies various

aspects of transportation engineering. In chapter 5 spelgifitted author speaks
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to the applications of geographic information systems (GIS) in goatation
planning. There exists a need, therefore, for enhanced approack&xeto
manipulate, and analyze data spanning multiple themes, for examgheyay
infrastructure, traffic flow, transit characteristics, agraphics, and air quality.
GIS offers a data management and modeling platform capabteegirating a
vast array of data from various sources, captured at differsplut®ns, and on
seemingly unrelated themes (Spring 2004). Considerable amounts atutier
exist on the topic of projects involving people and freight. For a goon/ieve
see Caldas et al. (2007).
2.1.5.2. Energy

Infrastructure projects that deal with the transmision oridigion of
energy also unigue charactoristics. Writings from the U.S. ifrapat of Energy
helped identify some of the special condtions surounding energy projects (USDEP
2008). Energy projects were difined to be projects involved in alattri
distribution. These types of projects extend into critical strastilike towers and
substations. Energy type projects also deal with the transmisioriromation
through wide area networks or fiber optic networks.

A large amount of literature was found on energy infrastracpecific to
wind power. One example is an article entitled Wind Power and ¥18togyage
(Groggin 2008). This article answers some of the most common apgesti
regarding wind power and the role of energy storage. The authmpssar on
account of numerous peer-reviewed studies that show wind energy@ade

20% or more of our electricity without any need for energy storBige secret to
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achieving this lies in using the sources of flexibility that areaaly present on the
electric grid. A tremendous amount of flexibility is alredalyilt into the power
system. Demand for electricity can vary by a factor ofetlarermore depending on
the time of day and year; which nationwide translates into hundreglgaatts
of flexibility that are already built into the power system.

Another work on green energy was created by the Solar Ensdggtties
Association. This work called green power super highways, laya oodd map
to attain greater penetration of renewable energy into thied)Btates (Gramlich
et al. 2009). The authors also identify current challenges tmiagjaihis lofty
goal. Some of the current challenges outlined include, coordinasingniission
operations, consumer benefits of transmission, recovering costs, anthgeduc
land use impacts. In addition, the authors recognize the need fomgpdatrent
infrastructure. The authors also take note of ways that thentugrid can be
utilized to enhance regional operations.

Discussing the actual planning of energy projects, an articl®&ldrm
Richardson identifies that the future expansion of the elecamsmnission system
has been evolving, moving from a focus on reliability to a more cdrepsive
analysis of economic benefits (Richardson 2007). Among the reformedviasv
necessary by the author, are the following: coordination, opennesgatamsy,
information exchange, comparability, dispute resolution, regional coomtinati
economic planning studies, and cost allocation. The authors also remé#nk
need for a market efficiency analysis to determine the econbemefits of the

proposed project. Mr. Richardson's market efficiency analysisgaeported to
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be able to determine sensitivity around uncertainties. Finallydmgifies that in
the transmission planning process, consideration must be given to sropattte
entire region .

On a more global scale, a study by the South Asian Survaydattlan
article outlining the current demand placed upon the world energy tmayke
countries in the south Asian region (Vasudev 200). In order to stistapace of
economic growth in the region, the author concludes that it is edgentiaest in
the infrastructure sectors. One of the unique factors that aresaddrin this
article is the need for cooperation, and collaboration amongst coumiribe
region in order to improve the infrastructure in the region. thé&rdiscusses the
need for a uniform policy to be developed amidst the participating nations.

2.1.5.3. Fluids

Another topic of study for the research review is that of fluid infrastrect
projects. The works relating to fluids deal with many typefued projects some
of which include pipelines, aqueducts, pumping and compressor stations,
reservoirs, canals, water control structures, levees and mare; ithe United
States Environmental Protection Agency, The American Water Works
Association, and other water related organizations have devoted cahkde
attention to water system asset management as a way tesadrastructure in a
comprehensive and sustainable manner. Asset management is defined as
"managing infrastructure capital assets to minimize thé ¢ot of owning and

operating them, while delivering the service levels that cussndesire.”
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Fundamental to asset management is having a complete understahdiveg
basic infrastructure of a community (Job 2009).

Some additional literature reviewed, included an article e t
International Journal of Water Resources Development. This altgdassed the
effective planning, design, and management of water resoustenss for
sustainable development in developing countries (Biswas 1988). It wdsadahc
in this article that five major factors complicated this precdsarst, use is
frequently made of an incomplete framework for analysis, ignopasitive
impacts of development. Second, there is a lack of appropriate methodmiogy
applying environmental impact assessments in these countried, fftere is a
lack of adequate knowledge about the effects of water developmerttproj
Fourth, there are institutional restraints, particularly the idnis of
responsibilities among various ministries. Fifth, monitoring and etratuare
seldom integrated into project management.

The Journal of Civil Engineering provided useful literature on fluids
projects; for example, an article was reviewed which highdigilthe current state
of pipelines in the United StateBhe author’'s underlying goal is to facilitate an
approach to operating and maintaining the nation’s water and wvedstew
pipelines which focuses on extending the life of existing as&dtstionally, it is
recognized that funds for infrastructure are limited and citiest ensure that
budgets are spent judiciously. Because rehabilitating pipelinesthéty fail can

be costly and can cause significant hardship to the communitizséinee, the
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author recommends a water pipeline database to improve asset manage
(Landers 2008).

On the topic of planning for fluids infrastructure the government of
Victoria gave a report outlining the necessary steps of plannisg th®jects.
This report recommends that the community be apprised of the pescased to
select and prioritize water supply projects. Further, proganns need to decide
how the project estimates underpinning the water infrastructure with be
verified and how this more rigorous information will be made avalablthe

community (Pearson 2008).

2.1.5.4. Risk Factors of Infrastructure Projects

Infrastructure projects often have risks that are not found in other tyes of
projects due to the fact that they often represent very large amounts df capita
Some of these projects are even considered “megaprojects”. These pajeets ¢
with their own set of rules and demands and represent significant risks (§lybjer
2008).

A literature review focusing on the risks of infrastructure projects was
performed in which many infrastructure projects that failed in one way or anothe
were studied. Some of these projects included the 1-35 bridge failure in
Minnesota, the Lake Pontchartrain bridge failure, and the steam pipe explosion in
Manhattan. This review was performed to identify risks that could be addressed in
the early planning stages in order to avert catastrophic failures. The &§rading
the review could be summarized in an article in the Contract Journal discussing

the root of project failure (unknown author 2009). This article outlines actions
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that can be undertaken to reduce uncertainty in construction plans and
programming. By embracing, to at least some degree, certain programming and
planning actions prior to and during a construction project, uncertainty can be
addressed and hopefully minimized to the benefit of all. Successful projects are
usually those that have been well planned and the unsuccessful ones are usually
those that have not. With such uncertain times ahead in the industry, project teams
need to be able to plan and program projects with as much certainty as possible in
the hope to avoid costly and unwanted disputes (Contract Journal 2009).

2.2. Literature Review Findings

The literature review has provided a background and introduction into the
organizations, definitions, studies, and writings used as a foundatiore fBDiR|
for Infrastructure Projects. The findings give good support for ¢veldpment of
the PDRI tool. The study of past works offers a background in the develbpme
comparable tools as well supports the need for a front end planning tool
specifically focused on infrastructure projects.

The author found through the literature, that infrastructure projects were
unique in several key characteristics. Not only do they differ from industrial and
buildings in orientation of the project (horizontal as opposed to vertical in nature),
but also in many more areas. Infrastructure projects are generatjpetby
civil engineers where industrial projects deal mostly with chemical, indlistnd
mechanical engineers and building projects have an architect as thenyprima
designer. The operation of infrastructure projects seemed to be networked into a

grid as opposed to being nodal terminations. The idea of infrastructure projects
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being vectors that connect deferent nodes comes from this concept. Infrastructure
projects have extensive involvement with the public; they have a large
environmental impact, and often deal with multiple jurisdictions. They typically
have large cost due to earthwork and associated structure and less cost due to
installed equipment. Another high cost for infrastructure projects can be the cost
of land. Right of way issues are of high concern for these types of projects. The
literature review shows that although much is understood about infrastructure
projects, a systematic study of the effects of front end planning on intrast
projects does not exist. No integrated planning tool was found in the literature

review for infrastructure projects, with the exception of the APRA.
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Chapter 3: PROBLEM STATEMENT AND RESEARCH HYPOTHESES

The overarching findings from the literature review found in chapter
show a need for research into front end planning of infrastructajecps. There
has been little work studying the effects of front end planmnopfrastructure.
The lack of research on this subject led the author to the developrset of
hypotheses. This chapter establishes a problem statement whibh aaswered
by proving these research hypotheses.

3.1. Problem Statement

Infrastructure projects are often very complex. They can aradtiple
jurisdictions and involve multiple stake holders. The complexity ofetlpesjects
often leads to cost overruns, unmet schedules and costly changesaniyike
construction project there are certain actions that can be akeder to reduce
the probability of a negative outcome. One of the most powerful toolskn r
mitigation is the use of front end planning. Multiple studies refsxd previously
in the literature review conclusively show the direct conatabf a good FEP
system to future project success. This research has encompagdaetys and
industrial projects and is now continued for infrastructure projects. résiearch
comes as a result of demand within the construction industry éoifrisndly tool
to assist in the front end planning of highways, pipelines, ert@sgiybution lines
and other infrastructure related projects. Because of the hifdues of these
types of projects in terms of costs, schedule and changes |lasswveften
catastrophic failures, this research has been performed iffam to better

understand planning issues needed to deliver successful infrastructuresproject
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3.2. Research Hypotheses

The PDRI for infrastructure Projects is modeled directlgrafhie PDRI
for Industrial Projects and the PDRI for Building Projects. THeBRI tools all
share the same basic research hypotheses. In order to provhypheteses the
PDRI tools have gone through a testing process in which thdatmmnebetween
the PDRI score and key success indicators is measured foficaigoge and
reliability. As this research follows essentially the samethodology as the
previous PDRI tools, the testing process was also followed fertdlol and is

discussed in detail in chapter 6. The author provides the following:

Hypothesis 1 - A finite and specific list of issues related epesdefinition of

infrastructure projects can be developed.

This hypothesis will be tested by developing the draft tool dwadirg
with various expert focus groups. Their feedback is incorporatedhetdist of

scope definition elements.

Hypothesis 2 - The PDRI score indicates the current level of stfpetion and
corresponds to project performance. Infrastructure projects with low PDRI scores
outperform projects with high PDRI scores.

This hypothesis was tested through the validation or testing protdss

PDRI on actual projects.
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Within the PDRI a low score corresponds to a project that hassyogpe
definition. In contrast, a high PDRI score means a project has pope sc
definition. Testing of the hypotheses analyzes the performance diffdyetveeen
projects with high PDRI scores and those with low PDRI scores.

In the PDRI for industrial projects as well as the PDRI lborlding
projects a second hypothesis was tested. This hypothesis statedetiRDRI
score is a reliable indicator of predicting project success.

3.3. Summary

The purpose and objective of this thesis is the testing of tharckse
hypotheses. The following chapters provide the research methodblatgwas
used in this effort, as well as the development and testing prémethe PDRI

tool.
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Chapter 4: RESEARCH METHODOLOGY

The PDRI for Infrastructure Projects development was baseekans of
previous research within the Cll as well notable works by reputaigknization
such the Texas Department of Transportation. Consequently the methodolog
used in developing the PDRI for Infrastructure Projects is mdddtesely after
these previous works. This methodology proved reliable in reachingdkarch
objectives and testing of research hypotheses. This chapter dsctiss
methodology used by these previous works and will detail the spee#fearch
design for the PDRI for Infrastructure. In addition this chapterlddte research
project design. As a part of the research design the ideasnoéptualization,
population sampling, research observations, data processing, analydis,
research application are described in detail. This chapter alswibgssthe
development of the PDRI scorecard, the use of weighting workshops, and the
types of measures used in the research. Finally a breakdown tdttbgcal tests
and specific conclusion of the PDRI for Infrastructure Projectsiaes g

4.1. Development Methodology

A detailed description of the methodology process can be seen in Figure
4.1. This figure is a visual representation of the steps taken bguther to

complete the research objectives and test the hypotheses found in chapter three.
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The following sections briefly describe the steps shown through the
methodology flowchart and the role of the author in each step. Tladedet
development process of each step is shared in the next chapter.

4.1.1. Creating the PDRI Elements

Research conceptualization is the process of specifying tla@imge of
concepts or variables that will be studied. Some of these contapes been
identified and defined in the previous chapter. They include but atenied to;
front end planning (FEP), pre- project planning, Project DefinitionnBdhdex
(PDRI), project scope definition, as well other important concepts/acabulary
critical in understanding the PDRI for Infrastructure Projetlese concepts are
defined as they are encountered throughout the thesis. In additiomer furt
clarification can be found in CIl Implementation Resource 268-2, anpthduct
of RT 268 (Cll 2010).

4.1.1.1. Research Method

The PDRI for infrastructure uses various methods of resealh.b@st
study designs use more than one research method, taking advantage of the
individual strengths (Babbie 2008). The author used multiple methods afalese
in the development of the different parts of the PDRI tool. Theseate include
survey research, field research, content analysis, exidlim@g research,
comparative research, and evaluation research.

4.1.1.2. Scorecard Development
The main research methods used in the development the PDRIasdorec

are a basic content analysis with use of coding and the usgisth@ data
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research. Content analysis is a study of recorded communicdtrongt books,
website, journals, and other forms of communication. The scorecasd wa
developed by basing it off of previous work and changing it tdh&tuse of the
PDRI for infrastructure projects. The process of coding was udeahtsform raw
data into a standardized form for processing and analysis. The method
researching existing data is also a recognized reseatihodhthat was used in
creating the scorecard.
4.1.1.3. Element Descriptions

Similarly to the PDRI scorecard the element list and itergesns used
some of the same research methods of content analysis, coding, arsk tbe
existing research. In addition a field research method was getplihis was
accomplished through visiting construction companies and gathenngepdm
meetings as well as during the workshops, to collectively Wréedescriptions of
the PDRI elements. This use of field research is especgpropriate for
studying attitudes best understood in a participants natural settings.

4.1.2. PDRI Weighting Workshops

The weighting workshops development methodology was modeled after
similar workshop structures used in previous PDRI projects. Thesehopksre
a form of survey research but are also a form of field relsda@cause industry
professionals were sought out to contribute to the tool. The workshopssare
of survey called a qualitative interview in which a focus groupsised by an
interviewer or facilitator to weigh on topics of interestafBie 2008). One

strength of field research is that participants are in eeplaey are comfortable.
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Participants can also help each other in understanding what isdtedigd and
this can facilitate better response. Unfortunately the peeroemeent can also be
a weakness in field research if participants are swayekein apinion by other
participants. The step by step process of the weighting worksbajetdiled in
chapter five.

4.1.3. Validation Questionnaire

The testing process follows similar methodology to the weighting
workshops in that this is a type of survey research. Questionsstes in
guestionnaire format and statements are collected from contribuidms
guestionnaire was developed using a similar questionnaire thaisgdsfor the
PDRI for building projects. Modifications were made to match trspaeses
needed for the PDRI for infrastructure projects. The Validatiorstqprenaire is
made up of a series of open and close ended questions. The questions provide
general information about the project as well as key pednoe result such as;
estimated vs. final schedule, estimated vs. final costs, number mjecloaders,
project success rating and other performance measuring queslioasalidation
guestionnaire is provided in Appendix F.

The use of an individual project for evaluation against certaimyetess
can also be considered a case study. The valuation procespésd gvaluation
research. Evaluation research is research undertaken to deterhetiemwan
intervention has impact on an outcome. In the case of the PDRItheol
intervention is the implementation of front end planning and its efiacthe

outcome or success of the project. The determination of whethetéineention
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is producing the intended result is called program evaluation. &nogvaluation
could be synonymous with validation or testing in this study.
4.1.3.1. PDRI Tool Analysis

Part of the methodology behind the development of the PDRI tools
involves the systematic testing of the tool. The author accomplisigethtough
collecting data from projects using the questionnaires and amalyzat data to
determine significance. A detailed data analysis was peefbiny the author and
the results of the analysis can be found in chapter six: Testing of the PDRI.

4.1.4. Weighting Workshop Data

Because it would be impossible to collect data from every pénsotved
in the planning of infrastructure projects, a sample is taken finenpopulation.
This sample can be used represent the population to a certain level of sigaifica
The PDRI uses three kinds of sampling. Purposive sampling is wlkeontds
being observed or surveyed are selected from a population on theob#sts
researcher’s judgment about which individuals will be the most usaful
representative; this is also called judgmental sampling. In otlweds the
participants in the PDRI for infrastructure were chosen baseldediadt that they
were industry professionals with experience in infrastructure gisoj&now ball
sampling was also used. This type of sampling is used in fiskhreh where
each person being sampled is asked to suggest people forewiagii A lot of
the contribution to this method of sampling came from members ok#sanch
team. Finally quota sampling was used. This form of sampling idasito

purposive sampling in that people are selected based on praespecif
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characteristics. They are used to represent a specific poputatiocus group.
The focus group this research focused on is infrastructure projedtghair
planners.
4.1.4.1. Observations

Data observation is the process of collecting data for intetpetand
analysis. The main method of data collection used to develop the RIDRI f
Infrastructure Projects was through the workshop packets and twalida
guestionnaires. It also became necessary to contact someppatticfor the
gathering of missing, incomplete or unclear data. In theastef research ethics
all the data collected was immediately given a code for iftiion. This
allowed the data to be analysis and shared without revealing gisopri
information. The collected data then went through a series of cteeckske sure
there were no errors in data entry. Three separate individegsmed the data
check.

4.1.4.2. Data Processing

Through the process of data processing the collected data is pu int
format that that is appropriate for analysis. The data cetlethrough the
weighting workshops as well as the validation questionnaire procsgntered
into Excel™. From there the data was usable for calculation maigsss. This
analysis was performed through tools available through Excel 2007elbasv

through the use of the statistical software SPSS™.
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4.1.5. Analytical Reviews

Several different statistical tools were used to deternmeeatcuracy of
conclusions, assumptions, and hypotheses made in this study. Some of the
different analysis methods and tools are discussed in this section.

4.1.5.1 The Boxplot

The boxplot is a statistical tool that graphically displagsdistribution of
data. Information the boxplots provide includes median, interquartileerang
outliers, and extremes. Figure 4.3 shows the different graphidsaisiepict this
various information. The median is demonstrated using a straighthtizine.
The box around the median gives the interquartile range with thenband
showing the 28 percentile and the upper end depicting th8 @&rcentile. Fifty
percent of responses are found within this interquartile. The mediaondeates
the central tendency while the box around it shows variabilithelfine is not in
the middle of the box, then the distribution is skewed, which is discussbd
next section. Vertical lines extend past the box, both above and ,below
demonstrating the largest and smallest values that are not cedsaiéliers or
extremes. Outliers are notated using small circles andregt are notated using

asterisks.
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* Extremes — > 3 box lengths from"7Bercentile
0O Outliers — > 1.5 box lengths from'7®ercentile

- Largest data point that is not an outlier or extreme

75" Percentile

Median

25" Percentile

— Smallest data point that is not an outlier or extreme
) Outliers - < 1.5 box lengths from ®®ercentile

* Extremes - < 3 box lengths form"2percentile

Figure 4.3 Graphical Representation of a Boxplot

These outliers and extremes can alter, or skew, the datadetermining
the mean and other statistics. To establish which data pointsowtiers and

extremes, the author used Tukey’s hinges (SPSS 7.5 Statistical Algorithms 1997)

A data point () is considered an outlier if:
Y <(Q1-15IQR)orY > (Q3 + 1.5 IQR)
Where:

Q1 = 28" Percentile

Q3 = 78" Percentile

IQR = Interquartile Range = Q3 — Q1
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A data point (Y) is considered an extreme if:
Y<(Q1-3IQR)orY >(Q3+3IQR)
Where:

Q1 = 24" Percentile

Q3 = 74" Percentile

IQR = Interquartile Range = Q3 — Q1

4.1.5.2. Skewness
Many of the statistical tools available to researchers involve an assampt
that the data collected is distributed normally; however, thisotsalways the
case. Often data sets can be skewed due to data points thatifftriail one
direction as depicted in Figure 4.4. The Histogram below shovesaasdt where
the data points clump around lower values and trail off to the rigtewrgss can

also be created by outliers and extremes.
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Figure 4.4 Histogram - Positively Skewed Data

Figure 4.5 below demonstrates how a distribution can be skewed to one
side. A distribution can be either positively or negatively skewdd avpositively
skewed distribution trailing off to the right and a negativelgveid distribution

trailing off to the left.

»
»

Negative Skewness Positive Skewness

A

Figure 4.5 Negative & Positive Skewness
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Skewness measures the symmetry of a distribution with @ sdozero
implying perfect symmetry or a perfect normal distributiokevness greater
than one implies significant asymmetry and a distribution that is far from horma

As mentioned before, skewness can alter the reliability ofststat
analysis because the normal distribution assumption is not met asuch
correlation coefficients and t-test which can cause inaccurate resultsuvimamg
statistical analysis. It can be important to deal with skesvirerder to have
accurate test results (Siegel 2003). Skewness was checked desagptive
statistics in SPSS.

4.1.5.3 Regression Analysis

Regression analysis is used to predict one variable from anothesirxy
an estimated line that summarizes the relationship betweeablesi (Siegel
2003). When data is obtained and compiled into data sets, the informeatidne c
graphed using a scatterplot. The independent variable or X is thehdates
assumed to predict behavior in the independent variable Y. Using thealata
obtained, a researcher can graph the data that is independenhalotgxis and
the corresponding dependent data on the Y-axis producing this scatéerigkeen

in Figure 4.6.
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Figure 4.6 Regression Analysis — Scatterplot and Trendline

Using regression analysis and statistical programs suchxeasl Bnd
SPSS, a trendline like the one shown in Figure 4.6 can be fittegstanatch the
data. In linear bivariate regression analysis the trendline will followghat®n:

Y = byX + by,

Where:

bo = Y- intercept

b, = slope or regression coefficient

The slope balso tells how much Y will change given a one unit change in
X. A positive slope indicates that as X changes by one uniiciéase by pand
a negative slope indicates that as X changes by one unit, Y decreages by b
Generally not all of the variability in Y is explained by Xhel coefficient
of determination, or & tells how much of the variability of Y is explained by X.
R? is used to measure if the model's independent variables areicgighif

49



predictors of the dependent variable$.idkcalculated by squaring the correlation
r. R values range from zero to one with a one indicating that X gibrferedicts

Y and a 0 indicating that X does not predict Y at all. In other wani$¥ =0 .75
tells that 75 percent of the variation in Y is explained byiker value can show
whether there is a positive or negative relationshiglues range from negative
one to one and a negativ@alue indicates that as X increases, Y decreasess If
positive, then the reverse is true.

In order to determine the quality of the model and its predictaltiii
author calculated theand R value as well an F-statistic with is corresponding p-
value using Excel and SPSS. A p-value of less than .05 would itmtlyhie R
is statistically significant at the 95 percent confidence level.

4.1.5.4 Independent Samples t-Test

The t-test measures whether the means of two groups aisticstiy
different from one another. The author focused on using an independent samples
t-test which evaluates whether means for two independent groupgrafieantly
different from each other (Green et al. 1997). The independent satvtpkds
makes three assumptions.

1) The data being measured is collected from a random sample

2) Each sample average is assumed to be approximately normally

distributed

3) Variance of the two samples are equal
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A t-test analyzes the means compared to the spread of véyialsiing
these assumptions. Figure 4.7 demonstrates why it is importaointpare the
means to the variability. The difference between the mearse divb groups in
all three graphs are the same; however, the spread of variabildgviously
different with the highest spread of variability found in the seqgmagh and the
lowest spread of variability in the last graph. The last graphldvdemonstrate
much higher statistical significance than the top or middiphgidue to a low

spread of variability.

Figure 4.7 Same Difference in Means with Different Variability

SPSS can run several different t-tests, but for the testinged?DRI the
independent samples t-test was used, giving an output of Levent’'$oites

equality and the t-test for equality of means. Levene’s tegdoality of variance
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checks to for equal variance and SPSS returns a significanee sap-value to
determine this. A p-value less than 0.05 shows that the variarecesatistically
different, in which case the author read the SPSS output of fbtestuality of
means using equal variances not assumed. Table 4.1 depicts a blankboxtput

from SPSS which shows these values:

Table 4.1 Independent Samples t-Test Output Using SPSS

Levene's Test
for Equality of
Variances

t-test for Equality of
Means

Sig. Mean Std. Error

F Sig. t df (2-tailed) | Difference Difference

Equal variances
assumed

Equal variances
not assumed

This analysis and procedure was used to validate the PDRI useng t
cutoff point of a PDRI score of 200, as well as other cut off poifitte means of
performance between the two groups were compared using SERi8t&tmine if
there was a statistically significant difference between the tauapgt

4.2 Research Application

The previous sections have described the methodology of gathering data
for the statistical tests used to validate the research hyesth€he applications
of the research; reporting of results and implications, are swizgd in the final
chapter on conclusions and recommendations for the PDRI. It should loe note

here however that there are some limitations to the data.

52



4.3. Limitations of Analyses

When performing statistical analysis it is important to gaize some
limitations that might be applicable to the sample being testethis case the
author had some limitations in regards to the sample population. Theabptim
sampling would come from a truly random sample; however, due to doegsr
for collecting the data the author was limited to only those whwld volunteer
the information. It is likely that participants chose more essful projects to
report, rather than less successful projects. Additionally, peatits were
providing information months, and sometimes years after the fachsrslich
there is room for inaccurate data. Due to these limitations lyeeralizations
may not be applicable.

4.4. Summary

This chapter is a summary of the research methodology folloorethd
development the PDRI documents as well as the process usedadwtbein the
testing of the PDRI. Support for the selection of research desagngiven and
described in detail throughout the sections, ending in a detailelysess and
presentation of key findings. The next chapter describes thesgrotdeveloping

the PDRI for Infrastructure Projects.
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Chapter 5: PDRI DEVELOPMENT PROCESS

This chapter describes the process that was followed to devel&®DRie
for Infrastructure Projects. The primary means of data d¢mleavas through
workshops held in different parts of the United State as weHdbasad. This
chapter describes how these workshops were facilitated, the demographeis of t
participants, and the results from the data collected. The datagmg and
screening techniques are also given in this chapter. Finally sioggesf how to
use the PDRI are given as well as an example of how the EdRbe used on a
real project.

5.1. Background of the PDRI for Infrastructure Projects

The basic design of the PDRI element list as well as thement
descriptions that make up a checklist for defining scope definitidnnat project
is based on the PDRI-Industrial and PDRI-Buildings methodology. Through a
series of research team meetings and screening procesisds element list was
developed.

In like manner the PDRI for Infrastructure Projects used thment lists
from the building, and industrial PDRI's, as well as the APRAnelat list to
create a framework for its element list. Over a sesiemeetings conducted
during a nine month period, terms were changed to match morelyclbe
vocabulary used within infrastructure, additional elements unique astniicture
were added, and elements not relevant to infrastructure were miwe list
went through many changes. Most of these changes camehfearasiearch team

as they shared their expertise in these areas. After thafis the test draft
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element list was created. This list works as a refer@rceompleting the PDRI
scorecard. The list consists of 68 elements determined to be tmshneith
infrastructure projects. In relation to this list, a detailed l$ element
descriptions was created. The elements list and their giesns represent a
checklist for defining specific scopes. The test draft omelets was finalized
based on comments and observations given during the weighting workshops. A
list of all the elements that make up the PDRI for Infrastme Projects can be
seen in Figure 5.1. In addition to the elements and their descriptisosrecard

was created for use in defining levels of definition for each ehenThis process

is discussed later in the chapter.

The PDRI elements are divided in the three sections, and thirteen
categories. The sections describe three main areas of fottus imfrastructure
projects: basis of project decision, basis of design, execution apprdae
elements are then divided into the thirteen categories asheas in Figure 5.1.
Each element is defined in a detailed element description. A ctanligleof each
element and element description is given in Appendix B.

The 68 elements that make up the PDRI for Infrastructure do not liniave t
same relative importance. That is to say some of the elementaore critical to
project success and as such should also receive greater atterfiBR iefforts.
To determine the relative importance of the elements the authdr dega
collected from workshops where participants were able to ranklémeents in
order of importance as well as provided their degree of imporian®ation to

the other elements.
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Figure 5.1 PDRI Sections, Categories,

and Elements

SECTION I. BASIS OF PROJECT DECISION
A. Project Strategy
A.1 Need & Purpose Documentation
A.2 Investment Studies & Alternatives
Assessments
A.3 Key Team Member Coordination
A.4 Public Involvement
B. Owner/Operator Philosophies
B.1 Design Philosophy
B.2 Operating Philosophy
B.3 Maintenance Philosophy
B.4 Future Expansion & Alteration
Considerations
C. Project Funding and Timing
C.1 Funding & Programming
C.2 Preliminary Project Schedule
C.3 Contingencies
D. Project Requirements
D.1 Project Objectives Statement
D.2 Functional Classification & Use
D.3 Evaluation of Compliance Requirements
D.4 Existing Environmental Conditions
D.5 Site Characteristics Available vs. Required
D.6 Dismantling & Demolition Requirements
D.7 Determination of Utility Impacts
D.8 Lead/Discipline Scope of Work
E. Value Analysis
E.1 Value Engineering Procedures
E.2 Design Simplification
E.3 Material Alternatives Considered
E.4 Constructability Procedures

SECTION Il. BASIS OF DESIGN
F. Site Information
F.1 Geotechnical Characteristics
F.2 Hydrological Characteristics
F.3 Surveys & Mapping
F.4 Permitting Requirements
F.5 Environmental Documentation
F.6 Environmental Commitments & Mitigation
F.7 Property Descriptions
F.8 Right-of-Way Mapping & Site Issues
G. Location and Geometry
G.1 Schematic Layouts
G.2 Horizontal & Vertical Alignment
G.3 Cross-Sectional Elements
G.4 Control of Access

H. Associated Structures and Equipment
H.1 Support Structures
H.2 Hydraulic Structures
H.3 Miscellaneous Elements
H.4 Equipment List
H.5 Equipment Utility Requirements
I. Project Design Parameters
1.1 Capacity
I.2 Safety & Hazards
1.3 Civil/Structural
1.4 Mechanical/Equipment
1.5 Electrical/Controls
1.6 Operations/Maintenance

SECTION lll. EXECUTION APPROACH
J. Land Acquisition Strategy
J.1 Local Public Agencies Contracts &
Agreements
J.2 Long-Lead Parcel & Utility Adjustment
Identification & Acquisition
J.3 Utility Agreement & Joint-Use Contracts
J.4 Land Appraisal Requirements
J.5 Advance Land Acquisition Requirements
K. Procurement Strategy
K.1 Project Delivery Method & Contracting
Strategies
K.2 Long-Lead/Critical Equipment & Material
Identification
K.3 Procurement Procedures & Plans
K.4 Procurement Responsibility Matrix
L. Project Control
L.1 Right-of-Way & Utilities Cost Estimates
L.2 Design & Construction Cost Estimates
L.3 Project Cost Control
L.4 Project Schedule Control
L.5 Project Quality Assurance & Control
M. Project Execution Plan
M.1 Safety Procedures
M.2 Owner Approval Requirements
M.3 Documentation/Deliverables
M.4 Computing & CADD/Model Requirement
M.5 Design/Construction Plan & Approach
M.6 Intercompany & Interagency Coordinatio
& agreements
M.7 Work Zone and Transportation Plan
M.8 Project Completion Requirements

5.2. PDRI Weighting Workshops

Weighting workshops were held in multiple regions in an effort to get
input that adequately represent the infrastructure industry. In adddidhe
workshops held in the United States two workshops were also held in Grea
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Britain. Through the workshops as well as through the testing praoéss the
research team membership, representatives from eight ceuptaoeided input
into this PDRI tool. Table 5.1 shows the locations of the weighteklsivops and

the dates of each.

Table 5.1 Weighting Workshops

Location Date yz;r?ck?g;r?:s
Washington, D.C] 7/76/2009 16
London 8/11/2009 8
London, Olympic | 8/13/2009 7
site
Houston 9/2/2009 13
Los Angeles 10/20/2009 9
New York 10/14/2009 11

The workshop participants represented industry professionals from all
over the world and representing multiple owner and contractor orgamzath
list of organizations that participated in the development of th&IPfor
Infrastructure can be found in Appendix A. Sixty-four participantsrdmrted to
the development of weighted elements through the workshops. Figure 5.2
provides some relevant information about these participants. The rexinse

describes how these workshops were conducted.
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e 64 Weighted PDRI Forms
e 64 Participants
0 1,346 Collective Years of
Experience
0 22 Years of Experience on
Average
e Participants by Project Type
o 28 People & Freight
0 22 Fluids
o 14 Energy

e 28 Organizations Represented

$64 billion in Project Costs Represented

Figure 5.2 Weighted Workshop Summary

5.2.1. Workshop process
The PDRI weighting workshops began in August 2009 and were
completed by October 2009. The industry professional consisting of project
managers, owners, engineers, estimators and other construet@gens met at
locations hosted by the Research Team 268. The workshop partiaigadtshe
individual element descriptions to generate a clear understaoideagh element.
The element description provides additional items to consider wheragmglan

element. Figure 5.6 shows an example element with its description
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L. PROJECT CONTROL

L.1 Right-of-Way & Utilities Cost Estimates

Right-of-way costs are defined as those instances whereishareinterest
in land acquired and include all costs necessary to adip@rneroperty. In some
cases land and interests in land must be acquired outsidegxigtit-of-way
for or by the utility. The cost estimates in some casegr@@ared by the utility
and submitted in support of the utility agreement and plansregfjfior the
proposed work. These estimates should cover only the work for ngeari
infrastructure project construction. Issues to consider include:

Cost of right-of-way

Amounts paid to fee appraisers for appraisal ofitjigt-of-way

Costs normally paid that are incidental to landuggitjon

Payment of property damages and losses to impravsme

Recording costs

Deed fees

Salaries and expenses of employees engaged imliletion and negotiation
Right-of-way costs incurred by a utility

Cost of utility adjustment and bringing necessditjties to site

Other user defined

000000000

Figure 5.6 Project Control Element Descriptions

The workshop facilitator led the group through the scorecard and element
descriptions one by one. The following steps were taken by thigataci to
instruct them on how they would contribute to the element weightscdinglete
packet provided to each participant can be found in Appendix D.

The facilitator led the group through a PowerPoint presentation.ef bri
background of the research team was provided as well as introduction to the PDR

tool. The participants were provided with a packet that included a BBdré
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sheet, element descriptions, and a comment and question sheet. Dhiesicats
form they filled out to provide their contact information and experience.

The industry professionals were asked to consider an infrastructyeetpr
that had been involved with. They would be using this project as aemeter
during the weighting process. They were instructed to think of agirthat was
typical in size and scope and one familiar to their organizatiamicipants were
counseled not to choose projects based on their final project soté¢assre but
to choose a project that best typified projects there organizatiomecaistoming
to dealing with. In total these projects represented $56 billion WSEapital
investment.

Each participant was then told to consider that they had beerdtéas
estimate the project they had chosen just prior to the detailndpsigess. As
each element was considered in turn the participants were askaskign a
contingence amount to each element. First they were asked tdezathsit if the
project had been completely defined within a specific scope. In othreisvif all
of the considerations found in the element descriptions had been act@umnok
planned for. They would then assign a contingency amount to thatreleffoe
example in considering the element K.3 Procurement Procedures ausd thia
participant would consider that element together with the eledesatiption and
assign that element the amount of percent of total that would ditedlto that
element in the form of contingency. In a like manner the ppaints were also
asked to consider that they had to assign a contingency to the element ideing li

to no definition prior to detailed design. In other words if the qmiojhat the
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participant was considering had not accounted for and planned adequately the
Procurement Procedures and Plans, what kind of contingency would hawve bee
estimated for that lack of planning. The contingency assigne \pascentage of

the total project cost and would represent the amount of money thad Wweul
necessary to offset uncertainties related to the pragaetsution. In Figure 5.7 an

example of how this information would be gathered is given.

Definition Level
CATEGORY 1 2 3 4 5
Element
E. VALUE ANALYSIS
E.1 Value Engineering Procedures 1 11%
E.2 Design Simplification 2% 9%
E.3 Material Alternatives Considered 09 13%
E.4 Constructability Procedures 19 12%

1 = Complete Definition
5 = Incomplete or Poor Definition

Figure 5.7 Sample of Workshop Weighting Category E

In assigning contingency to the elements at the levels of higHoand
definition, the participant was asked to consider all related &spethe element
that could affect project success. This consideration could incléelgsabn time,
changes, or cost. The participants were told to represent anthesk
considerations in terms of monetary value, i.e. the amount of mmeeged to
offset an unplanned circumstance.

Some obvious and logical conclusions were discussed with the group;

specifically the idea that if an element was completelynéefit would need less
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contingency than an element that was poorly defined. The valuescfotessel of
definition would be recorded under definition levels 1 (representsahgletely
defined element) and level 5 (representing an incompletely or pdefiged
element). The participants were allowed to make changesyatime as new
element descriptions were introduced. Times were allotted througtheut
workshop for review of all the elements where adjustments could be made.

Some projects did not have to deal with certain items on the eidiste
For example a project that had no right of way issues would not hiewelaof
definition associated with the elements involving right of way. If wed the case
within the participants’ selected reference projects, they weheck that the
element was Not Applicable or NA in the provided box. It was ncbehe that an
NA needed to be entered and not a O because an answer of O would is&oa dec
that no contingency would be assigned to that element and would skelatéhe
from projects that actually considered the element in the evatudtian element
was applicable to the project but the participant was not iEamalith it, the
participant was asked to use their general experience to joegeeight for that
element in a project of similar characteristics.

The elements were reviewed one by one, questions about the elements
were answered directly during the session and the faciliksptr a good flow
from beginning to end. Plenty of time was given for careful condidaraf each
element, but not enough time to “over think” the elements. Questionsahia
not be answered in the time allotted or that dealt with unreilisies were asked

to be written on the comment sheets. The comment sheets algodsiidns used
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in making a complete element description list and in finalizing the development of
the PDRI tool. All the comments and suggestions from the parnisipaere
considered by the research team and implemented as needdz ifib@lt version

of the tool.

The scorecard shows levels of definitions ranking from level 1, coetplet
defined to level 5, incomplete of poor definition. The levels 2, 3 antb# &br
the ranking of elements between the complete definition and poor daefiniti
levels. Because previous research showed that the definitions Bvé and 4
trended linearly between levels 1 and 5 it was not necessaryvi® tha
participant contribute contingency values to those levels of definifh method
of data interpolation would be used to determine the weight of elaahent at
definition levels 2, 3 and 4 (Gibson and Oreilly 1997). This also Hdipdeep
the workshops to a manageable time by avoiding unnecessary work.

In summary of the weighting workshops, the PDRI for Infrattme
projects follows the methodology used by Research Team 155, BDRUifding
Projects and Research Team 113, PDRI for Industrial ProjdatsAPRA tool as
well as other CIl studies were also used. Industry leaders wwited to
weighting workshops and contributed weights to each element as awell
contributed to the element descriptions. The workshops were veryssfudce
both in terms of collected data for the weighting process disasereceiving
insights from experienced industry professionals on the value and tise tobl.
The participants contributed valuable information for the developmigort.e

After the workshops, the author used the collected data to creaiglaed score
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sheet. The next section covers how the data was used to develyipedei
elements.

5.3. Developing the PDRI Element Weights

The 64 completed evaluation scorecards were checked for completeness
and reliability and were all determined to be usable in develop@glkement
weights. The data was given an alpha numeric code to keep prgprietar
information guarded. The first step in developing the weights was norrnalizat

5.3.1. Normalizing Process

This section describes the method for normalizing the datectadlérom
the workshops. As with the previous PDRI tools the scorecard was @
maximum value of 1000. That would mean a project that scored eacbrelas
definition level 5 or poorly defined would end up with a PDRI score of 1000. This
would represent a project with no definition. Conversely, a prggmting each
element as a level 1 or complete definition would have a low schrg.store
would be determined on the number and weights of each element atiatefini
level 1 and would also depend on the number of N/A elements reportiée on
score sheet. The weighting for definition level 1 is discusseul. la¥orkshop
participants contributed contingency values for each elementr Tdweel 5
contingencies would not be comparable to each other because no sgeaddic
was provided in determining the amount of contingency assignextioetement.
This was done on purpose to avoid creating a reporting bias. Thissre Wie
normalization process is necessary. Normalization was accomgblis/ summing

each participant’s level 5 weights. This number was then dividedlLb@0 (the
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max PDRI score) giving a normalizing multiplier. When this rpli#r is
multiplied with each individual element contributions, the resuthéelements
individual contribution to the maximum of 1000 points. This process takéseall
contributors data and puts them all on the same scale so theyecased in
comparison to each other.

This same process of normalization was used for the level 1 wdght
each of the 64 scorecards. The level 1 weight only differed irmitdod of
normalization slightly. Because this is the third PDRI tool develdpe research
team wanted to make it comparable to the other tools. Both the RDRI
Industrial projects and the PDRI for Building Project end up withi@nnum
definition level 1 of 70 points when all the elements were added. mbans a
project that it completely defined would have a PDRI scoré0ofThis number
had been used by industry professionals already familiar Wwe&hPDRI tool.
Consequently RT 268 decided that a minimum score for the PDRI for
Infrastructure would be 70. This benchmark was used for the lealehient data
just as the 1000 mark was used in normalizing the data for the definition level 5.

5.3.2. Preliminary PDRI Element Weights

When all the calculations for normalization had been completed the 64
contributors could then be used to provide an average element werghthEi
definition level 5 contributions from all the participants were aged for each
element. This gives a scale of relative importance for eatheo68 elements.
Because of round error the averages do not add to the desired 1000 poiat max f

level 5. Once again the data is normalized by dividing the sum chvbeage
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element weights into 1000. This determines the normalized multifdich
average element weight can then be multiplied by this multiplieat leaves 68
elements that add to 1000 points for definition level 5. The processdsfarse
definition level 1 with a target minimum of 70 points.

For responses on certain elements that included a response of N&t (or
applicable) on the scorecard the sum of their data sets wdsdlivy 64 less the
number of N/A responses. For example element L.1 had 4 partiplaat
responded N/A for that element on their level 5 definition. The prthey were
considering did not have “Right of Way and Utility Cost Estimatéee sum of
the normalized level 5 weights was divided by 60 (64 participants NA
responses = 60 computable responses). This process was used totidiffetiee
NA responses from a response of 0.

5.3.3 Screening the Data using Boxplots
After the definition levels from the participants’ surveys wavemalized,
the descriptive statistics for each element were run using $& analyze the
mean, median, standard deviation, variance and skewness. Further aidhysis
data revealed that several of the elements were either melgleaat highly
skewed. This meant that for certain elements the responses friscippats were
skewing the data.

In order to determine the mean weights for the elements, the author
wanted to get the data as close to a normal distribution as poBsikfdots were
created to analyze the outliers and extremes and to detefrthiees were certain

data sets, or participants that were regularly skewing thee dBbxplots were
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created for all 68 elements yielding the median and interquatilevell as
outliers and extremes. These box plots are given in Appendix C.

When all of the outliers and extremes were determined, furtfedysas
was done to discover frequent contributors to outliers and extrenkesh

participant was assigned a contribution score calculated as:

Contribution Score = 3 * (No. of Extremes) + 1 * (No. of Outliers)

The scores were compiled into a table and participants weesl lis
descending order by their contribution scores. This data made it ohiaus
some of the data sets were skewing the means on several eléients. This
information was presented to the research team, as well as gyutioas for
dealing with these outliers and extremes. The first option wadetide the
outliers and extremes were still valid data points and use all data sets asdgoint
determine the element weights. The second option was to throwningt @ata
sets, or participants, who had a contribution score that was dsterfitoo high”
by the research team. A third option was to keep all the dttdst to throw out
only data points that were outliers and extremes on any given element. Thds woul
have kept all the participants information but thrown out only thmguts that
were calculated as outliers and extremes. The fourth was aramhiof options
2 and 3 and was to throw out the entire data sets for those whoséwaniri
score was determined to be “too high,” similar to option two, but tbesso

throw out any remaining outliers and extremes on individual elemsntgar to
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option 3. This would have meant that only a few participants’ datadwuaNe
been discarded entirely and the rest of the participants would havehadly
certain data points thrown out on certain elements. The fifth avad diption
given to the research team was to discard only those data paatsvehe
calculated as extremes and to leave in those calculated as outliers.

The team chose to go with option two of throwing out entire data sets from
participants whose contribution score was too high. The team chosagtddd
mean a score of 9 or above. This decision was made based ont tthexfaloere
was a large difference in the number of participants who contributare svas 9
and those whose score was 7, as can be seen in Table 5.2. This was a logical break
in the data set The team decided there were too many dataittea contribution
score of 7 to discard all. More importantly, this decision wasenee to the
nature of the projects of some of the participants with a high batioh score.
Some of these projects had unique characteristics that required abbpdange
amounts of contingency to be dedicated to certain elements thadtwacal of
the industry. Five sets of data were discarded and a total s¢d@8cards were

used to determine the element weights.
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Table 5.2 Contributions to Outliers & Extremes by Participant

Contributions Contributions Contributions
Participant (Outliers & Participant (Outliers & Participant (Outliers &
Extremes) Extremes) Extremes)
LOS 14 LAOS 4 HO8 1
NYO04 11 W02 4 H13 1
W15 10 WO7 4 LO1 1
LO8 9 WO09 4 L10 1
W10 9 W13 4 LAO7 1
HO7 7 H11l 3 LAO9 1
LO7 7 L13 3 NYO08 1
LAO3 7 LAO4 3 W04 1
LAO6 7 W01 3 WO05 1
NYO02 7 W03 3 HO2 0
W14 7 LO3 2 HO5 0
LO6 6 LO9 2 HO9 0
L12 6 L11 2 H12 0
L14 6 L15 2 LAOS 0
HO3 5 LAO2 2 NYO7 0
HO4 5 NYO1l 2 NYO09 0
LO2 5 NYO05 2 WO6 0
LO4 5 NYO06 2 W1l 0
NYO3 5 NY10 2 W12 0
W08 5 NY11l 2 W16 0
H10 4 HO1 1 - -
LAO1 4 HO6 1 - -

LA - Los Angeles, NY - New York, H - Houston, W -a&hington DC, L - London

5.3.4. Element Mean Weights for Definition Level 5 and 1
After the data screening and Boxplot analysis was completelastore
for both definition level 1 and definition level 5 were determined fache
element. The same procedure as discussed earlier for notioaliah data was
used with these new weights. The individual elements were aveaaddtien the
sum of all the weights divided into 1000. This results in a multiphiat when
multiplied by the final average element weight, gives thal flhRDRI element

score for level 5. The same process was repeated for level one.
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One significant part of the finalizing all the numbers was the afs
rounding. For the most part numbers were round using common rounding rules of
.50 and above being rounded up and .49 and below being rounded down. As the
sum of the level 5 elements had to equal 1000 some element weeageteither
rounded up or down based on their comparison to the other numbers. For example
if the elements scores were adding up to 999 using common roundoiggsa
and an the element B.2 was the closest to .50 having an unrounded $:d&eibf
was rounded up to 7 making the max score 1000.

It should not be implied that the numbers are precise to that dddnee.
PDRI score is an estimate of project definition. A projechwitscore of 285 as
not necessarily more well defined then a project with a PRRiesof 275. The
PDRI is not intended for that purpose, as it is intended to identipg ga
knowledge and force action. Users are advised to use caution with the numbers.

5.3.5. Interpolating the Weights for Definition Level 2, 3, and 4

With the level 1 and level 5 weights completed it was now time to

compute the level 2, 3 and 4 weights. This was accomplished usingia ba

interpolation of the data. The weights were computed as follows:

Level 2 Weight = ((level 5 Weight — Level 1 Weight)/4 + level 1 weight

Level 3 Weight = ((level 5 Weight — Level 1 Weight)/4 + level 2 weight

Level 4 Weight = ((level 5 Weight — Level 1 Weight)/4 + level 3 weight
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This represents a direct linear interpolation of data. The reatiks
completion of the level 1 and 5 weights together with the interpolation of the level
2, 3and 4 weights is a final weighted PDRI scorecard. Table 5.3 shewssults

of the interpolation of the level 1 — level 5 element weights.

Table 5.3 Results of Interpolation of Level 1 — Lesi 5 Weights

Elements El E |

Categori¢ 1 | 2 3 4 5|Catfl1 (2] 3 4 5 |Cat [1 ]2 3 4 5
Sections Sec| Sec

A . 1|2 13| 24| 35 44 F1 |2 | 7| 12| 17 2131 J.4 1 4 7 p 1
A. 2|1 15 22| 28| F2 |1 (4| 7 101 13} J.2 1 5 9 18 1P
A . 3|1 11| 16| 19 F3 |1 (4| 7 101 141 J.3 1 4 7 190 1p
A . 41 11| 16| 23 F4 |1 (5] 9 13 151 J.4 1 3 5 7 1p
ATotals | 5| 33| 61| 89| 12| F5 (1 | 5|9 131 18] J.5 1] 3 5 7 9

B . 1] 2 12 17 24 F6 |1 | 4| 7 10| 1413 5| 19| 33| 47| 60
B . 2|1 13| 16 F7 10| 3| 5 7 10] K. 5 13 1%
B . 3|1 10 12JF8 |1 | 4| 7 101 14] K.2| 1| 4 7 1( 1B
B . 4|1 13| 17 F 8 |3%|63|9(19]|]K.3([1]| 4 7 101 11
BTotals | 5 | 21| 37| 53| 67/ Gl |1 7 10| 13] K.4| Of 2 4 6 8
c . 1|1 11( 16| 23 G2 |1 10 13] K 3 |15]| 27| 39| 47
cC . 2|2 14( 20| 23 G3 |1 | 4 10| 11 5 7 14
CcC . 3|2]| 8 14] 20| 274 G4 |1 5 7 10 2 14 2( b
CTotals | 5 | 22| 39| 56| 70 G 4 15 (26| 37| 47 L.3 |1 |5 9 13 15
D 111]6 11 16 19 H1 |1 | 4| 7 10( 11 L.4] 1] 5 9 13 1y
D 21 1] 6 11 16 19 H2 |1 | 3| 5 5 1| 4 7 19 1
D 3|11]6 11| 16| 224 H3 (1 [ 3| 5 71L 6 | 25| 44| 63 80
D 4116 11| 16| 24 H4 |1 | 4| 7 10| 11} M.1] 1f 4 7 1( 1P
D 511|565 13| 18 H5 (1| 3|5 7 9 M.2 1] 3 5 7 1

D 6|11 4 10| 113} H 5 (1729 41| 47y M.3 |1 | 3 5 7 9

D 711] 6 11 16 1911 |1 | 6| 11| 16| 220 M.4 O 3 5 7 7
D 8|11 4 7 10 13112 |11 | 4| 7 101 12| M.5| 1| 4 7 1( 14
DTotals | 8 | 43| 78| 13 (4313 (1 |5(9 13| 151 M.6| 1| 4 7 1( 1B
E 1111 3 10014 11)13]|5 7 101 M.7] 1] 3 5 7 9
E 210 141511 (3]5 10] M.8] 1| 3 5 9
E 3(1 9116 (14| 7 10( 111 ™M 7 |27 | 46| 65| 8 3
E 411 13| 19 | 6 [25]44 | 63| 80] 11121 ]| 86| 150 | 214 | 270
ETotals | 3 | 14| 25| 36| 45| Sl | 23 | 93 | 162 | 231 | 293 | PDRI | 70 | 312 | 552 | 792 | 1000
SEoL | B |0 | 3 | e
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5.4. Finalizing the PDRI Project Score Sheet

After data interpolation, a final check of the element weigtslefinition
levels 1-5 was completed and the weighted scorecard was camplétie
weighted scorecard can be seen in Appendix B. The scorecardhass a
definition level 0 as well, indicating that an element is not agble to the
project.

5.5. Analyzing the PDRI Weights

A completed element scorecard can be used to highlight the sections
categories and elements of greatest importance. If a pra@act had only a
limited time to spend on increasing their scope definition; whiemst or
categories of items would most likely effect the PDRdrecand consequently
improve project success? Figure 5.9 shows the sections anddiresponding
weights. These weights represent a situation where each eleremefinition

level 5, or undefined.

Section Weights
SECTION | - BASIS OF PROJECT DECISION 437
SECTION Il - BASIS OF DESIGN 293
SECTION Il - EXECUTION APPROACH 270

Figure 5.9 Section Titles & Weights

The section |, Basis of Project Decision, has the highest.stoiemeans
the elements that make it up are ranked as more likely td affsts and schedule

throughout the duration of the project. Likewise Figure 5.10 showsatiegary
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weights. The highest weighted category being Category De®Bequirements.
Project teams should focus the greatest concentrations on seci@ggries, and

elements that have the highest contribution to the PDRI score.

| Category Weights
| SECTION |
D. PROJECT REQUIREMENTS 143
A. PROJECT STRATEGY 112
C. PROJECT FUNDING AND TIMING 70
B. OWNER/OPERATOR PHILOSOPHIES 67
E. VALUE ANALYSIS 45
| SECTION II
F. SITE INFORMATION 119
I. PROJECT DESIGN PARAMETERS 80
G. LOCATION and GEOMETRY 47
H. ASSOCIATED STRUCTURES and EQUIPMENT 47
| SECTION Il
M. PROJECT EXECUTION PLAN 83
L. PROJECT CONTROL 80
J. LAND ACQUISITION STRATEGY 60
K. PROCUREMENT STRATEGY 47

Figure 5.10 Category Titles & Weights

If a project team wanted to focus on the elements within ttiose or
categories it would be important to know what elements have thdesfrea
contribution to project cost when they are not well defined duringFte
process. The top twelve list of element weights is given emahstrate the
elements of highest rankings. Figure 5.11 shows these elements hwith t

corresponding weights.
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Element

Weights

Al
A2
C3
L.2
B.1
C.2
D.3
D.4
1.1

A4
C1l
F.1

Need & Purpose Documentation
Investment Studies & Alternatives Assessments
Contingencies

Design & Construction Cost Estimates
Design Philosophy

Preliminary Project Schedule

Evaluation of Compliance Requirements
Existing Environmental Conditions
Capacity

Public Involvement

Funding & Programming

Geotechnical Characteristics

44
28
27
25
22
22
22
22
22
21
21
21

Figure 5.11 Top Twelve Element Weights

These top twelve elements were determined through the workshtpes as

most critical to the front planning of infrastructure projects.ddtdjeams wanting

to focus on the element most likely to affect the final cost sofeedule of an

infrastructure project, should focus on the top ten elements.

5.6. Element Weights for Project Types

In addition to understanding the blended results of the infrastructure

project types (represented by the workshop participants) the au#tsocurious

about how different project types were represented withinPDRI scores. In

other words, how were the element weights changed when selegisgod

participants were evaluated? The data were analyzed witidregthe following

considerations:

e Projects represented by Contractors or Owners in the workshop
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e Did the projects deal with People and Freight, Fluids, or Energy, as
described by the workshop participants

e Did the project have significant right of way issues

These consideration were analyzed and the next section reports the
conclusions for the analysis the following figures show the esidilithe data as
they pertain to certain types of projects

5.6.1. Comparison of Owners and Contractors

Of the 64 workshop participants 37 were contractors and 27 were owners.
The elements weights that were reported for each elemeatamalyzed by the
author to see if there were any significant differences letwee two data sets.
Although there were differences in the ranking of the elementgemeral the
element weights for contractors and owners was very similar.e Sesues
weighted with greater importance to owners were; Need and Purpose
Documentation, and Design and Construction Cost Estimates. It casnas
surprise that owners would rank these two elements highest. Gorgrixom the
workshops gave higher weights to the elements of Funding and Progrgrasi
well as Existing Environmental Conditions. The rankings of theseeglenshow
that contractors feel that these elements need to be well dlefinerder to
mitigate future risks and project unknowns. The difference inidatat enough
to warrant the creation of separate PDRI tool to analyze agbrdyjut the element

rankings are helpful in provided added focus or perspective to theerglem
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to contractors.

weights. Figure 5.13 shows the top ten element weights for ovaserempared

Owner

Element Weight
Al Need and Purpose Documentation 58
L.2 Design & Construction Cost Estimates 34
A2 Investment Studies & Alternatives Assessment 1 3
C.3 Contingencies 30
C.2 Preliminary Project Schedule 27
F.1 Geotechnical Characteristics 27
B.1 Design Philosophy 26
A.3 Key Team Member Coordination 25
D.3 Evaluation of Compliance Requirements 24
1.1 Capacity Study 24

Contractor

Element Weight
Al Need and Purpose Documentation 39
A2 Investment Studies & Alternatives Assessment 0 3
C.3 Contingencies 27
C.1 Funding & Programming 26
D.4 Existing Environmental Conditions 26
C.2 Preliminary Project Schedule 24
1.1 Capacity Study 24
D.2 Functional Classification & Use 23
L.2 Design & Construction Cost Estimates 23
D.3 Evaluation of Compliance Requirements 23

Figure 5.13 Top Ten Element Weights - Owners &

Contractors

5.6.2. People and Freight, Energy, Fluids projects

Workshop participants were asked to use a reference project dineing
weighting process. The types of projects were classifitedthe three categories
of People and Freight, Energy, and Fluids projects. The author anaheed

element weights for each of the project types and the result follows.
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Similarly to the projects representing owners and contract@sléement
weights given to the three types of projects were very mliké, @and matched
fairly closely with the blended element weights. This demotestrahe
applicability to infrastructure projects in general and lessbesneed for a
separate PDRI tool to address each type of project. The author dedsownetver
that there is a difference in the elements weights and tneref difference in
priority among the three project types.

The 28 Projects represented by the workshop participants that involved
people and freight gave greater importance to element of Funding and
Programming; ranking this element as number one. The other twotprtjpes
did not rank this element among their top ten. Both the elemenistingx
Environmental Conditions, and Environmental Documentation were ranked
highly by participants referencing people and fright projebis, demonstrates
the high priority these type of projects place on environmentphct and the
risks it presents. Table 5.4 shows the top ten elements for paupl&esght

projects.

Table 5.4 Top Ten Element Weights: People and Freight Projects

Element Weight
C.1 Funding & Programming 34
Al Need and Purpose Documentation 33
A2 Investment Studies & Alternatives Assessment 30
C.3 Contingencies 29
L.2 Design & Construction Cost Estimates 29
D.4 Existing Environmental Conditions 28
C.2 Preliminary Project Schedule 25
D.3 Evaluation of Compliance Requirements 23
A4 Public Involvement 22
F.5 Environmental Documentation 22
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Fourteen participants from the workshop used an energy projeat as
reference; they had some notable differences from the othectptgpes. First
the weight assigned to the element Need and Purpose Documeimfisadily
outweighs the other project types. The element was given tlyhtwai 65 which
is a little more than the weight given by fluid projects butadt two times the
weight given by people and freight projects. This element is olyiaishigh
importance within energy projects. These projects also gave high anperto
Key Team Member Coordination and Determination of Utility impa€able 5.5
shows the top ten elements as ranked by workshop participantsamsirgergy
project as a reference.

Table 5.5 Top Ten Element Weights: Energy Projects

Element Weight
Al Need and Purpose Documentation 65
C.3 Contingencies 40
C.2 Preliminary Project Schedule 29
B.1 Design Philosophy 28
A2 Investment Studies & Alternatives Assessment 27
A3 Key Team Member Coordination 27
1.1 Capacity Study 26
L.2 Design & Construction Cost Estimates 24
D.7 Determination of Utility Impacts 24
B.4 Future Expansion & Alteration Considerations 23

The remaining 22 workshop participants used fluids projects assaobas
reference for weighting the elements. Once again a high inmgertaas placed
on Need and Purpose Documentation. Elements on the top ten list thafrdifi
the other types of projects are Geotechnical CharacterisitsEgaluation of
Compliance Requirements. In Table 5.6 the top ten element wéayhtisiids

projects are provided.
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Table 5.6 Top Ten Element Weights: Fluid Projects

Element Weight
Al Need and Purpose Documentation 53
A2 Investment Studies & Alternatives Assessment 33
F.1 Geotechnical Characteristics 30
L.2 Design & Construction Cost Estimates 28
1.1 Capacity Study 26
B.1 Design Philosophy 25
D.3 Evaluation of Compliance Requirements 25
C.2 Preliminary Project Schedule 23
A4 Public Involvement 21
D.2 Functional Classification & Use 21

The author notes that the differences between each projectespevery
logical when the nature and requirements of the project type arelets It
would be beneficial to users of the PDRI to be aware of kment ranking
specific to their project type and remember that additional felbasld be given
to elements of greater weight within their project type.

5.6.3. Comparison of Right of Way Projects

The last type of comparison performed by the author was a Ibok a
projects that represented significant right of way issuegtyTbne of the 64
projects used as reference during the weighting workshops edpaght of way
issues. Once again the author points out the high importance givendcahie
Purpose Documentation. Interestingly, the elements involved in rigivapfor
land acquisition did not rank any higher among the projects representing
significant right of way issues. The author performed this aisalgsspecifically
study that difference and no notable difference was discoverbte 5&. shows

the top 10 elements for project involving in right of way.
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Table 5.7 Top Ten Element Weights: Right of Way Projects

Element Weight
Al Need and Purpose Documentation 65
C.3 Contingencies 40
C.2 Preliminary Project Schedule 29
B.1 Design Philosophy 28
A2 Investment Studies & Alternatives Assessment 27
A.3 Key Team Member Coordination 27
1.1 Capacity Study 26
L.2 Design & Construction Cost Estimates 24
D.7 Determination of Utility Impacts 24
B.4 Future Expansion & Alteration Considerations 23

Difference did occur within the projects when compared by
contractor/owner, people and fright/energy/fluids, and right of wHyese
differences were minor and the blended results from all the pryjees match
closely to the individual project type weights. The PDRI todhérefore reliable
for use on all types of infrastructure projects.

5.7. Summary

This chapter outlined the process that was followed to develop the PDRI
for Infrastructure Projects. The primary means of data daleavas through
workshops held in different parts of the United State as welbasad. The
workshop facilitation was described and the process of weighlimgeats was
given. The chapter also discussed interesting comparisonsathéecmade with
the element weights based on project type or special projedtemtons. With
a finalized weighted scorecard and final element descriptlens$esting process
began. Chapter 6 presents the procedure used in testing the PDRI and

consequently evaluating the research hypotheses.
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Chapter 6: PDRI TESTING

This chapter provides the testing information collected on the P@RI f
Infrastructure Projects in an effort to prove its ability tedict project success.
This testing has been performed using projects that have been compesttng
continues to take place on projects that are currently in procesauge the
testing of the PDRI for Infrastructure Projects using iacpss projects is still
underway, not all data collected from these projects is reportédisirthesis.
Testing data on those projects is still being completed and wikpated in of
future CIl research. This chapter deals primarily with &sting process followed
on completed infrastructure projects. The chapter explains the cedhjplegject
guestionnaire, provide a summary of the focus projects, and provigersog
statistical data and conclusion made from a detailed analystheofproject
information.

6.1. Testing Project Domain

The expertise of the many workshop participants was invaluable in
developing the element weights and helping compile a complétef ldement
description. It is the objective of the author to prove that the toahisctual
indicator for project success. In order to validate the PDRI towaloitld be
necessary to test it out on actual projects. Projects wimetest from volunteers
highly involved in the planning and construction phases for varies infragtuc
projects. The projects that were used in the testing proces® hradet certain
requirements. The projects were to be a completed infrastrymtojext with an

operation period of six months or longer. The projects would represgeater
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than $5 million USD total project cost (or comparable currency). Aatdilly the
project needed to be completed within the past three years. CanBibutre
asked to provide projects that were both “successful” and “unsucqssfjects
for a better analysis.

6.2. Validation Questionnaire

The primary means of collecting data was through a questiensemt out
through email. When a project was volunteered and if it met the woninim
requirements for consideration a questionnaire was mailed tootistraction
manager, owner, or company representative familiar enough withrdjext to be
able provide detailed information about the project’s costs, durativenge
orders and other important information.

The survey or questionnaire was intended to gather information about the
projects being analyzed, each of the questions togethervateummary of the
projects response is provided in the next few sections. Along with the
guestionnaire the evaluators were given a PDRI scorecard (uneaigiibng
with the element descriptions. They were given an unweightedcsedreo that
there would be no bias in the evaluation of each element. This comptejedt
guestionnaire can be seen as Appendix F. More information regardipgpjbets
used in the testing of the PDRI can also be found there. Evalwe¢oesgiven
instruction on how to fill out the questionnaire as well as instnadn how to

complete the scorecard. These are the instruction they were given:
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Assume that your team is in the beginning stages of developing
construction documents for your project. You have an understanding of
your feasibility, concept and detailed scope. At this stage in the
construction progress you have a certain level of “scope definition”. Using
the list of sixty-eight elements that have been defined in the document
entitled “Description of the PDRI Elements,” please mark the level of
definition your chosen project had for each element. The levels of
definition that will be used for evaluating each element range from one to
five and are defined as follows:

1 = Complete Definition

2 = Minor Deficiencies

3 = Some Deficiencies

4 = Major Deficiencies

5 = Incomplete or Poor Definition

Consider each elememdividually. If the element is not applicable to
your project check "n/a" and do not rate the element. NOTE: If you
don't feel confident, but feel it was applicable just use your best
judgment relying on your general knowledge base--don't check N/A.
An example of how to complete the scorecard is given below:

Example

Completed project was the construction of Interstate 7. After completing
the feasibility, concept, and detailed scope phases, and before beginning
design and construction, | felt like the Project Objectives Statement

(D.1) for my project was poorly defined. For this purpose | checked

level 5 “Incomplete or Poor Definition’"qomplete a similar evaluation

for all 68 elements)
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Table 6.1 Example Scoring

CATEGORY nfa | 1 2 3 4 5
Element

D. SITE INFORMATION
D1. Project Objectives Statement X

n/a = not applicable to this project (see note apov
0 = Not Applicable 2 = Minor Deficiencies AMRjor Deficiencies
1 = Complete Definition 3 = Some Deficiencies 5 = Incomplete or Poor Definition

6.3. Sample Project Selection

The sample projects used in the testing process came from fonr ma
sources; workshop participants, members of the Research Team 268,
benchmarking data, and special industry contacts. In all 22 projests
collected. Although the research team was hoping for more sarmexcts, the
project data that was provided represents a significant amouapiélc Also a
significant portion of the projects were international infrastmeprojects which
were welcomed by the author.

6.3.1. Sample Characteristics

The completed projects evaluated represented a total casitadvier $6
billion dollars worth of capital investments. The in-process projecirrently
being evaluated represent an additional $2 billion. With only 22 cordplete
projects represented it is easy to conclude that these praecsoften
infrastructure projects in general, represent a great dechpfal. The largest
project evaluated was just over $ 2 billion dollars. Fourteen rdiffe
organizations participated in the contribution of projects. The lipadicipating
organizations can be found in Appendix A.
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The three types of infrastructure projects were also repezsavithin the
projects; people and freight, fluids, and energy projects. Twelvectsojeere
people and freight projects, four were energy projects, and six fkeds
projects.

Three of the projects were renovation projects; the other 19 egpresw
construction. Nine of the projects were Design-Bid contracts, osean@M at
risk, another was a Cost Plus contract. The remaining eleven tprojece
Design-Bid-Build contracts. Six of the projects encountered signif right of
way issues.

6.4. Questionnaire Responses and Analyses

Using the un-weighted scorecards, each respondent indicated| afleve
definition for each of the elements. These levels of definitionmettPDRI score
for each project. The PDRI scores for the projects ranged fraim 405, with an
average score of 190. The purpose of the collection of data was totheove
hypothesis that the PDRI score would indicate a projects subsequgeat ad
success or failure. As describe previously in this report, succeskl be
measured in terms of overruns in cost, overruns in schedule, and the ahount
capital needed for changes in the form of change orders. The daizexmbifrom
participants was compared against selected segregated P&RY@ scores. This
procedure is discussed in depth in this next section.

6.5. Selecting a PDRI Score Cutoff

The author analyzed different levels of PDRI scores to tsatea cutoff

point in order to compare performance between the two groups. Somesdpti
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cutoff points were the 150, 200, and 250 levels. In the end, the teaneddhext
200 level PDRI score as the cutoff to compare performance fewadasons.
One reason was based on the number of projects in each group. Tleee200
cutoff point appeared to be the most evenly split between all prajedtse
sample with 13 projects below the 200 level and 9 projects above.setbed
reason it was selected was the statistical significdmeed at this level as is
shown later. The final reason the 200 level cutoff was selectednneeeping
with past PDRI projects. Both the Industrial and Building PDRésl @200 level
cutoff.

6.6. Project Performance Analyses

Analyses was done using information provided from the completed project
validation questionnaire to test the hypotheses that low PDRIssoorbigher
amounts of front-end planning resulted in more successful projects.métfon
provided on the questionnaire covered areas such as schedule, cost,acange
performance and overall success ratings. This information wilasrgd and used
to perform statistical analyses using the methodology discussed in chapter 4

6.6.1. Schedule Performance

The completed project validation questionnaire contained questions that
allowed the author to determine the projects’ schedule performdadicipants
were asked to give specific information about the projects’ duratuch as
planned start and completion dates of construction as well as atawaland
completion dates. This information was used to compile informatarparing

the projects’ actual total duration to the planned duration and to daldhia
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schedule performance for each project. Schedule performanceusedsto
measure the actual project duration as percentage of the plannedndiuratrder
to determine how much over longer the project took than was iniéiafiected at

the end of the planning process.

Schedule performance was calculated as:

Actual Project Duration — Planned Project Duration
Planned Project Duration

Where:

Actual Project Duration = (Actual Date Completed — Actual Datgdh)

Planned Project Duration = (Planned Date Completed — Planned Daie) Beg

After schedule performance was calculated for each projee, th

performance measures were averaged for projects with a bR below 200

and those above 200. A considerable difference between the two grosips wa

noticed when comparing the averages. The 13 projects with & SiDRe less

than 200, on average took 5.4 percent longer than they had initially planned i

terms of schedule, whereas the nine projects with a PDRI score209etook
29.2 percent longer than they had initially planned. This is remexsén Figure

6.2.
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Figure 6.2 Average Schedule Performance by PDRI Grouping

Statistical analysis was performed to determine if théerdifice in
schedule performance between the two groups was statistigijicgint. An
Independent samples t-test was performed using SPSS whicherkevieat the
variances could not be assumed equal based on Leven’'s Test which gave a
value of 0.003. This p-value shows that the variances are signyichfidrent
and therefore the p-value from the t-test for equality is 0.035, vidhstatistically
significant at the 95 percent confidence interval. This can &e iseTable 6.1

which shows the resulting output from SPSS.
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Table 6.2 Independent Samples t-Test for Schedule Performagc

Levene's Test
for Equality of

t-test for Equality of

; Means
Variances
. Sig. Mean Std. Error

F Sig. t df (2-tailed) | Difference Difference
Equal variances | 1, 57 | o003 | 2.747| 17000 .014 0.237 0.086
assumed
Equal variances 2.471 | 9.352 | 0.035 0.237 0.096
not assumed

6.6.2. Cost Performance
The completed project validation questionnaire also included with
guestions related to the overall cost of the project. Participaets asked to
provide the total actual project cost as well as the planned getadl project
cost. The author analyzed this data and found the difference bebtwtei
project cost and budgeted project cost. This was then comparedhodipeted
project cost to measure the cost performance as a percehtagggeted project

costs. This provided the author with the percent over budget fordjeeigrupon

completion.

Cost performance was calculated as:

When the author compared the cost performance of the 13 projects with

PDRI score of less than 200 to the 9 projects with a PDRI sdmree 200, the

Actual Project Cost — Budgeted Project Cost

Budgeted Project Cost
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author noticed a large difference in how over budget the projeats wieen
finished. The projects with scores below 200 on average ended up 2.3 percent
below the original budget; however, the projects with scores above 2@0owe
average 22.8 percent over budget by the end of their projectsre @ depicts

the percent over budget for both those under 200 and those under 200.

25.0%

22.8%
20.0%

15.0%

10.0%

5.0%

Percent Over Budget

0.0% -

-2.3%

<200 > 200
PDRI Score

-5.0%

Figure 6.3 Average Cost Performance by PDRI Grouping

Statistical analysis similar to what was performed fohedale
performance was done to determine if the difference in the #wemages were
statistically significant for cost performance. Table 6.2 shtves variances
between the two groups were assumed to be equal because of a pfvaliEb
for Levene’s Test. Looking at the t-test for equality of meaesauthor found
statistical significance for the difference in averaget gesformance between

those scoring below 200 and those scoring above 200 with a p-value of 0.00.
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Table 6.3 Independent Samples t-Test for Cost Performance

Levene s_Test t-test for Equality of
for Equality of
: Means
Variances
) Sig. Mean Std. Error

F Sig. t Df (2-tailed) | Difference | Difference
Equal variances [, 545 | 0055 | 4573| 17.000 0.000 0.251 0.055
assumed
Equal variances 4.208 | 10432 0.002 0.251 0.060
not assumed

6.6.3. Change Information

The questionnaire asked participants about the number of total change
orders and the cost of those change orders.
calculate change performance for each project.
project was found by comparing the cost of change orders toatitadl project
costs. This gave the author the cost of change orders asentpge of the
overall cost of a project and allowed analysis of the absolute véline cost of

these change orders compared to the total cost of the prbjast,giving an

understanding of turbulence with a project.

Change performance was calculated as:

Once the author had the change performance for each projecinbese

averaged based on their PDRI scores.

Total Cost of Change Orders

Actual Project Cost
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averaged only 3.1 percent of the total cost of the project, whéreds pirojects
scoring above 200 averaged 10 percent of the project total coste Big shows

the average percent of total cost for each of the groups.

12.0%
10.5%

10.0%

8.0%

6.0%
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Percent of Total Cost

3.1%
2.0% — —

0.0% ———— —
<200 > 200

PDRI Score

Figure 6.4 Average Change Performance by PDRI Grouping

When the author ran the independent samples t-test for change
performance using SPSS, the author found that the variances wexssnoted
equal by Levene’s Test which gave a p-value of 0.005. Thus, tHertesfuality
returned a p-value of 0.137 which was not significant. This candreiselable
6.4. The table shows an F-statistic of 10.635 and a significanpevalue of
0.005 which was well within the 95 percent confidence level. TablayiGes
these statistics and shows that the author could not claintistdtsEgnificance
between the difference in means for change performance for ttarsegsbelow
200 and those scoring above 200 on the PDRI. The lack of significance could be

due to the small number of projects in the sample. With only 22gtsajsed for
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the calculations, it is likely that as more projects are édde results may gain

statistical significance.

Table 6.4 Independent Samples t-Test for Change Performance

Levene's Test |\ ot for Equality of
for Equality of
; Means
Variances
. Sig. Mean Std. Error

F Sig. t df (2-tailed) | Difference Difference
Equal variances | 1 ga5| 0005 | 1923 17000 0071 0.074 0.039
assumed
Equal variances 1.660 | 7.733 | 0.137 0.074 0.045
not assumed

6.6.4. Project Performance Using Regression

Regression analysis was used on the performance meas$wsesedule,
cost and change versus the PDRI score. An individual graph was ternfade
each of these performance measures. Each project’'s PDiRI8as plotted on
the x-axis with its corresponding performance measure alongdkis yresulting
in a scatterplot graph as shown in Figures 6.5, 6.6, and 6.7. At this point a
bivariate linear regression was done to fit a trendline through the scattenptbt w
gave the resulting equation in the form of Y X by as well ag value and R
for each performance measure.

6.6.4.1. Regression and Schedule Performance
Figure 6.5 shows the scatterplot, linear regression line, afat Bchedule

performance. The scatterplot displayed a slight trend upward dgecps that
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took longer than originally planned; however, there were many wtuiak
project duration was the same as planned giving them a percergcbeeiule of
zero. The 13 projects reporting an on time completion had a PORY et 225

or lower. It did appear that scores above 225 began to increaspetitugint over
schedule as their PDRI scores increased. The regressionrgagaation for the
trendline of Y = 0.001X — 0.0288, which would imply that as a PDRI score
increases by one point the project’'s total duration would increpsé percent
over what was originally planned. This may seem like an ingignif amount;
however, PDRI scores in the sample ranged from 88 to 405. The equation
suggests that a PDRI score increase of 100 points could rebeihion 10 percent
over schedule. The®Rvas 0.1217 suggesting that 12.17 percent of the variability
in schedule performance is explained by the PDRI score, or spectfically by

the level of front-end planning done. Obviously there are other fatiar<an

account for being over schedule which would explain a lofer R
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Figure 6.5 Schedule Performance Regression Lit

6.6.4.2. Regression and Cost Performance

A similar scatterplot and regression was constructed forpss&irmance.
The scatterplot took the PDRI score on the x-axis and cost perfoenampercent
over budget on the y-axis. The scatterplot in Figure 6.6 showeshés from
these plots and the result was a definite trend upwards whualdwmply that a
higher PDRI score generally resulted in a higher percent ovdgebuor
conversely lower PDRI scores had a lower percent over budget.reghession
gave the equation of Y = 0.0015x — 0.2043 and a highf®.469. This would
imply that as a PDRI score increased by one point would increase the percent over

budget by .15 percent; seemingly insignificant until one looks adifference
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when a PDRI score increases by 100 points. A 100 point increagarafeat’s

PDRI score could increase their percent over budget by 15 peadenire not so

insignificant.

The

R suggests that 46.9 percent of the variability in cost

performance is explained by the amount of front-end planning done.tidntui

would suggest the same. The more prepared a team is going pmtgect the

more likely they are to be able to anticipate costs that will arise.
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6.6 Cost Performance Regression Line

6.6.4.3. Regression and Change Performance

The scatterplot and regression done for change performanceagave

upward trend with an equation of Y = 0.0003X — 0.0052 and “anf R.0949.

This would suggest that an increase in PDRI score of one would sectka

amount of money spent on change orders as a percent of total cost by 0.03

96



percent, or an increased score of 100 points would increase the spmrTay on

change orders by 3 percent. Thevias low implying that only 9.49 percent of

the variability in cost performance is explained by the amountrarft-end

planning done. There are simply other factors that affect thabildy in cost

performance in addition to PDRI score.
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Figure 6.7 Change Performance Regression Line

6.7 Summary of Performance Evaluation

The author continually saw a significant difference betweerptbjects

with a PDRI score below 200 and those scoring above 200. Both schedule

performance and change performance demonstrated definite cdhtisti

significance, with cost performance very close to sigmiiea The author also

demonstrated that 12.17 percent, 46.9 percent, and 9.49 percent of the wariabilit
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in schedule, cost, and change performance could be explained by a project’s PDRI

score, respectively. This can be seen in Table 6.5 below.

Table 6.5 Trendline R andr by Performance

Trendline R? r
Schedule Performance | Y = 0.001x - 0.0288 0.1217| 0.35
Cost Performance Y =0.0015x - 0.2043] 0.4690 0.68

A" BN v &

Change Performance Y =0.0003x -0.0052( 0.0949] 0.30

To summarize, on average the projects scoring below 200 outpedforme
those scoring above 200 in schedule, cost, and change order perforrRmuce.
6.8 shows the average performance for each category with a pafitafu200.
For schedule performance, those who scored under 200 were on averaggnb per
behind schedule while those scoring over 200 were on average 3@tperbind
schedule. In regards to cost performance, projects scoring Réi@wvere on
average 7 percent over budget while those scoring over 200 werem@agea 23
percent over budget. Lastly for change performance, thos@gander 200 had
change orders that cost on average 3 percent of their total projectrsost these
scoring over 200 who had change orders that cost on average 10 péitbent

total project cost.
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PDRI Score

Change Orders

Performance <200 > 200
Cost 2% under budget 23% over budgd
Schedule 5% behind schedule 29% behind sche

3% of total cost

10% of total co

—+

dule
bt

(N=9)

(N=13)

Figure 6.8 Cost, Schedule, & Change Order Performance -
PDRI 200 Point Cutoff

The cutoff point for PDRI scores was chosen at 200 for reasanssslisn
earlier; however, the data was still analyzed at the cptoffts of 150 and 250 in
addition to 200. Figure 6.9 shows the results of splitting the datzeabhree
levels and comparing the means for performance in the threes disted.
Although the author could not prove significance for schedule and chargre ord

performance at the 150 or the 250 level there were still appaféredces in

performance.
PDRI Score
Performance | _ 155 5150| <200 >2000 <250 > 25p
Cost 6%  13% | 2%  23%| 11%  26%
Schedule 7%  28% 5% 20%  18%  36%
Change 2% 8% 3% 10% 3% 189
(N=7) (N=15)| (N=13) (N=9)| (N=18) (N=4)

Figure 6.9 Cost, Schedule, & Change Order Performance - PDRI 150,
200, & 250 Point Cutoff

6.8 In Process Projects
In addition to the completed projects project data is being cetlech

projects that are currently under construction. Future studié¢bevihble to use
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these projects to perform PDRI evaluations throughout the front end nanni
process and test the PDRI for infrastructure in more depth. Appéndixes a
summary of in process projects currently evaluating the PDRI.

6.9 Summary

In order to validate the PDRI for Infrastructure, informatiors \ygathered
from 22 different completed projects as well as 4 in-proces®qisoj These
projects represented a capital investment of over $8 billion. ig@ifisant
difference was found between average schedule, cost, and change order
performance at the 200 point cutoff with schedule and cost demargstrat
significance at the 95 percent confidence interval.

Given the findings from the statistical analyses, some castilh needs to
be given as to how the author generalize the results to thetinfure industry
as a whole. One limitation to the data is that the data waaded from
volunteers and does not necessarily represent a truly random ssmpéntioned
in chapter 4. The author chose the methodology of gathering dad basa
convenience sample. In other words, analyses were performeddasandrom
industry volunteers. A truly random sample would be needed to implyh@a
PDRI would have the same results across the industry. Dueswlimtations to
the sample, caution should be used when using the data to project or predict future
success. As had been previously mentioned the PDRI tool is noteakteo
forecast the percent of future cost overruns, but rather is a fguigdeoject teams

in the improvement of the front end planning process.
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Chapter 7: CONCLUSIONS AND RECOMMENDATIONS

This chapter provides the final conclusions and recommendations of the
thesis for the Project Definition Rating Index (PDRI) for Isfracture Projects.
The research is the result of the collaborative efforts of the researchndastry
professionals, and academic advisors. This report has shown a successf
completion of the team objectives as well as the successful defenseedaarch
hypotheses. The report introduces key terms to understanding thetétiDBhd
gives a background for the purpose and need of the research. A camsprehe
literature review has shown the need for an FEP tool specifidabigned to
address the issues faced by infrastructure projects. The rppmmides the
methodology for the development of the PDRI tool based on acceptedsiesig
social research. The development process has been explainedadigdHetool
has been validated through the use of real projects. The design r@&sdsch
team and volunteers is in an effort to support and achieve research objectives.

7.1. Research Objectives

The goal of the research effort was to develop a tool that wayndisantly

enhance the project team environment during front end planning in the

infrastructure industry by doing the following:

Improve predictability of project parameters

Reduce the cost of design and construction
Preserve schedule

Reduce risk during project execution

Improve project team alignment and communication
Assure customer satisfaction

Improve the probability of a successful project
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The study has accomplished the objectives. The PDRI for Infragteuct
tool is now being circulated and used to improve projects. Futuearcds will
show the effectiveness of the PDRI for Infrastructure Prajedake its PDRI

predecessors this tool is expected to be highly valued by the construction industry.

The PDRI tool is able to improve predictability of project paranseby
providing a detailed process for the evaluation of project scopeiafi team
members to understand the level of definition there projects haddimoa the
tool provides a ranking of the scope most likely to improve the project
parameters. Project teams can use this information to focussefio the most
important elements.

It is the goal of every project to reduce the cost of design and cdiwstruc
this research is part of a research thread that supports timg that a good front
end planning process will improve projects costs. The testing section ofpbis re
gave conclusive evidence that the level of scope definition diregitited to the
final cost. It was concluded that as the level of scope defintiorease the cost

of design and construction decreases.

Another primary goal of project teams is to preserve the projeetdsile.
The PDRI for Infrastructure Projects can greatly contaldatthe preservation of
schedule by identifying possible risk factors that commonlyceffdrastructure
projects. The testing section of this report was also helpfulhowisg the
relationship that exist between projects that have a clefiped scopes and

those that have not given adequate attention to front end planning.
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The PDRI tool can also be used to reduce risk during project execut
The more a project team knows about a project the less risk dveydnd the
more likely they will be able to manage unavoidable risk through mitigaems.st
The detailed element descriptions provided through the PDRI tool proaides
checklist that project teams can use to identify the specific unisavithin a

project. The team can then develop a plan to manage that risk.

One of the greatest qualities of the PDRI tool is its gbthit improve
project team alignment and communication. The tool is designed fobyse
project teams at multiple stages within the front end panning pr&gach PDRI
assessment can be used as a measure of the teams progresisowa for

allocation of team resource for further definition of poorly defined elements.

One of the best ways to assure customer satisfaction delbsering a
project on time, within budget, and without conflict. When used as a pé#re of
FEP process the PDRI tool can improve schedule, reduce cost evidepr
reliable expectations for both the owner as well as the contrayoreducing

project unknowns project satisfaction increases.

In summary the PDRI for Infrastructure projects can lesl us improve
the probability of a successful project. Although success can be measuraayin m
ways (and it is not the scope of this report to define sugcssfactors most
commonly attributed to success are: cost, schedule and changeBDRhdor
Infrastructure Projects is shown as a realizable tool f@rorement in all of

these critical areas.
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7.1.1. Research Hypotheses
The primary purposes of this thesis were to provide a documentation of
the research for the development of the PDRI for Infrastrucsarevell as to

substantiate the research hypotheses. The hypotheses of this reseatatvss fol

Hypothesis 1- A finite and specific list of issues related tpesaefinition of

infrastructure projects can be developed.

Hypothesis 2- The PDRI score indicates the current level of scope definition and
corresponds to project performance. That is infrastructure projects with low

PDRI scores outperform projects with high PDRI scores

In order to validate this hypothesis data was collected fouahct
infrastructure projects. A summary of key finding are givenha tollowing
sections.

7.2. Key Findings

The findings of the author are divided into two sections: workshop
findings and testing findings. Results for workshop findings are basethe
weighting workshops held throughout the US and in Great Britain gmdsent
data collected from 64 industry professionals representing over 1638 gf
experience in infrastructure projects. The findings for thengstif the PDRI
come from 22 completed projects totaling over $6 Billion in projest The

data from both sources was analyzed using widely exceptedtistdtiiests a
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summary of the findings and the conclusions based on those findiags w
presented.
7.2.1. Workshop Findings

The weighting workshops were used to collect opinions from industry
professionals to contribute weights or a ranking to a list 68ezlesrihat make up
the PDRI. After the data was collected it went through @&seri data screening
processes as was described in the chapter on methodology. Thedirtlvas a
list of prioritized elements with their relative weights on a scale adding up00
possible points. Higher scores represent projects with little tiefioition; lower
scores represent projects with good or complete scope definitiorwdigkting
workshops supported the hypothesis enéhite and specific list of issues related
to scope definition of infrastructure projects can be developed. Thghtedi
elements provide project teams with a planning tool that allowstst focus to
be placed on the scopes that are most likely to affect the future project success

7.2.2. Validation Findings

Independent Samples t-Tests were run using SPSS for Schedul& Cos
Change Order Performance. The analyses found that the nitéebetween the
means for schedule performance for the projects scoring above 200 aed thos
scoring below 200 was statistically significant. The averagbedule
performance for projects below 200 was 5 percent behind scheduke tiwbde
scoring above 200 on average were 29 percent behind schedule. Whehdhe aut
ran the t-test for cost performance the author found that thesedefnite

statistical significance between the groups with thoseirsgdelow 200 on
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average finishing a project 2 percemderbudget and those scoring over 200 on
average finishing 23 perceaver budget. A t-test was also run for change order
performance. The groups scoring below 200 had, on average, chdegeasts
that equaled 3 percent of their total project cost while thosengcabove 200
had, on average, change order costs that equaled 10 percent of #h@rajett
cost. Regression analysis was also done for schedule, cost, anyk crder
performance to test the’Rf each performance measure. The author found that
the PDRI score explained the variability of schedule, cost, andgeharder
performance by 12.17 percent, 46.9 percent, and 9.49 percent, respeciosty.
performance had a large R2 of 46.9 percent implying that a 46.6npestthe
variability in cost performance can be explained by a proje@&l score.
Through this testing process it was concluded th@tPDRI score indicates the
current level of scope definition and corresponds to project perform@hatis
infrastructure projects with low PDRI scores outperform projedts high PDRI
scores.
7.3. Limitations and Cautions

It is recommended that the project team using the PDRI tooit @seit
was primarily intended; a project alignment and risk manageno®l. Users
should not think of the tool as a onetime assessment. The recommeadédhes
PDRI involves many different assessments. When using this tool aifispe
projects teams should not be afraid to modify the PDRI for #pecific project;

for example there may be additional description to elements uraghe fproject
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that could be added. Because not all projects are the same theskr@Rl be
used in way most advantages to each specific project.

Although there is statistical significance showing a direatetation between
the PDRI score and project success. Caution should be used inyiempploe
PDRI score as forecasting tool for cost, schedule, and chdhgéiser words a
specific PDRI score cannot accurately forecast how much lmyeget a project
will be. This is due in part to the small sample size. The PfaBie can however
point areas of focus that could improve the final costs, schedueotuer
measurements that relate to project success.

When used in a team environment the individual scoring of scopes iy tea
members should be noted. Different opinions in scoring representcaiveer
definition of scope. This once again highlights the importance and advaofages
using the PDRI for Infrastructure tool to promote team commuoitasind
alignment.

7.4. Summary of Thesis

This thesis is a documentation of the proceedings of the author in
correlation with Cll RT268 in the development of the Project DafimiRating
Index (PDRI for Infrastructure Projects. The thesis give&dracind and support
for the purpose and need of the PDRI tool as a front end planning tool. The
methodology followed by the author was outlined in detail and the fiadnogn
collected data were reported. A detailed development procesdesasbed and
the means of testing for the PDRI tool was illustrated. Rink#ly research

findings were reported, the research hypotheses were tested, ahdioms and
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recommendations for use were given. The CIlI will continue to adbetdobls
used in the front end planning process. The methodology followed in the
development of the PDRI for Infrastructure Projects along wiia proven
techniques of the previous PDRI tools provide a good base for any future
research.

7.5. Recommendations for Future Research

The author recommends that future research be done using the PDRI for
Infrastructure Projects. That research could work with caskestto test the tool
further. Some of that work has already begun with the projectateaturrently
in-process and have implemented the PDRI tool. As was done vathops
PDRI tools, the PDRI for Infrastructure projects needs to iatedrinto the PDRI
toolkit. The toolkit is a set of tools created by the CIl to imprénamt end
planning. CIll continues to develop new versions of the PDRI tools they hav
created. The PDRI for Infrastructure Projects will also neebet revisited and
revised as it becomes more implemented into the industry ardis€tivers how

they can improve the tool.
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PROJECT SCORE SHEET - UNWEIGHTED

SECTION | - BASIS OF PROJECT DECISION

CATEGORY
Element

Definition Level

Score

A. PROJECT STRATEGY

Al Need & Purpose Documentation

A.2 Investment Studies & Alternatives Assessments

A3 Key Team Member Coordination

A.4  Public Involvement

CATEGORY A TOTAL

B. OWNER/OPERATOR PHILOSOPHIES

B.1  Design Philosophy

B.2  Operating Philosophy

B.3  Maintenance Philosophy

B.4  Future Expansion & Alteration Considerations

CATEGORY B TOTAL

C. PROJECT FUNDING AND TIMING

C.1  Funding & Programming

C.2  Preliminary Project Schedule

C.3 Contingencies

CATEGORY C TOTAL

D. PROJECT REQUIREMENTS

D.1  Project Objectives Statement

D.2  Functional Classification & Use

D.3  Evaluation of Compliance Requirements

D.4  Existing Environmental Conditions

D.5 Site Characteristics Available vs. Required

D.6 Dismantling & Demolition Requirements

D.7  Determination of Utility Impacts

D.8 Lead/Discipline Scope of Work

CATEGORY D TOTAL

Definition Levels

0 = Not Applicable 2 = Minor Deficiencies
1 = Complete Definition 3 = Some Deficiencies
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4 = Majbeficiencies

Sedmplete or Poor Definition




PROJECT SCORE SHEET - UNWEIGHTED
(continued)

SECTION | - BASIS OF PROJECT DECISION (Cont'd)

Definition Level

CATEGORY

0 1 2 3 4 5
Element

Score

E. VALUE ANALYSIS

E.1 Value Engineering Procedures

E.2 Design Simplification

E.3 Material Alternatives Considered

E.4  Constructability Procedures

CATEGORY E TOTAL

Definition Levels

0 = Not Applicable 2 = Minor Deficiencies 4 = Majbeficiencies
1 = Complete Definition 3 = Some Deficiencies  Sedmplete or Poor Definition
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PROJECT SCORE SHEET - UNWEIGHTED
(continued)

SECTION Il - BASIS OF DESIGN

Definition Level

Score
CATEGORY 0 1 5 3 4 5

Element

F. SITE INFORMATION

F.1  Geotechnical Characteristics

F.2  Hydrological Characteristics

F.3  Surveys & Mapping

F.4  Permitting Requirements

F.5 Environmental Documentation

F.6  Environmental Commitments & Mitigation

F.7  Property Descriptions

F.8 Right-of-Way Mapping & Site Issues

CATEGORY F TOTAL

G. LOCATION and GEOMETRY

G.1 Schematic Layouts

G.2 Horizontal & Vertical Alignment

G.3 Cross-Sectional Elements

G.4 Control of Access

CATEGORY G TOTAL

H. ASSOCIATED STRUCTURES and EQUIPMENT

H.1  Support Structures

H.2  Hydraulic Structures

H.3  Miscellaneous Elements

H.4  Equipment List

H.5 Equipment Utility Requirements

CATEGORY H TOTAL

Definition Levels

0 = Not Applicable 2 = Minor Deficiencies 4 = MajDeficiencies
1 = Complete Definition 3 = Some Deficiencies  Sedmplete or Poor Definition
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PROJECT SCORE SHEET - UNWEIGHTED
(continued)

SECTION II - BASIS OF DESIGN (Cont'd)

CATEGORY
Element

Definition Level

0 1 2 3 4 5

Score

I. PROJECT DESIGN PARAMETERS

1.1 Capacity

1.2 Safety & Hazards

1.3 Civil/Structural

1.4 Mechanical/Equipment
1.5 Electrical/Controls

1.6 Operations/Maintenance

CATEGORY | TOTAL

Definition Levels

0 = Not Applicable 2 = Minor Deficiencies
1 = Complete Definition 3 = Some Deficiencies
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Sedmplete or Poor Definition




PROJECT SCORE SHEET - UNWEIGHTED

(continued)

SECTION Il - EXECUTION APPROACH

CATEGORY
Element

Definition Level

1 2 3 4 5

Score

J. LAND ACQUISITION STRATEGY

J.1  Local Public Agencies Contr. & Agreements

32 LongTL_e‘ad Parcel & Utility Adjustment Identificatio
Acquisition

J.3  Utility Agreement & Joint-Use Contracts

J.4  Land Appraisal Requirements

J.5 Advance Land Acquisition Requirements

CATEGORY J TOTAL

K. PROCUREMENT STRATEGY

K.1  Project Delivery Method & Contracting Strategie
K.2  Long-Lead/Critical Equipment & Materials Idefinti
K.3  Procurement Procedures & Plans
K.4  Procurement Responsibility Matrix

CATEGORY K TOTAL

L. PROJECT CONTROL

L.1 Right-of-Way & Utilities Cost Estimates
L.2 Design & Construction Cost Estimates
L.3  Project Cost Control

L.4  Project Schedule Control

L.5 Project Quality Assurance & Control

CATEGORY L TOTAL

M. PROJECT EXECUTION PLAN

M.1

Safety Procedures

M.2

Owner Approval Requirements

M.3

Documentation/Deliverables

M.4

Computing & CADD/Model Requirements

M.5

Design/Construction Plan & Approach

M.6

Intercompany and Interagency Coord. & Agreemnts

M.7

Work Zone and Transportation Plan

M.8

Project Completion Requirements

CATEGORY M TOTAL

Definition Levels

0 = Not Applicable 2 = Minor Deficiencies

1 = Complete Definition 3 = Some Deficiencies
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PROJECT SCORE SHEET - WEIGHTED

SECTION I - BASIS OF PROJECT DECISION

Definition Level

CATEGORY ol il 21 sl 4] 5| 5o

Element

A. PROJECT STRATEGY (Maximum = 112)

Al Need & Purpose Documentation 0 2 13| 24| 35| 44

A2 Investment Studies & Alternatives Assessments 0 1 8 15 | 22 | 28

A3 KeyTeam Member Coordination 0 1 6 11 16 19

A4 Public Involvement 0 1 6 11 16| 21
CATEGORY ATOTAL

B. OWNER/OPERATOR PHILOSOPHIES (Maximum =67)

B.1  Design Philosophy 0 2 7 12 | 17 | 22

B.2  Operating Philosophy 0 1 5 9 13 | 16

B.3  Maintenance Philosophy 0 1 4 7 10 12

B.4  Future Expansion & Alteration Consid erations 0 1 5 9 13 17

CATEGORY B TOTAL

C. PROJECT FUNDING AND TIMING (Maximum = 70)

C.1  Funding & Programming 0 6 11 16| 21
C.2  Preliminary Project Schedule 0 2 7 12 | 17 | 22
C.3 Contingencies 0 2 8 14 | 20 | 27
CATEGORY CTOTAL
D. PROJECT REQUIREMENTS (Maximum = 143)
D.1  Project Objectives Statement 0 1 6 11 16| 19
D.2  Functional Classification & Use 0 1 6 11 | 16 | 19
D.3  Evaluation of Compliance Requirements 0 1 6 11 | 16 | 22
D.4  Existing Environmental Conditions 0 1 6 11 16| 22
D.5  Site Characteristics Available vs. Required 0 1 5 9 13 | 18
D.6  Dismantling & Demolition Requirements 0 1 4 7 10 | 11
D.7  Determination of Utility Impacts 0 1 6 11| 16| 19
D.8 Lead/Discipline Scope of Work 0 1 4 7 10 | 13

CATEGORY DTOTAL

Definition Levels

0 = Not Applicable

2 = Minor Deficiencies

1 = Complete Definition 3 = Some Deficiencies
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PROJECT SCORE SHEET - WEIGHTED
(continued)

SECTION | - BASIS OF PROJECT DECISION (Cont'd)

Definition Level

Score
CATEGORY 0 1 2 3 4 5

Element

E. VALUE ANALY SIS (Maximum = 45)

E.1 Value Engineering Procedures 0 1 3 5 7 10
E.2 Design Simplification 0 0 3 6 9 11
E.3 Material Alternatives Considered 0 1 3 5 7 9
E.4 Constructability Procedures 0 1 5 9 13 | 15
CATEGORY E TOTAL
Section | Maximum Score = 437 SECTNO TOTAL

Definition Levels

0 = Not Applicable 2 = Minor Deficiencies 4 = Majbeficiencies
1 = Complete Definition 3 = Some Deficiencies = Sedmplete or Poor Definition
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PROJECT SCORE SHEET - WEIGHTED
(continued)

SECTION Il - BASIS OF DESIGN

Definition Level

CATEGORY ol 11 2l sl 4l 5| 5
Element

F. SITE INFORMATION (Maximum = 119)

F.1  Geotechnical Characteristics 0 2 7 12| 17| 21
F.2  Hydrological Characteristics 0 1 4 7 10| 13
F.3  Surveys & Mapping 0 1 4 7 10 14
F.4  Permitting Requirements 0 1 5 9 13 | 15
F.5  Environmental Documentation 0 1 5 9 13 | 18
F.6  Environmental Commitments & Mitigation 0 1 4 7 10 14
F.7  Property Descriptions 0 1 3 5 7 10
F.8 Right-of-Way Mapping & Site Issues ¢ 1 4 7 10| 14

CATEGORY F TOTAL

G. LOCATION and GEOMETRY (Maximum = 47)

G.1 Schematic Layouts 0 1 4 7 10| 13
G.2 Horizontal & Vertical Alignment ol 1 4 7 10 13
G.3 Cross-Sectional Elements D 1 4 7 10| 11
G.4 Control of Access 0 1 3 5 7 10

CATEGORY G TOTAL

H. ASSOCIATED STRUCTURES and EQUIPMENT (Maximum = 47)

H.1  Support Structures 0 1 4 7 10 11
H.2  Hydraulic Structures 0 1 3 5 7 9
H.3  Miscellaneous Elements Q1 3 5 7 7
H.4 Equipment List 0 1 4 7 11c | 12
H.5 Equipment Utility Requirements q 1 3 5 7 9

CATEGORY H TOTAL

Definition Levels

0 = Not Applicable

2 = Minor Deficiencies
1 = Complete Definition 3 = Some Deficiencies
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PROJECT SCORE SHEET - WEIGHTED
(continued)

SECTION Il - BASIS OF DESIGN (Cont'd)

Definition Level

CATEGORY ol o1 2l 3| 4] sl 5
Element

|. PROJECT DESIGN PARAMETERS (Maximum = 80)

1.1 Capacity 0 1 6 11| 16| 22

1.2 Safety & Hazards 0 1 4 7 10| 12

1.3 Civil/Structural 0 1 5 9 13| 15

1.4 Mechanical/Equipment 0l 1 3 5 7 10

1.5 Electrical/Controls 0 1 3 5 7 10

1.6 Operations/Maintenance g 1 4 7 10| 11

CATEGORY | TOTAL

Section Il Maximum Score = 293

SECIN Il TOTAL

Definition Levels

0 = Not Applicable

2 = Minor Deficiencies

1 = Complete Definition 3 = Some Deficiencies
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Sedmplete or Poor Definition




PROJECT SCORE SHEET - WEIGHTED

(continued)

SECTION III - EXECUTION APPROACH
Definition Level
CATEGORY ol 1l 2l 5] 4l s Score
Element
J. LAND ACQUISITION STRATEGY (Maximum = 60)
J.1  Local Public Agencies Contr. & Agreements 01 4 7 10 14
32 Longjl_'e_ad Parcel & Utility Adjustment Identificatio% 0
Acquisition 1 5 9 13 15
J.3  Utility Agreement & Joint-Use Contracts 1 4 7 10 12
J.4  Land Appraisal Requirements D 1 3 5 7 10
J.5 Advance Land Acquisition Requirements 0 1 3 5 7 9
CATEGORY J TOTAL
K. PROCUREMENT STRATEGY (Maximum = 47)
K.1  Project Delivery Method & Contracting Strategjie 1 5 9 13 15
K.2  Long-Lead/Critical Equipment & Materials Idefti 0 1 4 7 10 13
K.3  Procurement Procedures & Plans 01 4 7 10 11
K.4  Procurement Responsibility Matrix d o 2 4 6 8
CATEGORY K TOTAL
L. PROJECT CONTROL (Maximum = 80)
L.1 Right-of-Way & Utilities Cost Estimates 0 1 3 5 7 10
L.2 Design & Construction Cost Estimates D 2 8 14| 20 25
L.3  Project Cost Control 0 1 5 9 13 15
L.4  Project Schedule Control q 1 5 9 13| 17
L.5 Project Quality Assurance & Control Q1 4 7 10 13
CATEGORY L TOTAL
M. PROJECT EXECUTION PLAN (Maximum = 83)
M.1 Safety Procedures 0 1 4 7 10| 12
M.2  Owner Approval Requirements g 1 3 5 7 10
M.3 Documentation/Deliverables q 1 3 5 7 9
M.4 Computing & CADD/Model Requirements q 1 3 5 7
M.5 Design/Construction Plan & Approach 1 4 7 10 14
M.6 Intercompany and Interagency Coord. & Agreemnts 0 1 4 7 10 13
M.7 Work Zone and Transportation Plan D 1 3 5 7 9
M.8 Project Completion Requirements D 1 3 5 7 9
CATEGORY M TOTAL
Section Ill Maximum Score = 270 SECTION TOTAL

PDR
Definition Level

0 = Not Applicable 2 = Minor Deficiencies
1 = Complete Definition 3 = Some Deficiencies

| TOTAL SCORE

(Maximum Score = 1000)

4 = Majbeficiencies

Sedmplete or Poor Definition




PDRI ELEMENT DESCRIPTIONS

The following descriptions have been developed to help generate a clear
understanding of the terms used in the Un-weighted Project Score Sheet. Some
descriptions include checklists of sub-elements to clarify concepts ahhfaci
ideas when assessing each element. Note that these checklists arennhitsiViei
and the user may supplement these lists when necessary.

The descriptions are listed in the same order as they appear in the Un-
weighted or Weighted Project Score Sheet. They are organized in a hidnarchy
section, category, and element. The Score Sheet consists of three main sections,
each of which is a series of categories that have elements. Note thaifgbme
elements have issues listed that are specific to projects thahavatiens and
revamps and are identified as “Additional items to consider for Renovation &
Revamp projects.” Use these issues for discussion if applicable. Scoring is
performed by evaluating the definition level of each element.

It should be noted that this tool and these descriptions have been developed to
address a variety of types of infrastructure projects that are “horizontedture
and connect nodes in different types of infrastructure systems. Three basic
varieties of projects are addressed in this tool; those that convey people and
freight (such as highways and railroads), those that convey fluids (such as
pipelines and open channels), and those that convey energy (such as transmission
lines or microwave corridors). For example, a pipeline project may connect a
tank farm to a port facility, or transmission lines may connect a power plant t
substation and then to a home or business. Throughout the descriptions, the user
will see sub-elements that relate to the variety of projects the toohist ioe
encompass. These sub-elements are provided in the order in which they are
discussed above. If the sub-element is not applicable to the project that the user is
assessing, then it should be ignored. Note: the PDRI-Building Projects (ClI
Implementation Resource 152-2) and the PDRI-Industrial Projects (ClI
Implementation Resource 113-2) should be used singly or combined for the
vertical (node) aspects of the infrastructure project as deemed appropriate
Detailed user information is provided in Chapter 1 of this document. Particular
focus should be maintained to ensure no gaps develop at the interfaces of the
vertical and horizontal elements during the FEP process by the project
management team. The sections, categories, and elements are organized as
follows:

SECTION I — BASIS OF PROJECT DECISION

This section consists of information necessary for understanding the project
objectives. The completeness of this section determines the degree to which the
project team will be able to achieve alignment in meeting the projeciisdsss
objectives.
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Categories:

A — Project Strategy

B — Owner/Operator Philosophies
C — Project Funding and Timing
D — Project Requirements

E —Value Analysis

SECTION Il — BASIS OF DESIGN
This section consists of geotechnical, hydrological, environmental, structural,

and other technical design elements that should be evaluated to fully understand
their impact on the project and its risk.

Categories:

F — Site Information

G - Location and Geometry

H — Associated Structures and Equipment

|. — Project Design Parameters

SECTION Ill - EXECUTION APPROACH

This section consists of elements that should be evaluated to fully understand
the requirements of the owner’s execution strategy and approaches fieddetai
design, right of way acquisition, utility adjustments, and construction.

Categories:

J — Land Acquisition Strategy
K — Procurement Strategy

L — Project Control

M — Project Execution Plan

The following pages contain detailed descriptions for each element in the
PDRI.
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SECTION | — BASIS OF PROJECT DECISION
A. PROJECT STRATEGY

A.1 Need & Purpose Documentation

The need for a project may be identified in many ways, including suggestions
from operations and maintenance personnel, engineers, planners, local elected
officials, developers, and the public. These projects may also be determined by
current market needs or future growth. This process typically includes sige visit
and seeking input from individuals and/or agencies with relevant knowledge.
Documentation should result in assessing the need and purpose of a potential
project based on factual evidence of current and future conditions, including why
the project is being pursued. It will eventually serve as the basis foifydemt
comparing, and selecting alternatives. Issues may include:

U High-level project scope and definition

U Capacity improvement needs:

U Existing levels of service
U Modeling of future demands
U Trend analysis and forecasted growth

Q Profitability or benefit analysis

U Facility multi-modal or other multi-use capabilities, includingerface

options

U Current and future economic development needs

O Community concerns and critical issues, such as impact on cultural

resources, adjacent facilities, land use, traffic, visual and so on

4 Environmental and/or sustainability drivers

U Mitigation and remediation issues

Q4 Constraints such as geographic, institutional, political, or technical

U Conformance with current geometric, general owner, or other jurtsaat

standards

U Existing infrastructure conditions

U Safety improvements needs and expectations (including event frgguenc

severity, and hazards mitigation, as well as compliance requirements)

O Vulnerability assessment

U Input into any required planning documents such as a “Need & Purpose

Statement” or other

U Other user defined

** Additional items to consider for Renovation & Revamp projects **
U Renovation & revamp project’s compatibility with existing facilities

A.2 Investment Studies & Alternatives Assessments

Various studies address possible alternatives when the solution is unknown. In
some cases, these studies may show that the project is not economically
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justifiable, or that it has so many environmental or social impacts that it is not
viable. Early determination of these findings will avoid unnecessary expesditure
on preliminary engineering and related costs and will also confirm theityiadsil
proceeding with the selected option. These studies may take the form of
feasibility/route studies or major investment studies. This economic model,
sometimes known as the regulatory regime, sets the economic rules guiding
decision making on the project. Issues to consider include:
Q Profitability or value/benefit
U Identification of "show stoppers”
U Alternatives requirement determinations such as routes, acquisiabegy
or technology
O Stakeholder identification and management
U Consultant reviews and selection
Q Corridor selection and major alternatives
U Location of nodes such as interchanges, stations, control points and depots
QO Preliminary surveys:
Population densities
Trends in land use and development
Existing Infrastructure
Environmental conditions
Existing demand
Directional distribution and volumes
Economic, safety, security and social conditions
Use of geographic information systems (GIS), satellite ingagand
light detection and ranging (LIDAR) technologies
U Existing data at governmental levels (e.g., local, regional, national)
U Alternative profile layouts and preliminary mapping
U Project corridor preservation
U Investment and financing requirements, including public or private funds
and tax implications
U Availability of insurance/bonding
U Cost estimate of sufficient quality to support the selected option
U Preliminary project schedule of sufficient depth for alternativeation
comparison
U Coordination with other relevant planning efforts, short, medium and long
term
U Other user defined

oooooooo

A.3 Key Team Member Coordination

Establishing a positive alliance among all key project team members
facilitates the potential for an efficient, successful outcome, pantigufiahis
alliance is achieved early during the planning process. The project manager is
typically a central figure in this coordination. Definition of the roles and
responsibilities of each key team member should be documented. Infrastructure
projects typically involve many different stakeholders existing in both the public
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and private sectors. All key team members must be competent in the project at
hand, informed of project decisions, and given the opportunity to attend project
planning meetings in order to minimize the impacts on subsequent activities. Key
team members may include:

U Planners and programmers

4 Project management

U Design engineering

U Project controls

U Right-of-way planning

O Environmental planning

U Construction engineering

U Operations and maintenance

U Procurement

U Marketing/business

U Public relations

U Consultants

U Local, regional, and national governmental authorities, agencies, and

officials

U Budgeting officers

O Safety

U Other user defined

Input into any expected meetings such as a “Feasibility Scoping Meeting”
“Project Concept Conference”, “Utility Coordination Meetings,” or other should
be considered when choosing key team members.

A.4 Public Involvement

Public involvement is an integral part of project development and should be
planned and managed. Most infrastructure projects have to afford some level of
public involvement to inform the public of project scope issues and to measure
public attitudes regarding the development process. The level of public
involvement and transparency of operations is dependent upon a number of social,
economic, and environmental factors, along with the type and complexity of the
project. In general, public involvement, input and interaction are important
components of successful infrastructure planning. Community involvement
efforts may include meetings with key stakeholders, including contact with
affected governmental and non-governmental organizations (NGO), first nation or
native inhabitants, property owners, business interests, public meetings, and
public hearings. Issues to consider include:

U Policy determinations regarding public involvement

U Notification procedures and responsibilities

Q Identification of key stakeholders

U Identification of utility providers

U4 Types of public involvement:

U Press releases and notices
U Public meetings/hearings
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U Individual or group meetings with affected property owners

U Local support and/or opposition

U Public involvement strategies after project approval

U Available website content

U Input of public involvement information into any typical deliverables such
as a “Environmental Impact Statements”, “Public Hearing Nsficer
other

U Other user defined

B. OWNER/OPERATOR PHILOSOPHIES

B.1 Design Philosophy

A list of general design principles should be developed to achieve a successful
project that fulfills the functional requirements and assimilates intoxiberg
infrastructure system. Issues to consider include:

U Design life

U Configuration strategy

U Reliability

U Failure modes

U Design risk analysis

U Life cycle cost studies

O Safety improvement requirements, (Safety, Health and Environmental

(SH&E), including event frequency, severity, and hazards mibigags
well as compliance with applicable jurisdictional requirements)

U Security/anti-terrorism enhancements based project vulnerabilities

U Sustainability guidelines

U Use of existing or new technology

O Automation philosophy

U Compatibility with other uses or adjacent projects and facilities

U Aesthetics or image requirements

U Compatibility with long-range goals and other infrastructanprovement

programs

U Environmental sustainability

U Access management

U Geometric/alignment

U System validation

U Commissioning

U Decommissioning strategies

U Other user defined

B.2 Operating Philosophy

A list of general design principles should be developed to preserve the level of
service desired and at a sufficient capacity over an extended period ofliisie. T
particularly focuses on developing strategic operations plans to prevent sub-
optimal capacity-related problems. Issues to consider include:
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U Daily level of service requirements

O Capacity change requirements

U Operating schedules or timetables

U Technological needs assessment

U Future improvement schedule

O Flexibility to change layout

U Owner/operator of the facility through its life
U Third party operations personnel

U Safety strategy for hazards mitigation

U Training requirements

U Control requirements

Q4 Personnel and equipment requirements

U Alternate operating procedures, including manual versus automated modes
O Utilities location in relation to facility

U Operational security

U Other user defined

B.3 Maintenance Philosophy

A list of general design principles should be developed to lay out guidelines to
maintain adequate and safe operations over an extended period of time.
Furthermore, a specific operation control and maintenance plan should be in
place, including interface and maintenance procedures. Issues to consider include:

U Monitoring requirements

U Equipment access needs and provisions

U Government regulated maintenance

U Safety strategy

U Documentation and training requirements

Q4 Personnel and equipment requirements

U Third party maintenance personnel

4 Environmental conservation programs

U Selection of materials for design and construction to minimiamtenance

activities

U Warrantees

Q4 Output quality or serviceability level

U Maintenance and repair cycles, preventative and planned

U Reliability:

Spare equipment

Commonality of parts

System redundancy

Intermediate storage to permit independent shutdown
Mechanical/structural integrity

Scheduled shut-down frequencies and durations
Response for unplanned shutdowns and outages

U Efficiency of process

U Other user defined

ooooooo
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** Additional items to consider for Renovation & Revamp projects **

U Potential impacts to existing operations

U Maintenance impact of renovation projects

U Common/ spare parts (repair vs. replace existing components)

U Interruptions to existing and adjacent facilities during R&R work

U Compatibility of maintenance philosophy for new systems and equipment
with existing use and maintenance philosophy

U Coordination of the project with any maintenance projects

B.4 Future Expansion & Alteration Considerations

The possibility of expansion and/or alteration of this infrastructure tiaaitid
site should be evaluated. These considerations consist of a list of itemdlthat wi
facilitate the potential expansion or evolution of facility use. Issues to conside
may include:
U Regional / local infrastructure / capacity plans
U Interface with other future infrastructure projects
U Expected population densities along corridor and/or capacity needs
Q4 Future changes in demand
U Availability for added capacity and/or widening:
O Vertical added capacity
U Horizontal added capacity

Q Availability for project enhancement and/or expansion such as interchanges,
pumping stations, turbines, clarifiers, access ramps, frontpgesping
stations, taxi-ways, rail sidings, switchgear, transformers, iadditland,
etc.

4 Pending and future facility and product quality constraints and regulations

U Corridor preservation (i.e., sloped to grade, with potential for regini

walls in the future)

U Other user defined

C. Project Funding and Timing

C.1 Funding & Programming

Authorization of projects within national, regional and local regulatory
agencies is a typical requirement prior to executing funding agreemergartAs
of the authorization process, initial cost estimates must be prepared, assessing
funding provided for planning, design, construction, right-of-way acquisition,
utility adjustment, maintenance, and other project expenses. Funding can be
provided by the project owner or from a third party. For public projects, this is
normally the government but can include elements of private financing. Third
parties for private projects can be financial institutions or other privatetanses
As such, strategic measures must be in place for determining the sourcss, level

136



and forms of funding available to the project, as it competes against others for
limited funds, whether public or private. Issues to consider include:
U Sources and forms of funding:
Internal funding, equity or debt
Public private partnerships (PPP)
Private entities
Local government entities
Federal and regional agencies
Donations
Economically disadvantageous community funding
Congruity with local infrastructure projects and programs
Other funding sources
U Comparison of funding options
U The impact of available project funds on project phasing and sequeasing,
well as risk profile of project participants
U Cash flow spend plan for project
U Congruity with local infrastructure programs
U Breakdown of funding participation
U Franchise or operating periods before transfer
Q4 Tax credits or liability of funding options
U Cost drivers, such as environmental/mitigation costs, major workealtsm
limiting work conditions, or major equipment procurement
U Estimates
QO Initial construction cost estimates
U Initial right-of-way cost estimates
QO Initial operating and maintenance cost estimates
U Input into any required planning documents such as a “Programming
Assessment Study”, “Advance Funding Agreement” or other
U Other user defined

ooooooooo

C.2 Preliminary Project Schedule

A preliminary project schedule should be developed, analyzed, and agreed
upon by the major project participants factoring in major risk components. It
should include milestones, unusual schedule considerations and appropriate
master schedule contingency time (float), procurement plan (long-lead calcriti
pacing equipment/material and contracting), and required submissions and
approvals. The project schedule is created to determine a timetable for the
program and to assess its constructability. It should be maintained and updated
throughout the course of front end planning with additional detail added as
knowledge is gained, including work breakdown structure (WBS). It should be
periodically updated and modified to show progress and ensure that tasks are
completed on time. Third-party activities that are required to carry out thexproj
need to be included in the project schedule with the appropriate relationships to
determine the critical path. It becomes the basis for detailed schedudegigh
and construction activities. Note that Project Schedule Control is addressed in
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Element L.4. This schedule should involve obtaining early input from and assign
responsibility to:

U Owner/Operations

U Program/Project Management

U Design/Engineering

Q4 Construction

U Procurement

U Other user defined

** Additional items to consider for Renovation & Revamp (R&R)
projects **

U The schedule should contain input from the traffic or flow control
management to coordinate disruptions
R&R projects require a high level of planning to minimize risk because they
interface with existing operations and are many times performed in conjunction
with other on-going projects. Shutdowns/turnarounds/outages are spe@ahcase
that they are particularly constrained in terms of time and space, requery
detailed plans and schedules.

C.3 Contingencies

Project risks must be identified and understood so that proper contingencies
can be allocated and maintained in order to mitigate unforeseen issues. The
contingency management process should effectively communicate the
contingency magnitude and confidence level to all appropriate stakeholders.
Estimates are used to plan and budget the project from the earliest stages of
planning, and are essential in managing project contingency. It is important
have estimates of the proper accuracy, consistency, and clarity ighthehase
of the planning process. Contingencies are forecasted and adjusted throughout the
planning process based on level of confidence in the current estimate acduracy.
is also important to assign ownership of the different contingency allocations
(such as management reserve, project contingency and contractor contingency)
for the project, as well as authority to release these funds. (Note that fimal Cos
Estimates for the planning phase are covered in Elements L1. and L.2 Project
Cost Control is addressed in Element L.3.) Issues to consider:

Estimates evolve in terms of accuracy and may be based on:

U Order-of-magnitude cost model
U Benchmarks
O Parametric cost estimates (e.g., $/unit)
U Unit Price estimate
U Detailed element cost estimate
Contingency set aside may include funds and/or schedule for uncertainty in:
U Weather
0 Scope Changes
U Unforeseen site conditions
0 Extended overhead for potential project delays
U Critical Path impact
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Market conditions
Commodity pricing
Currency exchange rates
Escalation pricing
Contracting strategy
Labor availability
Labor competency
Project location
Political stability
Definition of project
Other user defined

D. PROJECT REQUIREMENTS

D.1 Project Objectives Statement

This statement defines the project objectives and priorities for mekéng t
business strategy, including project need and purpose. It should be clear, concise,
measurable, and specific to the project. It is desirable to obtain consensus from
the entire project team regarding these objectives and priorities to ensure
alignment. Specifically, the priorities among cost, schedule, and value-added
quality features should be clear. To ensure the project is aligned to the applicabl
objectives, the following should be considered:

U Stakeholder’'s understanding of objectives, including questions or concerns

Q4 Constraints or limitations placed on the project

U Typical objectives with associated performance metrics:

U O0o0o0odododoooop

Safety

Quality

Cost

Schedule including milestones
Technology usage

Capacity or size

Startup or commissioning
Communication

Operational performance
Maintainability

Security

Sustainability, including possible certification (for example, bg t
U.S. Green Building Council)
Other user defined

D.2 Functional Classification & Use

An essential step in the design process is to determine the functions that the
project is to serve, including how the product or service will be conveyed
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throughout the infrastructure system. Important in this classification ithemhe
the project is for private or public use. Examples of functional types include:
U Capacities or volumes
U Intrastate or interstate
U Domestic or international
U Urban/Suburban/ Rural
U Underground or above ground

4 On-

shore or off-shore

U Modes of conveyance:

ooooooooo

4 Pr

aT

O00o0000000s 0000000

(@)

°

Automobiles and trucks

Aircraft

Trains

Barge

Ship

Conveyors (gravity, power, belt, and so on.)
Pressure or gravity

Conduction

Electromagnetic

duct(s) to be conveyed:

Freight
Pedestrians
Fluids
Gases
Solids
Power
Information or data
es of conveyance:
Rail
Road
Runway
Conveyer belts
Pedestrian movers (escalators, moving walkways, and so on)
Pipe, gravity or pressure
Open channel
Harbor or reservoir
Lines or cable
Energy (microwave, infrared, sound, etc)

U Other user defined

D.3 Evaluation of Compliance Requirements

A fundamental part of decision making is an understanding of adherence
requirements to various local, regional, and national plans. As part of project
development, determine, document, and understand applicable requirements.
(Note: Compliance requirements for permitting and environmental issues are
addressed in more detail in Category F). Issues to consider for compliance

include:
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U Compliance with existing plans, codes, and standards, including:
Coastal zone management
Security and anti-terrorism
Wetlands encroachment
Intracoastal waterways
Metropolitan planning
Regional transportation plans
Statewide transportation improvement program (STIP)
Federal directives
U National, regional or local requirements defined and understood including
input from:
Regional highway departments
Municipal departments
Public utilities commission
Public housing authorities
Railroad companies
Ports and harbors
Transit authorities
Governmental councils or regulatory commissions (such as the U.S.
Federal Energy Regulatory Commission (FERC))
U General counsel
O Utilization of Design Standards:
U Owner’s
O Contractor’s
U Mixed
Q4 Construction and operations residuals management (such as handling of
excess excavated soils, sludge handling, and so on)
Q4 Other user defined

pooopoooog

pooopoooog

**Additional items to consider for Renovation & Revamp projects**
U Clearly define controlling specifications, especially where medes and
regulations will override older requirements
U Ensure that specifications support replacement of any obsolé&msyer
equipment

D.4 Existing Environmental Conditions

Decision making requires an understanding of existing environmental
conditions which must be obtained from a variety of sources, including previous
surveys, geographic information systems, and resource agency databases.
Identifying problematic issues at an early stage in the project devetwpm
process enables better decision making as well as adequate time to address
mitigate these concerns. (Note: many of these issues are addressed detail
in Category F). Issues to consider include:

U Natural resource surveys:

U Endangered species
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U Wetland status
U Bodies of water
U Existing and potential park system land
O Permit requirements
U Cultural resource surveys:
O Historical preservation
U Existence of cemeteries
O Archaeological sites
U Local customs
Q4 Air quality surveys:
U Mobile source pollutants
O Air quality analysis
U Congestion mitigation-air quality
U Noise surveys including evaluation of need for abatement
U Hazardous materials:
Q Existing land use (for example, the existence of an underground
storage tank)
O Superfund and regulatory agency database review
U Contaminated material, not classified as hazardous
Q4 Climatic data
U Site visits
U Local inhabitant interviews
U Socioeconomic impacts
Q4 Other user defined

D.5 Site Characteristics Available vs. Required

An assessment of the available versus the required site characteristics
needed. The intent is to ensure that the project team has taken into consideration
the need to improve or upgrade existing site utilities and support charazgeristi
Issues to consider should include:

U Capacity:

Q Utilities

O Fire water

U Cooling water
Q0 Power

U Waste treatment/disposal

4 Storm water containment and/or transport system

U Type of buildings/structures

4 Land area

U Amenities:

U Food service

U Change rooms

O Medical facilities

U Recreation facilities
U0 Ambulatory access
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U Product shipping facilities
U Material receiving facilities
U Material or product storage facilities
U Security:
U Setbacks
Sight lines
Clear zones
Access and egress
Fencing, gates, and barriers
O Security lighting
U Other user defined

** Additional items to consider for Renovation & Revamp
projects **

Q
Q
Q
Q

U Complete condition assessment of existing facilities and infrastructure

U As-Built accuracy and availability (update/verify as-built docuragom
prior to project initiation)

U Worksite availability and access for R&R activities

U Existing space available to occupants during renovation work

U Uncertainty of “as-found” conditions, especially related to:

Structural integrity: steel or concrete loading

Sub-base conditions

Piping capacity/ integrity/ routing

Location, condition, and capacity of electrical systems components

Installed equipment

Condition of required isolation points

U Investigation tools to assist in the documentation of existing conditions:

Photographs / Video

Remote inspection

Laser scanning

Infrared scanning

Ground Penetrating Radar

Ultrasonic Testing

Hydro-excavation

Other user defined
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D.6 Dismantling & Demolition Requirements

A scope of work has been defined and documented for the decommissioning
and dismantling of existing equipment/piping/structures/pavements that may be
necessary for completing new construction. This scope of work should support an
estimate for cost and schedule. Evaluation criteria should include:

U Timing/sequencing

U Permits

U Approval

U Safety and security requirements

U Hazardous operations and/or materials
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U Plant/operations requirements
U Storage or disposal of dismantled equipment/materials
U Narrative (scope of work) for each system
U Environmental assessment
U Are the systems or items that will be decommissioned/dismantled:
0 Named and marked on process flow diagrams piping and
instrumentation diagrams (P&IDs), or flow schematics
U Denoted on line lists and equipment lists
U Denoted on piping plans or photo-drawings
O Delineated by zone or boundary
U Sustainability issues, including reuse of materials
U Other user defined

** Additional items to consider for Renovation & Revamp
projects **

U Use of photographs, video records, etc. in scope documents to ensure
existing conditions clearly defined

U Physical identification of extent of demolition to clearly define limits

U Segregation of demolition activities from new construction, and apesat
(e.g., physical disconnect or “air gap”)

U Establish decontamination and purge requirements to support dismantling.

D.7 Determination of Utility Impacts

Infrastructure projects often necessitate the adjustment of utities t
accommodate the design and construction of the proposed project. Failure to
mitigate utility conflicts in the design process or to relocate faslin a timely
manner can result in unwarranted delays and increased project costs. Issues to
consider include:

U Field verification of existing utilities facilities and capacity

U Field verification with proposed alignment or project footprint

U Necessary utility facility repair and modernization, or expansion
U Physical constraints to utility placement

U Schedule/cost impacts of utility relocations and adjustments

U Determination of utility location in existing right-of-way or boundaries
U Local ordinances or industry standards

U Safety clearance or physical separation requirements

U Availability of alternate right-of-ways

U Action plans for utility adjustments

U Regional or local regulations related to utility adjustment

U Other user defined

** Additional items to consider for Renovation & Revamp projects **

U Determination of utility locations or relocations in relation toaation
work
O Accessibility to utilities for relocation work
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D.8 Lead/Discipline Scope of Work

Project manager's complete narrative description of the project layinigeout t
major components of work to be accomplished, generally discipline oriented,
should be developed and oriented towards the architect/engineer/contracting
agent. This narrative should be tied to a high level Work Breakdown Structure
(WBS) for the project. Items to consider would include:

4 Background information

U Project summary

Q4 High level WBS

U Level of requirements development by each discipline

U Sequencing of work

U Interface issues for various contractors, contracts, or work packages

Q4 Exclusions and limitations to the scope of work

U Other user defined

** Additional items to consider for Renovation & Revamp
projects **

U Identification of specific interface or coordination effortshwoperations
and owner’s staff

E. VALUE ANALYSIS

E.1 Value Engineering Procedures

Procedures for conducting Value Engineering (VE) during front end planning
and later in the project during design and construction need to be in place. VE
methodology should be used to assess a project's overall effectiveness or how
well the project meets identified needs. VE is designed to gather expadise
experience of individuals to produce the most effective solution to the conveyance
need. For instance, study findings may show that redesign of an alternative is
needed, in which case concepts or schematics may require revisions.dssues t
consider include:

U Policy requirements and procedures

U Team member and team leader identification

U Session attendance requirements

O Frequency of assessments

U Documentation requirements

U Strategic resource collection and studies:

U Lessons learned review

U Redundancy factors

U Over capacity factors

O Life-cycle and replacement costs
U Environmental impact resolution

U Report preparation and recommendations

U Approved response submittals

4 Planning document revisions
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U Other user defined

E.2 Design Simplification

Procedures for conducting design simplification during front end planning and
later in the project need to be in place. Identify and document activities or
strategies (through studies, reviews) for reducing the number of progess ste
number of interchanges, number of bridges, length of route, extent of right-of-
way, or the amount of equipment needed in the design in order to optimize
performance without compromising safety, function, reliability and security
Items to evaluate include:

U Redundancies

U Overcapacity

U Horizontal or vertical alignment

U Above or below ground or water

U Retaining walls versus embankments
U Commonality

QO Flexibility

U Discretionary scope issues

U Discretionary spares

U Controls simplification

U Other user defined

E.3 Material Alternatives Considered

A structured approach should be in place to consider and select among
material alternatives, including sustainability considerations duromg énd
planning and as the project progresses. Rejected material alternlativisslse
documented. Material evaluation should include:

U Cost effective materials of construction

U Life-cycle analysis, including operations and maintenance considerations

U Modularized or pre-fabricated components

U Ease or cost effectiveness during construction

U Sustainability considerations (such as use of local materialsytipall

abating concrete, recycled materials, LED lighting, and so on)

U Environment in which materials are to be installed or operatech (as

heat, humidity, corrosive, etc.)

U Other user defined

E.4 Constructability Procedures

A structured process and procedures should be in place for constructability
analysis during front end planning and as the project proceeds into design and
construction. Cll defines constructability as, “the optimum use of construction
knowledge and experience in planning, design, procurement, and field operations
to achieve overall project objectives. Maximum benefits occur when people with
construction knowledge and experience become involved at the very beginning of
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a project.” Provisions have been made to provide this on an ongoing basis. This
process includes examining design options that minimize construction costs while
maintaining standards of safety, security, quality, and schedule. Thisgproces
should be initiated in the front end planning process during concept or detailed
scope definition. Elements of constructability during front end planning include:

O Constructability program in existence

U Construction knowledge/experience used in project planning

U Early construction involvement in contracting strategy development

U Developing a construction-sensitive project schedule (with apasainput

and considering operational needs)

U Considering major construction methods in basic design approaches

U Developing site layouts for efficient construction

U Early identification of project team participants for constructabalitglysis

U Usage of advanced information technologies

U Other user defined

** Additional items to consider for Renovation & Revamp projects **

U Installability (e.g., smaller components/modules/pre-assemblyadititdte
installation in congested areas)

U Opportunities to perform as much work as possible outside of shutdowns or
outages

U Developing an operations-sensitive project schedule (e.g., naetion of
Shutdown/Turnaround work and hot work in operating areas, reduction of
traffic disruption at high volume times and so on)

147



SECTION Il — BASIS OF DESIGN

F. SITE INFORMATION

F.1 Geotechnical Characteristics

Geotechnical and soil test evaluations of the project footprint should be
developed. Ways in which the project will be impacted by geotechnical
characteristics should be considered. Items to evaluate and consider include:

U General site descriptions (e.g., terrain, spoil removals, arehazardous

waste)

U Collection of all previous geotechnical investigation data

U Soil composition and strata structure

U Potential soil expansion considerations

U Soil densities and compaction requirements

4 Seismic requirements, including liquefaction potential

U Foundation requirements:

O Allowable bearing capacities
U Pier/pile capacities

U Water table

U Groundwater flow rates and directions

U Soil percolation rate and conductivity

U Karst formations, caves or mines

U Man-made/abandoned facilities

U Existing foundations or subsurface structures

U Existing or abandoned landfills

U Existing or abandoned cemeteries

U Site characterization to identify areas of hazardous or toxic soils

U Soil treatment and remediation needs

U Soil boring tests and test pits

U Horizontal directional drilling versus open cut

U Geological Baseline Reports (GBR)

U Other user defined

F.2 Hydrological Characteristics

Hydraulic information should be reviewed and analyzed at a high level prior
to selection of alternatives and detailed design. This information is ngcéssar
determining hydraulic structural requirements and detention facilisesgh as
preliminary right-of-way requirements. Issues to consider include:

U Drainage basin characteristics:

Size, shape, and orientation
Slope of terrain

Groundwater

Watershed development potential
Geology

Surface infiltration

oooooo
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U Antecedent moisture condition
O Storage potential (e.g., overbank, wetlands, ponds, reservoirs,
channels)
U Flood plain characteristics
U Waves, tides, and currents
U Soil types and characteristics
U Cathodic protection requirements
4 Ground cover and erosion concerns, including scour susceptibility
U Meteorological characteristics:
O Precipitation types and amounts
U Peak flow rates
U Hydrographs
U Special precipitation concerns
O Storm water runoff control
U Potential impacts of future development
U Impacted communities or agencies such as watershed districts/regulations
U Other user defined

F.3 Surveys & Mapping

Once it has been determined that a corridor or site needs to be studied, a
reconnaissance of the corridor/site should be conducted. This includes a study of
the entire area. The study facilitates the development of one or more routes or
corridors or location options in sufficient detail to enable appropriate offitmal
recommend which will provide the optimum location. Issues to consider include:

U Existing geographic/mapping information from general sources gropie

study, including geographical information system data

U Right-of-entry requirements

U Surveying consultant requirements

U Aerial photography from general sources or previous studies and surveys

U Regional demographic maps, identifying areas of special impact

U Existing right-of-way maps/inventory, including easements

QO Preliminary survey, including recovery of existing monuments

U Topography (contours)

O Existing structure locations

U Grid ticks and centerlines

U Geotechnical summaries

U Utility information

U Satellite/Light Detection and Ranging (LIDAR) surveys

U Affected area maps

U Special property owner concerns

U Use of Subsurface Utility Engineers (SUE)

U Other user defined

F.4 Permitting Requirements

Permitting usually begins concurrently with surveys and continues throughout
project construction. Personnel responsibilities should be specific to each permit
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and clearly delineated, including a listing of all organizations that nuayree
permitting. In many cases, permits must be obtained before further approval of
project development activities and site access; in some cases permitaveay
schedule constraints. Issues to consider include:
U Noise
U Traffic
U Building
U Navigation
U Land use or zoning
Q4 Operating
U Approved points of discharge permits
U Grading and erosion permits
U Local, regional, or national jurisdictional permits
U Construction
Q Utility
Q4 Crossing
U Waterway permits (as an example, the U.S. Rivers and HarlobiSe&tion
10 requirements)
U Wetland permits (as an example, the U.S. Clean Water ActoSetd4
requirements)
U Flora and fauna permits (for example, those required by the U.S.
Endangered Species Act)
U Resource agency permits (for example, those administeredheby S.
Federal Energy Regulatory Commission (FERC))
U Historic and cultural association permits
Q4 Pollutant and emissions permits
U Other user defined

** Additional items to consider for Renovation & Revamp projects **
U Original intent of codes and regulations and any “grandfathered”
requirements

F.5 Environmental Documentation

Funding sources and project environmental classification drive the type of
environmental documentation that is required. Environmental documentation
should provide a brief summary of the results of analysis and coordination, as
well as information about of the social, economic, and environmental impacts of a
project. This includes a determination of what decision should be made on a
project’s construction, location, and design. In addition, the document should
describe early interagency coordination and preliminary public involvement,
including estimates of time required for milestones. Typical types of
environmental documentation include (using U.S. Classifications; other
jurisdictions may have similar policies and should be considered):

U Environmental Assessments (EA)

4 Environmental Impact Statements (EIS)
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U Environmental Impact Report (EIR)

U Categorical Exclusions (CE)

U Potential Outcomes:
O Findings of No Significant Impact (FONSI)
U Notice of Intent (NOI)
U Record of Decision (ROD)
U Categorical Exclusion (CE)

Q4 Section 4F Documentation (e.g., parks and recreation areas, refuges,
cultural resources, and other sites)

U Environmental monitoring

U Environmental constraints should be incorporated into preliminary ofght-
way maps and schematics (as described in Element F.7).

U Other user defined

(Note: All jurisdictions have specific environmental policies and requirements
that need to be understood by planners. For example, the U. S. National
Environmental Policy Act (NEPA) requires three levels of environmental
analysis. At the first level, an undertaking may be categoricallyé&d| (CE)
from a detailed environmental analysis if it meets certain criteriaatfederal
agency has previously determined as having no significant environmental impact.
At the second level of analysis, a federal agency prepares a written Eresirtahm
Assessment (EA) to determine whether or not a federal undertaking would
significantly affect the environment. If this is not the case, the agesugs a
Finding of No Significant Impact (FONSI). An Environmental Impactestant
(EIS) is a more detailed evaluation of the proposed action and alternatives. A
Notice of Intent (NOI) announces an agency’s decision to prepare an EIS for a
particular action and must be published in the Federal Register. The public, other
federal agencies and outside parties may provide input into the preparation of an
EIS and then comment on the draft EIS when it is completed. Following the Final
EIS, the agency will prepare a Record of Decision (ROD).)

F.6 Environmental Commitments & Mitigation

Environmental commitments determine what a project’s involved parties can
and cannot do to protect the environment. Environmental commitments begin at
the earliest phase of project development, although completion of commitments
may not occur until the operation and maintenance phase of a project. Because
there is a substantial time gap between the beginning and end of a commitment, it
is imperative that commitments are communicated from environmental clearanc
through detailed design, pre-bid conference, project letting, maintenance, and
operation. Issues to consider include:

U Avoidance commitments

U Compensation commitments

U Enhancements commitments

U Minimization commitments

U Habitat mitigation

O Water quality facilities management

151



U Wetland mitigation

0 Storm water management plans

U Cultural resources mitigation

U Noise abatement remediation

U Hazardous materials abatement locations
O Environmental remediation plans

U Other user defined

F.7 Property Descriptions

Property descriptions are prepared as exhibits for the conveyance of property
interests that will be affected. The property descriptions reflect a bousaamsy
showing ownership including legal descriptions, as well as parcel plat
determinations. Property descriptions should be summarized from survey
information into an appropriate documentation form that can be logged into
project information systems. The level of confidence and validation of the
documentation such as field verified versus scaled from existing maps should be
noted. Information needed includes:

U Type of property or businesses affected

U Historical data used in preparing the survey

Q Parcel plats

U Parcel size and area

Q4 Control reference point data

U Easements

U Centerline station ties

U Control of access lines

U Gates, fences and barriers

U County, city, federal or other jurisdictional boundary lines

U Review of existing right-of-way maps from previous projects

U On-site canvas of the proposed affected properties

Q4 Appraisal maps and records

U Abstractor's indices

U Real property records

U Mineral and water rights

Q4 Other user defined

F.8 Right-of-Way Mapping & Site Issues

A right-of-way map is a compilation of internal data, property descriptions
(which includes field notes and parcel plats), appraisal information, and
improvements related to the project. Right-of-way maps are typicallynaite
planning and management documents, with significant impact on the project
development process. Preparation of these maps normally begins after obtaining
schematic design approval. Parcels that may cause difficulties inidoquis
should be identified, including indications of specific site conditions or
characteristics that may cause delays or problems. Issues to caomdiafe:i

U Parcel numbers and priority

O Existing site information:
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Improvements within right-of-way

Previous uses of land

Zoning

Utility locations

Record ownership data of adjacent properties
Existing boundaries and limits

Existing drainage channels and easements

U Design information:

a
Q
a
Q
a

Access control lines

Configuration of infrastructure project
Hydraulics

Maintenance access or connecting ramps
Limit of flood pool

U Parcel information:

ooo00d0 OooDo

Property owner name

Parcel title requirements

Parcel number

Parent tract

Type of conveyance, if known (e.g., donation, negotiation,
condemnation)

Station to station limits and offset
Area in acres and/or square feet
Area of uneconomic remainders
Property lines

Bearing and distance to control points
Property descriptions

U Inherent parcel issues that may cause difficulties in rightayf
acquisition:

o000 Odooooopoo 0o

Landfill and superfund records

Hazardous material exposure, such as Poly-chlorinated biphenyls
(PCB) transformers or underground storage tank locations
Wetlands identification

Floodway identification

Endangered species locations

Stockpiles and production sites

Outfall locations

Oil and gas well piping

Railroad and/or roadway interests

Special use properties (e.g., government use, alcohol saleteces)
etc.)

Beautification and signage

Land use impacts

Socioeconomic impacts

Economic development/speculation

Legal (lawyer) activity in area

Title curative issues
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National, regional or locally owned properties
Number of partial takings
Splitting of parcels
Landlocked parcels

Existing easements

Cultural issues

Public park space

Cultural resources

Historical landmarks
Archeologically sensitive sites
U Other user defined

oooooooooo

G. LOCATION and GEOMETRY

G.1 Schematic Layouts

The submission of schematic layouts should include basic information
necessary for the proper review and evaluation of the proposed improvement. The
schematic is essential for use in public meetings and coordinating desigedea
Format and delivery should be tailored to the audience. Issues to consider
include:

U General project information (e.g., boundary limits, speed or volume,

classification)

U Location of structures such as interchanges, main lanes, frontaggss,
levees, channels, ditches, dam structures, towers, utilitieshadeai
structures, and so on

U Signage schematics

U Profiles and alignments

4 Overhead and underground right-of-way

U Added or future capacity analyses

U Tentative right-of-way limits

U Geometrics

U Location of retaining and noise abatement walls

U Projected capacities

Q4 Control of access during and after construction

U Existing structures and removal of improvements

U Master plan zoning map

Q4 Soils Maps

U Cut and fill balance

Q Jurisdictional map

U Watershed / water basin delineation

U Other user defined

Location/arrangement drawings identify the location of each major project
item including equipment, support structure or miscellaneous elements. These
drawings should.include:

U Location, including coordinates
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U Coordination of location among all items
U Setbacks

U Interface

U Elevation views

U Visibility or line of sight

O Access

U Other user defined

** Additional items to consider for Renovation & Revamp projects **
U Renovation work in relation to existing structures and demolition
U Detours or bypasses
U Temporary conveyance facilities
U Clearly identify existing systems and equipment to be rewoer
rearranged, or to remain in place

G.2 Horizontal & Vertical Alignment

Due to the near permanent nature of the right-of-way alignment once the
infrastructure project is constructed, it is important that the proper alignment be
selected considering design speed, pressure pipe hydraulics, open channel
hydraulic parameters, existing and future roadside or adjacent development,
subsurface conditions, topography, etc. Issues to consider include:

U Horizontal geometry

U Vertical geometry

U Design exceptions or waivers identified and validated

U Pipeline or power line corridors and easements

O Sight distances

U Geometry referenced to a surveying control system

U Crossover grades and profiles

U Vertical lift

U Vertex data

U Grade restrictions

U Access to target users or market

U Proximity to raw materials

U Natural corridors

U Upstream and downstream control structures/parameters

U Social/political constraints

U Constrained right-of-way zones areas (choke points)

U River, lake or ocean crossings, including landfall or transitions

U Existing above-ground and underground utilities, especially in dense urba

areas

U Horizontal Directional Drilling (HDD) / tunneling feasibility

U Other user defined
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G.3 Cross-Sectional Elements

Cross-sections are an important design element related to cost and schedule of
the proposed project. The width of the right-of-way will be controlled by the
proposed design. Examination of the typical cross-section will indicate those
elements of design affecting the width of proposed right-of-way and utility
adjustments among other factors. Issues to consider include:

U Maintenance access

U Cut or fill slopes

U Easements

U Horizontal clearances to obstructions

U Pavement cross slopes

U Frontage roads and ramp radii

U Sidewalks and pedestrian elements

U Noise abatement (for example walls, structures, or operating liomgti

U Number and width of road lanes

U Width of median

O Width of shoulder

U Pipeline support berm width

O Extent of berm areas

U Channel levee widths

U Cross drainage structures

U Extent of side slopes and ditches, including levees and dams

U Linear profile for hydraulic/hydrostatic testing

U Channel routing models

QO Other user defined

G.4 Control of Access

Maintaining access to specific portions of the infrastructure project is
developed in front end planning for both construction and permanent access.
Planners need to address the concerns of controlled access limits to and from
adjacent property or facilities. Access control should be coordinated witkofight
way acquisition including access deeds and restrictions. Issues to consider
include:

U Entrance/exit locations and length

U Growth capacity

U Access deed restrictions

U Safety and security of access

U Trunk tie-ins

QO Special required access lanes:

U Bike and pedestrian lanes
O High Occupancy Vehicle (HOV)/High Occupancy Toll (HOT) lanes
O Truck-only lanes
O Crossover lanes or access
U Turnarounds
QO Frontage road requirements
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U Controlled access systems, including life safety requirements
O Split-parcel access requirements

U Driveway access requirements

O Waiting lanes or rails

U Bypasses

U Access to runways

U Intermodal interface

U Pumping or support stations

U Valve tie-ins

Q4 Pig access

Q4 Cleanouts

U Pretreatment, including bar screens, grit removal, grinders and compactors
U Desalting and settling tanks

U Manholes

U Transformer location

O Switching stations

U Data security

U Integration and compatibility

U Other user defined

H. ASSOCIATED STRUCTURES and EQUIPMENT

H.1 Support Structures

Support structures for conveyance requirements along the extent of right-of-
way for a project are often necessary (such as bridges for freighte peopl
pipelines). As a result, right-of-way requirements must take into account the
impacts of structure design on the affected corridor. For example, pipelayes
need to span a gap while maintaining a specified grade, while transportation and
distribution facilities must span long gaps while maintaining a specigedance
above a transportation corridor. The following should be addressed:

U Structure locations

U Materials of construction

U Foundation requirements

U Seismic requirements

U Right of way impacts

U Towers

Q Stringing requirements

U Toll plazas

0 Safety tolerances:

U Maximum height
O Minimum clearances
U Maximum loads and capacities
O Clear roadway width
U Utilities attached to bridge structures
U Turnarounds
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U Access requirements

O Maintenance of right-of-way

U Retaining walls and abutments

Q Vertical and horizontal alignment

U Fencing

U Lightning protection

U Safety lighting

U Maintenance accessibility

U Pipe racks

Q4 Cable trays

U Span gap

U Special load requirements, such as ice, wind, heavy load, etc.
U Thrust blocks

Q4 Valve and pumping stations/enclosures
U Other user defined

** Additional items to consider for Renovation & Revamp projects **
Q4 Current condition and life expectancy

U Temporary signage

4 Maximum construction bridge loading

U Bypasses or temporary conveyance

U Detour bridge requirements or lane rerouting

H.2 Hydraulic Structures

In analyzing or designing drainage facilities, the investment of tirpense,
concentration, and completeness should be influenced by the relative importance
of the facility. Some of the basic components inherent in the design or analysis of
any pipeline, channel, or highway drainage facility include data such as soifvey
existing characteristics, estimates of future characteristigip@ering design
criteria, discharge estimates, structure requirements and cons@anht®ceiving
facilities. Issues to consider include:

U Open channels, tunnels, and outfall structures:
U Right-of-way impact
U Environmental impact
4 Storm drain systems
U Emergency spillways
U Collection basins
U Culverts
Q4 Fluid energy abatement
U Inlets/outlets
Q Irrigation controls
U Street cleaning requirements
U Special required easements
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U Hydraulic routing

U Hydraulic channel controls

O Wildlife crossing structures

U Life-cycle maintenance considerations and costs

U Multipurpose requirements (flood control plus power generation, etc.)
U Erosion control

U Other user defined

** Additional items to consider for Renovation & Revamp projects **
Q4 Current condition and life expectancy
U Bypasses or temporary conveyance

H.3 Miscellaneous Elements

In addition to typical pipeline, water channel, energy, and/or roadway design
elements, the following features may require consideration and planning and in
some cases the acquisition of additional right-of-way. These items should be
identified and listed and may include:

U Longitudinal barriers

U Rip-rap / gabions / solil retaining structures
Q4 Fencing

U Emergency management issues

U Noise abatement walls

U Visual architectural blending structures

U Maintenance and storage yards

U Toll-way structures

U Border and immigration structures

U Parking

U Rest areas and stops

U Blast deflection devices

U Signage, delineation, roadway markings, historical markers
U Extended shoulders for service

O Truck weigh stations

U Pedestrian separations and ramps

U Emergency median openings and widths
U Runaway vehicle lanes

U Hazardous material traps

U Storm septors and other storm water control devices
U Emergency spillway area

U Berms or containment structures

U Other user defined
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H.4 Equipment List

Project-specific installed equipment should be defined and listed. In some
cases, equipment may have to be manufactured and purchased specifically for
construction of the facility. In situations where owners are furnishing eqatpme
the equipment should be properly defined and purchased. Items may include:

U Traffic control devices:

U Low-volume roads
U School zones
O Highway-rail or -light rail transit grade crossings
U Bicycles
0 Temporary
U Intelligent transportation systems devices:
U Cameras
U Loop detectors
U Sensors
U Monitors

U Specialized equipment such as tunnel boring machines (TBM), dredges,

cranes, etc.

U Electronic signage

U Highway traffic signals

U4 Toll equipment

U Rest area requirements

U Turbines

U Compressors

O Pumps

U Conveyor systems

U Grinders

U Clarifiers

U Tanks or basins

U Filtering

U Transformers

U Electrical substations (breakers, disconnect switches, proteciibooatrol

equipment)

U Spares and commonality requirements

U Other user defined

Training requirements for equipment operation have been definecdgpohsibility
established in areas such as:

4 Control systems

U Information systems and technology

U Equipment operation

U Maintenance of systems

Q4 Training materials and equipment (e.g., manuals, simulations)
U Safety

U Other user defined
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** Additional items to consider for Renovation & Revamp projects **

U Identify systems and equipment as new, existing or reloeaisting or in
place, remove, etc.

U Clearly define any modifications to existing systems and equipment

H.5 Equipment Utility Requirements

A tabulated list of utility requirements for all major installed equipnitents
should be developed in order to understand overall utility load and distribution for
the facility. As part of this requirements determination it may be apptepoa
perform a utility optimization study. Items to consider include:

U Power:

Q Hard line
Q Solar
Q Auxiliary or backup

U Water

O Air and specialty gasses

U Steam

0 Sewage

U Communications, including cables or fiber-optics

4 Fuel

U Other user defined

I. PROJECT DESIGN PARAMETERS

[.1 Capacity

In general, a capacity study is required for scope definition of many
infrastructure projects. These studies provide a description of the relatedsproces
flows and interactions allowing the planning team to ensure adequate facility
capacity, while guarding against over- or under-design. The capacity study
should fit within the need and purpose of the project as defined in element A.1.
Capacity studies generally include flow diagrams and are often ckterkyy
different organizations as:

U EFDs - Engineering Flow Diagrams

U MFDs - Mechanical Flow Diagrams

4 PMCDs - Process & Mechanical Control Diagrams
U P&IDs - Process and Instrumentation Diagrams
4 CCs Corridor Capacity Study

4 SLD Single Line Diagrams

Capacity studies should address the following areas:

U Flow of resources and outputs
U Contractual requirements
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U Primary control loops for the major equipment items
U Capacity constraints and growth considerations
U Major equipment items

O Utilities

U Instrumentation

U Safety/security systems

U Sustainability concerns

U Special notations

U Level of service

U Level of flow

U Standard component size

U Service/industry standards

U Other user defined

Typical items to consider for people and freight type projects:

Q Traffic capacity studies

U Passenger or freight handling
U Interchanges

U Signage

U Security check points

U Tolling

Q4 Vehicle parking

U Rail switch location

4 Siding rails and spurs

U Corridor capacity

U Taxiways and parking aprons
U Instrumentation and lighting
U Runway orientation

U Controlled air space

Q4 Airport/port layout plan

U Lock capacity

Typical Items to consider for fluid type projects:
U Piping

4 Hydraulic profile

U Flow rate

U Containment and storage
U Open channel

U Dewatering systems

U Leakage

U Friction and head loss

U Valves

O Equipment

4 Control

U Piping specialty items

Typical Items to consider for energy type projects:
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U Grid integration

U Transmission line capacity

U Resistance and impedance

U Generation

U Bandwidth capacity

U Tie-ins or interchanges

U Transformers and switching gear

U Telecommunication media (fiber-optic, power line carrier (PLC), or
microwave)

** Additional items to consider for Renovation & Revamp projects **
U Definition of owner’s requirements for updating existing flow diagrams.
U Tie-in points
U Accuracy of existing capacity studies and flow diagrams (field erify
U Scope of Work on existing flow diagrams (clouding or shading to itedica
new, refurbished, modified, and/or relocated equipment, piping,
instruments, and controls).

Since incomplete information in capacity studies can cause project estgalati
it is important to understand level of completeness. These studies generaléy evol
as the project scope definition is developed. However, the study documents must
be complete enough to support the accuracy of estimate required

[.2 Safety and Hazards

This element refers to a formal process for identification and mitigation of
safety and environmental hazards. This process is used to identify potential risk
of injury to the environment or populace for certain types of infrastructure
projects. Many jurisdictions (or organizations) will have their specific ciamqx
requirements (for example, in the U.S., OSHA Regulation 1910.119 compliance
is required for oil and gas conveyance). The important issue is whether the owner
has clearly communicated the requirements, methodology, and responsibility for
the various activities. If the analysis has not been conducted, the team should
consider the potential of risks that could affect the schedule and cost of the
project. Issues to consider include:

4 Handling of nuclear materials

U Cleanup requirements in case of spills

U Containment requirements

U Confined space

O Air monitoring

U Hazardous Operations (HAZOP) requirements

U Other user defined
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1.3 Civil/Structural

A clear statement of civil/structural requirements should be identified or
developed, and then documented as a basis of design. This documentation should
include issues such as the following:

U Client specifications (e.g., basis for design loads, capacityerability and

risk assessments)

U Future expansion considerations

U Physical requirements

U Seismic requirements

U Safety considerations

U4 Construction materials (e.g., concrete, steel, client standards, etc.)

U Sustainability considerations, including certification

Q4 Standard or customized design

U Define nomenclature and documentation requirements for civil drawings

including:
Q Overall project site plan
Q Project phasing requirements
U Interim traffic or by-pass control plans
Q Structures
U Location of equipment and facilities
Q Utilities
U Roads and paving
Q Grading/drainage/erosion control/landscaping
U Corrosion control / protective coatings
O Minimum clearances
Q Architectural theme
QO Other user defined

** Additional items to consider for Renovation & Revamp projects **

Q4 Existing structural conditions (e.g., foundations, building framing,
harmonics / vibrations, etc)

U Potential affect of noise, vibration and restricted headroom 1iallason of
piling and on existing operations

O Underground interference (utilize shallow depth designs)

[.4 Mechanical /Equipment

A clear statement of mechanical and equipment design requirements should be
identified or developed, and then documented as a basis of design. This
documentation should include issues such as:

U Life cycle costing basis

U Energy conservation

U Sustainability considerations, including certification

U Equipment/space special requirements with respect to environmental

conditions (e.g., air quality, special temperatures)

U System redundancy requirements
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U Special ventilation or exhaust requirements

O Acoustical requirements

U Water treatment

QO Auxiliary/emergency power requirements

U System zones and control strategy

Q Air circulation requirements

U Outdoor design conditions (e.g., minimum and maximum yearly
temperatures)

U Indoor design conditions (e.g., temperature, humidity, pressure, air quality)

U Emissions control

U Utility support requirements

O Plumbing requirements

U Special piping requirements

U Seismic requirements

U Fire protection systems requirements

U Other user defined

** Additional items to consider for Renovation & Revamp projects

**

U Consider how renovation project alters existing mechanical design
assumptions

U Potential reuse of existing equipment and systems for renovation project

U New by-passes and tie-in requirements

|.5 Electrical/Controls

A clear statement of electrical design requirements should be identified or
developed, and then documented as a basis of design. This documentation should
include issues such as:

U Life cycle costing basis

U Electrical classification based on environment

U Programmable logic controllers (PLC) versus Distributed Cor8xaitem

(DCS)

U Local versus remote control

U Automated versus manual control

U Energy consumption/conservation

U Sustainability, including certification

U Power sources with available voltage/amperage

U Electrical substations, transformers, switching gear

U Uninterruptable power source (UPS) and/or emergency power requirements

4 Lightning/grounding requirements

U Code and safety requirements

U Alternate energy systems (solar, wind, etc.)

U Flow measuring and monitoring

U Special lighting considerations (e.g., security, lighting levels

exterior/security, use of day lighting, color rendition, signageraific
lights)
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U Voice, data and video communications requirements
U Telecommunication and data systems

U Instrumentation

U Advanced audio/visual (A/V) connections

U Personnel sensing

U Security/access control systems

U Other user defined

** Additional items to consider for Renovation & Revamp projects

**

U Integration of new technology with existing systems, includingriate
issues

U Safety systems potentially compromised by any new technology

U How renovation project alters existing electrical design assumptions

U Potential reuse of existing equipment and systems for renovation project

[.6 Operations/Maintenance

A clear statement of operations/maintenance design requirements should be
identified or developed, and then documented as part of the basis of design.
Operations and maintenance activities are related to the performancerad,routi
preventive, predictive, scheduled, and unscheduled actions aimed at preventing
equipment failure or decline in order to maintain the correct level of effigienc
reliability, and safety. Operational efficiency represents theclitde cost-
effective mix of preventive, predictive, and reliability-centered maariea
technologies, coupled with equipment calibration, tracking, and computerized
maintenance management capabilities all targeting reliabiligtysaccupant
comfort, and system efficiency. Sustainability concerns should be addressed as
appropriate. Design parameters for operations/maintenance should be considered
for infrastructure components such as levees, utilities, roadway struyctures
drainage structures, traffic control devices, vegetation, and other inftastruc
project related items. To the extent practical, utilization of desirabigrdes
criteria regarding maximum side-slope ratios and ditch profile gradlagduce
maintenance and make required maintenance operation easier to accomplish.
Items to consider include:

QO Accessibility:

Access roads, gates, ramps
Seasonal access requirements
Restricted access
Surveillance and intrusion detection systems
Elevated and subsurface access
Valve and pumping station
Barriers / obstructions / berms / fences
U Egress and access structures:
0 Manholes
QO Platforms

poooooo
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Q Vaults
O Underground walk-able tunnels
U Steam stations
O Safety:
Confined space permitting
Fall protection
Overhead power lines
Underground utilities
Emergency response evacuation and communications system
U Detour or by-pass options
U Temporary structures for maintenance
U Repair parts storage and fabrication facilities
U Surface finishes (paint, hot-dip galvanized, etc.)
U Right-of-way vegetative clearing and maintenance
U Types of vegetation
U Overhead interferences
U Remote monitoring capabilities
U Other user defined

Oo0o00
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SECTION IIl - EXECUTION APPROACH

J. LAND ACQUISITION STRATEGY

J.1 Local Public Agencies Contracts & Agreements

Contractual agreements with local public agencies (LPA) participaatdm
required. The execution of contractual agreements establishes respassibilit
the acquisition of right of way, adjustment of utilities and cost sharing between
the LPA(s) and the project owner. The type of contract to be used is determined
by whether the LPA desires to administer right of way activities anch@atg or
defer those responsibilities to the owner. In some cases an agreement must be
entered into before a project is released for right-of-way acquisitssoues to
consider include:
U Master agreement governing local agency project advance funding
O Cost participation and work responsibilities between the owner and @PAs
others
U Reimbursement to the Local Public Agencies (LPA) or others fahpsed
parcels
U Lender requirements or stipulations
U Prerequisites to secure right-of-way project release on mmrekaid
projects
U Request for determination of eligibility
U Compatibility with local regulations and procedures
U Long term operation and maintenance responsibility
U Other user defined

J.2 Long-lead Parcel & Utility Adjustment Identification and
Acquisition

Right-of-way acquisition and utility adjustment are almost always on the
critical path of an infrastructure project. It is important to identify andgam all
parcels within the right-of-way (ROW), but especially those that migise
delay, such as those that may require eminent domain acquisition or have other
inherent problems (as identified in Element F.7). Utilities with a historioof s
response in making adjustments should be aggressively managed. It should be
noted that ROW and utility adjustment issues may be of concern even in cases
where the parcel or utility is owned by a separate public entity. Agyratast be
developed to address these problematic parcels and/or utility adjustmer@s. Iss
to consider include:

U Identification and prioritization of long lead parcels and utilities

U Defining responsible party for parcel acquisition and utility adjustment

U Appraisal responsibility and performance

QO Acquisition of parcels

U Relocation of displacees

U Abatement and removal of existing improvements

U Other user defined
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J.3 Utility Agreement & Joint-Use Contracts

Prioritizing utility agreements may be essential to insure that theiocent
review and approval processes are coordinated and efficient. The utility
agreements and joint-use contracts effectively enable the utility to szee en
public or private right-of-way and complete utility adjustments. Note tH#tadi
are sometimes owned and controlled by separate public entities and must be
coordinated. Issues to consider include:

O Utility agreements, plans, and estimates

U Public or private utilities

Q4 Crossing permits for highways, railroads, canals, etc.

U Supporting documentation

O Transmittal memo from district to division

U Crossing and parallel encroachment permits

U Compatibility with jurisdictional regulatory and approval processes

U Other user defined

J.4 Land Appraisal Requirements

Acquisition should not begin until a formal right-of-way release or
organizational go-ahead is obtained. An early step in acquisition is to determine
the value of parcels for reimbursement. Ensuring appraisal occurs in a timely
manner is essential. Appraisal requirements include:

U Pre-appraisal contacts

U Determination of number of appraisers required

U Determination of appraisal assignments

U Use of in-house or contract appraisers

U Prioritization of parcel appraisals, if required

U Other user defined

J.5 Advance Land Acquisition Requirements

Advance acquisition is defined as right-of-way acquisition that occurs before
normal release for acquiring right-of-way is given for the project. Advance
acquisition requirements need to be identified and addressed as soon as possible
in the project. Although this process bypasses detailed environmental scoping,
consideration for environmental effects should be made in determining darcels
advance acquisition. (Note: this is not the acquisition of long-lead parcels that
occurs through the normal release process.) Examples of advance acquisition
include the following:

U Protective buying to prevent imminent parcel development that would

materially increase right-of-way costs

U Hardship acquisition of a parcel at the property owner's request

U Donation of land for right-of-way purposes for no consideration
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U Acquisition of parcels with multiple, sometimes undivided owners or
unknown owners
U Other user defined

K. PROCUREMENT STRATEGY

K.1 Project Delivery Method & Contracting Strategies

The methods of project design and construction delivery, including fee
structure and risk allocation for the project should be identified. Types of project
delivery methods and contract strategies to consider include:

U Owner self-performed

U Selected methods (e.g., design/build, construction management (CM) at

risk, competitive sealed proposal, bridging, design-bid-build, multigrim
sole source negotiated)

U Requirements under franchises, concessions, or other agreements

U Designer and constructor qualification selection process

U Compensation arrangement (e.g., lump sum, cost-plus, negotiated)

U Design/build scope package considerations

U Solicitation package is competitive in the market place ("bidability")

U Craft labor studies

0 Small business and disadvantaged business contract requirements

U Local content requirements

U Other user defined

K.2 Long-Lead/Critical EQuipment & Materials Identification

Installed equipment and material items with long lead times may intpact t
design and construction schedule. These items should be identified and tracked. A
strategy should be developed to expedite these items if possible. Examples may
include:

U Engineered components

U4 Toll equipment

U Electronic information boards

U Bridge or tower structural components
U Pre-cast elements

Q Directional lighting systems

U Computer and/or software systems
O Pumps, piping and valves

U Transformers and switchgear

4 Cable

U Structural steel

Q4 Other user defined

K.3 Procurement Procedures & Plans

Procurement procedures and plans include specific guidelines, special
requirements, or methodologies for accomplishing the purchasing, expediting, and
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delivery of equipment and materials required for the project. Issues to consider
include:
U Responsibility for performing procurement
U Listing of approved vendors, if applicable
U Client or contractor purchase orders
U Reimbursement terms and conditions
U Equipment / material specifications
U Guidelines for supplier alliances, single source, or competitive bids
U Guidelines for engineering/construction contracts and approval
U Responsibility for owner-purchased items, including:
U Financial
U Shop inspection documentation (e.g., factory acceptance tests)
U Expediting and tracking
U Tax strategy, including:
U Depreciation capture
U Local sales and use tax treatment
U Investment tax credits
O Local regulations (e.g., tax restrictions, tax advantages)
U Definition of source inspection requirements and responsibilities
U Definition of traffic/insurance responsibilities
U Definition of procurement status reporting requirements
U Additional/special owner accounting requirements
U Definition of spare parts requirements
U Incentive/penalty strategy for contracts
U Delivery requirements
U Receiving, staging and storage
U Warranty
U Operating manual requirements and training
U Restricted distribution of construction documents for security and ant
terrorism reasons
U Other user defined

K.4 Procurement Responsibility Matrix

A procurement responsibility matrix has been developed showing authority
and responsibility for procurement. This matrix should outline responsibilities for

U Engineering, design and professional services

U Engineered equipment

U Construction

U Bulk materials

U Fabrication/modularization

U Consulting services

U Commissioning and startup materials

U Source inspection

U Other
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** Additional items to consider for Renovation & Revamp projects **

U Utilization of reused and existing equipment, materials, linestratal and
instrumentation, etc.

U Availability of procurement support during time-constrained R&R work,
especially where expedited material services are required

L. PROJECT CONTROL

L.1 Right-of-Way & Utilities Cost Estimates

Right-of-way costs are defined as those instances where there is astimer
land acquired and include all costs necessary to acquire the property. In some
cases land and interests in land must be acquired outside existing right-mrway
or by the utility. The cost estimates in some cases are prepared byithandi
submitted in support of the utility agreement and plans required for the proposed
work. These estimates should cover only the work for clearing infrastructure
project construction. Issues to consider include:

Q4 Cost of right-of-way

U Amounts paid to fee appraisers for appraisal of the right-of-way

Q4 Costs normally paid that are incidental to land acquisition

0 Payment of property damages and losses to improvements

U Recording costs

U Deed fees

U Salaries and expenses of employees engaged in the valuation and

negotiation

U Right-of-way costs incurred by a utility

U Cost of utility adjustment and bringing necessary utilities to site

U Other user defined

L.2 Design & Construction Cost Estimates

The project cost estimates should address all costs (excluding right-of-way
acquisition and utility adjustment costs that are addressed in element L.1)
necessary for completion of the project. These cost estimates may include the
following:

U Design costs

O Construction contract estimate

U Professional fees

Q4 Construction management fees

U General conditions costs

U Trades resource plan

U Administrative costs

U Inspection costs

U Environmental monitoring

QO Public relations

U Contingencies
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U Cost escalation for labor and materials
U Cost escalation for elements outside the project cost estimates
U Startup and commissioning costs
U Capitalized overhead
U Safety, health, and environmental items
U Site-specific insurance requirements
U Incentives
U Miscellaneous expenses including but not limited to:
Specialty consultants
Inspection and testing services
Bidding costs
Site clearance
Environmental impact mitigation measures
Jurisdictional permit fees
Sureties
U Taxes:
U Depreciation schedule
U Capitalized/expensed
U Tax incentives
U Contractors’ sales tax
U Utility costs during construction (this will be a cost to the g¢cowhether
paid by owner or contractor
U Interest on borrowed funds (cost of money)
O Site surveys, soils tests
U Availability of construction lay-down and storage at site or inatenor
rented facilities
U Licensing
U Other user defined

poooooo

L.3 Project Cost Control

Procedures for controlling project cost need to be outlined and responsibility
assigned. These may include cost control requirements such as:

U Financial (client/regulatory)

Q4 Phasing or area sub-accounting

U Capital versus non-capital expenditures

U Report requirements

U Payment schedules and procedures

QU Cash flow projections/draw down analysis

U Cost code scheme/strategy

U Costs for each project phase

U Periodic control check estimates

U Change order management procedure, including scope control and interface
with information systems

Q4 Costs pertaining to right-of-way acquisition and utility adjustnauning
project execution

U Project and financial control software
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U Other user defined

L.4 Project Schedule Control

The project schedule is created to show progress and ensure that the project is
completed on time. The schedule is necessary for design and construction of the
facility. A schedule format and control procedures should be developed during
front end planning, including responsibilities. Typical items to consider include:

U Milestones

U Required submissions and/or approvals

U Resource loading requirements

U Required documentation/responsible party

U Baseline schedule versus progress-to-date schedule

U Critical path activities, including field surveys

4 Contingency or “float time”

U Force majeure

O Permitting or regulatory approvals

U Activation and commissioning

U Liguidated damages/incentives

U Unusual schedule considerations

U Unscheduled delays because adverse weather delay days

U The owner must also identify how special project issues wiidbeduled.

These items may include:

U Selection, procurement, and installation of equipment

U Stages of the project that must be handled differently than sheofrehe

project

U Tie-ins, service interruptions, and road closures

U Other user defined

L.5 Project Quality Assurance & Control

Quality assurance and quality control procedures for the project need to be
established, including responsibilities for approvals. These procedures may
include:

U Administration of contracted professional services

U Responsibility during design and construction

U Testing of materials and workmanship

O Quality management system requirements, including audits (e.g., ISO 9000)

U Environmental quality control

U Submittals

U Inspection reporting requirements, including “hold or witness” points

U Progress photos

U Reviewing changes and modifications

U Communication documents (e.g., Requests for Information, Requests for

Quialifications)
U Lessons-learned feedback
U Correction of impaired materials, equipment and construction
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U Jurisdictional quality control requirements such as those outlined B. U
National Environmental Policy Act (NEPA)
U Other user defined

M. PROJECT EXECUTION PLAN

M.1 Safety Procedures

Safety procedures and responsibilities must be identified for design
consideration and construction. Safety issues to be addressed may include:

U Staging area for material handling

U Transportation of personnel and material to/from off-site storage

U Environmental safety procedures, including hazardous material handling

U Right-of-way needs for safe construction

U Safety in utility adjustment

U Interaction with the public/ securing site

U Working at elevations/fall hazards

U Excavation

U Evacuation plans and procedures

U Drug testing

U First aid stations

U Location and/or availability of medical facilities

U Accident reporting and investigation, including incident management

Q4 Pre-task planning

U Safety for motorists and workers, including work zone safety

U Requirements for safety personnel (designated/dedicated, third party)

U Safety orientation and planning

4 Safety communication

U Safety incentives

4 Owner Controlled Insurance Program (OCIP)

U Development of site specific safety plan

U Crane action plans

U Contractor requirements

U Sub-contractor requirements

U Other special or unusual safety issues

M.2 Owner Approval Requirements

All documents that require owner approval should be clearly defined. These
documents maybe developed in planning or during design or construction. These
may include:

U Project objectives statement

U High level scope and project definition
U Design philosophy

U Operating philosophy

U Maintenance philosophy
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U Project milestone or resource loaded schedule
Q Corridor selection
U Permit responsibility matrix
U Schematic design approval
U Project design parameters
Q4 Land acquisition strategy, including acquisition release
U Milestones for drawing approval:
U Comment
U Approval
U Bid issued
U Construction
U Electronic model reviews
U Durations of approval cycle compatible with schedule
U Individual(s) responsible for reconciling comments before return
U Types of drawings that require formal approval
U Purchase documents:
U Data sheets
Q Inquiries
U Bid tabs
U Purchase orders
U Change management approval authority
O Quality assurance/quality control plan
U Vendor information
Q4 Other

M.3 Documentation/Deliverables

Deliverables during design, construction, and commissioning of the facility
should be identified. The following items should be included in a list of
deliverables:

U Field surveying books

U Estimates

U Required submissions and/or approvals

U Drawings

U Project correspondence

U Permits

U Project data books (quantity, format, contents, and completion date)

U Equipment folders (quantity, format, contents, and completion date)

U Design calculations (quantity, format, contents, and completion date)

U Procuring documents

U As-built documents

U Quality assurance documents

U Updated information systems and databases

U Operations and maintenance manuals

U Plans, specifications &estimates (PS&E) checklist and data sheet

U Other user defined
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M.4 Computing & CADD/Model Requirements

Computing hardware, software and Computer Aided Drafting and Design
(CADD) requirements to support planning, design, and construction should be
defined. These requirements should include any hard or soft model needs and
computing guidelines. Evaluation criteria should include:

U Handling of life cycle facility data including asset informatiorgdals, and

electronic documents

U Civil Information System (CIS) requirements

U Geographical Information System (GIS) requirements

U Building Information Modeling (BIM) requirements

O Owner/contractor standard symbols, file formats and details

U Information technology infrastructure to support electronic modeling

systems, including uninterruptible power systems (UPS) and disaste
recovery

U Application software preference (e.g., 2D or 3D CADD, appbcaservice

provider (ASP)), including licensing requirements

QO Configuration and administration of servers and systems documentation

defined

U Compatibility requirements of information systems (e.g. desifpfmmation

system, construction information system)

QO Security and auditing requirements defined

U Physical model requirements

U Other user defined

M.5 Design/Construction Plan & Approach

A documented plan should be developed identifying specific approaches to be
used in designing and constructing the project. This plan should include items
such as:

U Organizational structure

U Work Breakdown Structure (WBS)

U Interface with other projects or facilities, including coordination

U Responsibility matrix

U Subcontracting strategy

U Project labor agreements

U Work week plan/schedule, including weekend and night work

O Permitting requirements and action plan

U Design and approval of sequencing with parcel acquisition

4 Construction sequencing of events

U Site logistics plan

U Integration of safety requirements/program with plan

U Identification of critical activities that have potential impan facilities

(i.e., existing facilities, traffic flows, utility shut downs and tie-ins)

U Quality assurance/quality control (QA/QC) plan

O Environmental monitoring plan
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U Design and approvals sequencing of events

U Integration of permitting, design, right-of-way acquisition, utility
adjustment, and construction

O Materials management, including field equipment and materials
transportation, receiving, warehousing, staging, maintenance, and control

U Contractor meeting/ reporting schedule

U Partnering or strategic alliances

U Alternative dispute resolution

U Furnishings, equipment, and built-ins responsibility

U Public relations, community communications

U Other user defined

M.6 Intercompany and Interagency Coordination & Agreements

Coordination with appropriate private owners, contractors, resource agencies,
local governmental entities, and the public plays a vital role in project executi
planning of proposed infrastructure projects. Both public and private entities may
be responsible for coordination during project execution and agreements should
be in place to assure efficient project delivery. Coordination is initiatée at t
appropriate levels. Coordination entities to consider may include:

O Owner/funding sources

U Key contractors and suppliers

0 State historic preservation offices

U Natural resource conservation services

U Environmental protection agencies, such as the U.S. Environmental

Protection Agency

Q Air quality boards

U Fish and wildlife services

U International boundary and water commissions

U Federal emergency management organizations, such as the U.S| Federa

Emergency Management Agency (FEMA)

U Offices of habitat conservation

O Law enforcement agencies

U Immigration agencies

Q4 Parks and wildlife agencies

U Federal, state and municipal building departments

U Railroad agencies

U Federal agencies such as US Army Corps of Engineers (USACE)

Q4 Flood control district

U Departments of transportation

O Utility companies

U Special districts (such as municipal utility districts (MYRsd roadway

utility districts (RUDS)

U Other user defined
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M.7 Work Zone and Transportation Plan

A preliminary work zone and transportation plan should be developed to
understand logistics and safety. The plan should clearly show provisions for safe
and efficient operation of all modes of transportation adjacent or concurrent with
the project during construction, including safety of construction workers and
inspection personnel. The plan should address use of heavy equipment and
equipment or material delivery and storage during construction. The plan should
be compliant with national, regional and local jurisdictional requirements. Issues
to consider include:

U Compliance with requirements (for example, a Department of
Transportation’s Manual of Uniform Traffic Control Devices (MUJ ©r
other)

Q4 Control plan, including provisions to minimize disruption of services or
functionality (for example, lane rental requirements for a amatstruction
project or liquidated damages for service down-time)

U Detours or by-pass plans

QO Appropriate signs, markings, and barricades per the traffic control plan

U Safety equipment, such as:

O Barrels
U Signage
U4 Flagmen
U Positive barriers
O Vertical panels
U Clear zone protection devices, such as:
U Concrete traffic barriers
U Metal beam guard fencing
O Appropriate end treatments

U Other appropriate warning devices

QO Special permitting (for instance, for moving equipment or meleacross a
levee or beach)

U Hazardous material movement

U Pedestrian safety

U Oversized loads

U Heavy hauls and lifts

U Transportation, including barges, sea-lifts, rail, trailers and other equipment

U Remote location access

U Other user defined

M.8 Project Completion Requirements

Issues dealing with project completion should be addressed to make sure that
the project has a smooth transition to operations. The owner’s required sequence
for turnover of the project for pre-commissioning, testing, and startup activation
should be developed. It should include items such as:

U Sequence of turnover, including system identification and priority
Q4 Contractor’s and owner’s required level of involvement in:
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U Pre-commissioning
Q4 Training
U Testing
O Clear definition of mechanical/electrical acceptance/approvalresgants

Startup requirements have been defined and responsibility established. A
process is in place to ensure that startup planning will be performed. Issues
include:

U Startup goals

U Leadership responsibility

U Sequencing of startup

U Technology start-up support on-site, including information technology

U Feedstock/raw materials

Q4 Off-grade waste disposal

U Quality assurance/quality control

U Work force requirements

Substantial Completion (SC) is the point in time when the facilities atlg rea
to be used for their intended purposes. Preliminary requirements for substantial
completion need to be determined to assist the planning and design efforts. The
following may need to be addressed:

U Specific requirements for SC responsibilities developed and documented

U Warranty, permitting, insurance, and tax implication considerations

U Technology start-up support on-site, including information technodogly

systems

U Equipment/systems startup and performance testing

U Occupancy phasing

Q4 Final code inspection

U Calibration

Q Verification

U Documentation

U Training requirements for all systems

U Community acceptance

U Landscape requirements

U Punch list completion plan and schedule

QO Substantial completion certificate

U Other user defined
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PDRI — INFRASTRUCTURE VALIDATION PROJECTS

Project Estimated Cost
Number | Type of Project ($ Millions) PDRI Score
1 Brownfield $13.4 195
2 Security Perimeter $140.0 151
3 Pipeline $1,264.8 226
4 Pipeline $2,014.6 242
5 Pier Berth Wharf $54.2 93
6 Interchange $63.0 93
7 Electrical Substation $32.0 88
8 Terminal and Connectors $400.0 405
9 Water Piping $0.4 103
10 Pier Container Yard $25.2 174
11 Greenfield $58.4 206
12 Bauxite Mine $0.7 313
13 Highway $484.0 228
14 Energy Transmission $95.0 139
15 Subsea Gas Pipeline $111.6 176
16 Highway $193.6 268
17 Runway and Taxiway $23.7 222
18 Runway and Taxiway $22.9 188
19 Runway and Taxiway $31.9 199
20 Highway $15.6 295
21 Tunnel $985.0 113
22 Tunnel $50.0 71
Totals $6,080.0
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IN-PROGRESS PDRI — INFRASTRUCTURE VALIDATION
PROJECTS

182

Project Project Cost
Number | Type of Project ($ Millions) PDRI Score
1 Pipeline TBD 142
2 Pipeline $1,407.13 663
3 Fluids Transmission $628.00 283
4 Oil Pipeline $100.00 92
Totals $2,135




APPENDIX C

DESCRIPTIVE STATISTICS
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CATEGORY A — Project Strategy

Descriptive Statistics
[+l hinimum il airrium hlean Std. Deviation ariance
Al 63 7.3 216.45 46,8047 39.70840 | 1576.7487
Al i3 3.22 108.23 303804 21.12850 446.413
A G2 3.22 q2.82 20.7426 11.77682 138.693
Ad &0 2.06 a8.22 209614 13.83733 194,249
Walid M {listwize) A0
Statistics
A A2 A3 A4
M Valid a8 Ei1 G0 a1
hissing f 3 4 4
Skewness 244 714 H948 .aa7
Std. Errar of Skewness 314 306 204 309
Kurtosis -T16 186 8a2 - 161
Std. Error of Kurtasis E18 B4 BO8 B08
FPercentiles 25 23894877 14 6973 12,6836 11.1 266
&0 36.2861 | 24.8139 [ 17.0941 | 155800
¥5 47 7081 40.5853 24773 33.2885
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CATEGORY A — Project Strategy
(continued)

Extreme Yalues

Padicipant
Case Mumber Humber value
A Highest 1 10 | H10 216.45
2 21 | LOB 210.35
3 3 | La03 153.85
4 19 | LOB 131.93
5 20 | LO7 97.28
Lowest 1 26 | L13 7.3
2 30 | LAOZ 817
3 36 | La0g 13.51
4 28 | L&D 13.74
5 7 | HOT 1449
A2 Highest 1 10 | H10 108.23
2 B3 | w15 102.88
3 13 | H13 7378
4 7 | HOT 7245
& 80 | w02 5476
Lowest 1 12 | H12 3.22
2 27 | L14 5. 68
3 47 | NY10 B.25
4 42 | NYDS f.69
5 38 | MYl 7.45
A3 Highest 1 32 | LA04 52.82
2 87 | w09 8017
3 34 | LADE 419 86
4 g4 | W0E 4567
g 46 | myoa 4102
Lowest 1 12 | H12 322
2 62 | W14 489
3 23 | L10 £.55
4 42 | Myos f.69
5 81 | w03 7.28
Ad Highest 1 81 | w03 58.22
2 18 | LOB 8277
3 15 | LOZ 50.25
4 38 | NYD2Z 48.01
5 21 | LO% 42.07
Lowest 1 B3 | w15 2.06
2 46 | NYO9 210
3 11 | H11 3.0
4 20 | LO7 4 86
& 12 | H12 5.16
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CATEGORY B — Owner / Operator Philosophies

186

Descriptive Statistics
i Minirmum | Maximum Mean Std. Deviation | Variance
B.1 63 2.06 FE.24 23,8643 1322727 174 961
B2 63 2.08 a0.25 17.07845 11.24845 1287494
B2 63 2.08 38.91 1362349 244526 71322
B.4 a7 64 2414 19,6942 17.23267 296 965
Walid M (listwizse) AT
Statistics
B.1 B.2 BE.3 B.4
] valid B0 511 G0 a3
Missing 4 4 4 11
Skewness 3449 848 523 1.192
Stol. Error of Skewhess 3049 3049 3049 327
Kurosis -.25823 104 -.104 1.669
Std. Error of Kurosis BOS BO02 GB0g B44
Fercentiles 25 13.6407 7.93498 G.O697 7.34590
a0 21.7359 | 14.2394 | 12.0954 | 13.8504
75 28,3690 206590 16 K977 197326
Extremes and Outliers
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CATEGORY B — Owner / Operator Philosophies
(continued)

Extreme Yalues

Padicipant
Case Mumber Mumber Yalue
B.1 Highest 1 a7 | WwOg9 GE.B9
2 22 | Lo9 54 .64
3 41 | MNvD4 54.35
4 18 | Loz a0.25
b 36 | LADg 45.05
Lowest 1 B3 | W15 2.06
2 38 | WMoz 412
a a4 | LADG 712
4 7 | HOF 7.25
] 43 | NYOG6 7.4
B.2 Highest 1 15 | LOZ 50.25
2 18 | LoA 46.69
3 a5 | WO7 44 84
4 49 | Wi 3885
5 26 | L13 36.55
Lowest 1 52 | wwod 2.08
2 17 | LO4 234
3 38 | WNvoz2 412
4 a8 | W10 4 G
] G2 | W4 4.849
B2 Highest 1 18 | LoA a8
2 26 | L13 36.55
3 3 | HOZ 3610
4 19 | LOB 32.88
] 49 | Wi 28.54
Lowest 1 52 | wwo4a 2.08
2 24 | L1 2.56
3 38 | N0z 412
4 17 | L4 4.69
5 37 | LADA 472
B4 Highest 1 21 | L0g 414
2 36 | LADR G787
3 48 | MY 46.50
4 38 | WMoz a4 87
b 18 | LOG 5277
Lowest 1 12 | H12 G4
2 15 | LoZ 2.51
3 23 | Lo 2.62
4 G | HOG 2.64
5 46 | Nv09 314
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CATEGORY C - Project Funding and Timing

Descriptive Statistics
[+ hirirmm i i hlean Std. Deviation | Wariance
1 h2 1.71 12863 242444 23.73444 A63.324
C.2 63 274 9328 249262 16.6EG4Y 2FTTT2
.3 G0 361 126.21 28.0862 2.27763 482 737
Walid M {listwise) g
Statistics
.1 2 .3
I “alid 57 61 57
Missing T 3 T
Skewness B34 Rilalal .TEY
Std. Error of Skewness 316 306 316
kurtosis -.038 -.434 -118
Std. Error of Kurtosis G232 BO4 EZ3
Fercentiles 25 2.7360 13.2826 11.5944549
an 171328 | 207684 | 221239
74 272108 334822 33.15832
Extremes and Outliers
Loz LoB
1254 * &
WS
*
100 %ot omo
WS
759 <
HO7 08
OLDS Al
(5]
so- ""
2571

cia

c2
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CATEGORY C - Project Funding and Timing
(continued)

Extreme Yalues

Participant
Case Mumber Mumber Yalue
C1 Highest 1 15 | LOZ 12563
2 B3 | W15 102.88
3 B2 | W14 87 .75
4 7 | HO7 £&.22
5 18 | LO& 88.37
Loweest 1 24 | L1 1.71
2 17 | LD4 2.34
3 28 | MyYD2 274
4 13 | H13 295
5 g | HO8 3.61
Cz Highest 1 a8 | w0 83.28
2 B3 | W15 7716
3 8 | HOg 24,11
4 15 | LOZ 80.25
5 34 | LADG 48.86
Loweest 1 39 | myoz2 274
Vi 17 | LD4 4 649
3 a0 | Wiz h.48
4 24 | L11 f.83
5 7 | HO7 7.25
c.3 Highest 1 21 | Lo8 126.21
2 29 | LADY GB.68
3 19 | LOG £5.96
4 47 | WY10 G250
5 18 | LO& 88.37
Loweest 1 10 | H10 3.61
2 9 | HO9 4.14
3 40 | MY03 B.15
4 g4 | WG B.A51
5 42 | M0 B.649
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CATEGORY D - Project Requirements

Descriptive Statistics
hdinirrium hdaxirmum hiean Std. Deviation ariance
0 61 2.08 65 .96 19.8128 12.09111 171.377
0.2 &0 2. R4 7246 207EAT 16 95991 28T 38
0.3 61 3.9 G6.89 22342749 13.37660 178.933
0.4 60 3.9 68.59 2239803 13.94592 194 489
0.5 61 2.85 a8.73 18.0111 12.83417 1a7.106
DB 41 a4 3365 124617 918927 838492
0.7 61 2.06 G2.89 18.9844 12.914951 166.914
D.g fi 1.34 43.81 138844 9.35271 87 473
Walid M (listwise) kel
Statistics
L1 [.2 0.3 C.4 0.5 L6 [.7 .8
N Walid a4 kil at] a7 it 41 it kil
Missing 4 g G 7 B 23 G g
Skewness 604 1162 28 B07 13 826 had ]
Std. Error of Skewness A a2 a4 316 a4 364 a4 a2
Kurtosis -356 815 34 036 147 =191 ik} 340
Std. Error of Kurtosis 13 B34 61a 23 18 a4 61a B34
Fercentiles 248 93741 39626 | 146456 | 134229 v.ardd 47368 74108 6.2035
50 17.0940 | 133690 | 196613 | 207796 | 138876 | 112994 | 167880 | 112994
73 27202 | 210349 | 2T 4280 | 27 6TV | 21.2887 | 1914564 [ 229308 | 147493
Extremes and Outliers
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CATEGORY D - Project Requirements

(continued)

Extreme Walues

Farticipant

Case MMumber HMurmber Malue

1 Highest 1 19 LOG [=3=1a =151
= 29 Lo 54.95

e 14 Lo1 44 649

4 21 Loz 4207

5 20 L0 4087

Lowwest 1 52 W 4 208
= 12 H13= Z.95

= 24 L11 341

4 f=1=1 W1 0 4. 66

5 (== i 4.89

2 Highest 1 rd HovF TZ.46
2 29 Lt e B2 549

3 26 Loz B7F.57

4 f=1u} W02 GBS T2

=] 14 Lo 55.87

Lowwest 1 151 HOoe 2.69
z B3 W o S.14

3 16 LO= 5. 59

4 e e Lens 5.71

S 25 L~07F 5.96

] Highest 1 a7 Lt k=] 65.29
2 =2 Hog Sr.r2

e 22 Log9 54 64

4 17 Lo 46.26

S 23 L10 45 87

Lowwest 1 11 H11 =.91
2 27 L14a 5 63

3 pe1 L~s07F 5.96

4 19 LOG 6.60

=] 22 L1S 6.732

-4 Highe=st 1 pei=] [ i B2 549
2 ra HorF ar.ar

3 5SS WroT S6.18

4 B3 W o S1.44

=] 27 Laog 4717

Lowwest 1 11 H11 2.91
= pe1 L~s07F Z.az

e =21 Logs 4,21

4 432 OB .41

5 == MO F.as

=1 Highest 1 24 L11 59.73
2 49 WO 51.37

3 S0 W0z 4z2.21

4 20 L0z 40.27

5 51 W13 4071

Lowwest 1 a4 206 2.85
2 2 HoO2 2497

3 26 L1z 4.30

4 pei=i Lan0s 4.50

=] 17 Lo 4.69

B Highest 1 28 L15 3365
= S0 W0z 2F2Z.86

3 L= W0 e 22.545

4 =R w13 =g

5 15 Loz 2513

Lowest 1 21 Log 84
z =4 Laos 1.42

e pei=] [ i 274

L 16 Loz 2.rg

5 2 Ho2 2497

i Highest 1 37 LAaog 62.29
2 32 Lo S2.82

3 13 Loz S50.25

4 53 WO S 44 84

S 56 Wuro s 4207

Lowwest 1 [=3c] W o 206
= 21 Loz Z10

3 =] HOEB 269

4 a2 Hog 261

=] 5SS W0y 562

=] Highest 1 f=1u] WU Z 43.81
= 27 L14 lci=Rrary

3 28 L15 I3 ES

4 11 H11 21.25

5 18 LOsS 2113

Lowwe st 1 42 [ g n k=] 1.34
2 a5 La0r 1.99

e pei=] [ i 274

4 =] HOG .2z

=] S5S W0 T 2.37

191




CATEGORY E - Value Analysis

Descriptive Statistics
I+ Minirmum | Maximum hean atd. Deviation | Wariance
EA1 a4 a0 62.03 11.2673 9 96679 98 337
EZ a6 2591 28.449 11.0924 695170 48,326
E3 kel 1.87 5435 104276 330361 AE.950
Ed 1] 334 42.74 16.4522 347876 71.8848
Valid M (listwize) a1
Statistics
E.1 E.2 E.2 E.4
| walid a4 a6 52 549
Missing 10 g 12 a
Skewness 936 REac | 350
Std. Error of Skewness azs 2149 Rekln] a1
Kurosis A2z - 142 r0a -.409
Stdd. Errar of Kudosis R34 B2A Nl B13
Percentiles 25 4 99849 B.2102 62449 10.2881
50 75714 7.8371 84732 15.6250
7’5 11.2047 17.1369 11.4380 21.8579
Extremes and Outliers
HO4
*
0=
Ny 04
*
LADE
(o]
40
LADE
*
L0S
. LACE
Nmzo BN\T,DG
o
WWo3
o]
20+ Y06 “'
o €1

EA

E2
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CATEGORY E - Value Analysis
(continued)

Extreme Yalues

Padicipant
Case Mumber Mumber Yalue
E.1 Highest 1 4 | Ho4 £2.03
z 34 | LADG 35.61
3 18 | LOA 35.02
4 38 | WNvoz2 2743
b a1 | W03 2547
Lowest 1 33 | LADA .00
2 a7 | LAng 314
a 46 | NYOQ 314
4 A7 | W09 334
5 3 | HO3 3.61
EZ Highest 1 34 | LADG 2849
2 B1 | W13 2714
3 46 | Nv09 26.26
4 a7 | WwOg9 2508
5 48 | Nv11 22 60
Lowest 1 18 | LOZ 251
2 20 | Lov 24z
3 10 | H10 3,61
4 3 | HO3 3,61
b G4 | W16 3.83
E2 Highest 1 41 | Nv04 54.35
2 43 | NYOGB 2863
3 34 | LADG 28.49
4 | HOA 21.49
] 44 | NYOT 18.76
Lowest 1 a8 | W10 1.87
2 g | Hog 216
3 4 | HO4 2.48
4 15 | LOZ 2.51
5 B3 | W15 3.08
Ed Highest 1 34 | LADG 4274
2 41 | mMvo4d 36.23
3 a0 | WOz 32.86
4 43 | NvOG 209.63
b B2 | W14 28.33
Lowest 1 A7 | W09 334
2 21 | Log 4.1
3 38 | WY 4.47
4 8 | W10 4. 66
] 17 | Lo4 4.64
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CATEGORY F - Site Information

Descriptive Statistics

I fulinirmum Tl axirmum Mean Std. Deviation ariance
F.1 G0 3.898 97.28 23.3537 1870756 349873
F.2 a7 83 36.90 13.4841 501410 G4 226
F.3 61 2.80 56.82 14.88497 10315836 106.407
F.4 61 .93 5776 154763 1052040 110.679
F.5 G0 1.32 56.18 18.1388 13596031 183.882
F.g8 56 210 40.38 151375 911174 83024
F.7 54 .on 28.949 1058781 . 886598 47 431
F.g a6 112 49,15 14 6636 10.98490 120.668
alid M olistwise) 48
Statistics
F.1 F.2 F.3 F.4 F.5 F 6 F.7 F.8
M Walid a6 6 ik a9 a7 56 52 54
Missing 8 i i 5 7 8 12 10
Skewness 814 837 898 654 998 658 B85 581
Stdl. Error of Skewness 319 319 314 3N 316 318 330 325
kurtosis -154 529 312 245 1.028 147 178 - BE1
Std. Error of Kurtosis 528 528 618 B13 523 528 B50 638
Fercentiles 25 10,9511 7.2268 7.3426 8.0214 6.4717 68932 56642 565933
50 169014 | 125200 | 11.7882 | 123001 | 148633 | 153002 TOE33 | 11.3425
74 250162 | 17,2721 | 176787 | 17.9372 | 228311 | 21.2448 [ 137082 | 208265
Extremes and Outliers
100 Lo7
&
Y04
*
80
LaD2
o
60 L14 HO3 o7
NY0S * * B,
(»] Myoa HO3 L10
LO4 o
o [s)
HO& 1
40 MY03 0 Y10
O L15 N o
o
W10
o7
204
o
T T T T | |
FA F.2 Fa F.a Fa F& F7 Fa
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CATEGORY F - Site Information
(continued)

Extreme Walues

Participant
Case Mumber Murmber Malue

F.1 Highest 1 zo | LoO7 ar.zs
z 41 Y04 an.52

3 30 | Laoz 68.12

4 4z | mMvos 53.55

5 33 | LaOs 45.66

Lowest 1 3s LAD7F 388
z z1 Los 4.21

3 10 H10 4.33

4 BZ | w14 4.89

5 g | Hos 7.22

F.2 Highest 1 40 | w0z 36.90
2 28 L15 33.65

3 35 LAOT 29.82

4+ 61 Wil 3 2714

] 23 | L10 26.21

Lowest 1 58 w0 a3
2 21 Log z10

kel 33 | LaOs F.42

4 34 | La0G 4.27

5 10 | H10 4.33

F.3 Highest 1 27 | L14 56.82
z &6 | HOB 4z.99

3 3a | mvoz 4115

4+ 14 | Lot 33.52

5 47 | M0 31.25

Lowest 1 1= W10 2.80
z z1 Los 4.21

e 24 | L1 4.27

4 53 | wwos 4.48

5 15 | Loz 5.03

F.4 Highest 1 3 HO= 57.76B
z 17 | LOa 46.86

3 47 | mMv10 37.50

4+ 57 | wwog 33.44

5 23 [ L10 IZFT

Lowest 1 58 W10 .93
z 1a | LOG 1.32

k<l 15 | Loz z.51

4 a2 | wwoa 312

5 21 Log 4.21

F.5 Highest 1 55 | wwo7 56.18
z 23 | vz 54.87

3 3 | HOZ 50.54

4+ 57 | wwosg 5017

= 17 | Loa 46.86

Lowest 1 19 LOG 1.232
2 15 | Loz z.51

e 41 a4 362

4 44 | N¥OT 3.95

] 35 | LaO7 3.98

F.6 Highest 1 28 | L15 40.38
z 28 | MyOd 3IT.26

3 18 | Los 35.02

4+ 33 LAOS zg.54

5 45 | mvos 27.87

Lowest 1 21 Loz 210
z 15 | Loz .51

3 19 | LOB Z.64

4 32 | LaOa 3.52

5 35 | Lao7 3.88

F.7 Highest 1 7 | HOTF z5.89
z 58 | w10 27.99

3 12 | H1z2 24.51

4 z | HOZ 23.78

] 17 | LO4 23.43

Lowest 1 32 Lan4 ao
2 a5 | wwov 1.12

k<l 1a | LOG Z.64

4 23 | L1o 3.28

5 2 | Ho=z 3.61

F.& Highest 1 FEEL] 4915
z 17 | LO4 46.86

3 a Hog 36.08

4+ z | HOZ 2973

5 7 | HoF 25.89

Lowest 1 a5 L 112
z 19 | LOB 1.32

E ] HOz 1.44

+ 21 Log z.10

5 25 L1z 2.99
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CATEGORY G - Location and Geometry

Descriptive Statistics
I Minimum | Maximum fean Std. Deviation | Mariance
.1 a8 3.61 36.34 14,4915 7.a8108 2111
G2 a6 2.80 45249 14.23449 2.79509 77254
.3 a4 2.85 46,64 12,3712 3.61238 74173
G4 a6 1.32 a0.58 11.24048 7417749 A5.024
Walid M listeise) a0
Statistics
5.1 5.2 5.3 5.4
M Valid a8 a5 a0 a4
Missing 41 g 14 9
Skewness B9 614 384 654
Stol. Error of Skewness M4 323 Kk 373
kKurtasis - 166 - 463 466 -.186
Std. Error of Kurosis B8 6324 BRZ F34
Fercentiles 25 77825 T.2464 5.67YTA F.6534
a0 13,3070 | 12.4121 9.7861 97752
74 1895763 18 54503 14.0040 13.8504
Extremes and Outliers
G0
Los
501 o
W10
N 04 *
8]
40
MNY10
a0 W40
13
204
10
o 1
| T I T
G G2 G3 G4
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CATEGORY G - Location and Geometry
(continued)

Extreme Yalues

Padicipant
Case Mumber Mumber Yalle
G Highest 1 52 | W4 36.34
2 47 | MY10 .28
3 33 | LADG 2854
4 4| LADR 2840
] 16 | L0O3 27.93
Lowest 1 g | HOB 2.61
2 19 | LOG .06
3 25 | L12 3.99
4 53 | wwos 4.48
5 86 | W08 4.81
G2 Highest 1 41 | MYD4 45249
2 47 | MY10 .28
3 52 | W04 .15
4 26 | L13 20.24
] 20 | Lo7 2918
Lowest 1 88 | w10 2.80
2 34 | LADG 2.85
3 84 | WWOE 2.91
4 11 | H11 2.91
5 19 | L0 3.96
G.3 Highest 1 58 | W10 46.64
2 47 | MY10 .25
3 B2 | W14 29.33
4 26 | L13 20.24
] 85 | w07 28.09
Lowest 1 34 | LADG 2.85
2 B3 | W14 2.09
3 3 | HO3 361
4 4 | Ho4 372
5 54 | W06 3.912
G4 Highest 1 18 | LOA a0.58
2 43 | MYOD 2222
3 12 | H13 2212
4 26 | L13 21.93
] Bl | w13 20.35
Lowest 1 19 | LOG 1.32
2 3 | HO3 361
3 84 | WWOE 2.91
4 52 | wwo4 414
5 38 | MO 4.47
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CATEGORY H — Associated Structures and Equipment

Descriptive Statistics

I Minimurm | Maximum hlean Std. Deviation | “ariance
H.1 a8 1.44 4367 11.9826 842126 70918
H.2 a2 a0 30.75 9.7697 F.90206 47 638
H.3 ar 1.42 2714 T.A128 5. 72696 32.7498
H.4 a5 1.44 39.33 11.6233 7.53978 A6.848
H.5 15 1.149 31.02 s.arze F.52863 42584
Walid M flistwise) 45
Statistics
H.1 H.2 H.3 H.4 H.5
M+l Walid ar 449 a2 a4 54
Mis=sing T 14 12 10 9
Skewness 884 Ha0 804 322 Wt
Std. Errar of Skewness 3B 340 330 325 322
kKurosis 211 BE4 -.0849 - 822 -471
Std. Error of Kurtosis B23 BES G450 B34 B34
Percentiles 24 4.9940 4 5953 3.0794 5.3933 36232
a0 105042 T E9Z23 5.4795 10.5656 712245
74 15.8483 11.2046 7 8616 16.1897 12,3001
Extremes and Outliers
S0
Wo3
o
40 g\m
NY03 Ho4
30+ Y e
WWiog W3
fe] #
W3 MY03
_ *
(]
Wos
20 wos
8
Ho1
10
o 4
T T T T T
H.1 H.z2 H.3 H4 H.S
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CATEGORY H — Associated Structures and Equipment
(continued)

Extreme Values

Farticipant
Caze Mumber Humhber Walue
H.1 Highest 1 A1 | w03 4367
2 40 MY 03 30.74
3 445 YO8 27487
4 16 | LO3 27.93
5 61 W13 2714
Lowest 1 2 | HOB 1.44
2 ] HO3 1.44
3 28 | L15 2,64
4 28 L12 2.99
5 B3 | Wi1a 3.09
H.2 Highest 1 40 | W03 I07a
2 61 W13 2714
3 L 27.04
4 2 HOz 2378
o] 24 L11 21.33
Lowest 1 445 YO8 oo
2 g | Hoa 216
3 an | Wz 2149
4 14 Loz 2.41
5 16 Lo3 2.749
H.2 Highest 1 61 | W13 2714
2 40 | NY03 24 60
3 a3 | W05 22,42
4 a6 | vw0g 18.03
5 1 | HO1 17.13
Lowest 1 34 | LADG 1.42
2 2 | Hog 1.44
3 a8 | w10 1.87
4 63 | wis 2.06
5 21 [ Lo8 210
H.4 Highest 1 a5 | W07 39.33
2 a3 | W05 26.91
3 a6 | vwog 2404
4 38 Y01 22.358
5 14 [ LD 22.35
Lowest 1 3| HO3 1.44
2 13 | H13 147
3 B2 | V14 1.96
4 17 Lo4 234
5 39 | NyDz2 274
H.5 Highest 1 4 | HO4 31.02
2 14 Lot 22.348
3 a6 | VWw0a 21.03
4 11 | H11 18.53
5 a4 | WDBE 18.53
Lowest 1 2 | HOZ 1149
2 16 Lo3 1.40
3 3 HO3 1.44
4 13 | H13 147
5 B2 | W14 1.96
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CATEGORY | — Project Design Parameters

Descriptive Statistics

I MinirriLm ol i L Mean Std. Dewiation ariance
1.1 61 1.42 9328 23.8300 16.60183 278624
1.2 G0 1.40 46.26 125817 936405 a7 685
1.3 62 210 ra.z20 149.28066 11.42178 132,982
l4 55 1.46 33.490 11.0066 6.17295 33174
1.5 als 1.32 26.41 10.0564 6.05297 36.711
IG G0 1.87 4529 120513 7.90746 62528
Valid M flistwise) 49
Statistics
1.1 |.2 |.3 |.4 |.5 |.6
Ml Walid ar a7 fi1 a4 s a7
Mizsing T T 3 10 8 T
Skewwness Aa18 Baz 814 538 B34a cH|
Stol. Error of Skewness REARS RENN] 306 325 RENRE] RENN]
Kurtosis -.084a - 027 206 =210 - 072 116
Std. Error of Kurtosis B23 623 604 B39 628 623
Fercentiles 25 10.7588 B.0037 7.4904 72841 49442 F.20451
50 21 6606 105042 13.966%5 95408 91687 10.3434
74 27 A8RT 167233 1H 8548 14 0970 13 9521 14 5421
Extremes and Outliers
100
W10
*
B0 Sl
W2
(8]
60 L03
Y02
LO4 NYO4
*
Wl
40
NY11
H11 o)
0] MY 08
14
20
0
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CATEGORY | — Project Design Parameters

(continued)

Extreme VYalues

Farticipant
Case Mumber Mumber “alue
11 Highest 1 58 | w10 93.28
2 50 | W0z B65.72
3 16 | LO3 5587
4 39 | NYDZ 54.87
5 24 [ L1 51.19
Lowest 1 34 | LADG 1.42
2 63 | W18 412
3 62 | W14 4.89
4 25 | L1z 4.89
5 53 | ww0os 5.28
1.2 Highest 1 17 | Lo4 46.86
2 49 [ w0l 45 66
3 11 | HIM 31.25
4 25 | L12 29.91
5 47 | NY10 25.00
Lowest 1 16 | LO3 1.40
2 62 | W14 1.06
3 35 | Lao7 1.89
4 19 | LOB 2.64
5 30 | NYD2 2.74
1.3 Highest 1 62 | W14 78.20
2 52 | w04 36.34
3 2 | HoZ 35.67
4 55 | W07 3371
5 57 | wwoa 33.44
Lowwe st 1 21 Log 210
2 10 | H10 361
3 39 | NYDZ 412
4 34 | LADG 427
3 20 | Lo7 4.86
1.4 Highest 1 48 [ MYl 33.90
2 11 | H11 23.44
3 49 [ w0l 22.83
4 B | HOG 21.49
5 54 | WOE 19.53
Lowwest 1 a1 W03 1.46
2 G4 | W1E 1.57
3 30 | NYD2 2.74
4 16 | LO3 2.79
5 g | Hog 3.61
1.5 Highest 1 32 | Laod 26.41
2 a1 | Lao3 23.08
3 27 | L14 22.73
4 21 | Los 21.03
5 11 | H11 19.532
Lowest 1 19 | LOB 1.32
2 16 | LO3 1.40
3 g | Hos 216
4 3 | Ho3 217
5 61 | w13 2.71
L6 Highest 1 41 MY 04 45.29
2 27 | L14 28.41
3 45 | NYDE 27.97
4 4 | HO4 26,048
5 40 | MYD3 24 .60
Lowest 1 =] 1.87
2 3 | Ho3 217
3 39 | MYDZ 274
4 16 | LO3 2.79
5 34 | LADG 2.85
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CATEGORY J — Land Acquisition Strategy

Descriptive Statistics
Minimurm | Maximum hean Std. Deviation | Mariance
J.1 47 1.37 49845 14,8433 10.28378 1058.7456
J.2 47 337 44 71 18.7937 1012282 102472
J.3 43 .0o 44 71 12.2874 2.95619 20.213
J.4 40 .0o 3077 10,8974 7.98360 B3.738
J.5 38 .0o a8.37 10.69849 11.03594 121.7492
Yalid M (listwise) a3
Statistics
J.1 J.2 J.3 J.4 J.a
M Walid 45 45 41 38 35
Missing 19 149 23 26 29
Skewness 7149 H149 380 T25 24
Std. Error of Skewness 354 .354 3649 383 .348
Kurtosis -.028 14 =210 -.409 -.361
Std. Error of Kurtosis 694 694 F24 .Fan JT8
Fercentiles 25 7.2083 86742 5.25493 a8.2016 41152
a0 12.5628 12.4069 11.2994 8.2a749 B.7843
74 19.5001 19.2936 15.4805 14,4427 11.8577

Extremes and Outliers

G0

50

L12
W10

LOS

401

307

204

K01

LAD3

MY 01
[e]

L12

LADS

LADT

L12

LAD3

JaAa

J2

J.3
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CATEGORY J — Land Acquisition Strategy
(continued)

Extreme Values

Farticipant
Caze Mumber Humhber Walue
JA Highest 1 25 | L12 49.85
2 58 | W10 46.64
3 37 | LAD9 31.44
4 M LAO3 3077
5 40 | W03 30.75
Lowest 1 39 | NyOz 1.37
2 a1 | W3 2.9
3 4 | HO4 3Tz
4 a5 | WOy 4.49
5 62 | W4 489
J.2 Highest 1 38 | Ny 44,71
2 Kl LAD3 38.46
3 g8 | Hog 36.08
4 25 | L12 34.90
5 37 | LADY 31.45
Lowest 1 86 | W07 3.37
2 10 | H1O 3.61
3 41 MY 04 362
4 a1 | W03 437
5 B3 | Y15 514
J.3 Highest 1 38 | Ny 44,71
2 28 | L12 34.90
3 8 | HO8 2B8.86
4 5 | HOA 21.349
5 35 | LADT 159.88
Lowest 1 33 | La0s o0
2 39| My02 1.37
3 55 | WO7T 225
4 4 | HO4 2.48
5 54 | WOE 2.60
J.4 Highest 1 3 La03 30FT
2 35 | LADT 2982
3 40 | MNY03 24 60
4 37 | LADY 23.58
5 23 | L10 22.94
Lowest 1 48 | MY o0
2 55 | WO7T 225
3 4 | HO4 2.48
4 15 | LOZ 2481
5 A4 | YWOB 2.60
J5 Highest 1 18 | LO5 58.37
2 28 | L12 34.90
3 kil LAD3 3077
4 39 | N0z 20.58
5 9 | HO9 18.62
Lowest 1 48 | W11 .00
2 55 | W07 112
3 B2 | Y14 1.96
4 a2 | Y4 2.08
5 10 | H1O 216
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CATEGORY K — Procurement Strategy

Descriptive Statistics
I Minimum | haximum hean Std. Dewiation | “ariance
k.1 B2 1.96 4207 18.5614 903669 a2.5648
K2 a4 217 236.08 136229 9.21095 a4.042
k.3 G0 2497 29.480 11.3918 678119 45884
k.4 B0 1.96 2322 25171 533334 28.450
Walid M {listwise) 50
Statistics
k.1 k2 k.3 k.4

M Walid B2 a9 a8 G0

Missing Z a A 4

Skewness B18 BYE 1.030 860

Stol. Error of Skewness an4 A1 114 ap9

Kurtosis 017 =242 B1a - 266

Stol. Error of Kurtosis 5909 B13 B8 BOE

Fercentiles 256 74649 59821 5.8836 44743

a0 155946 | 11.4155 | 10.7588 B.7730

75 21.4540 19.5312 14.3316 126016

Extremes and Outliers

507

404

30

209

L13
H13

KA

K.2

204

K3

K4




CATEGORY K — Procurement Strategy

(continued)

Extreme Values

Fadicipant
Case Mumber Mumber Walue
KA Highest 1 21 | LOS 42.07
2 52 | wwo4 36.34
3 a0 | w02 32.86
4 47 | MY10 31.245
a 49 | Wi 28.54
Lowest 1 G2 | W14 1.96
2 39 | mYD2 274
3 57 | w09 3.34
4 7T | HOT 3162
5 19 | LOG 3.86
k.2 Highest 1 10 | H10 36.08
2 49 | Wil 3425
3 2 | Hog 3247
4 f | HOG 3224
& 4 | HO4 31.02
Lowest 1 3 | HO3 217
2 17 | L04 2.34
3 16 | LO3 274
4 a0 | w02 324
& 41 | NYD4 3.62
k.3 Highest 1 13 | H13 249.40
2 26 | L13 29.24
3 42 | MYDA 2677
4 19 | LOG 26.349
5 49 | Wi 26,26
Lowest 1 2 | HOZ 2497
2 46 | MYD4 314
3 a7 | W09 334
4 55 | W07 2.37
5 3 | HO3 361
k.4 Highest 1 43 | MYDE 2222
2 52 | win4 2077
3 42 | Wy0a 20.08
4 32 | LAD4 17.61
5 49 | Wi 17.12
Lowvest 1 B2 | W14 1.06
2 63 | W14 2.06
3 14 | LOZ 2.51
4 28 | L14 2.69
5 G1 | W13 2.71
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CATEGORY L - Project Control

Descriptive Statistics

I hinirmuim hlaxirnum flean Std. Deviation | “ariance
LA 44 T2 3077 10.7046 696240 48,4748
Lz G3 T4 194 A4 27 55454 26 99347 728 G48
L3 B3 2.34 a7.97 16.9785 11.50430 132.3449
L4 63 2.34 ar.oa 18.876T 11.05549 122.224
LS B2 1.26 33.44 13.78496 7.r04a87 A9 3645
Walid M {listwise) 43
Statistics
L.1 L.2 L3 L.4 L.5
M Walid 42 ar B1 B1 B2
Missing 22 T 3 3 z
Skewness BOT a2z Ba3 AB3 05
Std. Error of Skewness 365 Beh B 306 306 304
kurtosis 045 7549 2749 -.0en -394
Std. Error of Kurtosis T17 623 604 604 599
FPercentiles 25 5.9001 14 GE46 T 4806 97927 7.a808
50 8.9552 19.9043 15,7233 16.3924 12.5988
75 13,6381 26,5695 22,0269 23,5232 18.9090

Extremes and Outliers

200

150

100

20

Lov

o LO3
8

k2]
LAD3
05

W1

206

LS




CATEGORY L - Project Control

(continued)

Extreme VYalues

Farticipant
Case Mumber MHumber Walue
L1 Highest 1 ch| La03 3077
2 42 | MYD0A 2677
3 B2 | w14 24.44
4 B4 | W6 23.48
5 12 | H12 149.35
Lowest 1 3 | HO3 72
2 a8 | w10 a3
3 63 | W15 2.06
4 a6 | WOT 225
] 15 | LOZ 2.51
L2 Highest 1 20 | LO7 184.55
2 B3 | W15 102.88
3 A6 | W08 TE.12
4 16 | LO3 64,87
] 52 | w04 51.92
Lowest 1 39 | MyD2 274
2 54 | WOG B.51
3 21 L0s 241
4 36 | LADS 9.01
] 62 | W14 9.78
L.3 Highest 1 7 HO7 a7.97
2 B3 | W15 A1.44
3 24 | L1 42,66
4 28 | L15 40.38
] 33 | LADA 3425
Lowest 1 17 | LO4 2.34
2 14 | LOZ 281
3 39 | Wy02 274
4 46 | MvO9 315
a 41 MYD4 362
L4 Highest 1 49 | i1 A7.08
2 B3 | w14 a1.44
3 34 | LADA 4274
4 A | HOB 3T.61
a 52 | w04 36.34
Lowwest 1 17 | LO4 2.34
2 15 | LOZ 241
3 39 | WYz 412
4 21 Log 4.21
a R 4. 89
L5 Highest 1 a7 | w09 33.44
2 13 | H13 28,50
3 27 | L14 28.41
4 45 | WY0OB 27497
] 29 | LAD1 27.47
Lowest 1 16 | LOZ 1.26
2 17 | LO4 2.34
3 37 | LAaDg 314
4 41 MY D4 362
] a1 | w03 437
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CATEGORY M — Project Execution Plan

Descriptive Statistics

I linimuim Wl aximLm lean Std. Deviation | Wariance
. 1 61 93 5882 12,8734 1018627 103.150
hi.2 a4 1.87 41.21 10.99649 8.08378 B5.348
hi.3 G2 1.10 .24 92994 572381 32.TEZ
hi. 4 a6 1.41 2560 T.85497 5.285499 27.942
.5 B0 93 41.21 14.86949 9.21353 84,889
h. 6 a8 1.41 31.24 13,1234 769642 59,2358
.7 a8 2.34 26.91 10,1511 67207 431492
M.8 (a1l 1.9A 8.4 1002482 B 40496 41.024
Walid M fistwise) 45
Statistics
h.1 .2 h.3 .4 h.5 h.6 .7 hi.5
M Walid a9 ] f1 a5 a8 a8 a8 a8
Missing a 9 3 g B B i B
Skewness 489 1.024 A42 845 13 527 786 778
Std. Error of Skewness an 322 306 322 14 4 4 4
Kurtosis 482 835 -618 -2 A53 -.6486 - 460 182
Std. Error of Kurtosis B13 634 B04 B34 h1a 618 618 618
Percentiles 29 5.3735 4 GAE0 47404 3.6075 B.6658 B.58496 41940 4 6294
50 9.8206 3.9180 8.0214 B.2035 | 138762 | 120789 3271 7.9415
75 168103 | 117825 | 126987 | 10.8696 | 185776 [ 185680 | 144843 [ 13.2412
Extremes and Outliers
L12
60— *
S50
Lao1 LA
¥ [e]
40 (o]
W3 (a1
o
I:}H'H
30— LADE L14
LAO2, L g
Los o AD4
20
107
o
T T T T T T T T
M1 M.2 M.3 M.4 M.5 M.G M.7 Mg
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CATEGORY M — Project Execution Plan
(continued)

Extreme Walues

Farticipant
Zase Number Hutrmber alle

h.1 Highest 1 25 L1z 58.82
2 51 W03 36.39

E 54 WWOE 22.55

4 11 H11 31.25

5 43 YOG 28.63

Lowest 1 58 L] = he
2 53 w15 2.06

2 50 | wwoz 213

4 15 Loz .51

a 61 W13 .71

hit.2 Highest 1 23 LAani 41.21
2 34 LAOE 28.49

3 =20 Lanz 27.25

4 18 Los 27.24

5 4z YOS 2677

Lowwe st 1 52 | w10 1.87
2 62 | w14 1.98

3 21 Los z10

4 15 Loz Z2.51

k=] 23 L15 2.59

h. 3 Highest 1 11 H11 21.25
z 24 L1 21.33

3 4 HO4 18.61

4 3 HOZ 18.05

5 10 H10 18.04

Lowest 1 50 | wwoz 110
2 62 | w14 1.896

3 45 ]| z.10

4 17 LOo4 z.34

5 56 | wwos z.40

ra Highest 1 24 L1 25.60
2 11 H11 18.53

3 53 | wwos 17.94

4 52 | wwo4 17.65

5 14 Lot 16.76

Lowest 1 17 LO4 1.41
2 32 LaDa 1.76

E a0 w2 219

4 56 | wwos z.40

5 40 YOS Z.45

.5 Highest 1 29 Lao1 41.21
2 19 LOB 39.58

3 31 La03 38.46

4 5] HO6 32.24

5 11 H11 31.25

Lowest 1 a8 W10 a3
2 17 LO4 1.41

3 15 Loz z.51

4 56 | ww0B 2.00

5 46 Y09 4.20

1.5 Highest 1 47 Y10 21.25
2 27 L14 28.41

2 23 LAao1 27.47F

+ 29 W bl 27.43

5 32 LaD4 26.41

Lowest 1 17 LO4 1.41
2 56 | ww0B Zz.40

3 15 Loz 2TT

4 54 | ww0B 2.91

5 60 | w12 415

nLF Highest 1 53 Linls] 26.91
2 18 LOS 23.35

= 38 YO 22.35

4 43 [N igul] 22.22

a 13 H13 2212

Lowest 1 17 LO4 2324
2 56 | ww0B Z.40

3 40 [ gulc] Z.45

4 15 Loz z.51

5 12 H1z Z.58

n1.g Highest 1 27 L14 28.41
2 32 LaDa 26.41

3 24 L1 25.60

4 38 O 22.35

5 63 | ww15 20.58

Lowest 1 B2 Wl 4 1.96
z 50 | wwoz z19

3 40 YOS Z.45

4 15 Loz 2.51

5 33 Moz Z.74
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APPENDIX D

WEIGHTING WORKSHOP EVALUATION FORM
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PARTICIPANT'S BACKGROUND INFORMATION

Section 1, Contact Information

Namne: | Date:

Caompany:

Company Position:

Department/Division:

Company Address: Alternate Address:
Phone: ( ) Phone: ( )
Fax: ( ) Fax: ( )

Email address:

Section 2, Project Management / Estimating Experience

1) Total years of PM / Planning /. Istimating experience:

2) Types of projects which you have recently worked on:

3) What percentage of your experience was spent on the following typcs of projects:

* Industrial? + Comunercial buildings?

* Infrastructure? » (ther (what types)?

4) Average annual dollar value of projects worked on or estimated over the last 3 years?

5) What percentage of your experience was spent on the following types of projects:

* New construction? * Renovations / Add-on?
6) During your career, what is the approximate total value of your projects involving: {estimate)
* New construction? = Renovations / Add-on?

Section 3, Typical Project for Your Company and Your Basis for PDRI Prigritizaiion

1) What type of project, typical for your company, was nsed as a hasis for weighting
the PDRI? (please choose one)

J Energy

Q People & Freight

O Transportation

2) Name and size of the project. (i.e., Jollyville Highway Connector., 23.3 mile )

3) Did the project considered involve renovation? (renovation cost is greater than 50%,):

] New construction O Renovaiions / Add-on

4) What was the total installed dollar value of the project considered? (Please choose one)

O Less than $10 million O $10 to $100 million d S100 m to §1 billion

O $1to $Sbillion O Over §5 billion -

5) Using a scale of 1 to 5, ITow successful Do vou feel that this project was? (Circle one)

1 2 3 4 5

Very Poor ---—--—-meeeeeee Average---—--—-> Qutstanding
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SUGGESTIONS FOR IMPROVEMENT

Name:
Date:

Please answer the following questions regarding the PDRI.

Is the list of 68 elements complete? If not, please list all others that should be
added.

Are any of the elements redundant?
If so, please list and provide any recommended changes.

Are any of the definitions unclear or incomplete?
If so, please list and provide any recommended changes.

218



Do you have any other suggestions for improving the PDRI or the instruction
sheet?
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APPENDIX E

EXAMPLE OF COMPLETED WEIGHTING WORKSHOP FORM
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APPENDIX F

PDRI VALIDATION QUESTIONNAIRE
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Infrastructure PDRI
Completed Projects

Testing/Validation Project Questionnaire

Cll Research Team No. 268

PDRI for Infrastructure

Project Definition Rating Index (PDRI) Questionnaire

A Research Project into the development of scofieitien tool for infrastructure projects
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Date
Participant

Dear Participant:

The Construction Industry Institute (Cll) is sponsoring a rebearoject to
develop a project scope definition tool that maximizes the chang@oject success on
infrastructure projects. Part of the research methodology is tdafjdemtirces and collect

data for analysis of completed projects.

Specifically, the CIll research team is investigating ldhesl of project scope
definition process on projects prior to beginning detailed desityo known as plans,
specifications, and estimates (PS&E)) and construction fasustypes of infrastructure
projects. The research team has developed a project scopitiatefiool called the
Project Definition Rating Index (PDRI) from several workshapgolving various
owners, design, and construction organizations from both public and Eéates. The
team is now testing this tool on actual projects. The relsdampothesis is that the more
complete the project scope definition, the higher probability ofeprcsuccess. The
enclosed questionnaire is designed to test the PDRI by megaghe level of project
scope definition at the end of the front end planning (FEP) phase, ancbihearing the

scope definition level to various management success metrics.

Enclosed are survey instruments that will provide informatosritie identified
sample project. The questionnaire should require betweenawdethree hours to
complete. Ideally, the project should have had a projectidnrat six months or longer
and been completed within the past three years. We are loakibgth successful and
unsuccessful projects(from your perspective), and would like qgisojhat are greater
than $5 million in total project cost, that meet the definitibaroinfrastructure project as

described in subsequent attached information package.

229



The survey package is color-coded and includes a brief introductibe &DRI
for infrastructure (blue), PDRI Questionnaire (which includesRhgect Score Sheet)
(white), and PDRI Element Descriptions (yellow). Contentshef survey package are
differentiated in colors to assist in your easy identiiigabf each item.Please complete
the white PDRI Questionnaire and pink PDRI scoresheet and rigtim®DF format via
email to _Edd.Gibson@asu.edwr fax to (480)-965-1769. The rest of the material is

enclosed for your information and does not need to be returned. If aami dny

questions in regard to the questionnaire and or the researebtprogeneral, please feel
free to contact me at (480) 965-7972, Edd.Gibson@aswedivan Bingham at 480-
727-6768 7bingham@gmail.com

CIl will be publishing the results of this investigatimeluding conclusions and
recommendations. All of the information gathered will be held irsthietest confidence
with the input only seen and evaluated by the ASU research teanpadies providing
validation data will be listed as a participant in the progad will receive copies of the
research summary when published in 2010. In addition, we will provédibéek to you
in the form of benchmarking your project versus others in thelsaomce all data have

been analyzed.

Your participation in this effort is appreciated by the rededeam and the
Construction Industry Institute. You will be making a significaotdbution toward the
development and validation of the PDRI for infrastructure ptgjethe benchmarking
information as well as the PDRI publications provided to youettrn should also

directly benefit your future infrastructure projects.

Sincerely,
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450099 )

G. Edward Gibson, Jr., Ph.D., P.E.

Programs Chairman and Professor

Del E. Webb School of Construction

School of Sustainable Engineering and the Built Environment
PO Box 870204

Tempe, AZ 85287-0204

Encl. (3)

PDRI for Infrastructure Introduction — Blue front sheet
PDRI for Infrastructure Questionnaire — White

PDRI Scoresheet — Pink front sheet

PDRI Element Descriptions — Yellow front sheet
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Project Definition Rating Index (PDRI) for Infrastructure

Introduction

The construction industry needs a user-friendly tool to assist inimigfproject
scope and maximizing the chance of project success for micthge projects.
Like the industrial and building sectors, the infrastructure sector frequseritérs
from poor or incomplete project scope definition. Early planning matybe
performed well in the infrastructure sector because therepgmeived reason to
expend the resources required. A quantitative understanding of sekpé&ah
issues during front end planning (FEP) has not been studied. A maighdiary
research team at the Construction Industry Institute (Cliesgmting all the key
participants in the project process including owners, engineersoastiuctors is
working to develop a PDRI that is both user friendly and effectivee Work
completed in this research should significantly enhance the project enviranment
the infrastructure industry by improving predictability of projectapaeters,
reducing the cost of design and construction, preserving scheduleingedsk
during project execution, improving project team alignment and communication,
assuring customer satisfaction, and improving the probability of eessiul
project.

Although recent ClII research has raised the awareness ofoitesprand benefits
of FEP, there is still not a publicly available tool for deteimg the adequacy of
scope definition for infrastructure projects.Accordingly, the fundamental
objective of this research investigation centers on developing a PORI f
Infrastructure Projects. The format of the tool will be similar to the PDRI for
industrial projects (outlined in Cll Implementation Resource 11a#)the PDRI
for Building Projects (outlined in CII Implementation Resource 155-R)is
intended to be a general-use, scope definition tool that addressesrudiure
projects involving the transportation of people or freight, energy, andsfl
including but not limited to:

» Highways » Water Distribution

* Railways * Levees

* Airports * Pipelines

 Canals * Electric Transmission & Distribution
* Tunnels  Border Security Fencing

» Waste Water Collection * Wide Area Networks
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Notice that a distinguishing feature of all these projextheir horizontal nature
(i.e., vectors). Frequently, they also have significant vertemaistruction

components (i.e., nodes). An example would be the waste-water pvatess

network of sewer lines (vectors), lift stations and a wastenteeatment plant
(nodes). The PDRI Infrastructure is suitable for the vectorpooents and the
PDRI for Buildings or Industrial Projects is suitable for the various nodes.

Value-Added Benefits

The expected benefits of this effort should be similar to benefatzed by
development of the PDRI's for Industrial Projects and Buildings.ulReom
usage of the PDRI's have indicated an increase in project huegittability of
almost 20 percent on average versus authorization estimate,imiklr sesults
for schedule, change orders, and operability. Included in thesesraseltreal
cost savings of greater than 10 percent per project. With the vobime
infrastructure projects constructed each year, the potentialafongs through
improved capital effectiveness, reduction of disputes, and improvedoftgidy
acquisition is several billion dollars using the PDRI for bestmpe definition.
Probably the most important benefit of the tool is a better undenmstantlwhat
constitutes good scope development and correspondingly the improvement of
alignment and communication among project stakeholders.

Methodology

The methodology for producing the PDRI tool was developed and proven in
previous research. The final draft of the PDRI for infrastmectorojects has
already been developed and is currently being evaluated by ygasticipants.

The PDRI score sheet consists of three main sections, which are broken down into
13 categories that are then further broken down into 68 eleme®¢stions,
categories and elements contained in the score sheet are rgithen \falidation
Questionnaire. Approximately 50 pages of detailed descriptions bees
developed to support completion of the scope.

Steps remaining in the development effort include:
1. Validating the tool through testing on sample projects
2. Linking scope definition elements in the PDRI to a logic flow diagram
3. Developing publications and deploying to industry

Products of the Research

A research report, research summary, and implementation resdutoe PDRI
for Buildings will be completed in late spring 2010. A CIl AnhG@anference
presentation is anticipated for August 2010. For more informatioarerefe
http://www.contruction-institute.org.
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VALIDATION QUESTIONNAIRE

PROJECT DEFINITION RATING INDEX (PDRI)
FOR

INFRASTRUCTURE PROJECTS

Construction Industry Institute (Cll) Research Team 268

PROJECT BACKGROUND INFORMATION

1.0. Date

1.1. Company Name

1.2. Point of Contact

1. Name:

2. Title:

3. Address:

4. Tel. No.: Fax No.:

5. E-mail:

2.0. General Project Information

=

Project Name:

N

Project ID Numbeiif(applicablé:

w

In what town or city is the project located?

In what state or province?

E

What type of facility is this project@hHoose one
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[ ] People/Freight Transportation
[ 1 Fluids Transmission
[ 1 Energy Transmission

5. What is the name, type and size of the project? (i.e., Jalighway,
Connector, 23.3 mile)

6. Was the project new construction or renovatiohfe(iovation cost is
greater than 50% of total, consider it as a renovaion

[ 1] New construction [ ] Renovation

7. Is there anything unique about this project? (e.g., project reqeication

of Native American burial site)
Please describe:

8. What was the planned execution contracting approach that you used on your
project (if known)?

[ 1 Design-Build

[ 1 Design-Bid-Build

[ 1 Construction-Manager at Risk
[ 1 Otherplease specify

9. Did the project require significant right-of-way acquisition?
None

[ ]
[ 1 Lessthan 10% of total project cost
[ 1] 10-30% of total project cost

[ 1 More than 30% of total project cost

10. Please describe right of way issues encountered (if applicable)
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2.1. Schedule Information

1. Please provide the followirgcheduleinformation (if known):

Iltem

Planned
(mmlyy)

Actual
(mmlyy)

Start Date of Detailed Desigr

1

Detailed Design

Start Date of Construction

Date of Substantial

Completion

Do you have any comments regarding any causes or effects of
schedule changes (e.g., special causes, freak occurrences, etc.)?
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2.2. Cost Informatian

1. Please provide the followingpstinformation: (f the person filling out this
section does not have the information, please state “Don’t know”, if$t@Qya
state as Q.(if known)

Budgeted Costs Actual End Cost
at Start of of Project
Detailed Design
Item

Total Design Costs

Construction Costs

Right of Way and Utility
Adjustment Costs
Soft Costs

Other

2.3. Change Information

1. What were the total number of change orders issued (including during both
Detailed design and construction)?

2. What were the total dollar amounts of all change orders? $

3. What was the net duration change in the completion date resustimg fr
change orders? months

4. Did the changes increase or decrease the length of the origjeat pro
duration?
[ ] Increased [ ] Decreased

Do you have any additional comments regarding causes or effects of
significant change orders?

! Total Design Cost is Engineer’s total fees which include feasibility,
concept and detailed scope, along with design costs; this is sometimes
known as plan, specifications and estimates (PS&E)

2 Soft Costs include interest, due diligence, and other consulting services
(not including
land)
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2.4. Financial/lnvestment Information

1. The decision to design and construct a project relies heavily on specific
project financial performance measures such as capital turnoven, oatu
investment, benefit/cost ratio, return on equity, return on assets, ettheFo
major financial criteria used on this project to date, how well haadful
financial performance matched the expected financial performance
measurement using the scale below?

Using a scale of 1 to 5, with 1 being fallen far short of expectations to 5
being far exceeded expectations at authorizgtliease circle only one

1 2 3 4 5
fallen far short matched closely far exceeded

2. What type of specific project financial measurement was usechturizat
the project (e.g., Return on Assets, Return on Equity, Internal Rate of Return,
Benefit/Cost Ratio, Payback Period, etc.)?

2.5. Operating Information

1. Since being placed in service, has the operational performance of thet,proj
which include capacity and availability, met the expectations aerletii the
project plan prior to detailed design?

Yes No

~If no, please describe:

2. Since being placed in service, has the operations and maintenance tsts of
project met the expectations as set forth in the project plan pritstailed
design?

Yes No

b. If no, please describe:

2.6. Customer Satisfaction
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1. Reflecting on the overall project, rate the success of the project
using a scale of 1 to 5, with 1 being very unsuccessful to 5 being
very successful:c{rcle only ong

1 2 3 4 5

Do you have any additional comments regarding customer satisfaction?

3.0. Project Rating Information

Next, please complete the Project Rating Information forratéakcon the next
few pages per the instructions below.
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Project Rating Information Form

Instructions for Completing the PD Score Sheet

Who should evaluate the PLC?

An individual (or groujy of individuals) with knowledge of th
planning aspects of the nominated projshould complete th@®DRI Ur-
weighted Project Score Sh (pink cover).

How to evaluate the PDI

To perform this assessment, the person (or persoons)d remembe!
back tothe point in tim when the project wasntering the detailed des
phase (known as Plans, Specifications and Estim@&&E) and othe
names).At this point, the project team should have an understanding ¢
the project’sdetailed scof, and was atPhase Gate 3” in the figure belc

A\ N X Detailed :
@> Feasibility ><1>) Concept )Q)) Ssoa;;ee >Q>) 3;?,32;‘;;1,,)

Front End Planning
Process

The PDRI consists of three main sections, each lothwis broker
down into a series of categories which, in ture, farther broken down int
elements. Scoring is performed by evaluating amthg the individua
elements. Elements should be rated rrically from 0 to 5 based on i
level of definition at the point in time prior teeginning detailed design fi
the project (phase gate 3 above). Think of this dgero defects” type ¢
evaluation. Elements that were as well definepassible shoul receive &
perfect rating of “one”. Elements that were conglle undefined shoul
receive a rating of “five”. At this stage in the planning progress ywar a
certain level of “scope definitio; many or all issues may have been \
defined or not. Allother elements shoureceivea “two”, “three”, or “four”
depending on their levels of definition. Those nedats deemed n
applicable for the project under consideration sthoaceive a “zero”. Th
ratings are defined belo
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Well Defined Poorly Defined

' '

nfal] 1 2 3 4 5

CATEGORY
Element

N/A = Not Applicable <

1 = Complete Definition <
(No further work required)

2 = Minor Deficiencies«
(No further work required prior to phase gate 3)

3 = Some Deficiencies
(Needs more work prior to phase gate 3)

4 = Major Deficiencies<
(Needs a lot more work prior to Phase gate 3)

5 = Incomplete or Poor Definition <
(Little or nothing Known)

Using the list of 68 elements that are defined in the companion
document_Description of the PDRI Elemerfy®llow cover sheet), please
mark your opinion of the project’s level of definition for each elenagrhis
point (just prior to beginning detailed design). Consider each atleme
individually. If the entire element is not applicable to your project check
"N/A" and do not rate the element.

To rate an element, first read its definition in the Dgsicm section
of the 68 PDRI Elements document (yellow cover). Some elemenisic a
list of items to be considered when evaluating their levels ahitief.
These lists may be used as checklists. Note that some oftdrasanay not
be applicable for your project. Next, refer to the Projectrigdtiformation
form (pink cover) and locate the element. Please choose only onégioiefi
level (0, 1, 2, 3, 4, 5) for that element based on your perception of hout well
was defined when the project finished its planning. Once you haverchos
the appropriate definition level for the element please chegkti{e
corresponding box. Do this for each of the 68 elements in the R&XRhg
with element A.1. Be sure to rate each element.
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Example, Assessing Element D.1.

The completed project that | am assessing was the re-construction of a 10
mile section of Interstate 7. | have addressed all elements up to D.1.
Reading the definition of element D.1. Project Objectives Statemgraigen

12 in the_Descriptions of the PDRI Element (reproduced belbvelt that

the Project Objectives Statement (D.1.) for my project had soficgedeies

since no single written document existed and the objectives weoafirctc

in a few cases. Therefore | checked level 3 “Some Deficientcigbe score
sheet below. Note that this uncertainty manifested itself during thendes
phase and caused some conflict in construction.

D.1. Project Objectives Statement

This statement defines the project objectives and priorities for meeting the
business strategy, including project need and purpose. It should be clear,
concise, measurable, and specific to the project. It is desirable to obtain
consensus from the entire project team regarding these objectives and priorities
to ensure alignment. Specifically, the priorities among cost, schedule, and value-
added quality features should be clear. To ensure the project is aligned to the
applicable objectives, the following should be considered:

0 Stakeholder’s understanding of objectives, including questions or congerns
U Constraints or limitations placed on the project
U Typical objectives with associated metrics:
Safety

Quality

Cost

Schedule including milestones
Technology usage

Capacity or size

Startup or commissioning
Communication

Operational performance

Maintainability

Security

Sustainability, including possible certification (for example, thg
U.S. Green Building Council)
U Other user defined

oooododoooDo
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CATEGORY

Element NA | 1 2 3 4 5

D. SITE INFORMATION

D1. Project Objectives Statement| [ | | v | | N/A =
not applicable to this project
1 = Complete Definition 2 = Minor Deficiencies 3 Some Deficiencies
4 = Major Deficiencies 5 = Incomplete or Poor Déifiition
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Project Definition Rating Index — Infrastructure Pr  ojects

Un-weighted Project Score Sheet
November 14, 2009

SECTION | - BASIS OF PROJECT DECISION

Definition Level

CATEGORY
Element

NAL 1 2 3 4 5

A. PROJECT STRATEGY

A1  Need & Purpose Documentation

A.2 Investment Studies & Alternatives Assessments

A.3 Key Team Member Coordination

A4 Public Involvement

B. OWNER/OPERATOR PHILOSOPHIES

B.1 Design Philosophy

B.2  Operating Philosophy

B.3  Maintenance Philosophy

B.4  Future Expansion & Alteration Considerations

C. PROJECT FUNDING AND TIMING

C.1  Funding & Programming

C.2  Preliminary Project Schedule

C.3  Contingencies

D. PROJECT REQUIREMENTS

D.1  Project Objectives Statement

D.2 Functional Classification & Use

D.3  Evaluation of Compliance Requirements

D.4  Existing Environmental Conditions

D.5  Site Characteristics Available vs. Required

D.6  Dismantling & Demolition Requirements

D.7  Determination of Utility Impacts

D.8  Lead/Discipline Scope of Work

E. VALUE ANALYSIS

E.1  Value Engineering Procedures

E.2  Design Simplification

E.3 Material Alternatives Considered

E.4  Constructability Procedures

Definition Levels

N/A = Not Applicable 2 = Minor Deficiencies 4 = Major Deficiencies
1 = Complete Definition 3 = Some Deficiencies 5 = Incomplete or Poor
Definition
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SECTION Il - BASIS OF DESIGN

CATEGORY
Element

Definition Level

N/A

1 2 3 4 5

F. SITE INFORMATION

F.1 Geotechnical Characteristics

F.2 Hydrological Characteristics

F.3 Surveys & Mapping

F.4 Permitting Requirements

F.5 Environmental Documentation

F.6  Environmental Commitments & Mitigation

F.7  Property Descriptions

F.8 Right-of-Way Mapping & Site Issues

G. LOCATION and GEOMETRY

G.1 Schematic Layouts

G.2 Horizontal & Vertical Alignment

G.3 Cross-Sectional Elements

G.4 Control of Access

H. ASSOCIATED STRUCTURES and EQUIPMENT

H.1 Support Structures

H.2 Hydraulic Structures

H.3 Miscellaneous Elements

H.4 Equipment List

H.5 Equipment Utility Requirements

. PROJECT DESIGN PARAMETERS

1.1 Capacity

1.2 Safety & Hazards

1.3 Civil/Structural

1.4 Mechanical/Equipment

1.5  Electrical/Controls

1.6 Operations/Maintenance

Definition Levels

N/A = Not Applicable 2 = Minor Deficiencies
1 = Complete Definition 3 = Some Deficiencies
Definition
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SECTION Il - EXECUTION APPROACH

CATEGORY
Element

Definition Level

N/A

1 2 3 4 5

J. LAND ACQUISITION STRATEGY

J.1  Local Public Agencies Contr. & Agreements

32 LongjL_e_ad Parcel & Utility Adjustment Identification &
) Acquisition

J.3  Utility Agreement & Joint-Use Contracts

J.4  Land Appraisal Requirements

J.5 Advance Land Acquisition Requirements

K. PROCUREMENT STRATEGY

K.1  Project Delivery Method & Contracting Strategies
K.2  Long-Lead/Critical Equipment & Materials Identif.
K.3  Procurement Procedures & Plans
K.4  Procurement Responsibility Matrix

L. PROJECT CONTROL

L.1  Right-of-Way & Utilities Cost Estimates
L.2  Design & Construction Cost Estimates
L.3  Project Cost Control

L.4  Project Schedule Control

L.5 Project Quality Assurance & Control

M. PROJECT EXECUTION PLAN

M.1  Safety Procedures

M.2  Owner Approval Requirements

M.3  Documentation/Deliverables

M.4  Computing & CADD/Model Requirements

M.5  Design/Construction Plan & Approach

M.6 Intercompany and Interagency Coord. & Agreemnts.
M.7  Work Zone and Transportation Plan

M.8 Project Completion Requirements

Definition Levels

N/A = Not Applicable

2 = Minor Deficiencies

1 = Complete Definition 3 = Some Deficiencies
Definition
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SUGGESTIONS FOR IMPROVEMENT

Name:
Date:

Please answer the following questions regarding the PDRI.

Is the list of 68 elements complete? If not, please list all others that should be
added.

Are any of the elements redundant?
If so, please list and provide any recommended changes.

Are any of the definitions unclear or incomplete?
If so, please list and provide any recommended changes.
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Do you have any other suggestions for improving the PDRI or the instruction
sheet?

Please answer the following.

Approximately how long did this assessment take? hours
Have provided a completed background information? []
Attached

Have you provided a completed PDRI scoresheet? []
Attached

Was value added during the assessment? [ JYES [ ]NO

Suggestions for helping to facilitate:

Please rate the following on a scale from 1 to 5 with 1 being added little value
and 5 being added a lot of value. (Circle one).
1. Did this exercise add value to you? 1 2 3
4 5
Please rate the following on a scale from 1 to 5 with 1 being that you would NOT

ever use this tool on a future project and 5 being that you would ALWAYS use this
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tool on a future project.
2. Would you use this tool on a future project? 1 2 3 4 5

Any other comments:

We gladly welcome your opinions and sincerely request any feedback regarding
items that may be unclear, redundant, unnecessary, or left out. If at aryptime
have question or need help filling out the PDRI score sheet don't hesitate to call
Evan Bingham: (480)-727-6768, cell phone (602)-541-1580.

Thank you very much for your time and effort. If you have any gquestplease
contact:

Dr. G. Edward Gibson, Jr. Chairman, Del E. Webb School of Construction
Programs and Sunstate Chair of Construction Mngt and Engrg, Arizona
State University, Tempe, AZ 85287. Office: (480)-965-7972 Fax: (480)-
965-1769 Edd.Gibson@asu.edu

Evan Bingham. Graduate Research Assistant, Arizona State University.
(480)-727-6768 7bingham@gmail.com
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PDRI — Infrastructure Test Projects, Completed

Project Estimated Cost

Number Type of Project ($ Millions) PDRI Score
1 Pipeline (Pig Injection) $13.4 195
2 Security Perimeter $140.0 151
3 Gas Pipeline $1,264.8 226
4 Oil Pipeline $2,014.6 242
5 Pier Berth Wharf $54.2 93
6 Interchange $63.0 93
7 Electrical Substation $32.0 88
8 Terminal and Connectors $400.0 405
9 Water Piping $0.4 103
10 Pier Container Yard $25.2 174
11 Ra”‘gﬁ?’p');;%hl‘;":% and $58.4 206
12 Tunnel $0.7 313
13 Highway $484.0 228
14 Energy Transmission $95.0 139
15 Subsea Gas Pipeline $111.6 176
16 Highway $193.6 268
17 Runway and Taxiway $23.7 222
18 Runway and Taxiway $22.9 188
19 Runway and Taxiway $31.9 199
20 Highway $15.6 295
21 Tunnel $985.0 113
22 Tunnel $50.0 71

Totals $6,080.0
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In-Progress PDRI — Infrastructure Test Projects

Project Project Cost
Number Type of Project ($ Millions) PDRI Score
1 Gas Pipeline TBD 142
2 Gas Pipeline $1,407.1 663
3 Steam Pipeline (in utility $628.0 283
vault)
4 Oil Pipeline $100.0 92
Totals $2,135.1
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