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Agenda

Introduction
— Construction Industry Institute (ClI)
— COAA Alberta Major Projects Benchmarking Program

Building a Performance Culture
Best Practices
Phase |

— NextGen Benchmarking System

— University of Calgary
« Performance Assessment Lab (PAL)
» Sector-Specific Research

Questions
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Cll History

« Established as a recommendation from The Business
Roundtable Construction Industry Cost Effectiveness
(CICE) Project to address:

— construction research
— fragmentation of the industry
 Founded in 1983 by 29 companies; now 110 members

« First to bring research to the engineering-construction
world

 First owner-contractor-academic research collaboration
for the constructed project

* The principal industry forum for the engineer-procure-
construct (EPC) process.
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COAA Alberta Major Projects Benchmarking Program

« Completed Phase | May 2009

— Benchmarked 37 Projects
— Published “Alberta Report”

« Sponsored by:
— COAA

— Government of Alberta, Finance & Enterprise Division
— COAA Member Companies

* Began Phase || December 2009
— Additional Development (Metrics / Pipelines)

— University of Calgary
— "Alberta Report #2"
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Current Status (79 Projects)

« 41 In-progress projects + 38 submitted from phase 1 + 41 in-progress projects

Number of In progress Projects Number Project Data
b Proiect T (38 submitted + 41 in progress projects, Last updated Dec. 2, 09)
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The Improvement Process
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Industry Safety Culture
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325 | 413 477 497 | 527 613 644 770 518 765 995 936 1,117 1,073/1,129 1,195 1,333/1,297 1,766 2,085

Year and Work Hours

*OSHA Construction Division, NAICS 236-238, SIC 15-17 = = = Reflects OSHA Reporting Change
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Cll Benchmarking Safety Results
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What If...

We Developed a Performance Culture

That...

Rivaled Our Industry’s Safety Culture?
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Point of Departure

* 5 Principles of Project Integration
— Work and Work Process
— Organizational Engineering
— Leadership and Governance
— Communication and Information Flow
— Culture and Environment

* Best Practices
* Benchmarking
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e ———————————————————————————
COAA / Cll Benchmarking Process

Three-step Process

— -

— >

Online COAA Benchmarking Data Mining and
Questionnaire Database Reporting Engine
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COAA Standard Metrics

Performance I Practice Use I—

 Front-End Planning

» Cost Performance

 Alignment
» Schedule Performance - Team Building
» Safety Performance » Partnering
» Change Performance * Project Risk Management
» Rework Performance * Change Management

 Constructability

» Zero Accident Techniques

* Planning for Startup

* Proj. Delivery & Contract Systems
« Benchmarking

» Workface Planning

 Construction Productivity

* Engineering Productivity
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Reporting Best Practice Use Data

Zero Accidents Techniques

Safety techniques include
site specific safety programs
and implementation, and
auditing and incentive
efforts to create a project
environment and a level of
training that embraces the
mind set that all accidents
are preventable, and that
zero accidents are an
obtainable goal.
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Was there a written site specific safety plan for this project? ‘
@] ] @]

Which of the following best describes the time commitment of the
site safety supervisor for this project?

Overall how many workers per safety person were typically (i.e., in
terms of the average workforce) on site?

B s o - —

How extensive was the job-specific safety orientation conducted
for new contractor and subcontractor employees?

213 2|6 7

1
o Cclo o

On average how much ongoing formal safety training did

workers receive each month?

S s s

On average, how often were safety toolbox meetings held?

@] 0] o O o O
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Use of Best Practices

Begins with the 5 PI's (Culture, Leadership)

Ends with Improved Performance

Project Level Project
Corporate Use of Best Performance
Strategy Practices (Bottom Line)
(Tactic)
e Improvement Front End e Cost
culture Planning e  Schedule
e Funding Zero Accident e Safety
e Incentive Techniques e Qualty
e Dedicated team Constructability e Change
[ J
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Culture

A relationship
exists
between
culture and
best practice
use

= With Culture and High BP Use With culture andLow BP Use

= Without Culture and High BP Use

Zero Accident Technique

Constructability

FrontEnd Planning

Change Management

ProjectDelivery & Contract Strategy

ProjectRisk Assessment

Team Building

Planning for Startup

Alignment during FEP

Parthering
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mWithout Culture and Low BP Use
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]
P rOJ e ct B Owner(n=173} ®Contractor(n=135})

FrontEnd Planning 30%
19%
Ali i 629
gnment during FEP
Rate
Team Building 63%
7%

58%

Parthering 330

ProjectDelivery 59%,
& Contract Strategy
Constructability 60%
31%

59%

ProjectRisk Assessment
34%

Change Management 62%
6%
Planning for Startup 50%
19%
Zero Accident Technique # 49%
()

0% 10% 20% 30% 40% 50% 60% 70% 80% 920% 100%

% of Responded Projects
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P roj ect Ouner s Contractr
R e s p o n S e Change Management 17 829

59%
Zero Accident Technique 85 0

Rate " o

Planning for Startup

% 60%
Alignment during FEP 12 33%
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108 559

P roj e Cts FrontEnd Planning o7 a4

. . ProjectDelivery 192 35%
W It I g & Contract Strategy
) ) 102 329
B e St ProjectRisk Assessment 45
33%
: 103
P ra Ctl Ce Constructability 42 28%
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109
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101 iy
Partnering 44 16%
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Owners Plan*

20% -
15% -
10% -

5%

| I -
0% -
I -

Cost Growth

-5% -

-10%

High Low
(N=29) (N=24)

Planning Best Practice Index

*FEP, Alignment During FEP, Planning for Startup
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Contractors Execute*

20%
15% -
10% -

‘ 9.2%

5% -

Cost Growth

0% -

-3.0%
-5% -

-10%

High Low
{(N=12) {(N=13)

Execution Best Practice Index

*Constructability, PRA, Change Management
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Owners Use of Front End Planning

15% -
10% -
£ 6.4%
o 5% -
o
©
3
0% -
-2.2%
-5% -
-10% -
-15%
HighUse Low Use
(N=59) (N=37)
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Owners Use of Partnering

Cost Growth

15%

10%

5%

0%

-5%

-10%

-15%

-6.7%

2.4%

HighUse
(N=15)

Low Use
(N=75)



Owners Use of Change Management

25% -
20% -
15% -
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10.2%
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-5% -

Cost Growth

-10% -
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HighUse Low Use
(N=79) (N=15)
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Owners Use of Planning for Startup

15% -
10% -

sy | 5.7%
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Cost Growth
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-15%
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Contractors Use of Constructability
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Contractors Use of Planning for Startup

20% -
15% -

10% -
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Cost Growth
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Main Findings

* Implementation of Practices is Differential Between
Owners and Contractors
— All 14 Should Not be Applied Universally
— Change to CIl Implementation Philosophy

« Partnering is Biggest Surprise

* On Average, Owners Have 20.4% Unrealized Cost
Performance (Contractors, not as much)

« CII Best Practices Show Little Schedule Advantage
(same as previous studies / research opportunity)

« Other (TBD)
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.
NextGen Benchmarking System

« 24/7 Data Mining (Entire Questionnaire)

« Expanded Key Report

» Level 1 Engineering and Construction Productivity
* Internal (Business Unit, Product Line) Benchmarks
* |Instant Feedback with Quarterly Quartile Updates

« Performance Assessment Lab (University of Calgary)
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NextGen System — Key Report

 Key Report Format
— Progress Key (with Quarterly Updates)
— Eliminate Percentile Bar and Chart (Confusing)
— Proposed
« Score (ex. 0.069)
« Quartile (ex. 2Q)
* Percentile (ex. 60%)
« Comparison Criteria Listed (Not in Appendix)

Cost Performance

Metric Project | Database Comparison criteria
Score Mean Quartile |Percentile [Industry Groug Project Type |Project Nature [Cost n
Project Co=t Growth 002240 20%| Infrastructure All Grazs Rootz 15-50KK 24
Delta Cozt Growth 008320 60% | Infrastructure All Grazs Rootz 15-50MM 24

" The Knowledge Leader for Project Success

. . Cwars « Contractors * Academics




Project-Level Productivity

DISCIPLINE-LEVEL PRODUCTIVITY

Electrical Engineering Productivity Instrumentation Field Productivity
Instrumentation Engr. Productivity Structural Steel Field Productivity
Concrete Engineering Productivity Scaffolding Field Productivity
Structural Steel Engr. Productivity Equipment Field Productivity

. : : . Insulation Field Productivity
Piping Engineering Productivity Electrical Field Productivity

Equipment Engr. Productivity Concrete Field Productivity
g ~ _/ Piping Field Productivity
g J
Y

! !

ENGINEERING CONSTRUCTION
PRODUCTIVITY PRODUCTIVITY
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e
Project-Level Productivity Example

* 11% Improvement (4t" to 39 Quartile)

O

« 26% Improvement (4th to 1st Quartile)
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24/7 Data Mining
e Chart-o-Rama (Step 1)

" Corstruciion

Frciursiry

il et

S
-

Projact Central | €11 Main Sita
Chart{iRama

S T Ty Galschr or Yol Bacs
Dhwinh & Sy i § ACadtiiss

?

e v2.02 beta

1. Output Formaf

L T TR [ 5 s TR AT

P | |
Fiease saleri which typa of Projct Clulpt you would like to ganerate i
Chart [hariing
: ] &
Without Projects | | With Projects
Pharma Dashboard
Resat Data
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24/7 Data Mining

e Chart-o-Rama (Step 2)

' ' Cionsruction

-
Iratisiry s The Knowlsdge Leader for Profeck Suocess
.‘. Ireshiluie h 2 e & CailTovE § S
Project Central | CII Main Site
n‘- I]Iﬂl l@ a a Hhy v2.02 beta
2. Enter Information
Proecls | Comparison Basis | Meincs
ET Propces Asalak for
3 Charing
Main Comparisons
Resgordert Cosf Cafepory mausiry Genup
& Dl o ¥ Al
® Canirador = 5THN @ Hamy ndystrial
T TR LT & Lighl noushial
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& SADNM - F100HU ¥ Inashuchins
& = 51
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& i & iamaional
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24/7 Data Mining
e Chart-o-Rama (Step 3)
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24/7 Data Mining

« Chart-o-Rama (Step 4)

Cost Growth
QA [ ——————— Max: 0.135
ET Q3: 0.005
0.08 |- Median:  -0.045
0.03 | Ql: -0.121
) Min:  -0.275
-0.07 e Mean: -0.047
0412 |
047 | Industry Group: Heavy Industrial
022 | Respondent: Owner
028 o Project Nature: Grass Roots
AWK Cost Category: All
Legend N=43 Location: US & Canada

m— 1sf Quertile
— rd Cuariie

Arg Cuar e
— dth Cuariie

<> Maan

' ' Construction

Industry \E: The Knowledge Leader Ter Project Success

.. Institute® § T Owners » Confractors » Academics

To Print, Right-Click anywhere on chart and select PRINT.
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24/7 Data Mining

* Construct ANY Comparison (by Sector / PAL)
— Metric vs. Metric, Variable, or Criteria
— 1st of its Kind
— Informs Research

I Chart Design . Comparison Basis

Metrics
A
# Cost

Y W
®  Project Budget Facb:u\

= Variables
i) Practice
[# Front End Planning
£

= q h

— X-Axis

Perfarmance Meiric

Y-Axis

Practice Lse Metric
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24/7 Data Mining

LEngimecrfrngdunﬁvi-w |v] [Gene:al |vJ [De:aibed&ghmeﬁngmumm |vJ

Glick t0 Load Data . ist@ l 2nd @ Ird @ . 4h@ & Projects

.
 Programming popan_[vave [ | ¢
. Lo1ct4 0 B .
|n Prog reSS Lofc20 0.013 !
Lo1C22 2280 -
Lo1C23 18 .
LO1C24 1708 5
Lo1C25 1,654 | :
LO1C2E 172 7 R
LO1C2T 3.898 i
Lo1C28 5985 :
Lo1C2a 082 R
LO1C30 142 )
LO1C31 0.966 K ¥
Lofcaz 2928
L0133 1355 0
LO1C3T 7525 - Detailed Enginesring Contract Unit Rate
18 Qualifying Projects

-12-4.-3184318.21.-1811 12841811, | Clidk to Send Manusl Dsts |
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NextGen System (Company Hierarchy)

HomePage | Leamn | CreateaProject | View/EditProjects | MyAccount | Help | Logout

Single Page
Wﬁusiness Unit TProduct Line ] Hierarchy Editor Setu p

Country / State / City ) _ . .
v & United Siates Assigned Projects: ° EaS I Iy U pd ated
¥ 5 Texas Project ID | Project Name Status
LO1C23 A BRAN NEW PROJECT In Progress .
) Datas L01Cos  Another Test neooess | Benchmarking
[} Houston LO1C26 Fixed Structure In Progress
> 3 Florida Manager
] California
e — Authorized to
1 United Kingdom
» (1 Canada Setup
— Authorized to
Your Unassigned Projects: . .
Maintain
ProjectID  Project Name Status
LO1C10 me 123 In Progress . .
LO1C13 125 In Progress hd Opt|0na| (Only If
LO1C15 Test Project 1234 In Progress
LO1C16  Binary Thinking In Progress |~ Company Wants
LO1CAT PMTest's project In Progress
LO1C22  Fun Times In Progress I t |
LO1C25 Still more In Progress n e rn a
Lo1car HULL In Progress B h k
LO1C28 Topside Accomod In Progress enC mar S)
LO1C29 Topside Flare In Progress | 7|

User Assignments
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———————————————————————————————————————————————
COAA Phase Il Development Summary

« Benchmarking at Sanction & Completion
* Normalization (Cost Index) of Absolute Metrics
« Modularization Metrics for Const. Productivity ($/m®)

 Construction Indirect Cost and Workhours
— $ / Construction Indirect WH
— $ / Construction Equipment

* Field Rework

« Closeout (Product List) / Production Capacity

» Best Practices, PDRI, Delivery System (EPCM)
* Pipeline Metrics

* Other
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———————————————————————————————————————————————
COAA Phase Il Development Summary

* Pipeline Metrics

— Metrics Classifications
+ Project Performance & Delivery Strategies
+ Pipeline Construction
* Productivity
+ Labour

— Analysis Categories/ Project Considerations

« Contract Type and $ (road ditch, weights/anchors, concrete coating,
crossings)

+ Workday/Equipment Type

+ Labour Pool (union/merit, CLAC)

+ Shift Schedule (WH/day, days/week)

+ Worker Accommodations (camp, travel allowance)
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———————————————————————————————————————————————
COAA Phase Il Development Summary

» Pipeline Metrics (Project Performance & Delivery Strategy)
— $Pipe/TIC, $Pipe/Km
— $TIC/Dia.(inch)/ mile
— $Construction Cost/dia. (inch)/mile
— Capacity (m3/day)
— $Owner PM/TIC
— $Owner PM/Construction Cost
— $Engineering Cost/km and $Engineering Cost/TIC

— $Permit Fee/TIC

— $Land Cost/km

— $Environmental Studies & Monitoring/TIC
— $Environmental Studies & Monitoring/km




COAA Phase Il Development Summary

* Pipeline Metrics (Productivity)
— Weld cm3/Wh or Weld/Day (segmented by pipe diameter)
— Wh/Km
— Km/day
— Indirect Wh/Direct WH
— Peak Indirect Wh/Direct Wh
— Other?
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R
University of Calgary (PAL)

« COAA Phase |l
Dedicated Server at Univ. of Calgary

Faculty Involved:

— Dr. George Jergeas

— Dr. Janaka Ruwanpura
— Dr. Jim Lozon (Postdoc)

Research (2 Graduate Students)

— COAA Metrics / Additional Development
— Pipeline Projects

— Other?

Here to Help You
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Cll Sector-Specific Research

 Current AstraZeneca ﬁhhﬁ -%

— Pharmaceutical
— D/S Oil & Gas

— Oil Sands (COAA) =
— U/S Oil & Gas b v
— Healthcare Facilities

* Future
— (Nuclear) Power

— Aviation Facilities
— Others

e el € MERCK

&5 Bristol-Myers Squibb

olivion el

Conocglshillips
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Cll PAL Global Network
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PAL Financial Model

PAL provides regional
PAL Sponsor
c . performance data and
ompanies
research / reports
$$
PAL Membership
(Government
Funding)
Y $
Performance NextGen
Assessment System EE— Cll
Lab (PAL) “Subscription”
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Il NextGen System

(Performance Assessment Lab (PAL))

Universidade w WA Coraving
Federal ¢ ik nstitutes
Fluminense Prominp Performance Assessment Lab

HomePage | Learm | Login | Help

OB

Bem vindo ao laboratorio de avalicdo de
performance

Bemvindo a home page do Iaboratério de avaliacio de
projetos upstream de oléo e gds. Este € o portal para
compreensiveis informacfes sobre a performance dos
projetos upstream de capital. Meste site, vocé podera
inserir dados dos projetos, assim coma, obter andlises e
comparacdes detalhadas dos prdj'etcs- passados e
futuros. Qualguer empresa fazendo negocio no setor de
Oleo e Gas & bem vinda & participar do programa através
do cantato com a Universidade Federal Fluminense.

O laboratdrio de avaliagio de projetos upsiream de dleo
£ gas & um projeto de pesquisa reunindo a Universidade
Federal Fluminense, the Construction Industry Institute e
The University of Texas at Austin. Questées envolvendo a
pesquisa devemn ser enderecadas para a Universidade
Federal Fluminense.

Entre
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Cll NextGen System

(Performance Assessment Lab (PAL))

. . — L01018 ;
Universidade w Upsilon Project B u'l"l' Construction
l:]Fa-ci_e.-rzal A a4 Company Upstion dh ol institute®

uminense Frominp

Logged in as Master Lab Performance Assessment Lab|
Current Guestionnaire | Learn | Create aProject |  View/Edit Projects

My Account | Help | Logout
I% 5. Custo do Projeto

|§ Custo do Componente T Custo por Fase T Custo das Alteragbes T Custo do Retrabalho ~|

5.3 Custo Direto do Retrabalho no Campo

5.3.1 Se vocé conduziu algum retrabalho de campo, indique o seu custo Direto com o retrabalho. Este custo direto
relata todos os custos necessarios para o desempenho do retrabalho. Se n3o ha custo direto ou impacto no
cronograma pelo retrabalhoe no campo, favor colocar zero.

Custo Direto do retrabalho no Campo:; % | |

5.3.2 Total de Horas de retrabalho no Campo: | |

[ Submeter ]
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Can a

Performance Culture
Improve

Project Performance?




YES! (Benchmarking + Sector-Specific Research)

Cll Pharmaceutical and Biotech Performance Research

6% 140%
5% <
s . 2 130%
¥ TN ks
3 3% \ o 120% ——
g 2% | $ 110w \
0
S 0% 100% —IN
@ E v .
9 49, 8 \\0
o S 90%
29, o
_3% T T T T T T E[’% T T T T T T
2000- 2001 2002 2003 2004 2005 2006+ 2000- 2001 2002 2003 2004 2005 2006+

Cost Performance Schedule Performance

6% Less 26% Less
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How Do We Build a Performance Culture?

* Include COAA Benchmarking In Work Processes
— Owner’s Gated Asset Development Processes
— Contractor’s Operating Procedures Guidebook

USE COAA BENCHMARKING HERE

NI

—--v--—
Front End Planning
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———————————————————————————————————————————
Questions?

Dr. Stephen Mulva
Associate Director (Benchmarking & Metrics)

(512) 232-3013
smulva@cii.utexas.edu

Dr. Jiukun (Jason) Dai

Research Engineer (Benchmarking & Metrics)
(512) 232-3050

liukun.dai@cii.utexas.edu

Construction Industry Institute
3925 W. Braker Lane (R4500)

Austin, TX 78759-5316
https://www.construction-institute.org

" The Knowledge Leader for Project Success

. . Cwars « Contractors * Academics




———————————————————————————————————————————————
COAA Phase Il Development Summary

« Types of Pipeline Projects
— Product — Qil, Gas
— Terrain Type- Rock, Clay, Sand/Gravel, Muskeg
— Wall Thickness- Line pipe, Heavy wall
— Installation- String, Weld, Joint coating, Lower in
— Other?

" The Knowledge Leader for Project Success
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———————————————————————————————————————————————
COAA Phase Il Development Summary

* Pipeline Project Considerations
— By Product: Oil, Gas- Sweet, Sour, etc.
— By Project Type: Green field, Looping program, Parallel foreign pipeline, etc.
— By Siting: By Location, Terrain type
— By Pipe Spec.:
« Material, #valves (count)/Km and size of line pipe, mainline etc.
* Pipe grade
» Source of pipe: Country vs. Foundry
 Parallel, Lateral Line

« Thickness, coating ($), double jointing, freight (to stockpile), freight (stock pile
to coater), freight (coater to stock pile),

» By Schedule: Spring, Summer, Fall, Winter
* By Other?
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COAA Phase Il Development Summary

* Pipeline Construction
— Avg. Installed Pipe (km)/Day

— $ Site Prep. (access and cleaning off right of way)/TIC (freight, clearing, ROW
access, etc.)

— % of terrain

— $ Mainline Construction Cost/TIC (grading, stringing, bending, welding, coating of
weld, ditching, Lowering in backfill)

— $ Mainline Construction Cost/Wh(grading, stringing, bending, welding, coating of
weld, ditching, Lowering in backfill)

— $ Crossing Construction Cost/TIC and /km
— $ Contractor Safety & Environmental/TIC
— $ Survey/Km

— $ Inspection/Km

— % Row Restoration/Km

— Other?
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COAA Phase Il Development Summary

* Pipeline Construction Labour

— Average Mainline Construction Crew size (by line item)
 clearing, ditch, grade, bending, tie in, clean up, testing crew)

— $ Mainline Construction cost (by line item)/TIC
 clearing, ditch, grade, bending, tie in, clean up, testing crew)
— Mainline WH (by line item)/\Wh
» clearing, ditch, grade, bending, tie in, clean up, testing crew

— Equipment Cost

« excavators, side booms, graders, dozers, etc.

— Other?
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COAA Phase Il Development Summary

« Other Pipeline Metrics (Under Consideration)
— # and Size of Crossings
— Type of Crossings
« HDD (Horizontal Directional Drilling)

— Issues
* %Redundancy
» Operating Philosophy
* etc.

— Target: 30 Key Metrics
— Questions?




—
Quantifying the Value

MODELING Buaiess Operstens FLUCTUATION

« What is the Value of:
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Making? AR
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