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Addressing Cost and Schedule

Concerns

e How much will it cost?
Usual e How long will it take?
Questions . \why does it cost that much?
e Why does it take that long?

e Risk Identification
e (Qualitative & Quantitative

Analysis Risk Analysis
Needs e Value Engineering & Mitigation
Strategies

e Risk Monitoring & Control




What is CRAVE™?
» Cost Risk Analysis + Va

ue Engineering

— Innovative and Unique

—Combines these two
project delivery

DIOCeSSsS
tools to assist with




What is CRAVE™?

« CRAVE™ |s used to assist project
delivery as well as minimize and mltlgate
quantified risks - —

* QOutputs are:
—Risk Management Plan
—Value Engineering recommendations
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Why we created CRAVE™

Risk assessment workshops would
provide valuable information about what
could go wrong with my project but would
fall short of providing solutions on what to

do about It.




Why we created CRAVE™

» Great ideas would come up during risk
assessment workshops and would be set
aside as potential VE |deas and never
recorded |

- The same subject matter \;g
experts are required for both process
« A VE recommendation could add risk to
delivering a project
6 HR




Proven Process

* Proven results on a wide range of
projects, including bridges, highways,
heavy and light rail alignments, ports,
alrports, tunnels, water treatment facilities,
and pipelines

» Won national awards for process




How CRAVE™ works

Step 1:
Baseline Risk

Assessment

Step 2.
Value Engineering
and Risk Response

Development of
Solutions a

Step 3:
Risk Analysis on

Response Strategies

Step 4.
Tracking, Monitoring,

and Control

Decision Support
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Traditional vs. Risk-Based Approach

Enviro
40%
Project Base

Cost ROW
30%

o

o

o

Unknown

Geotech

Fixed Contingency %

Project
Deterministic
Estimate




CRAVE™ Process: Step 1

Risk Register By Project and Category Cost and Schedule
(Executive, Stakeholders, and technical Risks) * Project and Program Level Risk Estimates
Assessment |
* Quantification of Cost and
Project-Specific Escalation Based on Bid Prices Schedule Risks _| Projects Characteristicsl
Trends and Markey Analysis

Low $0.10 M VH

g B
) —

VL L M H VE

Threat

Cost

33% High $1.50 M

0.3$M
Moderate
T

Most Likely

Over excavation of 1 to 1.5 meeters for all new

Over excavation |_. ;
alignments due to geotecnical concearns

Low
Probability
(e

Construction

Low

High

Schedule
0.0Mo
NO RISK

Most Likely Impact
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Step 1

CRAVE™ Process

UONIB|UUUIOD) o
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Risk-Based Estimate

Total Cost at Construction Completion
Base Cost Estimate

[EIUSWUUOIIAUT = o

Known but not
Quantified

(Misc. Item Allowance)
Known and Quantified

Buiuue|d

(350D) 33f0ud

Project (Schedule)

11




CRAVE™ Process: Step 1

Non-Mitigated Risk-Based Cost Estimates

Risk Based Total Project Cost
100% -

90% - $42.65, 90%

$34.62

80% -
70% -
60% - $39.66, 60%

50% -

40% -

Probability of Not Exceeding

30% -
20% -

10% - $35.q4, 10%

0% |
$23.00 $28.00 $33.00 $38.00 $43.00 $48.00 $53.00

«= e= Non-Escalated Base Total Project Cost === < Escalated Base Total Project Cost ===#=== Total Project Cost (Smillion)- Pre-Response m




CRAVE™ Process: Step 1

Prioritization of Risks

DES_7. Value Engineering  -$1.50

STG_1. Geotechnical requiresa change in bridge
design

ENV_2. ESA Issues - Snake River Physa (snail)

DES_3. Aesthetics added to bridge

ENV_5. Wetland Impacts exceeds base

ENV_1. Assume Cat Ex. - May need to go to a EA

DES_1. Changes in alignment

DES_6. The ramps need to be open all the time

ENV_6. Noise Mitigation

DES_4. Supplement the Hydraulic Report

Top Cost Risk Factors

j s0.08

| $0.02

[ Pre-Response

($2.0) ($1.5) ($1.0) ($0.5) $0.0  $0.5

Expected Cost Impact ($ millions)

s1.0




CRAVE™ Process: Step 2

Value Engineering Assessment

Development of Alternati Mitigation / Risk
VE and Constructability Reviews Solutions and Risk Responses For Cost and
Schedule Risks

i Impac}
High cost areas ~  Assessment

Generate ideas “.Risk
Evaluate ideas ——> Screening l

MANAGED
Quantify ideas——> RISK

Probability of Occurrence

14 HR




Performance Based VE

Value Engineering has traditionally been perceived as
an effective means for reducing project costs. This
paradigm only addresses one part of the value
equation, oftentimes at the expense of overlooking the
role that VE can play with regard to improving project

T ]
Valie =———

Gost |
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Performance Attributes

Establishing the Goals and Objectives of VE Study
is critical to its outcome.

Defining “Performance Attributes” will give the VE
Team a better understanding of the project’s
purpose and need.

Typical Highway Performance Attributes
* Mainline Operations

» Local Operations

* Maintainability

» Construction Impacts
 Environmental Impacts

* Project Schedule

16 HR




- Alternative Analysis

PERFORMANCE ATTRIBUTE MATRIX
Midway Road - CR 712 Proejct

Which attribute provides the greatest benefit to the project relative to purpose and
need?

TOTAL

%

Mainline Operations A A A A | AE A A 6.5 24%
Local Operations B B B B/IE B B 55 20%
Maintainability C C E C C 4.0 14% Perfor Ch;/?]ge Cost % Value %Value
Construction Impacts D | E | DIF| G 15 s% || OVERALL PERFORMANCE | mance Change| Index |Improve
Perfor | (C)
Environmental Impacts E E E 6.0 21% (P) mance COSt (P/C) ment
A [More Important Project Schedule F| G 15 5% Baseline 500 $235.7 2.12
AB |Equally Important Risks G 3.0 11% 1 Reduce Risk 529 6% |$235.7/ 0.0% | 2.24 6%
2 Cost Estimate 500 | 0% |$165.7|29.7%| 3.02 | 42%
280 | | 100% || 3 Construction staging | 562 | 12% [$165.7/29.7%| 3.39 | 60%
4 TH 14/151/C 612 | 22% |$235.3| 0.2% | 2.60 | 23%
5 Median Barrier 606 | 21% |$236.3/-0.2% | 2.56 | 21%
6 Roadway between
TH 15 & CSAH 37 562 | 12% [$232.8/ 1.2% | 2.41 | 14%
7 Courtland I/C 504 | 1% [$233.0/1.2% | 2.16 | 2%
8 Nicollet I/C 503 | 1% |$234.8/0.4% | 2.14 | 1%
9 561st Intersection 599 | 20% [$235.5/ 0.1% | 2.54 | 20%
10 I_quject phasing
limits 511 | 2% [$234.9/0.4% | 2.18 | 3%
Total 549 | 10% |$158.0[33.0%| 3.47 | 64%
17 HR




CRAVE™ Process: Step 3

Risk Analysis on Risk Response Strategies

Assessment of Threats and VE Recommendations
Updated Risk Register Opportunities Related to VE and Cost and Schedule
Response Strategies Estimates

— Low 0.02 M VH
=] s g
= ©
10% High $1.50M ‘i.’ $0.35 M 3 H
o (]
. = 2
| : - Most Likely = M
§ |Perform geotechnical explorations and soil z 3
= A 3 o
T |sampling. Define the areas that may need 4 g L
;g over excavation and update the base cost E o
= |acordinly >
Low VL
X
o 2}
High 2 0.00Mo &
o (o]
z
Most Likely 0.00Mo Impact
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CRAVE™ Process: Step 3

Quantification/Mitigation for Each Risk

Top Cost Risk Factors

DES_7. Value Engineering -$3.16 -$1.50

STG_1. Geotechnical requires a change in bridge design
ENV_2. ESA Issues - Snake River Physa (snail)

DES_3. Aesthetics added to bridge

ENV_5. Wetland Impacts exceeds base

ENV_1. Assume Cat Ex. - May need to go to a EA
DES_1. Changes in alignment

DES_6. The ramps needto be open all the time

ENV_6. Noise Mitigation

DES_4. Supplement the Hydraulic Report

= 2
0.84

B $0.50

b $0.82

$0.45
0.23

E 0.27
0.27
F $0.24
$0.08
$0.23
0.00

ii.lsgbl.g1

18008

0.02
0.02
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(54.0) ($3.0) (52.0) (51.0)

$0.0 $1.0

Expected Cost Impact ($ millions)

M Pre-Response i Post-Response

$2.0




CRAVE™ Process: Step 3

Quantifying Mitigation Strategies at the Project Level

Probability of Not Exceeding

Risk Based Total Project Cost

100% -~ ' I
3 E
90% - $41.53,90% g : | a $42.63, 90%
v

! e
80% - I | Mitigation

[ I Value
70% - !

|

| ;
60% - $36.93,|60% $39.65, 60%
50% -

===  Escalated Base Total Project Cost
40% -
e= «= Non-Escalated Base Total Project Cost
30% - === Total Project Cost (Smillion) - Post-
Response
20% - === Total Project Cost (Smillion) - Pre-Response
10% - $31.32, 10% $35.01, 10%
0% T ‘ I T T T 1
$20.00 $25.00 $30.00 $35.00 $40.00 $45.00 $50.00 $55.00 m




CRAVE™ Process: Step 4

Tracking, Monitoring, and Control

Step 4.
Continuous Risk Trz Tracking, Monitoring,
Monitoring, ar and Control

Decision Support

Avoiding
Denial




CRAVE™ Process: Step 4

Informed Risk Allocation

Contractors
Value for,
el risks.
They price it !

==

|
>
Optimal Risk
Transferred

22 ER




CRAVE™ Process: Step 4

Reporting - Comprehensive, Technical, and Continuous

Transparency and Accountability




CRAVE™ Process: Step 4

Effective Tracking Tools

B

Risk Analysis

[ [ | prman s

River Crossing and Approaches

| Pre Respol

Continuous and
Timely Updates

RlSk |D RC RC PSP 2005 Unable to mitigate enough to obiain a General Bridge Permit

Risk Identification

Project  Sub-Project Function  Function Number

| RC . [RC E' |p5p | 20.05 | Threat/Opportunity
Pre-Response Risk Information Cost; A
. Schedule No Risk
Risk Type [ Both [+]
Primary Mitigation Pre-Response Risk Quantification
Category REQ :I
Risk Category RQ Discrate Rigk
SCC Number 40.05 Probability
Status: | Active 50% Event Cost Total Cost
Date Identified: 412312012 | Win Most Likely ~ Max  Expected Value Expected Value

» (SM) (SM) (Sh1) Impact (3M) Impact ($M)
Flowchart Activity No: | 192 |

[ s4n.000 | [ ss0.000 || seo.oo0 || S25000 | [ s25.000 |

Dependency and | |
Correlation: - Schedule Delay Cost*
CRC Risk ID: 031 Win Most Likely ~ Max Expected Value  Modeled EV
Summary Unable to mitigate enough to obtain a (MO} (M0} (MO} Impact (MO) Impact (SM)
Description: General Bridge Permit [oo0 |[ o000 |[ om0 |[ 000 | [ soooo |
Risk Trigger: ‘RFP ‘
Dretailed Description:

permit. Avoidance minimization or mitigation is needed to obtain the General Bridge permit.

General bridge permit iz reguired prior to construction start. Cost and/or schedule implications to obtain the General Bridge

*includes escalation and delay cost impacts

Probability

VL L M H
Impact

Project Risk Rank: 1
Program Risk Rank:
Date Pre Last Updated: _#23(2012

Record: 4« 10f200 | b M ko | & Unfiltered | |Search

24
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Results

Project Construction Cost Range

80% chance
23.7M the cost will be in 28.7M
10% chance $ | this range $ 1 10% chance
h ill be | | 1 ;
the cost will be less I 80% = $27.9 M I the cost will be more
Pre-Response Results
Post -Response Results 0
| |
10% chance | 80% = $25.0 M I 10% chance
the cost will be less 1 80% chance I the cost will be more
$19.5M the cost will be in $23.7
this range

(opinion of probable cost range as of July 2012 CRAVE™)

Project Completion Schedule Range

80% chance

the project will be

10% chance Sept 2015 completed between May 201619% cha.nce
the project will be | these dates 1 Project will be

completed prior to : 80% = Mar 2016 : completed after
Pre-Response Results ’
Post -Response Results
10% chance : 80 % =Jan 2016 : 10% chance
The project will be I I the project will be
completed prior to Aug 2015 Mar 2016 completed after

(opinion of probable schedule range as of July 2012 CRAVE™)
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How we got there ?

Development of
Solutions

Continuous

Decision Support

27

Step 1:
Baseline Risk

Assessment

Step 2:
Value Engineering
and Risk Response

Step 3:
Risk Analysis on

Response Strategies

Step 4:
Tracking, Monitoring,

and Control




CRAVE™ Process —Step 1

Gather the Known's and Assumptions

Baseline Assumptions Value

Right-of-Way Costs (SM) $0.40 million
Pre-Construction Costs (SM) $3.00 million
Notice to Proceed (date) 3/1/2014
Construction Duration (months) 18.0 months
Construction Costs (SM) $21.25 million

Validate costs and schedule

28 HR




CRAVE Process — Step 1

The CRAVE™ Team identified independent risks that pose
potential schedule and/or cost threats and opportunities

e Design uncertainty (scope creep)

« Differing site conditions in construction
 Removal of existing Holt Road Bridge

« Construction staging outside of HWY 401
e Qver excavation required

* Value Engineering opportunities

* Property impacts

* Revised profiles

e Coordination with other projects

* Market Conditions

e Design delay due to EA push

* Known species at risk during construction
* Known and unknown utility impacts

29 HR




R
Pre-Mitigated Construction Cost

Risk Based Construction Cost

100%

90% $28.73,90%

$21.25

80% $27.84,80%

Exceeding
|
<
=

Probability of Not
Ees u L=1 ]
o (] [ ]
® =X X

i
<
32

$23.67,10%

0% - . .
$15.00 $20.00 $25.00 $30.00 $35.00

= == [on-Escalated Cesign- Build Costs o Escalated Ease Design-Build Cost

s Taatal Cesign-Euild {Smillion) - Fre-Response

30 HR




Pre-mitigated Schedule

Risk Based Construction Completion Date

100% -

May-2016,90%

80% - Mar-2016, 80%

55% chance of
completion by
December 2015

70% -

e0% -
Dec-2015,55%

Probability of Not Exceeding

30% -

20% -

10% -

0% -
Aprv201351 Jul-2015  Oct-2015  Feb-2016  May-2016  Aug-2016

wtee Construction End Date - Fre-Response m




Candidates for Cost Mitigation

Top Cost Risk Factors

DES_4. Design Uncertainty $2.97

COM_5. Differing Site Conditions

CON_2. Removal of Existing Structure and Impacts
to Hwy 401 Traffic

5TG_1. Over excavation

CON_4. Construction Staging Outside of Highway
401

DES_6.Value Engineering opportu nit.i$aj_2 1

ROW 1. Property Impacts

DES_3. Revise Profile to better accommodate “What gets
roundabouts measured, gets
CON_1. Coordination with other Projects ma nagEd”

MKT_1. Market Conditions F 50.07
I T T T T T T 1

($0.5)50.0 50.5 51.0 51.5 52.0 52.5 53.0 S35
Expected Cost Impact (5 millions)

H Fre-Responss
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CRAVE Process — Step 2

Value Engineering and Risk Mitigation

Summary of Recommendations
Highway 401 / Holt Road Interchange
Idea No Description cost Performance
' P Savings/Added Improvement
SR-2a/ | giructure Type -1.82M 0%
SR-12 P ' °
RS-3 Optimize Profile for Service Road -0.30M -1%
RB-1 Bridge Removal -0.23M +17%
RI'51/2R1' Roundabout Revision -0.18M +7%
RI-8 Remove Loop Ramp -1.88M +13%
RI-16a | Tight Diamond with Roundabouts -0.30M +5.4%
RI-17 | Shift Interchange West +0.20M +2.4%

33 HR




CRAVE™ Process: Step 3

Quantification of Mitigated Strategies & VE Recommendations

Risk Based Construction Cost

100% -
2
] -

E;'a,au, 90%

Mitigation
Value

$28.67,90%

B0% -
=1] o 0,
. c $25.02, 80% $27.84,80%
Risk Reserve @ 80% 3 0% .
@
$3.77M or 15% E s == Escalated Base Construction Cost
= B0% -
E.u" = =  Mon-Escalated Base Construction
“— Cost
: 50% - 522.61, EGI 526.08, 50% Construction Cost (Smillion) -
- Fre-Fesponse
= Construcon Cost {Smillion) -
E 40% - Fost-Response
E = Egpalated Base Constriiction Cost
* 30% -
20% -

10% -  $19.66,10% $23.71,10%

0% - : : :
$12.00 $17.00 522.00 527.00 $32.00 $37.00
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CRAVE™ Process: Step 4

Monitoring and Control

Top Cost Risk Factors
DES_4. Design Uncertainty -2_5%{59?
CON_5. Differing Site Conditions | kplht
03
CON_4. Construction Staging Outside of... . %3_‘%3
STG_1. Over excavation | 5’_ %’gz ¢
DES_6. Value Engineering cppnrtunitiggzlm ﬂ
ROW_1. Property Impacts I 3;}2
DES_3. Revise Profile to better accommodate... I 33;33
CON_1. Coordination with other Projects I 33;33
MKT_1. Market Conditions l 33;33

($3.0) ($2.0) (51.0) $0.0 $1.0 $20  $30 4.0

Expected Cost Impact ($ millions)
i Fre-Response M Post-Response




CRAVE™ Process: Step 4

Monitoring and Control Schedule

Risk Based Construction Completion Date
100% -

[Tg]
-
S
90% - Y Mar-2016, 90% May-2016,90%
&
80% -
70% - Dec-2015,70% Feb-2016,70%
60% -
§ Dec-2015,50%

40% -

Probability of Not Exceeding

I
|
|
|
|
|
|
|
|
|
50% -+ Nov-%OlS,SO%
|
I
|
30% -+ |
|
I

20% -

10% - Aug-2015, 10% Sep-2015, 10%

0% e .
Apr-2015 Jul-2015 Oct-2015 Jan-2016 May-2016 Aug-2016

==t Construction End Date - Pre-Response === _onstruction End Date - Post-Response
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1
2011 VE & CRAVE™ Statistics

« HDR led 22 workshops

« Total Construction cost $4.075 billion

» Total Cost Avoidance proposed $673 million
 Reduced overall project costs by 17%

» Rate of Investment =547:1

With every $1 spent on HDR for VE and

CRAVE™ workshops we provided our

clients with over $547 in cost savings
opportunities!
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