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»>Why Risk Management?
»What is CRA~VE?

» CRA~VE Steps:
1. Baseline Risk Assessment
2. Value Engineering and Risk Response
3. Risk Analysis on Risk Response Strategies
4. Tracking, Monitoring and Control

>HDR and Risk Assessment



Overruns are a Reality!

» Over 40% of all infrastructure projects, and over 80% of
major infrastructure, exceed their budget or schedule
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New Realities

> With the current financial turmoil, funding constraints,
volatile commodity prices, and pollcy/regulatlon changes
conventional planning methods are no longer sufficient

» Credible, transparent, and comprehensive processes
become critical for effective infrastructure planning

~ Credibility means that decision-makers must know the
nature and magnitude of risks to determine their risk
tolerance so that they make effective decisions
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Why Risk Management?

» Encourages being proactive and early planning

» Builds confidence and credibility in project’s plans and
estimates

> Helps to develop targeted mitigation strategies for all
anticipated threats

> Better allocation of risks and identification of project
delivery methods

» Ensures transparency, integrity, and accountability
throughout the life-cycle of the project

Maximizes the Likelihood of Meeting
On-Time & On-Budget Goals



What 1Is CRA~VE?

> Integrated process of Cost Risk Analysis & Value
Engineering which identifies and quantifies opportunities
while accounting for risk

» CRA-~VE involves the combination of process and tool for
the project team to:

= Compare all possible alternatives and solutions suggested
or recommended by the value engineering team

= Select the best alternative/solution

= Generate better project cost and schedule forecasts for
budgeting and bonding

= Obtain a quantified risk management plan for project
planning

= Minimize overall project costs and risks
= Provide a reality check on proposed innovations



Cost Risk Analysis Principles

IDENTIFY and VALIDATE RISKS
Avoid false precision; as big a problem as early

optimism “Approximately right is better than
precisely wrong”

QUANTIFY and COMMUNICATE RISKS

Relate “contingency” to everyday experiences with
uncertainty

MITIGATE RISKS

Invest in continuous and transparent QA/QC of
actual cost estimating process



Traditional vs. Risk-Based Estimation

Fixed Contingency %

Project Project
Deterministic Base Cost
Estimate :



Uncertainty and Project Delivery

Actual

Planning <= Design Stages === Construction Project
Stages Stage Completion
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CRA~VE Process - Key Steps

Step 1. Baseline Risk Assessment
«+ Review Baseline Cost and Schedule
« ldentify and Quantify Risks Related to Baseline

Step 2: Value Engineering & Risk Response
<« Develop VE Recommendations to Mitigate/Avoid High Risks
« Develop Recommendations that Add Value

Step 3: Risk Analysis on Response Strategies
- Identify Risks Associated With Response Strategies
< Quantify Threats and Opportunities

Step 4: Tracking, Monitoring, and Control

« ldentify Risk Owners, Monitoring Frequency

« Continuously update risk management plan n

+ Document and report progress CRA~VE

+ At Key Milestones, Update Cost and Schedule U
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CRA~VE Analytical Process

11

* Project/Program Risk
Assessment
* Quantification of Cost and
Schedule Risks

v

Development of Alternative
Solutions and Risk Response
Strategies

v

Assessment of Threats and
Opportunities Related to VE and
Response Strategies

¥

Continuous Risk Tracking,
Monitoring, and Reporting

Decision Support

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




Step 1: Baseline Risk Assessment

Review Baseline Schedule & Cost

Flowchart: I-5 Grand Mound To Maytown Widening

Costs to date i .
Design

) ' : , :
> Approval I North End North End I
Design @ — (Maytown) - (Maytown) — I
Documentation/ ! Bridge Bridge !
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1 STAGE 1 '
I 19 (8 months)* South End South End
| Grand Mound
RR Agreement | ( STAGE 2 ) _—> (Grand Mound) —
12 (6 months) 1 STAGE 3
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Step 1: Baseline Risk Assessment

Integrating CRA and VE
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Step 1: Baseline Risk Assessment

Risk Categories

» Budget Risk:

Risk that budget elements will deviate from the estimate

Examples: material price escalation, limited competition, labor
shortage

> Event Risk:

Risk of internal or external events that force the project team to
work beyond the estimate just to meet the Project Scope and
Statement of Work.

Examples: Environmental challenges, unforeseen subsurface
conditions, extreme weather, public pressure, public resistance

» Scope Risk:

Risk of significant changes to project scope due to external
pressures.

Examples: stakeholder pressure for a grander facility than the
budget accommodates, additions to meet permitting agency
demands



Step 1. Baseline Risk Assessment
Deriving Project-Specific Budget Escalation

Change in producer prices for construction segments, 2003 - 2008
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Step 1: Baseline Risk Assessment

Examples of Event and Scope Risks

> Environmental Risks
> Hazmat
> Utilities Risks

> Drainage Risks

» Traffic Management

> Market Conditions Risks

> Procurement Risks

> Right of Way Risks

> Performance Standards
» Financial Risks

> Natural Disasters

» Etc.
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Step 1. Baseline Risk Assessment

Risk Analysis Workshop - Consensus Based Forum

> Review and validate cost &
schedule estimates

> ldentify and quantify potential
risks

» Develop mitigation strategies

» Expert panel consists of project
team leads representing expertise

such as:
* Environmental
Right of Way
Geotechnical
Utilities
Construction
Political and Public Relations
Etc.




Step 1. Baseline Risk Assessment

Quantifying Individual Risks

Cost Schedule
Increase Delay by 12
R 339

v v
| |

Incremental

Schedule
Delay

Incremental
Increase Cost




Step 1. Baseline Risk Assessment

Establishing Ranges for All Key Input Variables

Labour Rate ($/Hour)
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ldentify, Quantify and Mitigate...

Step 1. Baseline Risk Assessment

Identitfication

RIsk 10 | pemitmmont Threat / Opportunity Adiditional Deseription Panelists Comments | 1 105,01
Lack of project support by Impacts all design activities. High probability due to
DES1a ;ﬁg':_::ft;mmng_ SAM, Corp, Commission Costimpact based on impandng decison on E;‘::;je
! RMM & Site Demo 5350K per month. project deweloper.

Cost In

Distribution V1

Ciuantitative Analysis

npact ($)

W2 (L)

Ristribution

Schedule

cl3 cl14
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DES1b

Digcrete

S5O0, 000

F2,000,000 Linifarm

DES T Response

Strategy

Meaponass Actiona including
Advantages & Disadwvantages

Transferance

Business case disclosure; allocation of
benesdits and cosls (Pulblio Privales
Partnership). Memarandum . Geal is to
dovalop o battor parinarohip with the
rental car companies and help project
rrcvuis frraiand

Mitigaticn

Business case disclosure; allocation of
banefita and costs (Public Privats
FPartnarship). Mamaorandum. Goal is o
devestop a belter parinerships with the
rental car companies and help project
rrves Tunwead,

Accaplance

Businocs sace dicslasura, allogation of
banedfits and costs (Public Private
Fartnership) Memarandum  Geal i ta
devalop a beiter partnership with the
rental car companies and help project
v forwsand.

Mitigated Cost Impa Mitigated Schedule Impacts
Wi w2 (L) V3 (H) W1 w2iLy | waiH)
$0 1.0
£500,000 £2,000,000 6.0 120
$500,000 $2,000,000 6.0 120




Step 1. Baseline Risk Assessment

Risk Register: Risk Identification

: Functional ) Type of Additional
D i Threat / ortunity Events y SMART Column Panelists'
p d Assignment Opp ity Risk Comments
) " Major delays from S1oims, eannquaKes ar
C1 | Conelruction Rl B Schedule | yner unavoidable natural disasters
, Felative level of imalementalion of sustainable Costand | Achieving specific LEED Ratings for
01 | Dorgn ar Sacos Changes desIgn fealures Schedue | puildings, etc.
) Using unproven technology to implement Cost and
D2 | Design orScope Changss sustainablz design features Schedule
D3 | Destign or Scose Chan Scope Cres Costand | Quantifying bridges of this type and how
g 0es cop P Schedule | well they stay on schedule
D4 | Design ar Scoss Changss £ny Caltrans or Federal Highways re d
» Impact of adjacent planned transportation
l 1 [ 0
E{ | Econormy/Market Conditions projects (i.e. POLA Southern California Intermodal Cost
Gateway Project, I-710 Widening Project)
: slaal prices)
Fotential environmental confamination in existing rail Cost and
Evl | Emvironmental yard and Morth Haraor Area [asbestos, hydrocarbons, | Sehedyle
solvents. Feavy metals. lead-based paint)
5 Any emvirenmental impacts that would affect If thare are falcons onthe bridge, any water
) Bl schedule Schedue | idife that might be affected by operations
8 Maket or Labor RISk 0T escalating labor costs cost
Any shipping changes required by the work, meaning
. o ifships have to be delayed, or repositioned o if work | Sehadule
12| Operations Wark Windows = thlishrldga has to ha':ala]-ad tE:Jalluw particular chedu
ships to pass.
P Peritting & Stakeholkder Fotential delays in environmental permitting sciedule | Schedule
fer programmatic ER for Pott Rail Pregram
o Impact to port clients in the areas where the bridge Likely & impacts,
P2 | Pemiting & Siaksholder could affect their storage Cost maybe schedule
Fisk of shut down cue to environmental protests and
Fot | Polscal political fall out {sirilar to the Foothill South Toll road | Sost and
i in Ora ng: County). primarily scheduls risk thatleads | Schedule
to cost risk,
Fisks of changes ¢ environmental requiremens
Fo2 | Poltical due to pending or expected izsues around the Cost and
ports (note media discussions of higher cancer Schedule
risk at and around the ports)
‘ T Erl Procurament Material pqrocurement and management (ownes Cost
procurements vs. cantractor procurerrent)
- Any delaye caused by utilties In the exieting brdge
Ut | Ulifies or in the area of abutments, etc. that night Schedule
need to be relocated




Risk Register: Risk Quantification

NON MITIGATED

Step 1. Baseline Risk Assessment

Cost Impact (§) Schedule Impacts (months)
Distribution Median Low High Distribution |Median | Low | High
$10,000,000 $8,000,000| $25.000.000 | Trgen 5.0 20( 100
Trigen $1,000,000 $250,000| $10,000,000 | Trigen 4.0 2.0 6.0
Trigen $7,600,000 §250,000| $10,000,000 | Trigen 20 10| 3.0
Trigen $15,000,000 | $10,000,000( %$20,000,000 | Trgen 4.0 20 6.0
Trigen $7,500,000 $250,000| $10,000,000 | Trigen 2.0 1.0 3.0
Trigen
Trigen $7,500,000 $250,000 ( $10,000,000
Trigen $1,000,000 $5250,000| %$10,000,000 | Trigen 2.0 1.0 3.0
Trigen 4.0 2.0 6.0
Trigen $8,000,000 | $5,000,000| $12,000,000
Trigen 2.0 1.0 3.0
Trigen 4.0 20 6.0
Trigen $7,500,000 5250,000( $10,000,000
Trigen $1,000,000 $250,000| %10,000,000 | Trigen 2.0 1.0 3.0
Trigen $5,000,000 | $2,000,000| $20,000,000 | Trigen 4.0 20| 8.0
Trigen $500,000 $250,000 $750,000
Trigen 4.0 20| &0




Step 1. Baseline Risk Assessment

Risk Register: Risk Mitigation

Response

Response Actions Including

Sl Advantages and Disadvantages
Acceptance
Mitiaai Adjust design to account for higher
figation level of sustainable design features
Acceptance
Acceptance
e Communicate with Caltran
Mitigation during planning phase
Acceptance
Mitigation Purchase materials earty
Acceptance
Acceptance
Mitigation Hire non-union labor
Acceptance
Acceptance
o Research other area storge and inform
Mitigation current occupants of their options
Mitigation Marketing
Mitigation Marketing
itaati Plan who is required to
Mitigation purchase materials

Acceptance

Mitigated
Proh.

Mitigated Cost Impacts

Mitigated Schedule Impacts

vi V2 (L) V3 (H) vi v2 (L) v3 (H)

3500,000 $125,000 $5,000,000 2.00 1.00 3.00
$3,750,000 $125,000 $5,000,000 1.00 0.50 1.50
$3,750,000 $125,000 $5,000,000 0.00 0.00 0.00
$4,000,000 | $2,500,000 $6,000,000 0.00 0.00 0.00
$3,750,000 $125,000 $5,000,000 0.00 0.00 0.00
$5,000,000 $125,000 $5,000,000 1.00 0.50 1.50
$2,500,000 | $1,000,000 | $10,000,000 2.00 1.00 3.00

$250,000 $125,000 $375,000 0.00 0.00 0.00




Step 1. Baseline Risk Assessment

Integrating Individual Risks

N N
) S
N 4
Engineering & Environmental \ / Archeology
_ _ Project Schedule & Cost Construction
Final Design Quantities .
Ca— Environmental

Construction Management

Utilities
Right of Way Engineering
Executive
Subgrade Construction Cost Escalation Funding
Track Construction < Geotechnical
Hydrology
Separate Access Road Materials

Bridges / Structures Maintenance

_ Operations
Project Cost by Segment and Overall

Signals / Communications Permits

Prices

Buildings / Shops @mmm—=  Right of Way
) Schedule

\_ Project Viability
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Step 1. Baseline Risk Assessment

Risk-Adjusted Schedule

RISK-ADJUSTED CONSTRUCTION START & END DATES
UNDER DESIGN-BID-BUILD

25

Probability of Not Exceeding

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

] May=20tt ct=2614
: May-2010 May-2011 Sep-2012 ct-2014
I May=2011 t=2014
| May-2011 ct-2014
: May=2011 Winter t-2014

| May-2011 Shutdown 2014

' Oct-2010

!

] Sep-2010

! Jul=2010

: Jun-2010

t Jun=2010 2013

: May-2010 Aug-2013
May=2010 Jul=2013
May-2010 Jul-2013
May-2010 )---Jun=2013
May-2010 Jun-2013

A 5092
viay=zu1s

May-2013

May=2610

Aug=2012

Jan-2009 Jul-2009 Jan-2010 Jul-2010 Jan-2011 Jul-2011 Jan-2012 Jul-2012 Jan-2013 Jul-2013 Jan-2014 Jul-2014 Jan-2015

Baseline Construction Start ~—<—— RA Construction Start Date

Baseline Construction End —@— RA Construction End Date




Step 1. Baseline Risk Assessment

Under Different Procurement Alternatives

RISK-ADJUSTED CONSTRUCTION START & END DATES
UNDER ALTERNATIVE DELIVERY

100% 1 Jul=261 | /" Sep=2014
: May-2009 ay-2010 : Sep-2011 2013
90% ' May=2010 ' 2013
| ay-2010 | 13
80% ! ay=2010 |
| |
0 ay-2010 ] Jul-2013
70% : ay=2010 : Winter Jun-2013
Shutdown
o ' ' of Jun-2013
g 60% ! 0ct-2009 | : tay-2013
S ' | :
i " Sep-2009 0 : ay-2013
5 °
Z  50% ! Aug=2009 l :
o .
2 ! Jul-2009 ! :
3 | | :
& 40% i Jul-2009 (] :
o .
e | Jun-2009 | :
D W | ;
30% | Jun-2009 ] E
May-2009 ) :
] g
20% May=2009 1 :
ay-2009 |
] g
10% - May=2009 .
| v
May-2009 ] May-2012
0% ay=2069 ‘{g— i

Jan-2009 Jul-2009 Jan-2010 Jul-2010 Jan-2011 Jul-2011 Jan-2012 Jul-2012 Jan-2013 Jul-2013 Jan-2014 Jul-2014 Jan-2015

----------- Baseline Construction Start ~—<%—— RA Construction Start Date ----------- Baseline Construction End —@— RA Construction End Date
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Step 1. Baseline Risk Assessment

Risk-Adjusted Cost

= = Baseline Construction Cost, Non-Escalated
=== Project Cost With Budget Risks, Escalated

RISK-ADJUSTED PROJECT COSTS
UNDER ALTERNATIVE DELIVERY

=== Baseline Construction Cost, Escalated
=== Project Cost With ALL Risks, Escalated

e PBaseline Project Costs (excluding iCap, Con & Equip)

{ $O5 5
U PIID

100% O-$69-4
$43.3 1 I $44.1 $53.3
90% + "
80% —+
/f < > | <
o 70% - Cost Non-Construction Budget Event & Scope
= Escalation g Costs Risks Risks
2 O $71.7
Ja}
g 60% + 1
|
S 1
Z 50% T
2 1
£ 0% + .
o
Qo
=
o 30% + |
|
20% —+
1
10% + ]
0% 1 1 1
$30 $40 $50 $60 $70

Cost ($Millions)

$90 $100 $110
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Step 1. Baseline Risk Assessment

Prioritization of Risks

Top Cost Impacts on Cost - Event Costs and Schedule Delay

Rw17: Utility relocation may not happen in time (22)

Co6: Discovery of unknown utilities during construction (28)

Rw12: Other Delaysin ROW Acquisition (1)

Maz2b: Other construction projects in region limit supply of labor (28)

Rw1b: ROW unable to certify before advertising (1)

Rw7: Delays in ROW acquisition (1)

Tr2b: Conflicting lane closures (28)

- Costs

R

Tr1b: False work placement and removal (28) E $03
Rw4: Objections to Right of Way appraisal (1) m $D.2§ u Schedule Cost (Delay & Escalation)
Co7b: Interference from other projects (28) i $D.2é “Event Cost
$E;.D $D;.5 $‘I;.D $‘Ii.5 $2;.D $21.5 $?:.D $3I 5

Millions

Expected Increase in Cost



Step 2: VE & Risk Response

Focused Risk Responses

» Avoidance is a change to the project
scope to eliminate the impact of a risk

» Transference of a risk to another
party who is more capable at handling ™"
the risk (such as the contractor or

Other 7%

insurance company) et conitons 5

» Mitigation is seeking to lessen the |
Impact of a specific risk items, which SgTom
may involve the consumption of e N

additional time and/or money

» Acceptance is recognition by the
project team of a specific risk and
decision to not take action to deal
with the risk

' Design 19%




Step 2: VE & Risk Response

Value Engineering Assessment

Development of Alternative Mitigation / Risk St&p 2:
VE and Constructability Reviews Solutions and Risk Response Responses For Cost and Value Engineering
Strategies Schedule Risks .
and Risk Response

Project Review

| Assessment
* High cost areas h

» Generate ideas :

. Evaluate ideas ——> 0 ¢&fiing >

e Quantify [deas ———>

Recommendations



Step 2: VE & Risk Response

Developing Risk Response Strategies

Risk ID: C3 - E

Risk Name: Defective work results in schedule delay and additional costs

Activity Impacted: 27

Type of Risk: Schedule

Expected Value Total Risk Impact ($M): $3.40

Panelist Comments from Initial Risk Workshop: Would require a change order, may extend the length of

the contract.

Risk Response Strategy (select one):o Avoid o Transfer x Mitigate o0 Accept

Notes on Strategy:
* Require schedule recovery whenever the Contractor’'s CPM begins to fall behind

* Use incentive/disincentive clause to encourage contract to be completed on time
* Consider A+B bidding for these projects
* Add additional inspection

Cost to Mitigate ($M): $1.0_to $2.0____ ~
Cost Risk ($) n/a n/a n/a
50%
Schedule Risk (Months) 2 3 18

Mitigated Mitigated Impact

Prob. Median

Mitigated Risk Profile

Cost Risk ($) n/a n/a n/a
10%
Schedule Risk (Months) 1 4
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Step 3: Risk Analysis on Response Strategies

Quantification of Mitigation Impact for Each Risk

Assessment of Threats and

Updated Risk Register Opportunities Related to VE and

Response Strategies

32

<

Step 3:
VE Recommendations . .
Cost and Schedule Risk AnaIyS|s on

=S Response Strategies

Hz1: Delay of Right of Entry to Sample Site (15,18)

D15: Changes in structures design (9)

Hz4: May need to engage with Water Board and/or DTSC (15, 18)

D4: Delay in bridge site submittal holds up structures design start (9)

D21: Perched Contaminated water above aquifer may require
alteration of structures and wall foundation design (9)

C3: Defective work results in schedule delay and additional costs (27)

En33: Cities request upgrade to drainage systems (2)

Rw10: Delay to Start of ROW Activities (11)

Gel: Geotechnical surveys in contaminated area requires contract
drilling (8)

C6: Material availability (27)

$6.1

$6.0

E Mitigated Impact

B Non-Mitigated
$1.8 Impact

$0.0

$1.0 $2.0 $3.0 $4.0 $5.0 $6.0 $7.0

i Millions
Expected Increase in Cost
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Total Cost Estimate
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e Rk Based Cost
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Quantifying Mitigation Strategies at the Project Level
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Step 3: Risk Analysis on Response Strategies

Assessment of Alternatives

100%

mmmmm SPCS Casting Basin — Grays Harbor
90% s SPCS Casting Basin — Mats Mats
== SPCS Casting Basin — Other Puget Sound Site
=~ SPCS Alternative — Puget Sound Site, Barge Launch
80% . SPCS Alternative — Puget Sound Site, Super Flood
= SPCS Alternative — Columbia River, Barge Launch
=J&f== Bridge Site Pontoon Construction — Sequential Casting, Launch Pontoons
70% mslihes Bridge Site Pontoon Construction — Vertical Construction in Water
== Bridge Site Pontoon Construction — Barge/Dock at Bridge Site

60%

50%

40%

30%

Probability of Not Exceeding

20%

10%

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Overall Cost Risk Index



Step 4: Tracking, Monitoring and Control

Tracking, Monitoring, and Control
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Step 4.
Continuous Risk Tracking, Tracking, Monitoring,
Monitoring, and Reporting and Control

Decision Support




Step 4. Tracking, Monitoring and Control

Informed Risk Allocation

< e W@X cﬂmmm>

Value for,
Money
s . Contractors
: do not take
i risks
| They Price It
|

> .
Optimal Risk
Transferred

36



P3: Looking for Win-Win

Private:

P3

Government Partners Private
Public : : Corporate Corporate
Expenditure/ PUb“C. PUb“C. AL Expenditure/ Corpo'rate Net
Benefits Benefits Benefits :
Investment Investment Benefits

0 $88 M $65 M ($23 M)
$51 M $90 M $39 M $37 M $65 M $28 M

I

Basis for P3 Arrangement




Step 4: Tracking, Monitoring and Control

Adequate and Continuous Reporting
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HDR and Risk Assessment

» Conducted 500+ economic and financial studies in past 20
years

» Trusted by bond issuers and insurers; federal,
provincial/state and local agencies

> Risk-based models for Transport Canada, FTA, FHWA, FRA,
FAA, DOJ, and DHS that have been submitted to
congressional committees, GAO and OMB

» Risk-based cost benefit analysis models for the Port
Authority of NY / NJ, Metrolinx, Move Ontario 2020, City of
London, City of Winnipeg, Vancouver to assess infrastructure
Investments



HDR and Cost Risk Assessment

» Conducted cost risk analysis for various infrastructure
Investment including bridges, highways, rail alignments,
ports, airports, tunnels, water treatment facilities, and
convention centers

> Led risk analysis studies for transportation agencies, such as
Caltrans, WSDOT, MNDOT, WISDOT, FDOT, UDOT,
TXDOT, ADOT and the FTA including Lower Manhattan
Recovery Office in New York City

» Conducted program cost risk analysis for a $35 billion
program by New York Dept. of Environmental Protection.

> Risk analysis for over $10 billion rebuild program in New
Orleans on behalf of the US Army Corps of Engineers



Questions?

“Probabilities direct the conduct of the wise person”

Cicero
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CRAVE™ Process: Step 1

Non-Mitigated Risk-Adjusted Cost Estimates

RISK ANALYSIS OF TOTAL PROJECT COSTS

o
=
k5
g ) $281.5
n | KT
5 " - $247.7
o I Baseline
E 0 I Escalated $242.0
s % $236.9
= 5728 $232.7 |
= 70%
2 | | $228.9 :
o $226.1
60% I
o
o BID PRICE 95 I
* |

‘ I 02/07 ($219 M :
50% $220.5

40%
30%
20%
10%

0%

$135 $155 $175 $195 $215 $235 $255 $275 $295 $315

Total Project Cost ($Millions)
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CRAVE™ Process: Step 1

Non-Mitigated Risk-Adjusted Schedule Projection
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Cash Flow Analysis

1-5 Grand Mount to Maytown Widening
CUMULATIVE CASH FLOW — Most Likely Outcome
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Examples of Risk Mitigation

»Modified contract packages and terms
»Early purchase of critical or long-lead items

» Early purchase of Right-of-Way or lease of staging
areas

»Additional geotechnical investigation to better
define risk

» Enhanced public participation
»Negotiating community agreements upfront



ldentification of Key Cost RIs

Risk factors that Increase Expected Cost

DAlt AEY Cost DAlt B EY Cost mAl C EY Cost |

Caontroversy on environmental grounds expected = y
Lack of Sufficient Number of Bidders —_—

Other construction projects in region limit supply of labor, bid costs are higher as a result.

Different site conditions _
Megative community impacts expected —]
Context sensitive solutions _
Change in Final Alignment Geometry —_
Formal NEPA/MDA consultation is required =
Threat of Lawsuits ]
=
=
=

taterial availability —

Failure to abtain necessary utility agreements or acguisitions prior to DB
Unanticipated Cultural or Archaeclogical Findings

Objections to Right of YWay appraisal takes mare time andfor maoney
Unanticipated Hazardous Matenals or Contaminated Sails

Mitigation Bank not available

Unexpected geotechnical issues

Farce Majeure

Design incomplete ar in errar (during design)
Railroad lssues

Historic site, endangered species, wetlands present

530 520 510 $0.0 .0 $2.0 §3.0 §4.0 $5.0 $6.0
Millions

Expected Increase in Cost

Note: This chart is based solely on the risk register: for each event risk, the expected cost
impact is calculated as the product of the probability of occurrence times the cost estimate,
both provided by the panelists.



