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Risk
noun \ˈrisk\

• The possibility that something bad or unpleasant (such 
as an injury or a loss) will happen. Merriam-Webster

• An uncertain event or condition that, if it occurs, has an 
effect on at least one [project] objective. PMBOK 5th Edition

• The potential of gaining or losing something of value IOSR Journal 

of Business and Management

• Risk = Probability of Occurrence x Impact if Realized



Risk Management

• the identification, assessment, and prioritization 
of risks (defined in ISO 31000 as the effect of uncertainty 
on objectives) followed by coordinated and economical 
application of resources to minimize, monitor, and 
control the probability and/or impact of unfortunate 
events or to maximize the realization of opportunities.



Risk Management
Methodology

1) Identify Risks
2) Quantify the impact of the risk if realized
3) Qualify the likelihood of the risk occurring
4) Determine a total risk score for each risk
5) Sort the risks based upon the highest risk score
6) Develop mitigation strategies (elimination, 

acceptance, transfer, reduction) for each risk
7) Assign an owner to each risk
8) Re-assess risks after mitigation strategies are in 

place
9) Continually monitor the risks throughout the project



Risk Categorization
Likelihood

Level Descriptor Likelihood over 5 years Likelihood over 5 years 
1 Low >0.005% >1 in 20,000 chance 
2 Medium-low >0.05% >1 in 2,000 chance 
3 Medium >0.5% >1 in 200 chance 
4 Medium-high >5% >1 in 20 chance 
5 High >50% >1 in 2 chance

Impact
Level Descriptor Impact

1 Limited

Little to no impact on the project in terms of schedule, cost or quality.  Little to 
no impact on project strategy, outcome or operational activities.  Little to no 

stakeholder concern. 

2 Minor 

Minor impact on the project in terms of schedule, cost or quality.  Little impact 
on the project strategy, outcome or operational activities.  Low stakeholder 

concern.

3 Moderate

Considerable impact on the project in terms of schedule, cost or quality.  
Moderate impact on project strategy, outcome or operational activities.  

Moderate stakeholder concern.

4 Significant
Severe impact on schedule, cost or quality.  Major adverse effect on project 

outcome or operational activities. Major stakeholder concern.
5 Catastrophic Impact would kill the project.  



Risk Matrix
Black Canyon Diversion Dam Risk Register: Ratings

Risk Ratings:
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Risk Register

Risk Register
Black Canyon Diversion Dam Projects
PM: Chris Vick
Date Updated: May 15, 2013

Version: 1.0

Risk Number Date Initiated Risk Description Likelihood Impact Risk Score Control Measures Risk Owner

1. Example 15-May-13 Bids are high 3 4 12
Engage stakeholders; Determine impact to BPA budget; 
Determine risk threshold for BPA. Chris Vick

2
3
4
5
6
7
8
9

10
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20
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23
24
25



Risk Management Plan

*

http://sp2-pnr.bor.doi.net/rts/liaison/bcdp/Risk/Forms/AllItems.aspx
http://sp2-pnr.bor.doi.net/rts/liaison/bcdp/Risk/Forms/AllItems.aspx
http://sp2-pnr.bor.doi.net/rts/liaison/bcdp/Risk/Forms/AllItems.aspx


Risk Management Plan





Questions?

Chris Vick, P.E., PMP
Water Operations and Maintenance Manager

Asset Management Division
Bureau of Reclamation

(303) 445-2941
cvick@usbr.gov

mailto:cvick@usbr.gov


Using Risk Registries to 
Improve Project Management

Debbie White
Senior Consultant

443.567.3477 (m) or 509.368.9348 (o)
dwhite@sapereconsulting.com

October 27, 2016



2

LONG LAKE DAM
TOTAL DISSOLVED GAS (TDG) 

ABATEMENT PROJECT
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Deflector & Spillway Toe Modification
Excavate outcrop 
peninsula downstream of 
spill bays 7 and 8 to 
elevation 1353. 
Add two deflectors along 
the toe of the spillway

Lower = continuous 
across base of spill 
bays 7 & 8
Upper = across base 
of spill bays 3 thru 6
Lower & upper 
stepped vertically at 
elevation 1370 & 
1375 to allow for 
skimming flow
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Project Site Map
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Project Execution Plan Objectives
Comply w/ FERC license & 401 water quality requirements; 
Conduct integrated planning with key stakeholders;
Anticipate and provide systematic control of risks;
Improve reliability of cost & schedule estimates; 
Improve resource planning on projects; and
Develop a performance measurement baseline.
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Key Project Complexities
100-year old structure with likely unforeseen challenges;
Limited availability of footprint for large equipment/crane 
staging needs within the river channel and below the dam;
Limited cell/communication services and vendor delivery 
challenges due to remoteness;
Limited flexibility in 
location of temporary 
road due to steep 
terrain and protected 
cultural & historic 
areas;
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Key Project Complexities (continued)
Supplied power availability on the south side of river 
versus north side or near plunge pool; 
Planned construction completion necessary in a single 
season to avoid a minimum of $2.7M increase for 
rebuilding temporary road and cofferdam; 
Estimated need for approximately 20 permits with 
federal, state, tribal & local agencies by March 30, 2016; 
and 
As of the Oct 1, 2015 project kick-off meeting, the work 
planning was largely conceptual (except for design of 
concrete spillway deflectors).
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Construction Phase Scope & Timeline

APR MAY JUN JUL AUG SEP OCT NOV

ABOVE ORDINARY
HIGH WATER MARK 
(Spring to Summer)

BELOW ORDINARY
HIGH WATER MARK

(Summer to Fall)

• Construct ~1 mile temporary 

access road to staging area.

• Excavate and grade ~100,000 

square-foot main staging/ 

stockpile area.

• Construct access road to 

ordinary high water mark.

• Install temporary power 

distribution.

• Construct in-river access road to plunge pool.

• Construct cofferdam, dewater & maintain leakage.

• Excavate ~20,000 yd3 rock outcrop to elevation 1353.

• Construct two deflectors w/ lower at elevation 1370     

and upper at elevation 1375.

• Demolition of concrete to 18”  & surface prep.

• Drill 7,000 holes/epoxy/install rebar dowels.

• Formwork & placement of ~5,000 yd3 concrete 

reinforced with 500,000 lbs. of rebar curtain.

• Fill plunge pool to elevation 1323 including a  7.5 ft. thick 

mortared riprap  cap with drilled vertical drains.

• Remove access road, cofferdam & flood plunge pool.

DEC

RESTORATION
ABOVE OHWM
(Fall to Winter)

• Remove temporary 

power distribution.

• Install ~4,000 plants.

• Remove temp road. 

• Construct permanent 

highway access.
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Integrated Project and Core Team
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Planning Phase Strategy
Technical work plans developed in 
parallel with contract and baseline;
 Blasting, Dewatering, Emergency 

Action, QCIP, Traffic Plan, SWPPP, 
Restoration, etc. 

Seven primary areas of focus for 
quantified risk registry: 
 Low Flow/ Spill Window
 Quantity Variations
 Dewatering/Seepage
 Permitting
 Cultural Resources
 Power
 Wildfires

Current Project 
Discontinued & 
Re-Evaluated

PM Conducts Kick-Off 
Meeting with Project Team

Project Team Defines 
Functional Requirements 

Matrix 
• Current state& metrics
• End state 
• Constraints
• Permitting 

considerations
• Planning categories

PLANNING 

Finalize Work Breakdown 
Structure (WBS):

• Project management
• Investigation
• Design
• Procure/contract
• Permitting
• Construction
• Verify/startup/

checkout

Finalize Project 
Execution Plan (PEP)

• Project team/
stakeholders

• Communication plan
• Risk management plan
• Data management plan
• Integrated Work 

Breakdown Structure
• Resource loaded 

activity schedule
• Management reporting 

systems
• Governance processes

Approved PEP 
/Performance 

Baseline?
(PG-2)

Re-Evaluate Project for 
Two Season Approach or 
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Request Proposal w/
Estimate of Probable 
Construction Costs, 

Schedule, and initial Risk 
Registry from 

Construction Contractor

Develop Proposal 
Request Package for 

Construction 
GMP w/ Incentives 

Contract

Complete Avista 
Sole Source 

Justification Form

Approved 
Sole Source?

(DG-1)

YES

Avista  review of 
Probable Construction 

Costs, Schedule, and Risk 
Registry

Negotiate Risk Registry, 
Guaranteed Maximum 

Price (GMP), Incentives, 
and Avista Construction 

Contingency

Provide Steering 
Committee Update of 

GMP w/ Incentives 
Contract Terms

NO

 GMP
 w/ Incentives 

Contract Award 
Approval?

(DG-2)

Obtain Approval Signatures for 
Award of GMP w/ Incentives  

Contract R-40656

FERC Temp 
Construction 

Emergency Action 
Plan

FERC Quality Control 
Inspection Program

WA Dept of 
Transportation 
Highway Access 
Permit & Traffic 

Control Plan

WA Ecology 
Stormwater 

Pollution 
Prevention Plan 

Blasting Plan/Pre-
BlastNotification 

Plan

Re-Vegetation/Site 
Restoration Plan

Cofferdam 
Construction 

De-watering Plan

Final Access Road 
and Profile Staging 
Area to Plunge Pool

Award Pre-Construction 
Permitting/Planning

R37823, WA#3
Change Order 2

YES

Issue Preliminary Notice to 
Proceed (NTP) to Contractor

Snow Pack Evaluation to Project 
Start Date of In Water Work

In Water Work 
Projections within 

Jun 15 – Jul 15?
(DG-3)

YES
NO

NO

Project Team Defines 
Communication Matrix

NO

Contractual
(Oct – Feb)

Cost & 
Schedule

(Oct – Mar)

Technical
(Nov – Jan)

Quantified 
Risk 

Registry

Pre-planned Off Ramp 
(go/no go decision points)
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Regulatory Requirements
TYPE AGENCY

Environmental Report Federal Energy Regulatory Comm. DC Office
Cultural Assessment Survey/Notification of 
Adverse Effect/Memorandum of Agreement

State Historic Preservation Officer/ Tribal Historical 
Preservation Officer 

State Environmental Policy Act (SEPA) WA Department of Ecology
Shoreline Development Permit Lincoln & Stevens County
Shoreline Variance Permit Lincoln & Stevens County

Joint Aquatic Resource Permit App (JARPA) WA Department of Ecology
Nationwide 27 & 33 US Army Corp of Engineers
Hydraulic Project Approval (HPA) WA Department of Fish and Wildlife
Fish Collection Permit WA Department of Fish and Wildlife

Temporary & Permanent Access Permit WA State Department of Transportation
General Construction Permit WA Department of Ecology
Engineering Guidelines for Hydropower 
Projects, Chapter 7 (QCIP & TCEAP)

Federal Energy Regulatory Commission Portland 
Reg. Office

Eagle Take Permit US Fish and Wildlife Service



Submitted (Aug ‘15)


Submitted (Aug ‘15)
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Show of hands…

…how many would sign up?
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Risk Registry Development 
Expected Conditions
Potential Deviations
Technical Implementation Impact
Cost Impact
Schedule Impact
Time to Respond
Probability of Occurrence (high/moderate/low and %)

~20 identified project risks 
>$6M when cost impact column summed
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Risk Modeling
Modeled and simulated all risks over 10,000 times using a 
Monte Carlo program that returned a range of project 
costs and out-of-water dates. 
Performed a sensitivity analysis to identify the risks with 
the highest potential impact to project costs and schedule.
Predicted out of water 
date (assuming no 
risk mitigation):
 Nov 15th = 28% 
 Dec 1st = 75%
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Acquisition Strategy Decision Support
Owner contingency at 85% confidence = $1.5M 
Business Case for Contract Incentive Clause:  Avista’s 
$600K maximum shared savings incentive increases the 
likelihood of a $2.7M+ second season cost avoidance.

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

$0 $1 $2 $3 $4 $5 $6
Millions in addition to MCC

Total Project Contingency Ranges - Cost of Force Majeure

TwoSeason OneSeason

GMP Contingency: 
$1.5 million

Force Majeure Contingency: $2.7 
million increase
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Forecasted Cost Range at Project Start

(Reference AACE International Recommended Practice No. 18R-97) The Association for the Advancement of 
Cost Engineering (AACE) International is an international non-profit professional educational association that 
provides services related to cost estimating, cost/schedule control, and project management to a wide range of 
professions and industries. AACE defines five levels of cost estimates for a project.

Engineering 
Estimate

(Sep 2014)

Construction 
Bid

(Dec 2015)

$8M

$9.3M
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Forecasted Cost Range (continued)

 $-

 $1,000,000

 $2,000,000

 $3,000,000

 $4,000,000

 $5,000,000

 $6,000,000

 $7,000,000

 $8,000,000

 $9,000,000

 $10,000,000

 $11,000,000

 $12,000,000

OCT 2014 Engineering Estimate DEC 2015 Construction Proposal

Sapere Independent 
Uncertainty 
Analysis = $11M
(OCT 2014)

Class 3 = $8M
Engineering Estimate 
(SEP 2014)

Class 5 = $9.3M
Bid/Proposal
(DEC 2015)

AACE Class 3 = $6.4M – $10.4M

AACE Class 5 = $9.0M – $10.7M
GMP - Guaranteed 
Max Price -=$10.8M
(JAN 2016)
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Comparison of Methods

Accuracy range of -10% 
($930K) to +15% ($1.46M) 
is expected
$9.3M + $1.46M = $10.76M

Using modeling results, 
owner contingency 
established as $1.50M
$9.3M + $1.5M = $10.8M

AACE International 
Recommended Practice No. 

18R-97, Class 1 Estimate

Quantified Risk Registry –
Contract Owner Contingency
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Construction Planning Costs

Design Planning (Feb 2010 - Aug 2015)

Construction Planning (Sep 2015 - Mar 2016)

Construction (Apr 2016 - Dec 2016)

$415K
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Tiered Risk Management Approach
Operational Mitigation Measures
 Results of integrated planning sessions in Dec 2015 

and Jan 2016 during risk registry development.
Weekly Project Team Meetings On Site
 Immediately addressed in the field as risks 

materialized to develop the most proactive strategy 
and least impact.

Steering Committee Management Decisions
 Recommendations developed by the integrated 

project team and elevated for decision making due to  
potential impacts/significance.
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Operational Mitigation Measures
Nine measures developed. Key examples included:
 Negotiated elevated prioritization with Transmission for 

recovery in the event of a substation outage;
 Implemented a drawdown plan of Lake Spokane 

beginning October 1, 2016 to provide 48-60 hours of 
escape time to minimize downstream losses during 
spill;

 Requested Department of Natural Resources (DNR) 
waiver for critical project fire protection plan; and

 Established a steering committee decision gate for an 
orderly & planned exit to a second season contingency 
plan upon evaluation of progress in July 2016.
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Weekly Project Meeting Example #1 –
Culturally Protected Areas
RISK: 
 Area of culturally protected sites 

adjacent to access road greater 
than expected – discovered Apr 
13th on 1st day of fieldwork.  

ACTUAL COST AFTER 
MITIGATION:
 $0K

MITIGATION APPROACH:
 Flagged areas w/ flexibility to 

road placement on Apr 14th.
 Reduced road width from 24 ft.
 Added road markers and radio 

system for safe passing of 
equipment.

EXPECTED REDUCTION FROM 
MITIGATION:
 Reduced imported material 

needs by 20,000 yd3 and labor 
to build road embankment/ 
sloping embankment. 

 $750K cost avoidance and 3.5 
weeks of schedule.
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Weekly Project Meeting Example #2 –
Onsite Material Availability
RISK: 
 Available quantity of suitable onsite 

material less than assumed. 
Discovered Apr 28th – Day #15  

ACTUAL COST AFTER 
MITIGATION:
 Approved use of contingency 

not to exceed (NTE) $150K 
 $117K actually spent.

Powerhouse 
Rock Knob

MITIGATION APPROACH:
 Excavation depth adjusted.
 Adjusted alignment of rock from 

river to the north access into the 
bank with regulatory & tribal 
concurrence (~4 days).

 Reduction of access road width 
near powerhouse rock knob.

EXPECTED REDUCTION FROM 
MITIGATION:
 Reduced imported material needs 

to 7,000 yd3  for ~$300K cost 
avoidance.
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Suitable Onsite Material Availability
Lessons Learned

Powerhouse 
Rock Knob

Fill

Original 
construction 
photos show 
expected 
conditions for 
onsite materials 
but were not 
discovered until 
well into road 
construction

Fill
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Steering Committee Example –
Toe/Groin Improvement Decision
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2016 Actual Dewatered Conditions
Pier 6/7 Centerline

Pier 6/7 Centerline
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Toe/Groin Repair Decision Process
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Toe/Groin Repair Decision Team
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Left (West) Groin Expected Conditions

1920 1991 2016
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Updated Risk Registry
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Risk Registry Comparative Results

20 open risks
Contract Contingency = 
$1.5M at 85% confidence
Out of Water Date* =
 Nov 15th = 28%
 Dec 1st = 75%

11 closed risks; 3 reduced
Contract Contingency = 
$831K at 85% confidence
Out of Water Date* =
 Nov 15th = 40%
 Dec 1st = 79%

Concrete work yet to be 
started in JUL so remaining 
6 risks not yet encountered

*Out of water date percentages assume worst 
case for partially mitigated or unmitigated risks.  

JAN 2016 JUL 2016
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July 2016 Contingency Range
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July 2016 Out of Water Date
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Construction Phase Scope & Timeline

APR MAY JUN JUL AUG SEP OCT NOV

ABOVE ORDINARY
HIGH WATER MARK 
(Spring to Summer)

BELOW ORDINARY
HIGH WATER MARK

(Summer to Fall)

• Construct ~1 mile temporary 

access road to staging area.

• Excavate and grade ~100,000 

square-foot main staging/ 

stockpile area.

• Construct access road to 

ordinary high water mark.

• Install temporary power 

distribution.

• Construct in-river access road to plunge pool.

• Construct cofferdam, dewater & maintain leakage.

• Excavate ~20,000 yd3 rock outcrop to elevation 1,353.

• Construct two deflectors w/ lower at elevation 1,370     

and upper at elevation 1,375.

• Demolition of concrete to 18”  & surface prep.

• Drill 7,000 holes/epoxy/install rebar dowels.

• Formwork & placement of ~5,000 yd3 concrete 

reinforced with 500,000 lbs. of rebar curtain.

• Fill plunge pool to elevation 1,323 including a  7.5 ft. thick 

mortared riprap  cap with drilled vertical drains.

• Remove access road, cofferdam & flood plunge pool.

DEC

RESTORATION
ABOVE OHWM
(Fall to Winter)

• Remove temporary 

power distribution.

• Install ~4,000 plants.

• Remove temp road. 

• Construct permanent 

highway access.
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Photo Progress – July to October
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Forecasted Completion Cost Range

 $-

 $1,000,000

 $2,000,000

 $3,000,000

 $4,000,000

 $5,000,000

 $6,000,000

 $7,000,000

 $8,000,000

 $9,000,000

 $10,000,000

 $11,000,000

 $12,000,000

OCT 2014 Engineering Estimate DEC 2015 Construction Proposal

Sapere Independent 
Uncertainty 
Analysis = $11M
(OCT 2014)

Class 3 = $8M
Engineering Estimate 
(SEP 2014)

Class 5 = $9.3M
Bid/Proposal
(DEC 2015)

AACE Class 3 = $6.4M – $10.4M

AACE Class 5 = $9.0M – $10.7M
GMP - Guaranteed 
Max Price = $10.8M
(JAN 2016)

70% Complete  
Estimate at Completion 

(SEP 2016) = $9.34M
0.4% cost growth
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Maximizing Additional Value/Benefit
Three parallel projects added (separate contracts) during 
execution that resulted in significant economy of scale:
 Maximized access road infrastructure to improve right 

abutment resulting in future cost avoidance of > $4M.
• Future risk management strategy to prevent erosion impact to 

newly installed deflector.
• Increased concrete placement to ~6,000 yds.3 for total project

 Leveraged existing concrete crews and mobilized 
equipment to perform two maintenance projects:

• Spillway gate repair & Parapet wall repair

Reprogrammed $1M in underruns to other capital projects 
in Sept 2016.
Plan to donate some of the property to the local community.
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Right Abutment/Toe Improvement

1920 1991 2016
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Maintenance Projects Before & After
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Final Thoughts
Key mitigation measures would have been overlooked 
without the use of a multi-disciplined team participating in 
risk identification discussions.
Significant uncertainty reductions are available through 
historical record searches (most ideally in planning 
stages).
The greater number of parties, the greater the need for 
clearly bound project objectives and decision processes in 
advance to manage expectations.
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Final Thoughts (continued)
A quantified risk registry can be used to establish the 
basis for a reasonable & defensible contingency 
amount that all parties can accept.
Risk registries aren’t a license for change orders when 
risks occur, but rather a tool to proactively manage risks 
from fully materializing in the project.
Alignment of financial interests among parties, and 
management of all risks regardless of  the 
low/moderate/high likelihood of occurrence, provides 
the opportunity for greatest success.
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Questions?
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