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Preview of Coming Attractions

• The San Francisco – Oakland Bay Bridge
– The Project
– Risk Management Challenges
– Risk Management Planning

• Quantitative Risk Management
– Not rocket science
– “KISS”

• Applications
– Budget Analysis
– Schedule Risk Management
– Risk-based Decision-making
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San Francisco - Oakland Bay Bridge

Largest construction project ($6 billion)
Extremely difficult 
engineering and construction 
challenges
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Multiple Construction Sequences 
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Multiple Interdependent Contracts 
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AB 144 Legislation

“comprehensive risk management”

Oversight 
Committee

“assess adequacy of reserves”

6



Risk Management Challenges

Multi-Agency Environment

Multiple 
Interdependent 
Contracts

Risk Response

Planning Quantita
tiv

e

Risk Analysis

Risk
Identification

Communication

Risk Management
Planning Implement Risk 

Management 
Processes

Quantitative Cost & 
Schedule Risk 
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Planning Risk Management

Risk 
Management 
Processes

Roles & 
Responsibilities

Reporting

Implementation
Steps

TOLL BRIDGE SEISMIC RETROFIT PROGRAMTOLL BRIDGE SEISMIC RETROFIT PROGRAM

Program 
Risk Management Plan 

July 2006 
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Risk Management Organization

Multi-functional Team

Project Management
Functional Depts.
Construction
Risk Management

Program Team
Risk Management 101 

for everyone

Agency 
Reps

Team for each Contract
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Risk Management Cycle

How to approach, 
plan and execute the 
risk management 
activities

Determine risks which 
might affect the project, 
and their characteristics 
(probability, impact)

Prioritize risks for 
subsequent 
further analysis or 
action

Analyze numerically ($, 
time) the effect of risks on 
project objectives

Develop options and 
actions to reduce threats 
and enhance opportunities

Track identified risks, 
monitor residual risks, 
identify new risks, execute 
risk response actions

Challenge
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Why Quantitative Risk Analysis?

• On SFOBB we must “assess the adequacy of 
reserves”.  
– We need to calculate the cost probability distribution

• Quantitative Risk Analysis allows us to:
– Calculate the probability distributions for total cost and 

total time
– Evaluate the probability of meeting cost and completion 

targets, and the adequacy of the Program Contingency.
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Quantitative Risk Management
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Beta Distribution

“Bell curve”

Lognormal Distribution

Standard Deviation
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Qualitative Assessment

Risk = Probability x Impact

X
X

X

Low High2 4
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From “Words” to Quantitative Ranges
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Cost ($) Delay (days) Probability (%)
From To From To From To

Very Low 0 5,000,000 0 30 1 9

Low 5,000,000 10,000,000 30 60 10 19

Moderate 10,000,000 20,000,000 60 90 20 39

High 20,000,000 40,000,000 90 180 40 59

Very High 40,000,000 100,000,000 180 360 60 99

“Default” Ranges – different for each project

Uniform Distribution

Cost ($) Delay (days) Probability (%)
From To From To From To

Very Low

Low

Moderate

High

Very High

0               5,000,000 0                30 1                  9

From To



Applying the “Default” Ranges

Optimistic PessimisticMost Likely

$

Somewhere in between,
if discernable.

Triangular distribution

Uniform distribution
(if no Most Likely value)
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“Default” range

This occurs in the Risk Management Information System
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Individual Risks

Putting it all together…
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Monte Carlo Simulation



A “readable” Probability Curve
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Portfolio of Contracts
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SSD West Tie-
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(Tunnel 
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Replacement)

Submarine 
Cable
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E2 

Foundation
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Construction 

WB
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East Tie-in

SSD Viaduct
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Complete WB
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OTD 1

SAS Phase 1
Load 

Transfer
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EB
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Demolition of 
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Bridge

YBI 
Construction 

EB

YBI 
Complete WB 

Frame 2

YBI 
Complete EB 

Frame 2

SAS Phase1
Deck 

Erection

SAS Phase1
E2 Capbeam

SAS Phase1
W2 Capbeam

OTD 2 
EB Detour

SSD 
Traffic 
Switch

Bridge 
Closure 

(Complete 
SSD WTI 
Phase 1)

SAS Phase 1
Cable 

Installation
E2/T1

T1
Foundation
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Traffic 
Switch

EB 
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Switch

Contract Remaining
Contingency

A 10

B 60

C 55

D 130

E 170

Total 425

 Risks
Each Contract 
has Risks

Multiple Contracts 
– a Portfolio



Portfolio View of Contracts
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“Adequacy of Program  Reserves”



Schedule Risk Analysis
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PWS System 
Installation

Load 
Transfer

“Normal” “Normal”



Schedule with Risks
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Risk is visible, within schedule logic

• Risk activity appears as zero-duration activity
• Has two properties:  

– probability that it may occur 
– three-point estimate of its duration IF it happens to occur



Schedule Risk Analysis
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Probability Distributions
For Milestones

Tornado Diagram
(Top Risks)



How do we apply these?
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Contingency Validation in Design Phase

Bid Items SFM + SW

Bid Items SFM + SW

Additional 
Contingency

Contingency
(Usually a %)

Risk Management Approach

“Conventional” Approach

26

Estimate

Estimate
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“Adequacy of Program  Reserves”



Schedule Risk Analysis Output

Probability Distributions
For Milestones
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Tornado Diagram
(Top Risks)

Establish a Focus 
Team for Each



Risk-based Decision-making

• Retrofit or Replace Viaduct from Tunnel?

• Risk Issues:
– Old structure, unclear as-builts
– Possible hidden problems 
– Effect on public traffic
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Decision:  Replace viaduct

Accomplished during a 
3-day weekend closure!
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How has it worked out?
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Risk Management evolved at a steady 
and sustainable pace (“baby steps”) –
gained broad acceptance.

Program/Project 
Management

Risk 
Management

RM has become an integral 
component of program and 
project management.

Partner Agencies find transparency 
refreshing…involved in RM activities

Oversight Committee considers 
RM results in budget forecasting 
and strategic decision-making



Discussion?

Project Risk Management
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Contact Information:

Jon Tapping
jon_tapping@dot.ca.gov
(510) 385-6856

Rein Lemberg
rlemberg@caltrop.com
(510) 410-4344


