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Presentation Topics

 The Need for Project Risk Analysis
 Expectations for Project Risk Analysis
 Advantages of a Quantitative Systems

Approach
 Using the Quantitative Systems Approach
 LANL Experience and Example Results
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Nuclear 

Power 

after TMI (3)

Information 

Technologies (7)

Process 

Industries

 (1)

Your 

Business?

1 Success 0% 26% 33%

2 Completed but one or more 

major objectives not met

60% 46% 67%

3 Total failure / not completed 40% 28% N/A

Likelihood (%)

Project Outcome Categories

The Need for Project Risk
Analysis

Research Results for Project Failure LikelihoodResearch Results for Project Failure Likelihood
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What Role Should Risk Analysis
Play in Project Management

 Identify actions that can be taken to help improve
technical, schedule and cost performance

 Provide better information to support decisions regarding
project direction and the setting of schedule & cost targets
and contingencies

 Address known causes of poor project performance
 Assist in monitoring the status of the program as it

proceeds
 Demonstrate compliance with procedural requirements

for project risk management
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The Role of Risk Analysis in
Project Management
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Project Risk Analysis -
Expected Results

 Quantitative results, including uncertainty,
for tasks and the total project

 Identification of the important contributors
to uncertainty by task and total project

 Identification of potential risk reduction
actions

 Identification of key boundary conditions
 Satisfaction of project risk management

requirements
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Project Risk Analysis -
Expected Features/Capabilities

A systematic and consistent methodology
Quantitative bases for establishing project cost

and schedule targets and contingencies
Costs/benefits assessments for potential risk

reduction actions (“What if” cases)
Results that include project wide“ripple” effects
Corrections for common errors inherent in

deterministic scheduling and cost estimating
methods

Ability to upgrade results with actual data
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Available Project Risk
Analysis Methods

Project risk analysis (PRA), particularly quantitative
analysis, is in an early state of development.

I see PRA developing along two tracks or
approaches:
The first evolves from the safety analysis world, in

particular, process hazards analysis.
The second is derived from the discipline of system

analysis.
I will argue that the systems analysis approach has

clear advantages over the hazards analysis approach
and describe the systems approach that is being
applied at Los Alamos.
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Hazards Analysis Approach
to Project Risk Analysis

 Has its origins in chemical/petroleum or
other hazardous processes safety analysis

 Is performed by walking through the steps
of a batch or continuous process to identify
the undesired events that could occur

 The identified events are then categorized,
qualitatively or quantitatively, using a
frequency and consequence risk matrix.
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Project Risk Analysis
Risk Matrix
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Systems Analysis Approach
to Project Risk Analysis

 Has its origins in the discipline of
system analysis or system dynamics

 Is performed by building a
mathematical model of the “system” to
predict results for important
performance measures

 Ranks risk events by their contribution
to uncertainty in performance
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How the Approaches
Satisfy Expectations

Risk Matrix 

Approach

Systems 

Approach

Outputs

1) Quantitative results, including uncertainty, for tasks and the total 

project

No Yes

2) Identification of the important contributors to uncertainty by task and 

total project

No Yes

3) Identification of potential risk reduction actions Partially Yes

4) Identification of key boundary conditions Yes Yes

5) Satisfaction of project risk management requirements Yes Yes

Analysis Features and Capabilities

1) A systematic and consistent methodology Partially Yes

2) Quantitative bases for establishing project cost and schedule targets 

and contingencies

No Yes

3) Costs/benefits assessments for potential risk reduction actions 

("What if" cases)

Partially Yes

4) Results that include project wide“ripple” effects No Yes

5) Corrections for common errors inherent in deterministic scheduling 

and cost estimating methods

No Yes

6) Ability to upgrade results with actual data Partially Yes

Expectations Met by:

Expectations for Project Risk Analysis
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Analysis Performance Issues

 Risk Matrix Method
Requires subject matter experts to make

intuitive judgements of project wide risk impacts
Gradations between L&C categories are small

yet may result in large differences in risk
categorization

Managers may engineer L&C assignments to
skew results
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Analysis Performance Issues

 Systems Approach
Requires the development of task level

distributions for performance
Requires analysts with skill and experience

in developing simulation models
Requires simulation modeling tools
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Using the Systems
Analysis Method at LANL

Project Risk Analysis Tasks
Performance measure selection
Activity definition
Boundary condition specification
Risk Factor Analysis
Input distribution development
Dependency analysis
Risk Model simulation

Risk based goal setting & contingency
analysis

Risk Response Development
Risk Monitoring
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Integrated Qualitative and
Quantitative Risk Analysis Tasks
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Risk Factor Analysis

 Risk factor analysis is a qualitative risk
analysis technique aimed at identifying and
assessing the conditions that will drive task
performance

 Tasks are systematically searched for the
presence of risk factors that may cause poor
performance if not adequately addressed and
planned response actions are identified
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Risk Factor Analysis
(continued)

 Risk is ranked using qualitative severity
scales specific to each risk factor

 Results are used as the basis for task
performance distribution development

 See PMI 2000 paper for a detailed
description
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Example Qualitative
 Risk Factors

FUNDING

RISK

SCHEDULE

RISK

COST

RISK

TECHNICAL

RISK

Productivity uncertainty

Personnel availability

Area/Facility availability

Equipment/material availability

Adverse environmental conditions

Funding constraints

Prioritization uncertainty

Under funding potential

Escalation sensitivity

Equip & material $ uncertainty

Labor rate uncertainty

Estimate completeness

Rework potential

System reliability concerns

Process capacity adequacy

Safety concerns

Technology maturity

Design data availability

Performance requirements severity

Test failure potential
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Format of Risk Factor
Analysis Results

Total Risk

0 5 10 15 20 25 30

Install new conduit & inner duct

CAS systems install

System Cutover

Argus & video hardware & software  test at LLNL

Facility contractor mobilization

Site Acceptance Tests

SAS structure construction

Argus LANL enhancements, HGU & Chem Sensor

System Cutover support

Badge office & misc mods

EIS SW design & spec

Install & test fiber optic cable

FOC procurement

Gateway SW design & spec

OK for installation start

Title 3 support

LANL Startup Mgt

A/E Title 3 sup, CAS & SAS

LANL Startup Mgt

LANL PM & CM

Risk Score
 Risk rankings for each

risk factor are
documented for each
task and summed for
technical, schedule, cost
and total risk.

 The RFA process
identifies possible risk
reduction actions and
provides the basis for
schedule & cost
distribution development
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Quantitative Simulation Risk
Model Construction

A simplified model of the project activities is
developed from the technical, schedule and cost
baseline data.

Modeling is done to a level of detail sufficient to
identify important risk contributors and account for key
dependencies between tasks.  The model structure will
closely follow the WBS, if available.

Performance uncertainty is entered for each task based
on the results of the RFA and/or quantitative models of
performance (e.g. a process production model)

Integral project level performance/risk results are
calculated with a simulation model
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Example Simulation Risk Model
Data Flow

Schedule 

Calculation

Task  
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Task Cost 

Calculation

Cash Flow 

Calculation
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Task 
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Task 

Durations

Task Finish 
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Task Center 

Dates

Task Base 

Year Cost
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Year

Escalation 
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Escalated  

Task Cost

Total Estimated 

Program/Project 

Cost

Program/Project 

Annual Cash Flow

Cumulative  
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Input Distribution Development
from RFA Results

Risk Factor Analysis results provide a basis for the
development of distributions used in the simulation model.

Total Technical,

Schedule or Cost

Qualitative Risk

Score

0 to 6, with no

HIGH Risk

Factors

6 to 10, with no

HIGH Risk

Factors

> 10 or HIGH

Risk Factors

Present

Overall Risk Rank LOW MEDIUM HIGH

Adjustment

Factor Guidelines

0% to 10% 10% to 20% > 20%

per specific

assessment by the

risk analyst

Generally Used

Distributions

Triangular,

Normal, Uniform,

Discrete

Triangular,

Normal, Uniform,

Custom

Triangular,

Lognormal,

Custom

Confidence Level

(Low/High)

Assignment

Guidelines

Low Value - 10%

High Value - 90%

Low Value - 20%

High Value - 80%

Per specific

assessment by the

risk analyst
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Example Risk Distributions
Risk 
Rank MIN

Point 
Estimate MAX

Low 95 100 120
Medium 90 100 140
High 80 100 180

Risk Distributions

Distribution Comparison

.000

.020

.039

.059

.078

80.00 105.00 130.00 155.00 180.00

Low Risk

Medium Risk

High Risk

Overlay Chart
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Risk Analysis Software Tools

 Risk Factor Analysis – MS Excel
 Worksheets
 Tables & graphs

 Simulation Modeling:
Excel/Crystal Ball - primary tool
Custom Matlab applications
Custom performance models
Other Simulation Codes
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Format of Simulation Risk
Analysis Results
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Cumulative TEC

50th Percentile Target Estimate

Target + Contingency

 Cumulative probability
distributions provide a
complete picture of
uncertainty, it is not ignored
or assumed to take on
extreme values.

 Results provide a basis for
setting risk-based
performance targets and
contingencies.

 Sensitivity analyses identify
contributors to risk
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LANL, D-11 Project/Program
Risk Assessment Experience

 Over the last 3 years, have completed 11
major projects with 13 more in progress

 Nature of the projects varies from relatively
standard construction to highly complex
R&D

 Costs range from about $20M to $1B
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Example Risk Analysis
Application

Initial quantitative risk analysis results show a low
confidence level for the completion of an
important product

One potential risk reduction action is extending
the work week at the facility making the product
from 4-10 hour days per week to 5-10 hour days
per week

This requires additional staffing, facility
modifications and the rescheduling of some
special activities to weekends

What are the schedule benefits of this option?
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Baseline Risk Analysis
Simulation Results
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Risk Model Results with
Facility Operation Every Friday
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Risk Model Results with
Facility Operation Every Other Friday
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Summary
Two methods have evolved from more established

disciplines for performing quantitative project risk analysis:
 Process hazards analysis method
 Systems analysis method

The hazards analysis method is popular because of its
apparent simplicity.  But, the systems analysis method
provides much more complete and comprehensive results

At Los Alamos National Lab, we have demonstrated the use
of the systems analysis method for a wide variety of project
types and sizes and hope that our experience will encourage
its expanded use by others


