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OUTLINE
• Cost-Risk

– Players
– Identifying medium and high-risk WBS elements
– Assessment
– Analysis

• ESAS Cost-risk
– FY 06-11
– FY 06-18

• Continuous Cost-Risk Management



Players in Cost-Risk
• Estimators know the uncertainty in cost methodology
• Engineers and those trained and involved in performing 

Continuous Risk Management (CRM) on the project
– They understand the risks in:

• CER input parameters values (e.g., weight)
• Technology state of the art (TRL)
• Designs that use the technologies
• Engineering necessary to implement the technologies used in the 

designs
• Adequacy of the schedule to design and implement the 

technologies
• Integration involved at the box, component, subsystem and 

system levels
• ….etc. 
• Correlations between input parameters and between WBS 

elements



                CCRM STEP 2: IDENTIFY THE RISKS
               ALLOCATING FUNCTIONS TO WBS ELEMENTS

FUNCTION-TO-WBS ELEMENT 
MATRIX
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WBS ELEMENTS
Transmit Payload
 - Solar Power Collector X X X Medium Risk
 - Solar Power Converter X X X High Risk
 - Pointing & Control System X X X X High Risk
 - Laser Amplifier/Transmitter X X X High Risk
 - Laser Transmit Antenna X X X X Medium Risk
Receive Payload X
 - Microwave Receive Antenna X X X Medium Risk
 - Laser Receive Antenna X X X X High Risk
 - Tracking & Control system X X X High Risk
 - Laser Conditioning Receiver X X X High Risk
 - Laser Rectifier/Converter X X X High Risk
 - Flywheel Storage System X X X Medium Risk



Cost-Risk Assessment & Analysis
• Assessment

1. Cost model risk
• Cost estimators handle this

2. Input parameter risk
• Engineering assessment needed

3. Key Engineering Parameter Performance 
(KEPP) risk
• Engineering assessment needed
• 3 WBS element risk profiles (pessimistic, optimistic & 

reference) evaluated in terms of cost-risk drivers 
4. Correlation risk

• Engineering/cost estimator assessment needed
• Analysis

– Convolve all distributions for “S”-curve (CDF)



Cost-Risk Assessment

1. Cost model risk
– Accomplished in ESAS FY 06-

11 cost-risk
2. Input parameter risk

– Accomplished in ESAS FY 06-
11 cost-risk



Cost Model and Input Parameter Risk 
Cost Quantification

$

Cost Driver (Weight)
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Cost-Risk Assessment (cont)
3. Key Engineering Parameter 

Performance (KEPP) risk
– Partially Accomplished in ESAS FY 06-11 

cost-risk
• Adds cost-risk impacts due to TRL, 

Design/Engineering, Integration, Requirements 
Stability, Complexity, etc., risks  

• Relative Risk Weighting process can capture 
these risks

– A Key Engineering Performance Parameter is 
a technical or operational parameter that can 
be described as a requirement



Key Engineering Performance 
Parameters1 (KEPP) Examples

• KEPPs for new electronic component for a S/C
– Dynamic load resistance
– Operating voltage
– Power regulation
– Radiation resistance
– Emissivity
– Component mass
– Operating temperature range
– Operating efficiency

• KEPPs for a Laser/Amplifier Transmitter
– Wave front sensing
– Wave generation
– Mirror coatings and gratings
– Autonomous resonator alignment
– Bore sighting
– Electrical power generation

1The Technology Puzzle: 
Quantitative Methods for Developing Advanced 
Aerospace Technology; Liam Sarsfield (RAND)



      COST-RISK DRIVERS
TRL Des/Eng Schedule Integration Reqts Stab

(Driver Weights) 0.2 0.3 0.15 0.2 0.15 Risk Score
Pessimistic 0.048 0.111 0.058 0.049 0.080 0.345

WBS Scenarios Reference 0.020 0.027 0.026 0.016 0.014 0.102
Optimistic 0.014 0.023 0.007 0.016 0.011 0.071

TRL Des/Eng Schedule Integration Reqts Stab
Very High 0.397 0.370 0.385 0.442 0.534
High 0.240 0.220 0.262 0.243 0.216
Moderately High 0.139 0.150 0.171 0.142 0.094

    Intensities Moderate 0.099 0.089 0.078 0.081 0.070
Moderately Low 0.070 0.075 0.049 0.047 0.044
Low 0.033 0.054 0.034 0.026 0.026
Very Low 0.022 0.042 0.021 0.019 0.016

Pess/Reference 
Ratio: 3.4

Opt/Reference 
Ratio:

0.7
0.7*Ref Ref 3.4*Ref

RRW Implemented in Excel
(Degree System’s KEPPs Impacted by Cost-Risk Drivers in each Scenario)

Ratio Scale
Numbers from

AHP



Cost-Risk Assessment 
(cont)

4. Correlation risk
– Accomplished in ESAS 



CORRELATION
• What is Correlation?2

– A measure of association between two 
variables 

– It measures how strongly the variables are 
related, or change, with each other

• Engineers and CRM specialists can 
assist cost estimators in identifying and 
quantifying correlation between WBS 
elements

2 www.statlets.com/usermanual/glossary.htm



Correlation
• Dr. Stephen Book (MCR) plotted the theoretical

underestimation of percent total cost standard deviation 
(y-axis) when correlation (x-axis) is assumed to be zero
rather than its true value, ρ.
– In cost estimates we would underestimate % SD ~60%-80% if 

we ignored correlation and it was actually 0.2
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Cost-Risk Analysis

• Analysis
–Convolve all distributions 

for “S”-curve (CDF)



Cost-Risk Analysis:
Convolution
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Cost-Risk Applied to 
Exploration Systems



• Cost estimates generated by responsible NASA 
field centers
– GRC:  Lunar power systems
– JSC:  Crew Exploration Vehicle, lunar surface systems, 

mission operations/infrastructure
– KSC: Launch operations/infrastructure 
– MSFC:  Launch systems
– SSC: Engine testing
– HQ: Integration

• All cost estimates vetted by NASA HQ for 
completeness and credibility
– Also reviewed by External Review Team and Graybeard 

Review Team
• “Full Cost” effects included

– Civil Service, support contractors, service pools, G&A 

ESAS Cost Estimating Approach



ESAS Cost Estimating Approach 
(cont)

• Probabilistic cost risk analysis used to recommend final cost 
reserve levels (65% confidence level for estimates through 2011
budget horizon totaling $31.3B)
– 65% confidence level is consistent NPR 7120.5C policy guidance
– 80% confidence as recommended by Defense Science Board, is $32.1B

• Most of cost risk is post 2011
• Cost estimates reflect demonstrated aerospace productivity 

improvements since Apollo
• Otherwise, cost were estimated conservatively and assume 

NASA business as usual
– NASA intends to actively pursue commercial/international participation in 

exploration, which could reduce cost, allow schedule accelerations or 
allow increased content

– ESAS SDV estimated costs were consistently higher than Shuttle 
Industry Team
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Correlation Characteristics

ESAS FY 06-11
Pre-Cost Risk Calculation



65% Confidence
Level Estimate

ESAS FY 06-11
Post-Cost Risk Calculation
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…and Beyond



Continuous Cost-Risk Management
(CCRM)

A cost management architecture providing:
1. Identification of medium and high risk WBS elements, their 

assessment & translation of risk into cost-risk in LCCEs
Supports adequate budget for project

2. Communication of identified medium and high risk WBS elements to 
project managers (contractor or NASA)

3. Post-cost estimate tracking of medium and high risk WBS element 
cost and schedule performance Application of EVM system

Produces early warning of potential cost and schedule problems
Enables actionable intelligence for timely mitigation/management

4. Updates of technical and cost data (including annual LCCEs)
5. History of cost and technical data for use in updating cost models



CCRM
Risk ManagementRisk Management

Continuous Cost-Risk Management
A System of Cost Systems linked together in sequence by the same risks
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CCRM
Development & Application

Risk ManagementRisk Management

Continuous Cost-Risk Management
A System of Cost Systems linked together in sequence by the same risks
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CCRM Step 6:
CPR Data Requirements Description

• For cost-risk feedback, the contractor or performing 
organization needs to be informed in the RFP/Project 
Plan about:
– Medium and high-risk systems, subsystems and/or 

WBS elements identified initially in the cost estimate
– EVM performance measurement requirements 

against these specific risky WBS elements
• e.g., WBS element reporting levels (NPR 

7120.5C)
• An EVM CPR DRD template is available on the Cost 

Estimating Handbook website
– www.ceh.nasa.gov



1.  Earned value insight (BCWS, BCWP, ACWP on Format 1 and 
narrative status on Format 5) for the following high risk WBS elements 
shall be provided every month regardless of variance percentage levels 
until the system program office (SPO) informs the contractor otherwise: 

Power  Subsystem ASICPower  Subsystem ASIC; Solar Power Converter; Pointing & Control System
Laser Amplifier/Transmitter; Laser Transmit Antenna; Microwave Receive 

Antenna; Laser Receive Antenna; Tracking & Control System; Laser Conditioning 
Receiver; Laser Rectifier/Converter; Flywheel Storage System

If WBS elements, other than those identified here, begin to 
experience variances exceeding 10% at one or two levels above the 
control account (source of risk) for two consecutive months in current 
month performance measurement, the contractor/performing 
organization will inform the Project Manager and a consensus reached on 
adding them to the group of high risk WBS elements identified for 
monthly cost performance reporting and analysis purposes.   

All other WBS elements shall have earned value (BCWS, BCWP, 
ACWP) reported at level 3 of the WBS to satisfy observing and monitoring 
requirements

Example of Earned Value DRD Instructions
Paragraph 1:  High Risk WBS List & Reporting Criteria



Traditional Level 3 Reporting
10% Variance Reporting
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CCRM Med/High Risk Reporting
High-Risk No-Threshold Variance Reporting3
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EV Techniques 0/100, 50/50, Units Complete,
% Complete, Milestones

CONTROL ACCT. TITLE:  Optical Frequency Demodulator CONTROL ACCOUNT MANAGER:  Joe Hamaker

BUDGET:  $10,000

TIER I MILESTONE CA Start CA COMP

WP# WORK DESCRIPTION EV METHOD MONTH 1 MONTH 2 MONTH 3 MONTH 4 MONTH 5 MONTH 6 TOTAL BAC
BCWS 1,500       1,500         

1 Procure Casing 0/100
BCWP 1,500       
BCWS 500          500          1,000         

2 Optical Freq Receiver50/50
BCWP 500          500          
BCWS 600        600         600          600          600          3,000         

3 OPT-RF ASICs* units complete
BCWP 600        600         -           1,200       600          
BCWS 1,000      1,000       1,000       3,000         

4 DC Transformer milestone 1            2             3             
BCWP 1,000      -           1,000       1,000       
BCWS 500          500          500          1,500         

5 Integration % complete
BCWP -           300          1,200       

TOTAL CONTROL ACCOUNT PLAN BCWS 600        1,600      2,100       2,600       2,600       500          10,000       

BCWP 600        1,600      500          2,200       3,900       1,200       10,000       

Schedule Variance month 0 0 -1,600 -400 1,300 700

cumulative 0 0 -1,600 -2,000 -700 0

Actual Costs 700 1,700 1,300 2,300 5,200 2,100 13,300

Cost Variance month -100 -100 -800 -100 -1,300 -900

cumulative -100 -200 -1,000 -1,100 -2,400 -3,300

v v

v

v

v

v

32

HIGH RISK CONTROL ACCOUNT

*High Risk: Req’d Monthly Reporting



COST PERFORM A N CE REPORT
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CCRM Cost-Risk Management 
• CPR will deliver key performance measurement data on

medium and high risk WBS elements monthly
• This will enable the project managers to determine 

actions to take to mitigate potential problems
• The NASA project manager works closely with the in-

house NASA control account managers (CAMs) and 
contractor CAMs to determine what mitigation actions to 
take

• The NASA project manager works with both in-house 
and contactor CAMs to determine if performance 
measurement can be dropped on previously risky WBS 
elements due to risk retirement



Conclusion
• Focused on cost-risk identification, 

assessment, analysis and management
• CRM engineering has vital input value to 

cost estimating cost-risk
• CCRM cost-risk quantification has vital 

output value to CRM engineering
• Bottom-line:

– CRM and CCRM are complementary 
disciplines


