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Introduction

Obijective
— Updated previous Explanation of Change data to see if results have changed in more
recent set of missions

Added missions with GSFC participation launching after 2010
— Previous data set consisted of 25 missions with 8 Goddard missions
— Compared 8 new Goddard missions with older data set
* LDCM, MAVEN, GPM, MMS, OSIRIS-REX, ICESat-2*, TESS*, RBSP

Compare data of complete data set and Goddard-only missions

— Cost and schedule change from start of phase B, PDR and CDR to launch
— Mass growth from start of phase B, PDR and CDR to launch

— EoC binning and primary contribution to growth

Results demonstrate if the policies implemented by NASA HQ and Goddard since
original study was conducted have had an effect on cost and schedule growth

* Note: still to be launched
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'@Previous EoC Study Overview

e Study Purpose
— Understand the primary reasons for cost and schedule growth

— Determine percentage of growth outside of the project’s control

e Approach
— Examined project documentation, including CADRe, milestone presentations,
monthly project reports, etc., to develop a case history of each project
— Conducted interviews with key project personnel to provide the insight required
to understand all reasons for growth
— Allocated growth events to “Explanation of Change” EoC “tree” to quantify
reasons for growth

 Result
— Examined 25 NASA missions launched in the last decade and conducted
interviews to assess project’s position on cause of growth
— Identified common themes and developed recommendations based on data
analysis and observations



'@Previous EoC Study Summary

* Mission data collected for twenty-five NASA science missions

« Results of Mission Explanation of Change (EoC) categorization as a percent
of the total cost increase from the start of Phase B
— 5% External to NASA
— 27% External to the Project
— 31% Relative to Project Planning
— 37% Relative to Project Execution

* Average cost increase from KDP-B (not including reserves or the launch
vehicle) was 84%, decomposed as follows:
— 27% additional cost increase due to HQ and external factors

— 26% cost increase from Phase B start until realistic programmatic baseline
established (typically after confirmation)

— 31% cost increase after realistic programmatic baseline established

« Set of 9 considerations identified
— Address complete life cycle, mission types and EoC categories



]

Explanation of Change (EoC) Categorization “Tree”

Example
« Standard worksheet allows display/calculation of roll-up results

$41.1

$19.4
Project Execution

Center Specific (CS

* Note: Increase above represents Phase B/C/D cost increase not including reserves
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¥ Previous EoC Allocation Summary for All 25 Missions
As a Percentage of Total Dollar Value Increase (from project CBES)

35%

Focus for Reduction in Growth

30.8%

30%

25.7%

N
3y
x

N
QD
x

CBE from Phase B Start

- 4.2%

v R

NASA Project Internal Internal
External External Planning Execution

Aggregate Percent Cost Increase over

Percentages Based on Aggregate Cost Increase over CBE from Phase B Start
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'@revious Summary of Objectives for the Consideratio

e 1) Initial Estimate Prior to KDP-B:

— Starting the Project off with a robust budget prior to Key Decision Point B
(KDP-B), which is the entry point for the start of the Preliminary Design
Phase B, is addressed by Considerations 1 & 2

e 2) Program Stability at KDP-C.:

— Establishing a stable programmatic baseline prior to Key Decision Point
C (KDP-C), which is the entry point for the start of the Detailed Design
Phase C, is addressed by Considerations 3 thru 7

« 3) Execution During Phase C/D:

— Managing to the programmatic baseline plan during the mission
implementation Phase C/D is addressed by Considerations 8 & 9



Previous Final Set of EoC Considerations

#1 Budget to an
Independent Probabilistic
Proiect Cost and Schedule Risk
J Assessment
External
#2. Funding Profile
Adequacy Assessment
#3. More Robust Assessment of
Instrument Development
#4.Cost and Schedule Threats
Incorporated into Plan
Internal #5. Improved Historical Data
Planning Capture
#6. Thorough Integrated Technical,
Cost, and Schedule Risk Review as “ "
a Phase B Deliverable Manage to Plan
Manage to the
#7. Make sure Programs are programmatic baseline
Technically and Programmatically plan during Phase C/D
Ready to Proceed implementation.
“Get it Right” “Get it Stable” #8. Management on Cost-to-Go using Performance to
Internal Start the Project off Establish a stable | Baseline plus Liens and Threats
Execution | with a robust budget programmatic baseline #9. Study the Effectiveness of On-Site PM/DPM
prior to Key Decision prior to Key Decision Presence During Integration and Test
Point B (KDP-B). l Point C (KDP-C) I

MDR/KDP-B PDR/KDP-C SIR/KDP-D Launch
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BCI Overview

BUSINESS CHANGE INITIATIVE: IMPROVING COST CONTROL

BCI OVERVIEW

A comprehensive evaluation of management, communication, and information sharing mechanisms intended to
Improve cost, scheduling, and overall performance across the Flight Projects Portfolio

Current State

v Rising costs, schedule
delays, and inconsistent
processes

v" Greater competition for
resources

¥v" Oncoming retirement wave
and corresponding knowledge
gap

v Increasing external reviews
and data requests

Disparate
Community

Integrated
Community

<K

<<

Future State

Increased visibility and
accountability

Improved management tools
Established GSFC policies
and procedures

Enhanced training and
knowledge sharing
Standardized processes
Early identification of risk

[ == W) oot ) oevmion ) oumov g

Identify purpose and desired end state
Interview stakeholders and analyze results

Develop plans and schedule activities
Create tools and resources
Communicate new tools and resources

Phase I:

Initial
Implementation
Phase II:

Additive and
Enhancement
Phase lll:
Optimized Sharing

* As taken from “Business Change Initiative: Improving Cost Control”, presented at 2014 NASA Cost Symposium, slide 4
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BCI Scope Covers All Areas of PP&C

BusINESS CHANGE INITIATIVE: IMPROVING CoST CONTROL

BCI| ScoPE

In late 2011, FPD created the BCI to examine the use of best practices, evaluate information sharing mechanisms,
and identify suggested changes across the Directorate to improve cost, schedule, and technical performance.

Multiple teams are working to increase best practice sharing and deploying across programs/projects in project
planning and control (PP&C) methods, tools, processes, and knowledge to support improved performance and
management decision making

PP&C Discipline Areas

Project Review and Project Proposl
- Evaluation Reaui
Program . equirements
Contrg(ﬂ and — Project Control Development and
- Tracking/Trending Management
Evaluation - o
Project Performance Acquisition
— Management
echno\ogy;lTransfer ~_Project Planning — - PI'O]EECt
. an
Project c lizati Execution
Closeout ‘ommercialization Cost Estimating
Stakeholder
Management “~_Risk Management
\Earned Value
Management
Contract —_—
. Management
e Project . . Budget and Full Cost '
b/ c\] Implementation | Systems Engineering Managemen -Resource ]
J 4 Capital Management Management

* As taken from “Business Change Initiative: Improving Cost Control”, presented at 2014 NASA Cost Symposium, slide 5
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U FLIGH

Assessed agency

schedule policy

accessibility to

Joint Confidence

current Earned

- Centralized
knowledge

SRR AN

T PROJECTS DIRECTORATE

Developed
scheduling tools to
drive compliance
and consistency

Developed
instructions to
improve cost
estimating and
management

Streamlined
reporting activities
Standardized
document
development

Piloted new
software
Deployed EVM
Curriculum Guide
Created web
environment for
EV best practices

Deployed business
resources that
enable the project
teams to further
integrate and
collaborate

BUSINESS CHANGE INITIATIVE: IMPROVING COST CONTRO
EXECUTIVE ROADMAP

Conduct analysis and
assessments for
schedules

Expand publication of
best practice
instructions

Develop library of cost
basis of estimates

Deploy tools that drive
more efficient
reporting

Identify scalable and
common toolsets to
simplify earned value
implementation and
reporting

Educate and train
workforce on earned
value concepts and
techniques

Design courses that
enable and encourage
employee
development

Host developmental
dialogue sessions
Create a business
competency map

Phase Il

70% Complete

Refine processes,
guidelines,
ELGRGTIH

Create cost analysis
case studies
Expand BPI library

Monitor
compliance
Improve reporting
efficiency
Communicate
performance

Augment earned

value curriculum
Deploy process
guide

Host EV
roundtables to
identify solutions
Implement a
scalable EVMS

Address
knowledge gaps
Refine FPD
business
development paths
Sustain resource
forums

Phase Il I

Complete by Sept 2014 | Complete by Dec 2014 |

I scheduiing I cost Estimating I Management
I BRISK I Earned Value Management Reporting

best practices

Business Improvement

and Optimization
Jan-Mar 2015

An integrated
community of
programs and
projects that
openly share
and apply
program
planning and
control best
practices

Note: Continuity is

maintained within

standing business
functions

End State
NLT Apr 2015

* As taken from “Business Change Initiative: Improving Cost Control”, presented at 2014 NASA Cost Symposium, slide 7
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New EoC Mission Timeline
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B Pre-Phase B E SRR-PDR PDR-CDR mCDR-SIR mSIR-LRD

All new EoC missions held their KDP Cs after joint cost and schedule confidence level policy was in place
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— Results Explanation — Change & Growth

17

Resource (cost, schedule & mass) change/growth is shown for 3 phases\§
— From start of Phase B to launch
— From PDR to launch
— From CDR to launch

Sensitivity to “growth” as growth can only occur from KDP-C (i.e. PDR)

since that is when project is baselined
— All differences in resources at each milestone is referred to as “change”

Change defined relative to CBE at that point
— I.e. Percent Change @ PDR = (Actual - CBE @ PDR) / (CBE @ PDR)

The latest estimate is considered for missions yet to be launched
— This data will change as all 3 missions are undergoing some form of cost and
schedule adjustment

Data from four missions (GOES-R, JPSS-1, JWST and TESS) are not
considered as further review is needed
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% EoC Allocation Summary for New GSFC Missions
As a Percentage of Total Dollar Value Increase (from project CBES)
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NASA External Project External Internal Planning  Internal Execution

Percentages Based on Aggregate Cost Increase over CBE from Phase B Start
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Comparison of Old and New Goddard Missions

* Old Goddard Mission data set (8 missions)
— SDO
— EO1
— MAP
— GLAST
— LRO
— STEREO (considered a GSFC mission although significant APL participation)
— Swift
— ICESAT

®* New Missions (8 missions)
— LDCM
— MAVEN
— MMS
— OSIRIS-REX
— RBSP (included in this study although an APL managed mission)
— GPM
— ICESat-2 (estimated)
— TESS (estimated)
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40%

35%

30%

25%

20%

15%

10%

5%

0%

Cost Increase Allocations* — Comparison of Data Sets

695-2%

42%ll

NASA External

* Note: Increase from Phase B start

38%
36%
31%
26%
23%
21%
20%
12%
3%
Project External Internal Planning Internal Execution

m Previous EoC Missions (25) mOld GSFC Missions (8) = New GSFC Missions (8)

Although increase from NASA External issues is similar, much less for other categories
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45%

40%

35%

30%

25%

20%

15%

10%

5%

0%

Mass Increase over CBE — Comparison of Data Sets

41%

33%

29%

From Phase B Start

®m Previous EoC Missions (25)

® Old GSFC Missions (8)

29%

21%

14% 14%

11%
I :

From CDR
= New GSFC Missions (8)

From PDR

New Goddard missions seem to be more mature throughout milestones
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Sets

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

43%

34%

25%

From Phase B Start

®m Previous EoC Missions (25)

Schedule Increase over Baseline — Comparison of Data

31%
27%

12%

From PDR
® Old GSFC Missions (8)

28%

22%
I -

From CDR
= New GSFC Missions (8)

New Goddard missions have significantly less schedule growth from each milestone
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120%

100% 97%

82%
80%

60%

39%

40%

20%

0%
From Phase B Start

®m Previous EoC Missions (25)

Cost Increase over CBE —

Comparison of Data Sets

68%
58%
44%
40%
28%
I 20%
From PDR From CDR

m Old GSFC Missions (8) = New GSFC Missions (8)

New Goddard missions have significantly less cost increase from each milestone
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S

 Summary

® Results shows some distinct differences from previous data

— Mass increase of new Goddard mission is less for each milestone, implying
that designs are more mature for newer missions

— Schedule growth is less for new Goddard missions, implying that baseline
mission development schedule is more robust for concepts being developed

— Cost increase is less for new Goddard missions, implying that the baseline
cost is more appropriate

— NASA external impacts are similar for all data sets (at 5-6% of reserve usage)
while new missions have significantly lower project external issues and lower
internal planning and execution issues

— Projects have lower cost and schedule increases due to better planning and
execution of missions

* Results indicate NASA Policy change and Business Change Initiative

has resulted in reduced cost and schedule growth in Goddard missions
— The processes and policies put in place should continue to enable cost and
schedule growth control for future Goddard mission concepts
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