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• Preparing for the unexpected – Mars Pathfinder

• Creating flexibility in Integration & Test – MAVEN

• Teaming for success – Goddard’s Flight Projects Directorate 
            and Engineering & Technology Directorate

• Supporting the mission in a new way – NASA Headquarters

My Experiences – 

Now Applied at the Agency Level
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Mars Atmosphere and 

Volatile EvolutioN 

(MAVEN) Mission

MAVEN Lessons Learned



One Project’s Journey - MAVEN
From Proposal Days…

… to Science at Mars

Image Credit: Corby Waste, NASA-JPL

SIR/ATLO Start

All major milestones, including launch, achieved on 
the schedule originally proposed in 2008 - and under 

budget!

Extended
Mission



• The concept which became MAVEN was hatched in 2003 by one 
scientist from the University of Colorado/Boulder (eventual Principal 
Investigator (PI)) and two scientists from the University of California/Berkeley

• The MAVEN PI asked Goddard to join the team in 2005.  The MAVEN proposal was 
submitted in response to the NASA HQ Scout II Announcement of Opportunity (AO) in 
2006

• MAVEN was one of 20 proposals Step-1 proposals.  Two were selected for a more-
detailed feasibility or Phase A study

• Following the competitive Phase A study, MAVEN was selected to move forward to flight 
in 2008

• After a 1-year “risk reduction phase”, MAVEN transitioned to a 4-year development 
phase for launch. MAVEN was confirmed in 2010

• MAVEN was included in the government shutdown in October 2013, less than 7 weeks 
from launch.  Launch-preparation activities were restarted after 2 days

• MAVEN launched on November 18, 2013.  This was the first day of its 3-week launch 
period, and it launched at the first opportunity at the start of its 2-hour firing window that 
day.  MAVEN entered Mars orbit on September 21, 2014

• MAVEN launched on schedule, under budget, and with the full technical capability 
that was intended. It continues to operate today in Mars orbit and will be an 
important comm relay asset for Mars missions into the 2030s

Historical Perspective
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1. Establish a clear and compelling vision
• Create a clearly defined vision of the future that serves to inspire and motivate the project team which in 

turn provides an important first step in paving the road toward project success

2. Secure sustained support “from the top”
• Develop effective working relationships with key stakeholders at all levels

3. Exercise strong leadership and management
• Identify and develop other leaders and technical staff within the organization, define clear lines of 

authority and demand accountability

4. Facilitate wide open communication
• Listen and share the good, the bad and the ugly

5. Develop a strong organization
• Design and align culture, rewards, and structure 

6. Manage risk/seek opportunities
• Employ a continuous and evolving risk-management process
• Look forward then exploit opportunities to reduce cost or schedule requirements through agile principles

7. Establish, maintain, and implement an executable baseline
• Develop clear, stable objectives/requirements from the outset; establish clean interfaces; track changes, 

implement corrective actions when necessary; and maintain effective configuration control

Project Management:  Principles to Success



• Stability of leadership through the project lifecycle is critical

• Front line managers in the project office need to have strong 
hardware development experience 

• Maintain a sense of urgency throughout the project lifecycle 
even if your mission does not have a constrained planetary 
launch period. Time is money. Establish a “Schedule is King” 
mindset

• Communicate, communicate, communicate with the project 
office, the PI, partner institutions, program office and NASA 
HQ; regular face-to-face interactions are critical.  You/your 
team have to be road warriors

• Transparency and openness with your team is critical. You 
want to hear about concerns early, not days before or after 
launch

Nuggets from the MAVEN Journey



Nuggets from the MAVEN Journey

• Fight for sufficient cost reserves at the outset of the mission (and 
sufficient up-front funding and carryout).  These cost reserves will be 
needed to address many of the unknowns during development

• Pressure to cut bid price during the competitive phase was 
rebuffed by the Principal Investigator and the Project Manager

• Descoped two instruments shortly before final proposal 
submission to ensure a robust reserves posture

• Execution is much more efficient when the project remains green 
throughout development rather than going yellow or red

• Resist requirements creep, both in the science and engineering areas
• A solid mission was proposed, and we stuck to it even under 

pressure from various groups (e.g., add a camera, add a student 
instrument, add a “free” foreign instrument)



• Rigorous tracking of metrics (cost, schedule, technical) is critical to keeping 
leadership aware of negative trends in order to react early

Verification Status (L1 & 2 Burndown)
2012 2013

Nov Dec Jan Feb Mar Apr May Jun Jul

1/31/13

Need DateMAVEN Critical Milestones

1/7/13NGIMS FM ready for Environmental Testing (GSFC)1

2/7/13NGIMS Vibration Test Complete (GSFC)2

3/21/13Delivery of SWEA Paylaod to LM (SSL)3

3/25/13Deliver NGIMS Payload to LM (GSFC)4

2/1/13Flight TAME Controller Available to ATLO5

2/3/13C&DH #1 DTCI-U Flight Spare available to ATLO (LM)6

1/10/13Magnetics Swing Test (ATLO)7

2/4/13Begin S/C Modal Survey Test (ATLO)8

2/5/13Re-Install TAME (ATLO)9

3/18/13FSW Build 5.0 Available (LM)10

2/8/13Begin S/C Acoustics Test (ATLO)11

2/27/13Begin S/C Sine Vibe Test (ATLO)12

3/28/13Install SWEA to Spacecraft (ATLO)13

4/1/13Install NGIMS to Spacecraft (ATLO)14

4/17/13Begin ORT 1 Test (GDS)15

4/19/13Begin S/C EMI/EMC Test (ATLO)16

4/25/13S/C Self Test #717

5/1/13Begin SVT/MOI (Off-Nominal) Tests (ATLO)18

5/3/13Lost in Time Test (LM)19

5/22/13Begin Thermal Vac Test (ATLO)20

6/11/13Power Performance Test (ATLO)21

6/12/13Begin ORT 2 Launch Nominal Test (GDS)22

6/21/13Payload Final Performance Test (ATLO)23

7/9/13Dry Spin Balance Test Complete (ATLO)24

12/31 1/7

1/25 1/28

2/25

2

3/21

3/25

12/20 1

1

2/12

12/24 3 1/111

1/9 1/101

1/30 2/4

2/5

2/14

5

3/7

2/8 2/21

2/27 3/19

3/28

4/1

4/16

3/6

4

4/191

4/25

5/1

5/3

5/22

6/11

6/12

6/21

7/9

1 - Reviewing TAME PWB coupons to determine useability

2 - SWEA is diagnosing issues with high voltage discharges.SWEA was decoupled from the PFP package and to be shipped separately. 

3 - DTCI Fabrication delayed

4 - EMI/EMC Test moved to accommodate NGIMS delivery

5 - FSW 5.0 delayed to accommodate additional changes

Nuggets from the MAVEN Journey



• The spacecraft contractor and Project Office personnel 
traveled extensively together to kickoff meetings at 
vendor facilities, including internationally.  These meetings 
set expectations on how we wanted the vendors to 
operate

• Heritage systems help but just as importantly you need 
the matching “heritage people” building the hardware 
(this isn’t always possible)

• In one case, a technician who built circuit boards for 
previous instruments retired and the replacement 
tech did not implement the correct high-voltage 
workmanship techniques because they hadn’t been 
documented

Nuggets from the MAVEN Journey



Nuggets from the MAVEN Journey

• Spending money early to retire risk significantly 
reduced late surprises and overruns

• There was a large amount of interest from external 
parties that impacted "normal" work.  Be prepared 
for significant data requests, questions, audits. 
Staff accordingly

• Brought the Joint Cost/Schedule Confidence Level 
(JCL) independent review team into the mix with 
the Project 6 months before the Preliminary Design 
Review (PDR).  This was significant in relieving any 
disconnects in the run up to Mission PDR and 
Confirmation Review



Nuggets from the MAVEN Journey

• The first lesson in planning is that you can’t plan for everything.  We encountered plenty of issues 
on MAVEN that required us to assess the impacts and move forward with “Plan B”. A few of the 
surprises that came up along the way:

• Two instruments were delivered months late, during the year of launch
• Application of a new material in a heritage system (MetGlas) and a resulting fire in I&T. Must 

fully evaluate new materials and their application prior to use
• Sequestration, with imposition of a travel cap in FY12 that threatened MAVEN’s approach to 

conducting business
• FY14 furlough beginning 7 weeks before scheduled launch and how we preserved MAVEN’s full 

launch period
• Removal of an instrument at the launch site for rework back at Goddard (the “Cannot Duplicate 

Problem” that surfaced again during launch preparations at KSC, and forced a late, tough 
decision)

• Comet Siding Spring – truly an “unknown unknown” when we bid the mission in 2008.  This 
comet was discovered in January 2013 and drove a significant amount of analysis and mitigation 
planning and implementation in advance of the November 2013 launch and the October 2014 
encounter at Mars



• Find opportunities to team build at frequent intervals and schedule in lessons learned opportunities 
during every phase of development

Teaming for Mission Success



Mission Success!



National Aeronautics and Space Administration

The Chief Program Management 

Officer (CPMO) mission at NASA





Assessing Performance 

of NASA’s Major Projects

Multiple reviews of NASA’s large complex 

missions underscore cost and schedule 

challenges

o First-of-a-kind projects

o Culture of excellence – and optimism

o Managing stakeholder 

expectations/confidence

Recent performance of major projects have 

seen significant overruns

In August 2021, a NASA Tiger Team was formed 

to review acquisition practices throughout the 

agency and make recommendations on ways to 

improve performance in these areas

Emphasis on strengthening and creating greater 

Enterprise-wide consistency with respect to 

program and project management

Cost Performance of NASA’s Major Projects Currently 

in Development

Source: GAO-23-106021 Assessments of 
Major NASA Projects; May 2023

Legend: IMAP: Interstellar Mapping and Acceleration Probe; NEO: Near Earth Object; SPHEREx: Spectro-Photometer for the History of the Universe,
Epoch of Re-ionization and Ices Explorer; SWOT: Surface Water and Ocean Topography; Roman: Nancy Grace Roman Space Telescope; PACE:
Plankton, Aerosol, Cloud, ocean Ecosystem; VIPER: Volatiles Investigating Polar Exploration Rover; OSAM-1: On-Orbit Servicing, Assembly, and
Manufacturing 1; LBFD: Low Boom Flight Demonstrator; SEP: Solar Electric Propulsion; Orion: Orion Multi-Purpose Crew Vehicle; NISAR: NASA Indian
Space Research Organisation – Synthetic Aperture Radar; SLS: Space Launch System; EGS: Exploration Ground Systems.



Roles/Relationships in Assessing NASA’s 

Performance of Major Projects

• Deputy Administrator (DA) designated as 

NASA Chief Acquisition Officer (CAO)*

• The Assistant Administrator for Procurement 

serves as Deputy CAO; reports to the DA

• The Associate Administrator (AA) serves as the 

Chair of NASA’s two primary management 

councils that oversee Acquisition decisions, 

including for major projects: the Acquisition 

Strategy Council, and the Agency Program 

Management Council 

• The Chief Program Management Officer 

position created, combining the role of the 

Program Management Improvement Officer* 

and program management responsibilities                      

previously held by NASA’s Chief Engineer; 

reports to the AA.

Administrator

Deputy Administrator (CAO)

Associate Administrator (COO)

Office of Procurement

Deputy CAO and Senior 

Procurement Executive

Chief Program

Management

Officer (CPMO)

Mission 

Directorates
NASA Centers

Mission Directorates develop 

acquisition strategies and 

manage the program/project 

portfolios at Headquarters

Program/Project Managers execute 
programs and projects at various 

NASA Centers

Note: This chart reflects the updated roles and relationships with respect to NASA 

Acquisition oversight; other organizations within NASA also play important roles in the 

acquisition process

*The Chief Acquisition Officer role is required under 41 U.S.C. Section 

1702(b));  the Program Management Improvement Officer is required under 

the Performance Management Improvement Accountability Act (PMIAA).



Strengthening 
Program and Project 
Management Practice

CPMO FOCUS AREAS

Create a more robust structure for Acquisition Planning
Early strategy discussions including tailoring of requirements; 

Decision Framing Meetings including Analysis of Alternatives

Strengthen Project Management Performance
Apply NASA’s 70-20-10 Learning Model in the PM space; Apply key metrics for earlier 

response to issue areas; Enhance the Baseline Performance Reviews

Develop NASA-wide Project Management Community of Practice
Monthly Agency-wide Program/Project Management Board; PM Symposium; PM 

Coalition; CPMO/Chief Knowledge Officer partnership

Focus on Commitments made at Key Decision Points (KDPs)
Close coordination on proposed commitments for KDP decision memos to maximize 

project success; Robust discussions during KDP reviews

Strengthen Standing Review Boards
Create diverse pools of SRB members; Share best practices including model Terms 

of Reference; Analyze best approaches for independent reviews (IRTs, IRBs, SRBs)

Build in Diversity, Equity, Inclusion and Accessibility
Embrace full and open opportunities in the PM space; Enable 

PM rotations across the Agency; DEIA P/pM Steering Committee

Missions on deck for KDP-C in CY23:

- EGS Mobile Launcher 2

- Dragonfly 

- Human Landing System

- Space Launch System Block 1B

- Mars Sample Return

- EHP Extravehicular Activity

Programs on deck for KDP-1 in CY23:

- Gateway

- EVA and Human Surface Mobility



Connect 
with CPMO 
on the Web

• CPMO Mission: CPMO is the agency representative responsible for strengthening NASA’s program and project 
management policies and best practices in support of increasing performance and enabling long-term mission 
success for NASA

• CPMO Vision: To built a collaborate environment that allows the Agency to foster and strengthen NASA’s 
enterprise-wide oversight, management, and implementation of program management policies and best practices 
across HQ and Centers

• Engage with CPMO:

• Program and Project Management Board

• PM Coalition

• Independent Assessment

• PM Policy & Guidance Resources

• PM Learning & Development 

• Link: https://nasa.sharepoint.com/sites/cpmo

https://nasa.sharepoint.com/sites/cpmo


Artemis – Back to the Moon



Why the Moon? 

Exploring the Moon leads to 

new discoveries and returns 

incredible value to humanity 

• Establishes American leadership 

and strategic presence 

• Inspires a new generation and 

builds careers in STEM

• Advances civilization by 

revolutionizing science and 

technology

• Creates opportunity and 

economic growth

• Proves technology and 

capabilities for sending humans 

to Mars
Apollo 12 Lunar Module



SPACE SHUTTLE

184 ft.

SLS / ORION  Block I

322 ft.

SLS / ORION  Block II

364 ft.

SATURN 5

363 ft.

STATUE OF LIBERTY

305 ft.
0786



Artemis: A Foundation for Deep Space Exploration

Gateway Surface Operations

Surface Infrastructure

Space Launch System Orion spacecraft Human Landing System

Exploration Ground Systems 

Space Communications 

& Navigation SpacesuitsSurface Mobility



Artemis I: 2022

Uncrewed flight test

COMPLETE

SLS, Orion, EGS

Illustration

Artemis IV

Gateway assembly, 

crewed sustaining 

lander expedition

SLS, Orion, EGS, 

HLS, Gateway 

(PPE/HALO, I-HAB) 

Illustration

Artemis III: 2025

Crewed surface 

expedition 

SLS, Orion, EGS, HLS

Illustration

Artemis II: 2024

Crewed flight test

SLS, Orion, EGS

Illustration

Artemis V

Crewed mobile 

surface exploration, 

Gateway expansion

SLS, Orion, EGS, 

HLS, LTV, Gateway 

(ESPRIT, Canadarm3)



Artemis I

MISSION COMPLETE:
The Artemis I mission launched on November 16, 

2022, and the Orion spacecraft successfully 

splashed down on December 11, 2022.

ARTEMIS FIRSTS:
• Integrated uncrewed flight test of the Space Launch System 

(SLS) rocket, Orion spacecraft, and Exploration Ground 

Systems (EGS) at Kennedy Space Center

• Demonstration of Orion heatshield at lunar re-entry

conditions

• Science activities via payloads in Orion and CubeSats 

deployed from SLS

NEW ELEMENTS:
• SLS rocket Block 1 configuration

• Orion crew spacecraft

• Mobile Launcher 1 and upgraded ground systems



Artemis II

ARTEMIS FIRSTS:
• Crewed integrated flight test of the Space Launch System 

(SLS) rocket, Orion spacecraft, and Exploration Ground 

Systems (EGS) at Kennedy Space Center

• Demonstration of Orion life support systems

• Human data collection in transit to and from the Moon, in lunar 

orbit, and through reentry and splashdown

NEW ELEMENTS:
• Orion life support systems

• Launch Complex 39B emergency egress system for crew and 

new liquid hydrogen system

COMMON ELEMENTS:
• SLS rocket Block 1 configuration

• Orion crew spacecraft

• Mobile Launcher 1 and upgraded ground systems

• Conducting science and demonstrating technology in orbit

Artist’s Concept



NASA Astronauts

REID WISEMAN

Commander 

VICTOR GLOVER

Pilot 

CHRISTINA HAMMOCK KOCH

Mission Specialist 

Canadian Space Agency Astronaut

JEREMY HANSEN

Mission Specialist

Glover

Hansen

Wiseman

Koch

The Artemis II crew represents thousands of people working 

tirelessly to bring us to the stars. This is their crew. This is 

our crew. This is humanity's crew.



A Global Community

• Artemis Accords

• Gateway MOUs

• Scientific collaborations

These are just some examples of how 

we’re collaborating. NASA is actively 

seeking opportunities to partner with 

other nations as Artemis grows.

International partnerships are critical to the next era of 

human exploration and expansion 

Pictured left: Republic of Korea Minister 

of Science and ICT Lim Hyesook signs the 

Artemis Accords.





The Artemis Accords
Principles for a Safe, Peaceful, and Prosperous Future

PEACEFUL PURPOSES

Conduct activities for peaceful 

purposes, per the tenets of 

the Outer Space Treaty

TRANSPARENCY

Publicly describe space 

polices and plans in a 

transparent manner

INTEROPERABILITY

Use open international 

standards and support 

interoperability

EMERGENCY ASSISTANCE

Provide emergency assistance 

to those in need

REGISTRATION OF SPACE 

OBJECTS

Join the Registration Convention and 

register public and private activities in 

space to avoid harmful interference 

RELEASE OF SCIENTIFIC DATA

Release scientific data publicly to 

ensure the entire world can benefit 

from space exploration and discovery

SPACE RESOURCES

Extract and use space resources 

under the auspices of the 

Outer Space Treaty

DECONFLICTION OF ACTIVITIES

Provide public information 

about the location and general 

operations of activities on the 

Moon to inform scale and scope 

of ‘safety zones’

ORBITAL DEBRIS AND 

SPACECRAFT DISPOSAL

Plan for the mitigation of 

orbital debris





MOON AND MARS EXPLORATION
Scientific exploration and operations at the Moon will help prepare for the first human missions to Mars

GATEWAY TRANSIT HABITAT

AND MARS TRANSIT

PRESSURIZED 

ROVER

HUMAN LANDING 

SYSTEM 

Mobile Expedition Duration

Mobile Exploration Range

Fission Surface Power

Long Durations in Zero Gravity

Crew Size

Autonomous Robotics Systems 

& Contingency Crew 

Transportation  

LUNAR

TERRAIN

VEHICLE 

In-Situ Resource Utilization

SURFACE

HABITAT

Partial Gravity Operations



The Moon to Mars Architecture is Inherently Common

A roundtrip mission to Mars will 

take about two to three years—and 

once the ship’s course is set, 

there’s no turning back.

As much as is possible, lunar 

systems will be designed for dual 

Moon-Mars operations. 

Integrated missions in the lunar 

vicinity prepare us for successful 

Mars missions.

DEEP SPACE AGGREGATION

Assembling a complex ship in
deep space

IN ORBIT

MARS TRANSIT HABITAT

Round the clock, years-long 

operations of a Mars-class 
habitat and life support system

ORBIT TO SURFACE 

OPERATIONS

Operating an orbiting outpost that 

deploys a lander and its crew to a 

planetary surface

COMMERCIAL RESUPPLY

AND REFUELING

Leveraging the space logistics 

supply chain for industry 

provided cargo deliveries

ON THE SURFACE

SPACESUIT ADVANCEMENTS

Improving spacesuit design across 

Artemis missions with astronaut 
input and private sector innovation

MOBILE OPERATIONS

Living and working ‘on the go’ 

inside a mobile habitat for 
weeks at a time

PLANETARY PROTECTION

Mitigating dust transfer and 

establishing pristine sample 
curation protocols

HUMAN ROBOTIC 

EXPLORATION

Robots pre-positioning surface 

assets and conducting 
reconnaissance for astronauts

CREW HEALTH & 

PERFORMANCE

Studying how the human body and 
mind adapt to deep space hazards

HUMAN RESILIENCE

Learning how humans can 

survive and thrive in a partial 
gravity environment



We’re going 

to the Moon

and we need your help.

Portrait of NASA astronaut Jasmin Moghbeli

More about Artemis: 

www.nasa.gov/artemis

NASA Pathways Internships: 

www.nasa.gov/careers/pathways

Careers at NASA: www.nasa.gov/careers 

Student and Recent Graduate Resources: 

www.nasa.gov/careers/students-and-

recent-graduates 

@NASAArtemis

http://www.nasa.gov/artemis
http://www.nasa.gov/careers/pathways
http://www.nasa.gov/careers
http://www.nasa.gov/careers/students-and-recent-graduates
http://www.nasa.gov/careers/students-and-recent-graduates
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