
Risk Management Issues - an 
Aerospace Perspective

Jeevan S. Perera, PhD, JD
National Aeronautics and Space 
Administration
Lyndon B. Johnson Space Center
Houston, Texas 77058



2

Agenda

♦ NASA’s Current Environment
♦ Space Exploration Systems

• Short Video
♦ NASA’s Risk Management Paradigm
♦ Risk Management Lesson Learnt
♦ Summary
♦ Q&A

Presenter
Presentation Notes
Supply Chain Management (SCM) is a key piece of the framework for America’s space technology investment as the National Aeronautics and Space Administration (NASA), the aerospace industry, and international partners embark on a bold new vision of human and robotic space exploration beyond Low-Earth-Orbit (LEO).  This type of investment is driven by the Agency’s need for cost efficient operational support associated with, processing and operating space vehicles and address many of the biggest operational challenge including extremely tight funding profiles, seamless program-to-program transition activities and the reduction of the time gap with human spaceflight capabilities in the post-Shuttle era. An investment of this magnitude is a multiyear task and must include new patterns of thought within the engineering community to respect the importance of SCM and the integration of the material and information flow. 
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Exploration Strategy Themes

♦ Pursue scientific activities to address 
fundamental questions about the solar system, 
the universe, and our place in them

♦ Extend sustained human presence to beyond 
Earth

♦ Use near Earth destinations to prepare for 
future human and robotic missions to Mars and 
other destinations

♦ Expand Earth’s economic sphere with direct 
benefits to life on Earth

♦ Strengthen existing and create new global 
partnerships

♦ Engage, inspire, and educate the public

Presenter
Presentation Notes
Themes – 
Provide the high level rationale for exploring the Moon
Provide a framework for capturing the many objectives across multiple disciplines
Divided into two types – core and crosscutting
Core themes address the primary reasons for  conducting activities on the Moon
Crosscutting themes address ways to maximize the benefit of the core themes 
USE THE MOON: Reduce risks and cost and increase productivity of future missions by testing technologies, systems, and operations in a planetary environment other than the Earth
PURSUE SCIENTIFIC:  Engage in scientific investigations Of the Moon (solar system processes), On the Moon (use the unique environment), and From the Moon (to study other celestial phenomena)
EXTEND PERMANENT HUMAN PRESENCE:  Develop the capabilities and infrastructure required to expand the number of people, the duration, the self-sufficiency, and the degree of non-governmental activity
EXPAND EARTH’S ECONOMIC SPHERE:  Create new markets based on lunar and cis-lunar activity that will return economic, technological, and quality-of-life benefits
ENHANCE GLOBAL SECURTIY:  Provide a challenging, shared, and peaceful global vision that unites nations in pursuit of common objectives
ENGAGE, INSPIRE:  Excite the public about space, encourage students to pursue careers in high technology fields, ensure that individuals enter the workforce with the scientific and technical knowledge necessary to sustain exploration
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NASA’s Current Uncertain Environment 
♦ Obama’s proposal is to cancel most of the new Space Initiatives 

proposed by President Bush  in 2004
• Design, develop and fly the Shuttle replacement vehicle (Orion: Crew 

Exploration Vehicle) by 2015
• Return to the Moon around 2020
• Extend human presence across the solar system and beyond (starting with 

Mars)
♦ Instead focus on:

• Collaboration with commercial sector to develop and operate “taxi services” to 
low-earth orbit (Shuttle replacement) – SpaceX (Falcon 9), Orbital (Taurus II), 

• Developing technologies vs. developing systems (NACA)
− Fund technology aimed at enabling future deep-space exploration systems 

including new types of rocket engines /propulsion, heavy-lift launch vehicles, 
fueling spacecraft in orbit (on-orbit fuelling stations), etc

− Enhance robotic exploration of space (including precursors to human missions)
− Research and development of remote autonomous space factories for in-situ 

utilization 
• Develop a simplified MPCV vehicle to provide multipurpose utility for space 

explorations.  Also, use MPCV as part of the technological foundation for 
advanced spacecraft for future deep space missions.

• Human exploration to asteroids (2025) and eventually Mars (2030s) 
• Foster more International collaboration on future missions/projects (e.g. ISS)
• Initiate development of a heavy-lift launch vehicle in 2012

etc

Presenter
Presentation Notes
Obama Calls for End to NASA’s Moon Program 
By KENNETH CHANG
Published: February 1, 2010 

Mr. Obama’s 2010 budget proposal for NASA asks for $18 billion over five years for fueling spacecraft in orbit, new types of engines to accelerate spacecraft through space and robotic factories that could churn soil on the Moon — and eventually Mars — into rocket fuel. 

Plans for a new mission to leave Earth’s orbit will probably not be spelled out for a few years, and the budget proposal makes it clear that any future exploration program will be an international collaboration, not an American one, more like the International Space Station than Apollo.

“I think this is a dramatic shift in the way we’ve gone about particularly human spaceflight over the past almost 50 years,” said John M. Logsdon, former director of the Space Policy Institute at George Washington University who was one of about a dozen people who were briefed about the NASA proposal Sunday evening.

“It is a somewhat risky proposition,” Dr. Logsdon said, “but we’ve been kind of stuck using the technologies we’ve developed in the ’50s and ’60s.”

To pay for the new technology development, the budget calls for a complete stop in NASA’s Constellation program, the rockets and spacecraft that NASA has been working on for the past four years to replace the space shuttles. 
“We are proposing canceling the program, not delaying it,” Peter Orszag, director of the Office of Management and Budget, said Sunday.

The proposal would officially end aspirations to return astronauts to the Moon by 2020 — President George W. Bush’s “vision for space exploration” developed in the aftermath of the loss of the space shuttle Columbia in 2003.
In place of the Moon mission, Mr. Obama’s vision offers, at least initially, nothing in terms of human exploration of the solar system. What the administration calls a “bold new initiative” does not spell out a next destination or timetable for getting there. 

In the meantime, instead of using the Constellation’s Ares I rocket and Orion crew capsule to ferry astronauts to the International Space Station, $6 billion would instead go to financing space taxi services from commercial companies.

Under the proposal, NASA’s budget would rise to $19 billion in the 2011 fiscal year from $18.7 billion. It would also get additional increases in subsequent years, reaching $21 billion in 2015. In total, NASA would receive $100 billion over the next five years.

Whether Congress agrees to the restructuring of NASA remains to be seen. As reports of the impending cancellation of Constellation leaked out last week, members of Congress, particularly in Alabama, Florida and Texas, the homes of the NASA centers most involved with Constellation, expressed concern. 
“If early reports for what the White House wants to do with NASA are correct, then the president’s green-eyeshade-wearing advisers are dead wrong,” Senator Bill Nelson of Florida said in a statement last week.
Congress may also balk at the price tag. After spending $9 billion over the past four years on Constellation, canceling the contracts with Boeing, Lockheed Martin, Alliant Techsystems and other companies will cost an additional $2.5 billion, Dr. Logsdon said NASA officials had told him.

If implemented, the NASA a few years from now would be fundamentally different from NASA today. The space agency would no longer operate its own spacecraft, but essentially buy tickets for its astronauts.
Dr. Logsdon said the officials said NASA would evolve into a role more akin to the National Advisory Committee for Aeronautics, which preceded NASA. The committee did not manufacturer aircraft, but performed aeronautical research that was adopted by aircraft manufacturers.

“The assumption is that there are technological breakthroughs out there ready to be discovered and exploited,” Dr. Logsdon said. “I’m impressed and a little surprised how large the investment in new technology is planned to be. It does represent a shift away from developing systems to developing technologies before developing systems.”
If the approach succeeds, it could jumpstart a vibrant space industry, but it is also risky. By canceling Ares I, NASA would have no backup if the commercial companies were not able to deliver. 

One likely competitor for the commercial crew contract is Space Exploration Technologies Corporation, or SpaceX for short. But its Falcon 9 rocket, the one that would be used to carry astronauts to the space station, has yet to have its first launching. When SpaceX, a startup led by Elon Musk, the founder of PayPal, won in 2006 a contract to carry cargo to the space station, the company said it would have six flights of the Falcon 9 by the end of 2009.
Conversely, another likely competitor, United Launch Alliance, which is a joint venture between Boeing and Lockheed Martin, has decades of experience building space hardware for NASA, and its rockets, the Delta IV and the Atlas V, have successfully carried military and commercial satellites to space. But modifications needed for carrying astronauts could be costly and the launch alliance has also experienced delays and cost overruns.
NASA has also not yet spelled out how it would go about verifying that commercial rockets are sufficiently safe for carrying astronauts. A worry is also that the decades of expertise and experience within NASA in operating spacecraft will be lost, and that the commercial companies might stumble as they learn.

A move to an international collaboration would also make future exploration programs susceptible to buffeting from diplomatic winds on Earth. For example, after Russia invaded Georgia in 2008, lawmakers questioned whether the United States should continue flying astronauts on the Russian Soyuz rockets.

While more countries would share the cost, an international collaboration would probably be more expensive and cumbersome to manage, and could be slowed down by delays of any of the partners.

“I’m optimistic this provides a path to a long term and sustainable and high quality program,” Dr. Logsdon said. “But I think there will be a lot of debate over the details over the next few months.”

================
Obama Proposal Likely Unresolved This Year
�May 3, 2010 �
By Mark Carreau, Frank Morring, Jr.�Johnson Space Center, Washington 

The resurrection of NASA’s Orion crew exploration vehicle as a space station lifeboat is injecting a new disruption into the agency’s already challenging transition from the in-house human-spaceflight plan it started under former President George W. Bush to President Barack Obama’s commercial space transportation and technology-investment agenda.
Continuing opposition in Congress to the “game-changing” policy shift is making it more likely that NASA funding will be handled as a “continuing resolution” this year, instead of an appropriations bill reflecting the changes Obama wants. That would add to the confusion, because it would leave NASA to continue working on the Constellation Program that is killed in the agency’s Fiscal 2011 budget request. 
Obama wants the U.S. space agency to develop a lighter version of the Constellation Orion as a four-person lifeboat for the International Space Station. With the capsule eventually re-outfitted for deep-space missions, NASA would forego the lunar landing planned under Bush and instead send astronauts to explore a near-Earth asteroid by 2025, circle Mars with explorers a decade later and eventually land on the Red Planet, Obama says (AW&amp;ST April 19, p. 28).
What the president did not explain in his much-anticipated April 15 remarks at Kennedy Space Center was how the space agency’s proposed $19-billion Fiscal 2011 budget and the spending plans to follow will accommodate Orion’s re-emergence. Nor did he say how NASA will launch a scaled-down version of the capsule, since the Ares I crew launch vehicle remains canceled.
“Orion is a dollar threat to the new baseline program,” warns Richard Kohrs, the retired NASA space station program manager who chairs the exploration committee of the NASA Advisory Council. The advisory council reviewed the agency’s Constellation transition strategy in Houston April 26-29.
“Having a change is a disruption,” says Doug Cooke, NASA’s associate administrator for exploration, who briefed the exploration panel on the transition’s progress. “And it could change further.”
The Orion shift solves one problem for NASA—how to settle its termination liability on Orion with a requested $2.5-billion transition fund that probably already is oversubscribed, according to NASA Chief Financial Officer Elizabeth Robinson. Instead, NASA can modify its agreement with prime contractor Lockheed Martin.
But the abrupt change continues ongoing confusion about many details of the shift to the new policy. Exploration executives at Lockheed Martin were not told about the decision to revive the vehicle until it was leaked at the White House two days before Obama’s Florida speech. Initially they were at a loss as to what the change would mean to their program and how it would be justified.
Since then, supporters of the new Obama plan have suggested that docking an Orion rescue vehicle could ease requirements on the fleet of commercial “space taxis” the White House hopes to spur with $6 billion in new federal seed money. With a long-duration Orion docked at the ISS after flying there unmanned on an Atlas V or Delta IV, commercial craft could deliver astronauts and return to Earth relatively quickly.
Orion’s revival has planners estimating the cost of developing a less capable version of the spacecraft that could dock with the space station for 210 days. By launching the spacecraft unmanned, NASA avoids the need for the costly launch abort system that was to help make the Orion/Ares I stack 10 times safer than the space shuttle. Orion’s service module is likely to be revised as well.
The plan would also eliminate the costly process of human-rating a yet-to-be-determined launcher. Nonetheless, the development, production and launch costs of multiple Orion capsules have resurfaced as an unanticipated expense for NASA’s new mission and another detail to be worked out.
Those sorts of details are being hammered out by an internal NASA commercial crew study team initially headed by Geoff Yoder, who was director of Constellation systems integration at NASA headquarters. The commercial crew team is one of 10 such groups set up to identify near-term work needed to effect the transition from Constellation to the new program without running afoul of congressional appropriations language that forbids use of Fiscal 2010 funds to terminate the old effort.
Deputy Administrator Lori Garver says those teams will report soon, and with more deference to Congress than was shown when the initial budget was released in February. 
“We plan to initially brief the Hill in the next few weeks on the details, and then between [Administrator Charles Bolden] and I and others finding ways to get them out further to the public and particularly to industry,” she says. “There will be some [requests for information] and industry days coming up.” 
Even so, time is running short for congressional action on the Obama space plan, and with the administration fighting sjpeg opposition to the abrupt change in direction, a continuing resolution is increasingly likely. That could restrict the agency to Fiscal 2010 spending levels, while extending restrictions that prevent it from proceeding with Constellation’s cancellation, Cooke says.
Under those circumstances, Bolden is asking for solidarity from the agency’s workforce in carrying out the Obama strategy. In a 30-min. address broadcast from JSC, Bolden urged workers to let go of lingering allegiances to the previous administration’s back-to-the-Moon initiative and lend their support to the commercial crew approach and the broad-brush technology-development effort he and Garver say will enable much deeper exploration eventually.
If they cannot make that “difficult” transition, he says, NASA risks losing the opportunity to focus on the deep space exploration it has been seeking since the Apollo era.
“We have to let go of the past,” says Bolden. “This is a very, very critical time for the agency. What we are about to do, hopefully, is something we have not done before. We have changed programs in the past. We have canceled programs and we have come to new programs, but we have never made the dramatic change that we want to do now.”
Bolden told the advisory council it will take NASA as much as a year to compete and award new contracts to support the new initiative, creating an employment gap for many of the 11,500 personnel who now work on Constellation. 
That gap will grow, he warns, if Congress reaches an impasse and decides to pass a continuing resolution. He blames dissension within the aerospace community for much of NASA’s legislative difficulties.
Bolden described two “extreme” camps: One committed to the belief that only NASA can safely and effectively launch astronauts and a second that believes the space agency has conspired to keep the commercial sector out of the human space arena. Both camps have used the news media in a destructive campaign to prevail, he charges.
“We must work with the commercial sector to facilitate their success in being able to provide safe, reliable and redundant access to low Earth orbit, while we in NASA develop the capability to venture to deep space destinations,” Bolden says. “We also need to face the reality that the future will be different than the past.”
While much of the concern on Capitol Hill has been over the public- and private-sector jobs that are threatened by the changes in the Obama budget, lawmakers are worried about what the change will mean for the U.S. role as a leader in human spaceflight, too.
“I represent a county that contains the Goddard Space Flight Center, and I’ve said [before] that Goddard does pretty doggone well,” says Donna Edwards (D-Md.), a member of the House Science and Technology Committee that authorizes NASA spending. “[But] taking into consideration where the U.S. wants to go and the important leadership role that the U.S. has to play in the international community, both for global competitiveness but also because we want to continue to be on the cutting edge of scientific research and technical capacity, we can’t afford to cede that.”
In an address to the Center for Strategic and International Studies in Washington, Garver urged lawmakers and others with an interest in the space program to take the time to examine the new policy.
“We think this program is sustainable not only in terms of dollars but in terms of the public’s support, in making space exploration part of the national psyche again,” she says. “We are changing the game. It’s no longer just about where we want to go, but why we want to go and what we want to achieve when we get there. This activity will lead to new opportunities for the economy, new knowledge and capabilities, and step-by-step progress toward far-reaching milestones. We’re stretching beyond barriers that have defined our limits for years.” 
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Launch Vehicle Comparisons

Crew

Lander

S-IVB
(1 J-2 engine)
240k lb Lox/LH2

S-II
(5 J-2 engines)
1M lb LOx/LH2

S-IC
(5 F-1)
3.9M lb LOx/RP

Upper Stage
(1 J-2X)
280k lb LOx/LH2

5-Segment 
Reusable Solid 
Rocket Booster 
(RSRB)

Space Shuttle Ares I Saturn V
Height: 184.2 ft

Gross Liftoff Mass: 4.5M lb

55k lbm to LEO

Height: 321 ft
Gross Liftoff Mass: 2.0M lb

48k lbm to LEO

Height: 364 ft
Gross Liftoff Mass: 6.5M lb

99k lbm to TLI
262k lbm to LEO

Falcon 9
Height: 180 ft

Gross Liftoff Mass: 0.7M lb

23k lbm to LEO
10k lbm to GTO

Dragon
Volume: 245 ft3 (pressurized)
Payload Up Mass: 13K lbm

Up to 7 crewmembers

1st Stage
(9 SpaceX Merlin)

2nd Stage
(1 SpaceX Merlin) 

LOx & RP-1

Presenter
Presentation Notes
SpaceX (by founder of PayPal) has already successfully won a NASA contract for $1.6 billion to transport cargo to the space station aboard its Dragon spacecraft and Falcon 9 rocket. Virginia-based Orbital Sciences, is building its own Taurus 2 rockets and unmanned Cygnus spaceships in a $1.9 billion contract to haul supplies for NASA as well.  Lockheed-Martin may use their Orion design to also compete for commercial NASA contracts to ferry crew and supplies to the Space Station.

Obama wants the U.S. space agency to develop a lighter version of the Constellation Orion as a four-person lifeboat for the International Space Station. With the capsule eventually re-outfitted for deep-space missions, NASA would forego the lunar landing planned under Bush and instead send astronauts to explore a near-Earth asteroid by 2025, circle Mars with explorers a decade later and eventually land on the Red Planet

With a long-duration (could dock with the space station for 210 days) streamlined (lighter version) Orion docked at the ISS after flying there unmanned on an Atlas V or Delta IV, commercial craft could deliver astronauts and return to Earth as “taxi service”.

===============

Will private spaceships have the right stuff?
Commercial orbital taxis won’t have to retrace NASA’s footsteps
By James Oberg
NBC News space analyst
Special to MSNBC
updated 1:35 p.m. CT, Wed., April 21, 2010 
HOUSTON - The White House's policy for future spaceflight relies on a crucial unknown: Can private companies build and operate space vehicles safe enough to carry astronauts?
Many veteran engineers from NASA are skeptical about the idea that less experienced teams with fewer resources could possibly replicate the space agency's success at developing spacecraft to carry humans — ranging from the Mercury and Gemini capsules to the Apollo command module and the space shuttle.
But the task may be far less daunting than the skeptics think. This is because the "goal posts" in human spaceflight have shifted over the decades, and the required know-how has spread even as the general level of aerospace engineering capabilities has risen. The commercial space shippers of the 2010s will not be recapitulating the research, development and designs of the 1960s.

First of all, the space taxis being created to serve the new policy are being designed for an entirely different mission. Unlike America's previous spaceships, these new taxis will be focused only on delivering passengers from Earth’s surface to an existing space facility and back again. There’s no need for long periods of independent orbital cruising. There’s no need for carrying equipment to be later used for moon flights.
The plan to reshape the Orion spaceship as a standby rescue vehicle for station crews has profound implications for the requirements of the commercial taxi and its cost. This strategy means the taxis won't have to last for six months "parked" in space, like Russia's Soyuz spaceships. The simplification of the taxi’s mission will allow its hardware to be significantly less expensive to build and to validate.
The crucial systems for the taxis have mostly already been built and are available as off-the-shelf technology — which means the spaceships could be much cheaper, much smaller and much more reliable. 
Fewer bells and whistles�The NASA vehicles for human spaceflight have been complex because they needed to perform a wide array of complex missions. However, when it comes to building a vehicle aimed at one and only one specific type of mission, a lot of routine equipment becomes superfluous. 
Imagine a vehicle designed to dock with a space station within 24 hours. Its maximum emergency flight time would be no more than 48 hours. What kinds of equipment would it need? Here are some suggestions:
Electrical power? Batteries are fine — recharge when you reach the station, or if you can’t, land immediately. No solar panels, no fuel cells, nothing complex or exotic. 
Navigation? Big radar dishes, even complex transponders, are unnecessary, with differential GPS navigation now the baseline for most flying all over the planet. 
Spacewalking? No need, so no airlock, either. At most, the crew would wear in-cabin pressure suits such as those used on Soyuz missions. 
Passenger accommodations? Room for each passenger in a foldaway seat, and space to turn around if desired would be more than adequate for the short flight. No exercise equipment would be needed. No DVD library. 
Hygiene? A maximum of 24 hours of independent flight suggests a minimum toilet (or just Apollo-era plastic bags with sticky openings). Or low-residue pre-launch diets, and diapers. 
Passenger comforts? None. Forget hot food and a complex galley. Box lunches will do. Forget even windows, except for the pilot’s view forward at docking. There need only be minimal carry-on luggage — a take-aboard allowance that would make today’s commercial airlines seem generous. 
Bulky docking hardware? These mechanically robust components are often a significant fraction of a spaceship’s weight, but the space station can also now grapple a nearby vehicle and emplace it gently on the desired berthing interface.
All of these items have been critical to the successes of some previous astronaut missions, but if they can be done without, they need to be scrubbed out.
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Multi-Purpose Crew Vehicle (CEV)
♦ Requirements similar to Apollo

• Simpler design, higher reliability/safety, broader missions, faster and cheaper 
development

• Capsule scaled up from Apollo (which provide significant increase in volume  
with reduced development time and risk )

♦ Separate Crew Module and Service Module
♦ Variable Crew size
♦ Deliver a quality design that ensures simplicity and addresses all aspects 

of human spacecraft development, certification, operations and safety
♦ Meet objectives within an established cost, schedule, and technical 

baseline.
• Maximize the use of existing technology in the design and production of the 

MPCV.
• A blunt body capsule is the safest, most affordable, with quickest development 

time
• Base the vehicle design on an Open Systems Architecture for varied flexibility.
• Simplify the interface design between the MPCV and Launch Vehicle to 

optimize integration.
• Design the MPCV spacecraft and ground systems to achieve innovative and 

streamlined operations and sustainability/maintainability.



77

Video Clip
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Risk Management Paradigm

Risk
ManagementEnvironment

Schedule

Safety
Configuration
Management

PeopleCost/Budget

Safety & 
Mission 

Assurance

Technical

System 
Engineering

Project
Control



Sources of Risk

External
Events

Equipment 
Failure

Human 
Errors

Institutional
Failure



RM Tools & Techniques

♦ Stochastic and Deterministic Modeling
 Probabilistic Risk Assessments (PRA)

 Other Statistical based Modeling and Analysis techniques

♦ Cause & Effects Analysis 
 Failure Modes & Effects Analysis (FMEA) & Failure Modes, Effects & Criticality Analysis  

(FMECA)

 Fault Tree Analysis (FTA)

♦ Systems Engineering Analysis and Risk Assessments

♦ Root Cause Analysis

♦ Hazard Analysis

♦ Brainstorming

♦ Process Mapping and Analysis (Human Factors)

♦ Taxonomy-Based Questionnaires

♦ Pareto Method

♦ Affinity Grouping

QUANTITATIVE

QUALITITATIVE

Presenter
Presentation Notes
http://www.nr.no/~abie/RiskAnalysis.htm




Enterprise Risk Management
♦ Primary purpose of ERM is to improve the quality of decision-making 

throughout the organization
 Help prioritize strategic and operational decisions

 Ensure planned objectives & missions are fully achieved

 Synthesize projects and allocate risk and agency resources optimally

 Improve mission & project performance to meet agency goals

- Projects delivered on time, on budget within requirements/specifications

♦ Treating risks in a holistic manner
 Managing all risks and their interactions effectively (not just within silos). Done at 

the agency level not just at the traditional project or program level

- Consistency of risk processes and the mitigation of risks

- Even seemingly insignificant risks on their own have the potential, as they 
interact with other events and conditions to cause great damage.

 Risk management becomes part of overall project management with 
comprehensive, structured and integrated processes

 Integrated and synthesize Risks & Opportunities, Contingency Planning, Crisis 
Management, Continuity of Operations, Disaster Recovery, etc.

 Facilitate structured communications throughout the organization and with all 
stakeholders (internal & external) – avoid filtering of information 11

Presenter
Presentation Notes
The NASA Challenger and Columbia space shuttle accidents are examples of filtering risk information. Working-level engineers identified critical risks before each accident, the severity or likelihood of which either were discounted or played down by more senior managers. As a result, top decision-makers did not have a true picture of the risks to either shuttle.
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Risk Management Implementation 
Strategy

♦ Covers all phases of the life cycle
♦ Provide a risk management communication infrastructure to store, analyze and 

deal with problems proactively – overlay on existing management infrastructure
 Deploy the risk process, tools and systems within the whole enterprise and integrate 

with other management systems (integrate risk management with other 
programmatic functions, including safety & mission assurance, system engineering, 
analysis and project control/cost & schedule) and also within 
contractors/subcontractors and supplier base.

♦ Require risk identification and management to occur in a tiered, integrated, 
structured manner
 Remove roadblocks preventing entry into risk management system (ensure risk 

management accessible to all levels of the organization)
 Analyze and individually quantify the risk consequence categories (e.g., Safety, 

Performance, Schedule, & Cost) for comprehensive understanding of risk impacts – to 
aid in risk prioritization

 Analyze how individual risks aggregate or are interrelated.  Look for systemic 
problems and overall trends.

 Manage risks by developing appropriate risk handling/mitigation strategies (assign 
resources based on prioritization) & then monitor/control (include all necessary 
stakeholder assistance to ensure comprehensive closure) – prepare fall-back plans

 Accountability - assign risk ownership to the individual best suited to effectuate 
effective closure (usually the technical expert).  Risk owner is responsible for 
shepherding the risk through closure and coordinating with all players. 

 Dissenting opinions are encouraged – they are documented and evaluated within the 
standard risk processes
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♦ Prioritize and escalate risks appropriately, only escalate issues that need 
resolution from above
 Prioritization includes Cost/Benefit Analysis

 Information is flowed up, resources and prioritizations are flowed down, while 
coordination is made with all responsible stakeholders

 Manage risks at the lowest level possible where the subject matter experts are and 
where it is the easiest to implement risk mitigation strategies and monitor its 
effectiveness

 Ensure that risks receive the appropriate level of management review and resources 
to effectively mitigate significant threats as early as possible (as cheaply as possible).  
Risks will be presented at each management level

♦ Criteria for Risk escalation (to the next level): Risks should be elevated to the next 
level control board for discussion if: 
 A decision is needed by the next level management or higher  

 Additional resources are required to effectively mitigate the risk 

 Coordination/Integration is needed with other organizations/stakeholders outside 
the current level

 Awareness or visibility by the next level management or higher is generally needed

♦ Ongoing monitoring activities are conducted to periodically reassess risk and the 
effectiveness of controls to manage risk

Risk Management Implementation 
Strategy
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Risk Coordination and Integration

Program Manager

Project  Managers

Element  Managers

System  Managers

Coordination and Integration

Team Members

Contractors/suppliers/ 
vendors
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Risk Management Lessons Learnt
♦ Risk management supported by leadership, team members and stakeholders and active 

involvement by all
 Uses it and promotes it

♦ A well defined, structured and understood risk management processes and tools
 A formally documented risk management process
 Comprehensive and structured risks identification processes and tools (Establish risk 

toolbox for identifying and analyzing risks)
 Proper incentives and disincentives to foster good practices
 All team-members are expected to participate in risk management
 Not overly complex, must be understood and used (minimize overhead & foster 

adherence)
 A proactive risk training program

♦ Continuous and iterative assessment of risks
 Provide elements of independence of the risk analysis function from the program/project

♦ Integrated with program/project decision-making processes (RIDM)
 Continuous, event-driven technical reviews (incl project milestones) to help define a 

program that satisfies the customer’s needs within acceptable risk
 Continuous prioritization, assessments and mitigation planning and appropriate funding

♦ Risk management integral to the acquisition process
♦ A continuous process improvement strategy that monitors and improves risk 

management processes and tools
♦ Weaving Risk Management into the cultural fabric of the organization is critical, but 

difficult
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Summary
♦ Phased-approach for implementation of risk management is necessary

♦ Risk management system will be simple, accessible and promote communication 
of information to all relevant stakeholders for optimal resource allocation and risk 
mitigation
 Risk management should be used by all team members to manage risks – risk office 

personnel 

 Each group is assigned Risk Integrators who are facilitators for effective risk 
management 

 Risks will be managed at the lowest-level feasible, elevate only those risks that require 
coordination or management from above

♦ Risk reporting and communication is an essential element of risk management and 
will combine both qualitative and quantitative elements

♦ Risk informed decision making should be introduced to all levels of management

♦ Provide necessary checks and balances to insure that risks are caught/identified 
and dealt with in a timely manner

♦ Many supporting tools, processes & training must be deployed for effective risk 
management implementation

♦ Process improvement must be included in the risk processes



Questions?
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Prior Exploration Roadmap

05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Lunar Heavy Launch Development

Earth Departure Stage Development

Human 
Lunar 
Landing

Robotic Precursors

Lunar Outpost Buildup

Mars Dev.  

Lunar Lander Development

Surface Systems Development

Commercial Crew/Cargo for ISS

CEV Development

CLV Development

PA-1 Test 1st Orion 
Test Flight

Space Shuttle


