


NASA AEROSPACE SAFETY ADVISORY PANEL
National Aeronautics and Space Administration
Washington, DC 20546
VADM Joseph W. Dyer, USN (Ret.), Chair

January 15, 2010

The Honorable Charles F. Bolden, Jr.
Administrator

National Aeronautics and Space Administration
Washington, DC 20546

Dear General Bolden:

Pursuant to Section 106(b) of the National Aeronautics and Space Administration Authorization Act of 2005 (P.L. 109-155), the
Aerospace Safety Advisory Panel (ASAP) is pleased to submit the ASAP Annual Report for 2009 to the U.S. Congress and to
the Administrator of the National Aeronautics and Space Administration (NASA). ASAP members believe that NASA and the
Administration face significant challenges for the Nation’s space program. Following the precedent set in 2008, the ASAP again pro-
vides this letter report in lieu of the lengthier annual report submitted in previous years.

This letter report is based on the Panel’s 2009 quarterly meetings (and public session minutes), fact-finding meetings, and formal
recommendations, as well as ASAP members’ past experiences.

In Section I1 of this report, the Panel provides a summary of key safety-related issues that the Agency confronts at this time. The most
important relate to the future of the Nation’s human space flight program, and the ASAP hopes to encourage key stakeholders to
immediately consider the critical decisions relating to this mission.

Significant issues include human rating requirements for potential commercial and international entities, extension of Shuttle beyond
the current manifest, workforce transition from the Shuttle to the follow-on program, the need for candid public communications
about the risks of human space flight, and the more aggressive use of robots to reduce the risk of human exploration.

Towards the end of the reporting period, a number of alternatives to the Exploration “program of record” began to surface. The Panel
has not yet had the opportunity to evaluate any of these concepts with regard to inherent safety issues, but cautions against abandon-
ing the baseline vehicle for an unproven alternative without demonstrated capability. The inherent safety of any and all approaches
must be fully assessed to ensure that a level of safety necessary to support human transport is offered. Additionally, there must be a
balance and harmony between the size and scope of the undertaking and the budget provided to design, develop and execute it. The
Panel stands ready to evaluate the safety aspects of alternative concepts if such a change is considered.

The Panel hopes that our summary of critical safety-related issues will help focus attention on the important decisions and the direc-
tion of the Agency.

NASA'’s senior leaders and staff members offered significant cooperation to support the completion of this document. | therefore sub-
mit the ASAP Annual Report for 2009 with respect and appreciation.

Sincerely,

i

Joseph W. Dyer, VADM, USN (Ret.)
Chair
Aerospace Safety Advisory Panel
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A. The Aerospace Safety Advisory Panel (ASAP)

Since establishment by Congress in 1968, after the Apollo 1 spacecraft fire, the ASAP (the “Panel”)
has been operating under a broad charter (Attachment 1 on the enclosed CD) to provide advice
and make recommendations to the NASA Administrator on matters related to safety. In 2005, the
ASAP Charter was expanded to include advising the Administrator and Congress with respect to
hazards to the adequacy of proposed or existing safety standards, and with respect to management
and culture related to safety. Additionally, after the Columbia accident, Congress required that the
ASAP submit an annual report to Congress as well as the NASA Administrator documenting the
Panel’s observations and recommendations.

This year, the Panel has advised NASA on issues that have significant potential to directly or
indirectly impact the safety of NASA's astronauts, personnel, contractors, programs, and missions.
The Panel recommendations submitted to the Administrator during 2009 are summarized in
Appendix 1 at the end of this report (and detailed in Attachment 2 on the enclosed CD). They are
based on ASAP 2009 quarterly meetings, public session minutes, and fact-finding meetings (all
documented in Attachments 3 and 4 on the enclosed CD), as well as direct observations of NASA
operations and decision-making and the Panel members’ past experiences.

B. ASAP Observations about NASA Accomplishments in 2009

(1) Five Successful Shuttle Launches

The landing of the Space Shuttle Atlantis on November 27, 2009, marked the fifth successful
Shuttle mission of 2009, a flight rate not seen since 2002, before the tragic Columbia accident.
Since 2005, NASA has steadily and safely increased the flight rate. Over the 5 missions, a total of
19 extravehicular activities (EVVAs) were safely and successfully performed.

The Shuttle program team’s continued dedication, focus, and discipline was responsible for the
success of these missions. Additional mitigation measures were needed to maintain an acceptable
safety level, and in-depth, expanded analyses were required to address new risks. The Panel
commends the Shuttle program team for their vigilance and scrutiny.

(2) Progress on International Space Station (ISS) Build Out

In 2009, the ISS saw substantial build-out toward completion. Four Shuttle missions were 1SS
assembly flights that required 14 successful EVAs. Major ISS elements were taken to orbit and
installed. The S6 Truss provided a fourth and final set of solar arrays and radiators. The addition
of the Japanese Experiment Module Exposed Facility (JEM EF) provided an external platform that
can hold up to 10 experiment payloads. The Multi-Purpose Logistics Module (MPLM) Leonardo
carried a collection of physics and chemistry microgravity experiments. The additional equipment,
supplies, and scientific experiments will be used by the continuing crew of six aboard the ISS.
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(3) Ares I-X Rocket Flight Test

On October 28, 2009, NASA’s Ares I-X test rocket lifted off from the Kennedy Space Center’s
(KSC) newly modified Launch Complex 39B for a 2-minute powered flight. The flight test lasted
about 6 minutes until splashdown of the booster stage about 150 miles downrange. The flight test
will provide NASA with data that will be used to improve the design and safety of the U.S. next
generation space flight vehicles that could take humans beyond low-Earth orbit (LEO). By flying
the vehicle through first stage separation, the test flight provided data regarding the performance
and dynamics of the Ares I solid rocket booster in a “single stick” arrangement. The data also allows
NASA to establish confidence in the preflight design and analysis techniques. It should be noted
that Time magazine cited the Ares rocket as the “best invention of 2009.”

(4) NASA Safety Center (NSC) Safety & Mission Assurance Technical Excellence Program (STEP)

STEP is NASA's new discipline-focused, career-oriented, professional development path for
individuals working in the Safety and Mission Assurance (S&MA) disciplines. The NSC works
with representatives from the NASA Centers to build curricula that are relevant to the S&MA
community. One STEP goal is to transition the S&MA professionals’ focus from an operating
focus for Shuttle and Space Station to a design focus for building the next generation of manned
space vehicles. The program intends to accomplish this goal by using an orderly and consistent
training curriculum path. STEP will embrace the S&MA program’s six disciplines—System Safety,
Reliability and Maintainability, Quality Engineering, Software Assurance, Operational Safety,
and Aviation Safety. The NSC rolled out Level 1 this year and will follow with Levels 2 through 4
during 2010. The Panel will watch this training initiative closely and envisions much success.

(5) ISS Cargo Resupply

While many threats impact the safety of the astronauts and the ISS, one of the biggest challenges
is resupply and sustainability. A combination of Shuttle, Soyuz, and Progress flights has performed
this mission admirably over the past six years. With the expected retirement of the Shuttle in 2010,
NASA awarded contracts in December 2008 for commercial Cargo Resupply Services (CRS) for
the ISS. While these commercial-type contracts give significant flexibility to the contractor for
the vehicle’s design and launch, NASA is working closely to provide support, lessons learned, and
appropriate oversight. The Panel is satisfied by the program’s evolution, progress, and the two-phase
approach: (1) demonstration of a vehicle in orbit, including approach and docking with ISS; and (2)
commercial delivery.

The ISS partners are also developing resupply capability. The Automated Transfer Vehicle (ATV),
developed by the European Space Agency (ESA), was first launched in March 2008, carrying
propellant and equipment to the ISS. The H-11 Transfer Vehicle (HTV), provided by the Japanese
Aerospace Exploration Agency (JAXA), was successfully launched in September 2009. This first
flight was a capability demonstration carrying four and a half tons of payload.
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There are three viable international programs that can deliver cargo to ISS—Russia, Europe, and
Japan. The Panel believes that the cargo resupply issue is on the path to a solution if both HTV and
ATV programs continue to receive adequate funding. The two potential additional suppliers in the
U.S. will add flexibility to that solution.

(6) Safe and Successful Hubble Servicing Mission (SM)-4

In May 2009, Atlantis’s astronauts repaired and upgraded the Hubble Space Telescope (HST),
safely conducting five spacewalks during their mission to extend the life of the orbiting laboratory.
SM-4 was perhaps HST’s most challenging and intense servicing mission, with many complex tasks
completed over the five spacewalks. This Shuttle mission had a unique safety challenge not faced
by other missions since the Columbia mishap. The orbit required for HST rendezvous meant that
Atlantis could not reach the ISS for safe haven in the event problems were encountered. NASA
mitigated this risk by having a Launch-On-Need vehicle ready for a potential rescue flight on very
short notice and by taking steps to increase the time that Atlantis could safely wait for rescue.
While these back up plans never had to be used, the planning and commitment that this effort took
demonstrate the rigor with which NASA is approaching human flight safety.

(7) Constellation Program (CxP) Ground Project Efforts

The modifications to the ground facilities for the Ares rocket have been a tremendous undertaking,
and NASA deserves special recognition for the aggressive action to get Ares operational as quickly
as possible. Ground operations include activities such as vehicle stacking, integration, rollout,
and liftoff, while ground systems include vehicle interfaces and lightning protection. Several new
procedures and hardware items were developed for Ares I-X including a new, taller lightning
protection system for Launch Complex 39B, removal of a platform inside the Vehicle Assembly
Building, a new vehicle stabilization system, and improved computer systems at Launch Complex 39B.

(8) NASA and the OSHA Voluntary Protection Program (VPP)

NASA has implemented the OSHA VPP at 40 percent of its locations with impressive results.
Approval into this program is OSHA's official recognition of personnel who have made outstanding
efforts to achieve exemplary occupational safety and health. The VPP promotes effective worksite-
based safety and health. The average VPP worksite reports a lost workday rate that is at least 50
percent below the average for its industry. In the VPP, NASA management, labor, and OSHA
establish cooperative relationships at those Centers that have implemented a comprehensive safety
and health management system. Other Centers are considering entering the VPP process.
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(9) Continuing Successes in Deep Space Missions

NASA’s deep space missions continue to make fantastic contributions to the world body of
knowledge. This year’s launches included the Kepler mission and the Wide-field Infrared Survey
Explorer (WISE). These new missions join the HST, the Spitzer Space Telescope, and the Chandra
X-ray Observatory in accomplishments as diverse as mapping the Milky Way, discovering new and
unusual elongated double helix nebula, and discovering clues to Black Hole Growth. The Panel
again visited Jet Propulsion Laboratory (JPL) during 2009 and applauds its deep space efforts.
JPL accomplishments and capabilities continue to make cutting-edge contributions to NASA, the
Nation, and the world at large.

C I

This continues to be a challenging time for NASA. The Agency has been carefully executing
the former President’s authorized national space policy, including the rapid development of new
boosters, crew capsule, and Lunar Surface Access Module. This year, President Obama directed
his administration to scrutinize existing national space policy as part of a sweeping review that
could culminate in a new strategy governing U.S. civil and military space activities and direction
to develop alternative vehicles and modules. In May 2009, the White House Office of Science and
Technology Policy called for an independent review of the Nation’s human space flight program,
both present and planned, as well as alternatives to that program. The Review of U.S. Human
Space Flight Plans Committee, better known as the “Augustine Committee,” released its report in
October 2009.

Among the many assumptions and recommendations made by this committee, one of the most
profound was that appropriate consideration be given to using the commercial space industry to
fulfill NASA crew-delivery services to LEO. In making this recommendation, the committee also
noted that while human safety never can be absolutely assured, safety was assumed to be “a given.”
The Panel believes that this assumption is premature and oversimplifies a complex and challenging
problem because there is not a “cookie-cutter approach” to safety in space.

The Panel strongly reaffirms, as a basic principle, that whatever new policies or vehicles are selected
for America’s space activities, ensuring human safety must continue to receive the appropriate
funding, visibility, and support to prevent another Columbia-like tragedy.

With this basic principle in mind, the Panel has set its focus on the following critical safety issues
associated with the present program and its potential alternatives.
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A. Human Space Flight
(1) Human Rating Requirements (HRR) for Follow-On Vehicles

There are two safety issues associated with the human rating process for future human space flight
transportation systems: (a) development of HRR standards for potential Commercial Orbital
Transportation Services (COTS) and international orbital transportation systems; and (b) the
importance of inherent crew safety through design architecture in any discussions about Ares |
versus potential alternatives.

In its last Annual Report, the Panel stated that proposed COTS vehicles being developed by
SpaceX and Orbital Sciences Corporation thus far had not been required to meet HRR standards
nor were they proven to be appropriate to transport NASA personnel. This is understandable
since COTS vehicle contractors are currently tasked only with developing cargo delivery systems.
However, since expanding the commercial vehicle mission to include human transport has become
an active topic, the Panel highlighted the HRR standards issue at every quarterly meeting in 2009.
A principal concern identified at the first meeting in 2009 was that the current HRR procedures,
when applied to the development of future human-related vehicles, were not specifically intended
to establish requirements for vehicles produced by entities external to NASA, such as COTS firms
or international programs. The Panel recommended that NASA stipulate directly the applicable
HRR standards and share acceptable risk levels with those other entities. It is essential that any
entity that might be creating human-rated transport systems that may transport NASA astronauts
must understand the safety requirements that will be mandatory for such services. Not only should
the standards be provided, but the certification mechanism and required validation data should be
made clear.

Standards, the requirement for any vehicle to meet those standards, and the mechanism by which
compliance with the standards will be validated represent the “three legs” of the platform upon
which the certification of human transport vehicles must be based. This issue was emphasized at
the ASAP’s second, third, and fourth quarterly meetings, as well as during testimonies before the
House Science and Technology Committee hearings in June and December. Based on our findings,
the Panel issued four recommendations on HRR. One of those recommendations specifically
addressed HRR for COTS.

In the fourth quarter of 2009, NASA finally made a start at achieving progress to more clearly
develop and communicate the standards necessary for any COTS manufacturer if astronauts are
to be transported on non-NASA vehicles. However, this will only partially answer the challenge.
After the criteria and their applicability are clearly established, a process must be developed for
validating and certifying compliance with those criteria. Validation and certification itself has
two components: that which takes place at the front end (at various stages) and one that follows
the program in the form of insight, oversight etc. Although the Panel strongly supports the start
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that NASA has made, the Panel continues to believe that NASA is behind where it needs to be at
this point in time. Considerable work must be done, and priority efforts should be established to
accelerate the level of effort underway.

It is the Panel’s position that no COTS manufacturer is currently HRR qualified, despite some
claims and beliefs to the contrary. Questions that must be answered are: What is the process for
certifying that potential COTS vehicles are airworthy and capable of carrying astronauts into space
safely? How is compliance assured over the life of the activity? The same questions would apply to
any potential international orbital transportation systems.

International transportation service that would extend beyond that currently in use (Russia) should
be evaluated against the same performance standard as COTS human transportation services from
U.S. vendors. This will require a more intense effort to coordinate with our international partners
and reach agreement on performance-based standards that will apply to any vehicle being offered to
transport humans into space. The current international aviation certification system seems a good
model for this type of activity. There is no question that as international cooperation expands, there
will be a need to develop equivalent HRR standards and validation.

NASA's follow-on “program of record” identifies the Ares I launch vehicle as the vehicle selected to
send future astronauts into orbit. The Ares | vehicle has been designed from the beginning with a
clear emphasis on safety. Its architecture was selected by NASA’s Exploration System Architecture
Study (ESAS) team because of its potential to deliver at least 10 times the level of crew safety as the
current Shuttle. The launch vehicle configuration has been developed to provide the best possible
allowances for crew escape in the event of a launch failure. The independent launch escape system
pulls the capsule clear of the launch pad and any attendant explosion or fire. The demonstrated
high reliability of the solid rocket booster (SRB) suggests a low likelihood of first stage failure on
ascent, but the launch escape system would cover even this low probability of failure.

To abandon Ares | as a baseline vehicle for an alternative without demonstrated capability nor
proven superiority (or even equivalence) is unwise and probably not cost-effective. The ability
of any current COTS design to “close the gap” or even provide an equivalent degree of safety is
speculative. Switching from a demonstrated (design approach proven by Apollo, use of heritage
hardware, and Ares 1-X flight success), well designed, safety optimized (ESAS) system to one based
on nothing more than unsubstantiated claims would seem a poor choice. Before any change is made
to another architecture, the inherent safety of that approach must be assessed to ensure that it offers
a level of safety equal to or greater than the program of record.

(2) Shuttle Extension

The Panel is very concerned about discussions regarding possible extension of Shuttle operations
beyond the current manifest to complete the construction of the ISS. The Augustine Committee
concluded that the only way to reduce the “gap” in human space flight launch capability between
ISS completion and the planned flights of Ares 1 is by extending the Shuttle program well beyond
2010. The Columbia Accident Investigation Board (CAIB) recommended that before the Shuttle
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flew beyond 2010, vehicle recertification at the material, component, subsystem, and system
levels should be developed and completed. One of the options considered by the Augustine
Committee was extension of the Shuttle at a “minimum safe flight rate” to preserve U.S. capability.
The Committee acknowledged that if this option was selected, a “thorough review of Shuttle
recertification conducted to date and overall Shuttle reliability . . . be performed by an independent
committee.”

The Panel does not support extending the Shuttle significantly beyond its current manifest. We
are especially concerned over any kind of “serial extension” where a few flights at a time might
be added. The risk of continuing to fly the Shuttle without a recertification and expending the
resources to bring the vehicle up to modern standards is more than what we should ask astronauts
to shoulder. The Panel does not believe that there is full transparency to the risk. WWe recognize that
such transparency is challenging due to the difficulty in communicating highly technical issues to
a largely nontechnical public. Still, NASA must find a way to successfully communicate the level of
risk inherent in experimental space flight. The Agency must be supported in doing so by Congress
and the Administration. In our opinion, the time to extend the Shuttle was several years ago when
there was an opportunity to go forward with an extension certification program of reasonable
scope and cost. With sufficient money, manpower, and recertification efforts, it is possible that the
Shuttle could be extended. While we are aware of no major systems that are “on the knee of the
curve” of wear out, the funds needed to allow full recertification are substantial, and the probability
of finding things that demand even more resources during recertification is very real.

The Shuttle is complex by inherent design, and risk is increasing due to aging, wear, and the lack
of engineering support from second and third-tier suppliers. Subcontractors who are responsible
for key systems, knowing that the demand for those systems is declining or ended, move on to
other business leaving key knowledge and capability gaps for the support of continued operations.
The current workforce, both contractor and NASA personnel, is declining. They are moving on to
other work or seeking employment outside of the Shuttle program. The decline in this experienced
workforce raises risk levels for continued operation. The Shuttle is a 1970s design system that has
operated post-Columbia with an enviable record of both safety and performance, but the Panel
believes that its probable decline is upon us. Extension significantly beyond what is planned
through the current manifest would be unwise.

B. Other Critical Issues

(1) External Communication: NASA/Public/Congressional Dialogue on Risks Associated

with Exploration

Itisacritical time for the future of NASA’'s human space flight efforts, which makes communications
with the public and Congress more important than ever before. NASA has made significant
cultural progress evolving and strengthening internal communications as well as communications
within the technical community. Internally, the Agency now speaks more plainly, openly discusses
risk and risk management, and better ensures dissenting voices are heard. Largely gone is the “spin”
noted by the CAIB.
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External communications has been slower to evolve, and “spin” still remains a part of these
communications. The Panel does not believe this practice best serves the Agency.

NASA must be fully candid with the public and Congress, and those audiences must fully
understand what risks are involved. There can never be zero risk, and the rate of progress can be
limited by the amount of risk one is willing to take. Space exploration is a dangerous enterprise, and
the Nation is fortunate to have courageous people willing to accept the risk. In going forward with
exploration, the shouldering of risk needs to be undertaken not only by NASA, but by Congress and
the Administration. The risks must be communicated clearly to Congress and the public. To do
otherwise is disingenuous and does the Nation a disservice.

(2) Shuttle to Constellation Workforce Transition

The Panel commends the Centers’ leadership and contractors in working to ease the transition
from the Shuttle program to CxP. The Center teams have been working diligently to evaluate and
maintain the skill sets that will be needed in the transition from Shuttle to Constellation. NASA is
fortunate to have a very focused, dedicated, and motivated workforce that is committed to bringing
safe closure through to the very last Shuttle flight. However, the workforce is worried about the
uncertainty of NASA’s mission and the five- to eight-year gap between Shuttle and its successor.
Human space flight is a business in which safety rides on the shoulders of skilled, hard-working
people.

Successful workforce transition depends heavily on a decision being made about NASA's direction.
The Panel’s concern continues to grow as NASA's future in human space flight remains undecided.
The current “transition” plans were drawn up assuming that the program of record would be
executed. The Panel is impressed by the level of detail in the plans and the diligence with which
they are being carried out. A programmatic decision regarding exploration and a possible change to
the program of record is under review as a result of the Augustine Committee report. At the time
this Annual Report went to press, the future path forward for the space program had not been
announced. When it is announced, the transition plans will need to be reevaluated and redefined.

(3) Integration of Robotics Agency-Wide

The Panel continues to urge NASA to take a more open-minded and aggressive view towards using
robots to reduce human risk whenever possible, consistent with mission accomplishment. This
means using robots to replace humans on some missions and to support astronauts on others.

The Panel notes that the vision for exploration includes dangerous and challenging work like
construction, mining, and manufacturing. In accomplishing this work, there is significant risk to
astronauts in their fragile but critical spacesuits.

In 2008, the Panel recommended that “NASA formulate a decision tree for optimizing the use of
robotics in exploration, so as to diminish the risks to humans . . . .” NASA formally responded to
this recommendation in March 2009 and provided in Figure 1.
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Figure 1. Mission objectives, required capabilities, risks to crew safety and mission success, and resource

constraints shape human-robotic decisions.

While we take some comfort that NASA is giving more consideration to robots, we still find a
wide discrepancy between how the Agency views robots and the current state of practice in the
commercial and military arenas. For example, NASA's response to the Panel’s recommendation
included: “Current robots lack the fine coordination to perform certain tasks such as changing
out cards in a science instrument . . . .” This statement seems to stand in stark contrast to the fact
that medical robots are used in today’s operating rooms and military robots are used to defuse
improvised explosive devices. To evaluate NASA's seriousness in taking more and better advantage
of robots, the Panel collected anecdotal evidence during visits to NASA Centers. Specifically, the
Panel asked the Agency’s robot developers: “Have you seen a material increased investment in robot
research and development in support of Exploration?” Universally, the response was “No.”

It is expected that robotic exploration will precede eventual human exploration. This gives rise
to an important function that should be carried out by robotic missions. The robots should be
equipped to analyze, measure, or determine the things that are most important to the human
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astronauts that follow. By optimizing robots to gather these measurements, we will maximize the
robot’s value and minimize the risk to the human astronauts that will follow them. Through this
linkage between human and robotic explorers we will maximize benefit and minimize risk.

During 2010, the Panel will undertake a more in-depth assessment of NASA's investment in and
planning for using robots in place of and in support of human astronauts.

(4) Timeliness in Completing Mishap Investigations

Mishap investigations are undertaken to determine the cause of problems so that corrective actions
can be taken to prevent or minimize recurrences. Information on NASA mishaps provides one of
the most valuable sources of safety lessons-learned for the Agency. This is because these mishaps
reflect the very people, culture, management systems and processes, equipment, and technology
actually involved in NASA's work. It is critical that mishap investigation results be promptly
disseminated throughout the Agency to prevent future mishaps, correct unsafe conditions, and
improve NASA'’s safety program.

In 2007, the Panel recommended that NASA reevaluate the mishap investigation process to provide
for more timely release of information across the Agency. The Panel has followed up with two more
recommendations in 2008 to spur this effort forward; NASA has also made progress. A Warning-
Action-Response process provides preliminary notification to the Centers so that they are alerted to
potential problems. The NSC provides additional resources to reduce the backlog in these activities.
Trained investigators are located regionally to facilitate the initial investigative activities. A root
cause analysis software tool is undergoing beta testing and data analysis of the investigation results
is evolving. Senior management is receiving periodic status reports on these activities.

Despite this progress, the Panel continues to be concerned about the need to correct each phase in
the process to shorten the overall timeline: (1) accomplishing the investigation itself; (2) developing
the investigation report; (3) obtaining the NASA Headquarters endorsements; (4) obtaining the
Center approval; (5) developing the corrective action plan and implementing it; and (6) verifying
implementation so that the case can be closed. There has been progress at the Field Centers to
reduce the timeline for the phases that are under their control, but it will take more effort, especially
at NASA Headquarters, before an overall improvement in the final report’s timeline is seen. What
is still lacking are the metrics that show the tracking and trending for all phases of the mishap
investigation process so that one can see whether positive changes in the timelines are occurring.

@ I
NASA Facilities/Aging Infrastructure

Over 80 percent of NASA facilities are beyond their design life, and annual maintenance is
underfunded.! Facilities continue to degrade and facilities failures are starting to impact missions
and have safety implications Agency-wide. Evidence for this can be seen in the increasing number

! Presentation “NASA’s Construction Program” by Frank Bellinger, Director Facilities Engineering & Real Property
Division, NASA Headquarters, to American Council of Engineering Companies, April 27, 2009.
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of small fires, key equipment losses through failures in material handling and transportation
facilities, and in the “weak signals” that we observe in current safety reports. The infrastructure
used to launch complex vehicles into space must be reviewed and maintained down to the
smallest component to remain safe. In the past, one of NASA’s goals was “ten healthy Centers.” A
considerable investment in facility maintenance, repair, and replacement is needed for this goal to
be achieved. This may be unrealistic in the current economic climate. If funding is not available,
NASA should consider consolidating its programs and efforts at fewer Centers so that its activities
may be safely continued at the remaining facilities. This planning needs to be part of a conscious
and deliberate facilities strategy.

B. Timeliness of NASA Responses to ASAP Recommendations

The Panel gave 25 written recommendations to NASA in 2009. By the end of the year, NASA
had issued a single response, dated August 12, 2009, addressing just three recommendations,
all of which were from the Panel’s first quarterly meeting in 2009. About half of the remaining
responses are in a “concurrence loop” at NASA for signature. The Panel is concerned about NASA’s
unresponsiveness and recommends that more management attention be placed on streamlining the
review and concurrence process for NASA responses to Panel recommendations.

C. CAIB Recommendations

As Congress mandated in the NASA Authorization Act of 2005, the ASAP is responsible for
evaluating and reporting annually on NASA compliance with CAIB return-to-flight (RTF)
and continue-to-fly (CTF) recommendations. In 2009, there were three outstanding CAIB
recommendations: (1) Eliminate all External Tank (ET) Thermal Protection System (TPS) debris-
shedding at the source; (2) Increase the orbiter’s ability to sustain debris damage; and (3) Develop
an on-orbit repair capability. In 2008, the Panel concluded that NASA must decide whether to
formally accept the risks associated with these three outstanding recommendations.

The Panel believes that informed, formal risk acceptance is essential for a successful safety program.
This process provides a formal record of the risks that were accepted and the assumptions used
in making those decisions. While NASA has concluded that no further action is warranted on
the remaining three CAIB recommendations and has closed these out, it is not clear that the risk
acceptance for that decision has been formally documented by NASA management. The Panel
continues to recommend that NASA do so. NASA should revisit these decisions if the Agency
decides to recertify the Shuttle. Because NASA has moved beyond the RTF phase, the Panel will
no longer specifically address RTF in future annual reports. The Panel will continue to monitor,
review, and provide recommendations on CTF issues.

C

The Panel continues to believe, as it did in 2008, that NASA faces unprecedented challenges,
perhaps greater than any time in the Agency’s history. Important decisions on the future of human
space flight face NASA, as well as the White House, Congress, and the Nation.

11
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Commercial entities and international partners will likely have a larger role in transporting both
cargo and crew to orbit. It is crucial that NASA focus on establishing the certification requirements,
a certification process for orbital transportation vehicles, and a process for validating compliance.
The performance and safety requirements must be stated promptly and clearly to enable NASA and
non-NASA entities to proceed in the most productive and effective manner possible.

The Ares | vehicle has been designed from the beginning with a clear emphasis on safety. Before any
change is made to another architecture, the inherent safety of that approach should be assessed to
ensure that it offers a level of safety equal to or greater than the program of record.

We recognize that the Shuttle is risky by inherent design, and it is becoming more so because of
aging and wear. Extension of its use significantly beyond what is planned through the current
manifest is not recommended.

Space exploration is a dangerous enterprise. The risks must be shouldered by NASA, Congress, and
the Administration, and those risks must be communicated clearly to the public.

The Panel hopes that our summary of critical safety-related issues will help focus attention on the
important decisions and the direction of the Agency.
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Rec. #

DescripTioN OF RECOMMENDATION

STATUS

2009-01-01a

Human Rating Requirements (HRR) and Data Mining. NASA should
rigorously research, compare, and contrast the di erent HRR approaches
used on all of NASA's human space ight programs. Using this information,
assess the validity of assumptions used in the Hazard Analysis (HA) and
Failure Modes and E ects Analysis (FMEA) and evaluate the bene ts that
the various approaches yield that would enhance future HRR modi cations.

Open

2009-01-01b

HRR and Engineering Standards. e recently revised HRR standard does
not include a requirement to implement, tailor, or obtain approval to waive
NASA's other engineering design requirements for critical systems. NASA
should formally establish and stipulate the direct link between the HRR and
the applicable NASA standards.

Closed

2009-01-02a

Constellation Program (CxP) Implementation of HRR and Design
Safety. NASA should stipulate directly the HRR acceptable risk levels—
including con dence intervals for the various categories of activities

(e.g., cargo ights, human ights)—to guide managers and engineers in
evaluating “how safe is safe enough.” NASA should share these risk values
with other organizations that might be considering HRR systems.

Open

2009-01-02b

CxP Implementation of HRR and Data Mining. e CxP should apply
a data mining methodology that captures failures, near misses, and other
anomalies in hardware and software from other NASA programs. s
methodology should identify personnel issues that a ect these previous
problems.

Open

2009-01-02c

CxP Implementation of HRR and the Constellation and Engineering
Review Panel (CSERP). NASA should make one of two modi cations to
the CSERP organization and review process: either (1) elevate the CSERP
to a program-level panel with the responsibility and authority to review and
approve all integrated risks; or (2) direct that all hazard reports approved

by the CSERP be forwarded to the CxP Control Board for additional
integrated risk analysis and approval.

Open
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DescripTION OF RECOMMENDATION STATUS

2009-01-03a

Risk Management Models and Risk Acceptance. NASA's O ce of Safety Open
and Mission Assurance (OSMA) should analyze and emulate the risk

management model used by the Exploration Systems Mission Directorate

(ESMD), with a particular emphasis on matching the level of risk to be

accepted with the level of manager who makes a decision on that risk.

NASA should review the authority levels in Agency-level policy documents

to ensure that authority for risk decisions is consistent with the levels of risk

involved.

2009-01-03b

Risk Management Models and Risk Definition. NASA should evaluate Open
whether project and program managers Agency-wide consistently and

reliably assign the level of risk for a speci ed set of examples to the same

categories in the risk matrix. If warranted, NASA might need to expand the

safety hazard risk matrix to include clear guidance on risk.

2009-01-04

Safety, Reliability, and Mission Assurance (SR&MA) Technical Fellows. Closed
NASA should provide funding to Il the Technical Fellows positions for

the primary Safety, Reliability, and Mission Assurance (SR&MA) technical

disciplines.

2009-02-01

CxP Technical Baseline and Metrics. In maintaining the CxP’s technical Open
baseline, NASA should develop, use, and report in-process and outcome

metrics to assure risk management processes are being followed and the

progress is being measured.

2009-02-02

Communication of Changes on the CxP. NASA should be more aggressive Open
and transparent in communicating changes—and rationale for changes—
relating to some areas of the CxP design and development process.

2009-02-03

Hazard and Risk Management. Hazard and Risk Matrix de nitions should Open
be more precise and quantitative in nature. NASA should train all new
engineers and managers in its hazard and risk management processes.

2009-02-04

Safety of Aircraft in Host Countries. NASA should exercise appropriate Open
diligence with respect to insuring the acceptable safety for aircraft employed
in all host countries.
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Rec. #

DescripTioN OF RECOMMENDATION

STATUS

2009-02-05

Communication of Skip-Level Assessments. e Industrial Safety Team
should more openly communicate the results of Skip-Level Assessments of
supervisors to senior leadership.

Open

2009-02-06

Identification of Workforce and Management Issues. NASA should
acquire a means to continually identify workforce and management issues
before they grow into larger problems. e Panel suggests using a workforce
survey, integrated within normal Human Resources and program activities.

Open

2009-02-07

Culture Assessment. NASA needs a strong quantitative and qualitative
measurement of culture changes, done with rigor and frequency. A periodic
culture assessment should be reinstituted.

Open

2009-02-08

Standardize Knowledge Capture and Management Practices. NASA
should adopt a best practice to standardize knowledge capture and
management practices across all Centers.

Open

2009-03-01

Jet Propulsion Laboratory (JPL) Safety Performance. To improve the
current excellent safety record even further, JPL should develop an action
plan that implements improvements using an approach similar to the
“continuous improvement process” used in manufacturing, track progress
using explicit metrics, and establish a closer working relationship with the
NASA Safety Center and capitalize on its strengths and experience.

Open

2009-03-02

JPL Risk Assessment Process. € current well-organized process should
be expanded to include a formal risk acceptance document signed by the
authority designated with that responsibility in accordance with the risk
level presented by that risk

Open

2009-03-03

Tracking and Trending Metrics on Mishap Investigation Board (MIB)
Report Authorization and Release from NASA Headquarters. ¢ NASA
Headquarters Mishap Investigation O ce should continue to collect data
on tracking and trending of MIB administrative turnaround of reports at
NASA Headquarters and present this data to the Panel on a quarterly basis.

Open
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2009-03-04

Integration of Robotics. NASA needs to examine the bene ts of Open
developing a consolidated and integrated robotics research program to

capitalize on the numerous independent programs the have been developed

and more fully exploit robotics utilization throughout all missions.

2009-03-05

HRR Technical Standards. e Panel reiterates its previous Open
recommendations 2009-01-01 and 2009-01-02. NASA needs to share

the risk values with other organizations, e.g., Commercial Orbital

Transportation Services (COTS), which might be considering the creation

of human transport systems so that they are aware of the criteria to be

applied when transporting NASA personnel in space.

2009-03-06

HRR for COTS. NASA must establish COTS HRR as soon as possible and Open
promulgate them to those that seek to design systems for future commercial
human space ight.

2009-03-07

NASA External Communications. Attention is needed on how NASA Open
communicates to the public and Congress. e plainspoken nature

of the in-house technical NASA is out of harmony with its public

communications. e Panel recommends an evolution in external

communications commensurate with that achieved in its internal

communications.

2009-04-01

Formal Governance Process for Kennedy Space Center’s (KSC) Safety Open
and Mission Assurance (S&MA) and Shuttle Workforce Management.
e KSC S&MA organization should put into place an internal
management process that includes clear and transparent metrics with
respect to other skill sets required for current and future human space ight
activities.  ere should be a “quick feedback” process that reaches into each
current near miss and mishap to examine the role that “lack of right skill at
the right time and right place” has had on each incident.

2009-04-02

Center-Wide OSHA Compliance Surveys. NASA Headquarters S& MA Open
should assure that Centers are current in performing OSHA compliance
inspections and that there is a sharing of results among the Centers.
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National Aeronautics and Space Administration

Office of the Administrator
Washington, DC 20546-0001

August 12, 2009

Vice Admiral Joseph W. Dyer, USN (Ret.)
Chairman

Aerospace Safety Advisory Panel

National Aeronautics and Space Administration
Washington, DC 20546

Dear Admiral Dyer:
Enclosed are NASA’s responses to two recommendations from the 2009 First Quarterly
Meeting of the Aerospace Safety Advisory panel (ASAP). Please do not hesitate to contact

me if the Panel would like further background on the information provided in the enclosures.

I look forward to receiving continued advice from the ASAP that results from your
important fact-finding and quarterly meetings.

Sincerely,

IS

Charles F. Bolden, Jr.
Administrator

Enclosures



Tracking Number 2009-01-01a
Human-Rating Requirements (HRR) and Data Mining

Recommendation

2009-01-01a. Human-Rating Requirements (HRR) and Data Mining. The ASAP recommends
that NASA rigorously research, compare, and contrast the different human-rating approaches
used during the Apollo, Shuttle, International Space Station, and other programs. NASA should
take advantage of this significant history and body of knowledge not only to assess the validity
of the assumptions used in the new hazard analysis (HA) and in failure mode and effects
analyses (FMEAs), but also to evaluate the benefits that the various approaches yield in terms of
safety and mission assurance, which enhance future HRR modifications.

NASA Response

NASA concurs. The teams that devcloped the various revisions to the NASA HRR (NPR
8705.2) performed exhaustive research into the activities analogous to human rating that were
applied to the Apollo, Space Shuttle, ISS, Orbital Space Plane (OSP), as well as other programs.
More importantly, the Apollo, Space Shuttle, ISS, and OSP engineers and managers that applied
these analogous requirements provided their opinions on the strengths and weaknesses of their
respective requirements. NASA incorporated the knowledge gleaned from that research into the
various versions of the NASA HRR, culminating in the current NPR 8§705.2B. NASA agrees to
perform additional research to support development of the HRR implementation handbook
(described in NASA's response to ASAP recommendation 2008-04-03) that will include
examples from previous programs to assist in effective and consistent application of the HRR. In
addition, NASA will factor in the results of the independent assessment (conducted in response
to ASAP recommendation 2008-04-02) to augment the implementation handbook. As
appropriate, NASA will also make changes to the HRR based on this research.

Enclosure 1



Tracking Number 2009-01-01b
Human-Rating Requirements (HRR) and Engineering Standards

Recommendation

2009-01-01b. Human-Rating Requirements (HRR) and Engineering Standards. The recently
revised HRR standard focuses principally on the process used to reach a human-rating
certification. Although it does specify some design requirements (such as fault tolerance and
some human factors design standards), it does not include a requirement to implement, tailor, or
obtain approval to waive NASA’s other engineering design requirements for critical systems.
These requirements embody the experience of NASA’s best designers and the lessons learned
throughout the Agency’s vast experience in human spaceflight. These lessons might not be
properly applied without such a requirement.

To clearly articulate the consistent and 'comprehensive integration of human safety
considerations and mission assurance needs into the integrated design analysis (as required by
the HRR), the ASAP recommends that NASA formally establish and stipulate the direct link
between the HRR and the applicable NASA standards, such as the NASA-STD-5000 series of
engineering directives, as well as relevant technical standards.

NASA Response

NASA concurs. Although the first section of the HRR document states that human rating
involves many more requirements and standards than are listed in the document itself, it does not
specify (other than four direct references to human system unique standards) what those other
requirements are. NASA will address this issue with a change to the first section of the HRR
document that makes it clear that human rating consists of tailoring all NASA requirements
contained in Agency directives that are categorized as mandatory for all high-priority space
systems. The change will also make it clear that human rating includes tailoring of all
“mandatory standards” managed by the Office of the Chief Engineer, the Office of Safety and
Mission Assurance, and the Office of the Chief Health and Medical Officer. The current list is
attached for reference. Finally, NASA will ensure that the language in the first section of the
HRR document makes it clear that the Technical Authority may suggest other NASA, military,
voluntary consensus, or industry standards or requirements (beyond the mandatory list) as
appropriate to the design concept and mission on a case-by-case basis.
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Tracking Number 2009-01-04
Safety, Reliability, and Mission Assurance (SR&MA) Technical Fellows

Recommendation

To raise the level of technical expertise available to the Agency to solve challenging SR&MA
technical and programmatic issues, NASA has worked diligently to establish Technical Fellow
positions for the primary SR&MA technical disciplines. The Panel is pleased that NASA
allocated appropriate grades to these positions to attract highly qualified candidates,
demonstrating the Agency’s level of commitment to the SR&MA effort. The Panel was
disappointed to learn at this review that NASA currently is not filling these positions because of
budgetary constraints.

The ASAP recommends that funding be provided to complete this important step in the process
of raising the capability and credibility of the SR&MA discipline at NASA.

NASA Response

NASA concurs with this recommendation. The Agency has approved four Safety and Mission
Assurance Technical Discipline Fellows positions: Systems Safety, Reliability and
Maintainability, Quality Engineering, and Software Assurance. The NASA Safety Center will
advertise for, screen applicants (along with the Office of Safety and Mission Assurance Safety
and Assurance Requirements Division Director), and recommend candidates for approval to the
Chief, Safety and Mission Assurance. The initial term of the temporary promotion will be for
three years, with two additional one-year options. The successful candidates will be allowed to
serve as Technical Discipline Fellows from their host Centers and will not be required to
relocate. The NASA Safety Center has developed a split funding arrangement with the Centers
to cover these Scientific and Technical positions, has polied the Safety and Mission Assurance
Directors for their concurrence, and is working with Human Resources to fill the four Safety and
Mission Assurance Technical Fellow positions.

We are hopeful that we can have the Safety and Mission Assurance Technical Discipline Fellow
positions filled by August 1, 2009.

Enclosure 2








