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Enclosures 



Tracking Number 2008-01-02 

Orion: NASA's Approach to Risk Both at a Macro and a More Detailed Level 


Recommendation 
The Panel must ensure that as NASA goes through the decision processes and discussions in the 
Orion design process, that they adequately document and keep track of decisions, as well as track 
the documents used in the process of doing design. 

NASA Response 
Concur with recommendation. 

The Orion project, operating under the authority of the Constellation Program, utilizes a formal 
system and structured process for capturing design data, decision packages, and configuration­
controlled documents consistent with Directorate and Agency requirements. These processes 
comply with Federal records retention requirements for Program Management Data. All 
elements of the Constellation Program utilize a common tool called the Integrated Collaborative 
Environment (Windchill) that is the medium for document distribution and repository for 
permanent data capture. In the case of the decision packages related to the Orion Mass Scmb 
process for which the question refers, all of that data was stored on Windchill during the process 
and will be maintained. 

Each of the project decision bodies likewise maintains formal Windchill records of the agendas, 
discussion materials, background data items, and formal minutes of decisions and actions as 
established in the program and project requirements and implementation plans. For 0110n, the 
decision boards include the CEV Project Control Board as the top-level NASA project board 
authority, and Lockheed maintains two boards, Program Control Board and Engineering Review 
Board, which maintain the technical and contract baselines for the program. All boards maintain 
appropriate configuration control history and data background for all decisions as required in the 
established Configuration Management Requirements. 

As design progresses, all design data will be stored on Windchill in appropriate locations with all 
formally configuration-controlled data resident in the Windchill Library where document 
revisions and traceability information are also maintained. The Orion Project will provide any 
additional details of these processes as required by the ASAP. 



Tracking Number 2008-01-03 

Communication of Risk 


Recommendation 
The Panel recommends NASA consider a proactive communications plan for the Constellation 
Program around risks, risk assessments, and failure tolerances. The Panel believes that it is 
important for NASA to outline this process to its major stakeholders so that people and all the 
major stakeholders have appropriate expectations. As the design advances, the risk process must 
be predicated on both realistic targets of achievement and minimally acceptable risk levels so as 
to maintain credibility in communicating risks internally and externally. 

NASA Response 
Reference ESMD-RMP-04.06 Rev 2 Exploration Systems Risk Management Plan, and CxP 
70056 Constellation Program Risk Management Plan. 

The risk management processes in place both at the Exploration Systems Mission Directorate 
(ESMD) and the Constellation Program ensure proactive development of risks and 
communication. Regular lisk reviews are held at all levels (project, program , ESMD), and 
rationale for the acceptance of any risk must be presented and accepted by appropriate leadership 
in these forums . All risk reviews are open meetings, with stakeholders represented and 
encouraged to participate. Independent review teams, such as Standing Review Boards, often 
participate. The Integrated Risk Management Application (IRMA) tool used for risk 
management facilitates online access and a standardized approach to all program risk data for 
identifying, assessing risk issues, escalating as necessary, tracking, and ultimate closures or 
acceptance. Because risk management as outlined in the referenced plans is an ongoing activity, 
risk assessment evolves as the designs mature up until Certification of Flight Readiness (CoFR) 
for f1ight. This process also enables effective communication with external stakeholders 
regarding risk analysis and dispositions. 

NASA concurs with the recommendation to have a proactive communication plan for 
Constellation risks. The risk management processes defined in the Exploration Systems and 
Constellation Program ' s risk management plans, including regular and open risk review forums 
at all levels , ensure thorough communication and debate among stakeholders about risk 
assessment and acceptance through all phases of design up through and including CoFR. 
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Tracking Number 2008-01-05 

NSRS Benchmarking 


Recommendation 
The Panel recommends NASA to do a benchmarking of the NSRS. In discussing 
benchmarking, clarification will be needed on policy as to what the purpose of the NSRS 
really is. Is it simply a safety valve or does it have meaningful infonnation as a 
vulnerability tool? Also, in benchmarking, the ASAP recommends that the NSRS review 
how to define more clearly its guarantee of anonymity. 

NASA Response 
The NASA Safety Reporting System (NSRS) is a unique system that has been designed 
to function as an auxiliary, high level safety valve to help identify and fix specific 
hazards or safety problems that could not be adequately resolved at lower, more localized 
reporting levels; it is not designed nor intended to be a close call reporting system for 
purposes of identifying future problems through high-volume trending of data. The 
NSRS offers the NASA community a means to report specific concerns anonymously and 
know that the highest levels of NASA's safety management team will give prompt 
attention to those concerns and work to resolve them. It is not intended nor adverti zed to 
be a place for initial safety reporting except in rare cases where the reporter fears reprisal. 
The NSRS is not the only vehicle for anonymously reporting safety concerns at NASA; 
many NASA Centers have instituted local reporting systems that are designed to accept 
anonymous tips, and the NASA Inspector General also accepts anonymous reports. If an 
NSRS reporter were ever dissatisfied with the results of an NSRS investigation, the 
NASA community also has the option of reporting problems elsewhere, such as the 
Office of Federal Agency Safety and Health Programs at the Occupational Safety and 
Health Administration in the Department of Labor. More detailed infonnation about 
NASA safety reporting hierarchy, and the NSRS program's fit within that hierarchy, may 
be found at this website: 
http: //www. nasa.gov/audience/safety/reportingiSafety reportin g.html . 

Unlike the NSRS, the Aviation Safety Reporting System (ASRS - run by NASA for the 
Federal Aviation Administration) is intended as a high-volume close call incident 
reporting service (for U.S. pilots, air traffic controllers, flight attendants, mechanics, and 
ground personnel) that provides incentives for initial reporting of close call infonnation. 
The ASRS is intended to identify generalized deficiencies in the national aviation system 
and recommend future safety improvements, as opposed to the NSRS which is not 
intended to be a primary reporting system (except in rare cases where reporters fear 
reprisal) and is designed to fix specific, individual safety problems on a case-by-case 
basis when the situation was not remedied previously at lower, localized reporting levels . 
The ASRS is designed to ensure confidentiality and anonymity, and will not release or 
make available any infonnation that might reveal the identity of any party involved in a 
close call occun·ence. The ASRS can offer 'confidentiality' because it operates under 
unique provisions granted to the Federal Aviation Administration by Congress ; Congress 
has not granted NASA those same privileges, so NASA cannot guarantee NSRS report 

http://www


confidentiality. Instead, the NSRS was designed to ensure that each reporter 's identity is 
never shared with or known to NASA.l 

Much like the ASRS, the Patient Safety Reporting System (PSRS - jointly managed by 
NASA and the Department of Veterans Affairs) is designed to be a high-volume close 
call incident reporting service meant to identify and track systemic vulnerabilities, but is 
not intended or designed to provide detailed solutions to specific problems like the NSRS 
does . The PSRS removes all personal names, facility names and locations, and any other 
potentially identifying information before entering information in its database. 
Alternatively, the NSRS only protects reporters' identities, but must retain information 
about facilities and locations in order to conduct an investigation and substantiate the 
facts of the specific safety hazard and implement a solution when needed. 

Of course, despite the thorough procedures that the NSRS program has in place to protect 
reporter identities, there is always the possibility that people will speculate as to who 
might have authored a particular NSRS report. To reduce that possibility, the NSRS 
program carefully limits the number of senior safety managers who actually have a need 
to know that the origin of a particular safety investigation stems from an NSRS report. 
By decoupling the origin of the report with the investigation of the report content, most 
safety reports ofNSRS origin are openly investigated as independent assessments at 

The NSRS process for protecting repo rter ident ities is as follows: 

I) When an NSRS reponer completes the NSRS repon form. they are prompted to provide their name and point of contact 
infonnation on the fonn, but thi s infonnation is not required. All incoming repons are treated equall y rega rdless of 
whether o r not this personally ident irying infonnation is provided. 

2) Mailed repons are retrieved from our NSRS mailbox by our NSRS suppon contractor; our policy prohibits the NSRS 
program manager or any other NASA civ il service employee from retrieving this mail, and only the NSRS suppon 
contractor has the combination code to the locked mailbox. 

3) The NSRS support contractor processes the incoming repon in a secure location at their o ffsit e facility. T he contractor 
removes all personal identirying intol111ation a nd forwards only a summary of the concelllS to the NSRS Program Manager 
or his designee for immediate analysis and investigation If the reponer provided their name and mailing add ress, the 
contrdctor mail s the reporter a lette r to let the reponer know that their concelll has been received and has been forwarded to 
NASA for immediate rev iew and analysis. A reporter's identity is never sharcd with NASA at any point. NASA civi l 
se rvice employees never see the original mail ed report which could contain a reponer', identity. 

4) If the NSRS program manager or his designee requircs funher clarification of the haza rd from the reponeI', it is the NSRS 
suppon contractor who is asked to directly contact the reporter and provide the clanlied information back to NASA. 

5) Once the NSRS program manager or his des ignee is satisfied that no timher information is required to understand the 
nature of the hazard, the NSRS program manager instructs the NSRS contractor to mail the reporter's original identity strip 
(the top ponion of the repon forrn wherc the reponer provided their personally iden tirying information) back to the reponer 
with a letter that includes the specific number' assigned to their NSRS report case and which exp lains the existence of a 
blind public website (Imp : 'www hq .nasagnv/"flic':icoucq /status) where the reponer- may occasionally check to see the 
status ofhisfher NSRS repon case. T he Jetter to the reponer provides the key to these status codes, which are as follows: 

a. Code A - Investigation open. 
b. Code B - In vestigation closed, co rTective action pending. 
c. Code C - lnvest igation c losed, no corTective acti on wan<lnted . 
d. Code D ­ Investigation c losed, reponed concelll cou ld not be substantiated/validated. 
e. Code E - Investigat ion closed, physical/p roduct correc ti ve action co mpleted _ 
f Code F - Invest igation closed, policy/procedural con-ec tive action completed. 
g. Code G Investigation closed, education/awareness correcti ve action completed. 
h. Code J-l - Out of scope, referred to another functional area for investigation/analysis. 
I. Code I - Out of scope, involves waste/fraud/abusc. Referred to the NASA Inspec tor General. 
j . Code J -Investigation closed; insufficien t in fo rmat ion prov ided to perform an invest igation. 

NOTE: No record of a repor1er's identity is retained by the NSRS support contractor- once this second let ter has heen scnt 
(except for repons of crimulal ac tivity , which are provided to the Office o f the inspector General). 

6) If, during the course of NASA's subsequent investigation into an NSRS case, someone involved with the inves tigation 
were to inad vertentl y discover or suspec t the identity of the NSRS reporter, that person is requested to recuse 
himsellfherself from further involvement in the case. 
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NASA so that their findings can be coordinated with other NASA systems designed to 
track corrective actions or trend safety information. 

Given that we continue to see a sustained level of reporting over time, we believe the 
NASA community continues to have confidence that, should they ever need it, this 
reporting "safety val ve" is in place and standing by to serve their reporting needs. 
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Tracking Number 2008-01-06 

NASA Headquarters Mishap Investigation 


Recommendation 
The ASAP has recommended that NASA re-evaluate its mishap investigation process with an 
eye to producing report results in a timely manner, and utilizing the appropriate experts for 
determining root cause. NASA should consider a 30-day hard number for delivering at least a 
preliminary mishap report, to enable dialogue to begin within the affected organizations. 

NASA Response 
NASA acknowledges and accepts the ASAP recommendation. In response to the ASAP 
recommendation, NASA initiated the following actions: 

Action 1: NASA evaluated the NASA Procedural Requirements (NPR) 8621.1 that states a 
mishap investigation board has 75 work days to complete their investigation to determine if the 
duration could be reduced to 30 work days while still determining root cause. After evaluation 
and input from all Centers and the NASA Safety Center (NSC), NASA concluded that the 
majority of investigations for Type C mishaps, Type D mishaps, and close calls can be 
completed successfully and shared with management within 30 work days. Due to the 
complexity and scope of Type A and Type B mishaps, Agency Safety and Mission Assurance 
personnel determined that a minimum of 45 work days would be needed for the trained 
investigators to successfully reach root cause. (Action J: Completed). 

Action 2: NASA will make the following changes to NPR 8621.1 : 

a. For Type C mishap, Type 0 mishap, and close call reports, NASA will reduce the time 

allotted to complete the mishap report from 75 work days to 30 work days. 


b. For Type A mishap and Type B mishap reports, NASA will reduce the time allotted to 

complete the mishap report from 75 work days to 45 work days . 


. c. For Type A mishaps and Type B mishaps, NASA will change the requirement for a 30-work 
day publicly releasable status report to a I5-work day publicly releasable status report. 

d. The NSC will post all 15-work day publicly releasable status reports on the NSC web site. 

e. All mishap reports will be posted in the Incident Rep0l1ing Information System within two 
work days of their completion in a location that is available to all Government employees. The 
NSC will verify that this has been completed. (Action 2: Projected Completion Date - June 
2009). 



Tracking Number 2008-02-02 

NASA Golden Rules for Knowledge Management 


Recommendation 
The ASAP recommended that an Agency-wide set of 'NASA Golden Rules' be established to 
assist in the sharing of knowledge between Centers. 

NASA Response 
NASA currently uses a formal lessons learned process that is described in detail in NASA 
Procedural Requirements (NPR) document 7120.6, Lessons Learned Process. This NPR states, 
in paragraph P.1 , "This NASA Procedural Requirement (NPR) establishes the requirements for 
the collection, validation, assessment, and codification oflessons learned submitted by 
individuals, NASA directorates, programs, and projects, and any supporting organizations and 
personnel." Paragraph 1.4 of this NPR requires that NASA Headquarters and each NASA 
Center establish a Lessons Learned Steering Committee, that the lessons learned process be 
followed, and that lessons be entered into the Lessons Learned Information System (LLIS) 
(found at: http ://llis.nasa.gov/). 

We are aware that several of our Centers have a set of "Golden Rules" related to best practices in 
design, environmental testing and operation, coupled with specific best practices to be followed 
during the deployment phases of the mission. By their very nature, these documents not only 
describe the "what," but also the "how" and the "who" at a particular Center, and consequently, 
developing a generic set of these for the Agency and the myriad of affected, implementing 
organizations presents special challenges. 

However, to assist in sharing this good knowledge between the Centers, NASA will encourage 
its Centers to enter those "Golden Rules" that are applicable for Agency-wide application into 
the LLIS so that the knowledge is visible and accessible across the Agency. In addition, it is the 
express intent of the Engineering and Safety Mission Assurance Disciplines to help ensure that 
lessons , both formal and informal, get shared appropriately among the discipline members 
through a variety of venues including technical interchange meetings , discipline working group 
meetings, life-cycle appropriate key decision point reviews, etc. We believe this approach will 
serve the Agency best in sharing important lessons and not repeating failures of the past. 

When lessons learned are of the nature indicating a need for change in policy or procedures then 
lessons learned are incorporated into the Agency ' s policy and procedural set of directives. 
Changes to these requirements are fed by not only lessons we learn from mishaps but through 
our systematic process of institutional and program assessments and audit. Lessons frequently 
are captured as additions or changes to our NASA Policy Directives and NPRs. In addition, 
there are a number of standards that are promulgated by the NASA Office of Safety and Mission 
Assurance, and lessons learned are used for changes to these documents as well. NASA 
directives and standards that relate to Safety and Mission Assurance are accessible on a NASA 
Web page and can be accessed at http ://www .hq .nasa.gov/offi ce/codeq/doctree/qdoc.htm . 

http://www.hq.nasa.gov/office/codeq/doctree/qdoc.htm
http:http://llis.nasa.gov


Tracking Number 2008-02-03 

Modeling and Simulation 


Recommenda tion 
The ASAP recommended that on Modeling and Simulation, a NASA-wide matrix be created to 
classify models as 'green ,' 'yellow' and 'red,' so that the statement 'high confidence' means the 
same thing from one Center to another. 

NASA Response 
While NASA agrees that the statement "high confidence" should mean the same from one Center 
to another, NASA does not believe that using a stop light approach is the best way to convey 
credibility of the results of Models and Simulations (M&S). 

On July 11, 2008, NASA published a standard (NASA-STD 7009A) that includes requirements 
for the reporting of the results from M&S to those making "critical decisions" (section 4.8). 
(The standard defines a critical decision as: Those technical decisions related to design, 
development, manufacturing, ground, or flight operations that may impact human safety or 
mission success, as measured by program/project-defined criteria.) The reporting requirements 
of this new standard foster the consistent presentation -- across NASA Centers and across 
programs and projects -- of the rigor behind particular M&S results, including the associated 
uncertainty estimates. Per section 4.7 and its accompanying appendix in this standard, the M&S 
rigor is reported on the Credibility Assessment Scale. This is a five-level, eight-factor scale. 
The standard also requires the reporting of the overall score determined from a roll-up of the 
eight individual factors. The differences between this approach and the specific recommendation 
of the ASAP are two-fold. First, there are five levels, not three. More fundamentally, the 
decision maker makes his or her own determination of the confidence to be placed in the M&S 
results based not only on the results on the scale, but also upon the size of the uncertainty in the 
results. 

NASA-STD 7009 "Standard for Models and Simulations" can be found at 
http ://standards.nasa.gov/public/public_ detail. taf?Documents _ uid 1 =6365&doc_name= N AS A­
STD-7009. 

http://standards.nasa.gov/public/public


Tracking Number 2008-02-04 

NASA Formulate a Decision Tree for Optimizing the Use of Robotics in Exploration 


Recommendation 
The ASAP recommended that NASA formulate a decision tree for optimizing the use of robotics 
in exploration, so as to diminish the risks to humans, including all criteria relevant to the 
decision . 

NASA Response 
NASA concurs with the ASAP recommendation to formulate a decision tree for optimizing the 
use of robotics in exploration to diminish the risks to humans. The decision tree will take into 
account the following discussion to enhance exploration rather than making a "cut and dry" 
if/then process. 

Given the end goal of safe and efficient human exploration on Mars and other destinations, 
systems engineering trades will be performed at the campaign, architecture, and program levels 
to determine the optimum mix of human and robotic functions to minimize the risks of human 
exploration. These trades will take into account the understanding that human exploration is 
necessary for the purpose of the following goals : 

• 	

• 	
• 	

• 	
• 	
• 	
• 	

Discovery and science in ways that are only possible through firsthand investigation and 
observation. 
Extending human presence off-planet and on to other planetary bodies. 
Gaining the experience and knowledge to travel and explore in ever-expanding 

dimensions within the solar system. 

Gaining operational experience on the Moon to prepare for exploration of Mars. 
Extending our economic sphere of influence beyond Earth and low-Earth orbit. 
Bringing the excitement and experience of exploration back to the people on Earth. 
Sharing these goals and the exploration experience with other nations of the world, 
building on current partnerships and building new ones. 

These goals are based on concepts of operations developed to address these goals. The result is a 
campaign of missions with and without the crew. Lunar architecture studies are conducted to 
develop effective and efficient operational approaches for these missions and lunar operations. 
In evaluating specific objectives on the lunar surface, we will take the approach that people will 
be utilized to the maximum extent to achieve objectives for which they are uniquely needed. 

These trades will be risk-informed, using state-of-the-art tools and methods comparing the 
relative safety risks, as well as other safety/reliability and mission success criteria. Our systems 
engineering teams will present well-documented campaign analysis, trade study results , and 
propose options to our decision makers at appropriate requirements reviews, change boards, and 
design reviews. We will engage appropriate technical and medical technical authorities as well 
as flight crew concurrence in the final decisions involving human (vs. robotic) tasks. The NPR 
7120.5D dissent process will be available at each level as necessary. This approach is consistent 



with our existing systems engineering processes and decision forums and requires no new unique 
procedures or tools. 

In addition to architectural studies , NASA will incorporate data collected by its lunar robotic 
precursor missions and those of partner nations. Our Lunar Reconnaissance Orbiter will provide 
detailed topographic maps of the Moon and environmental data on the temperature, radiation, 
and lighting environment of the areas of highest interest for human lunar missions. That data 
will be incorporated into planning models to develop more detailed design requirements for the 
lunar lander, Extra Vehicular Activity (EVA), and surface systems, and to infonn the 
development of operational scenarios . 

NASA is also conducting a series of human lunar analog missions at selected sites in the 
United States and Canada, with the goal of understanding the capabilities needed by human lunar 
explorers of the future. These capabilities will infonn the development of requirements for these 
systems. Systems include surface mobility, robotic assistants, and EVA suits. 

In addition, systems engineers for EVA and lunar surface systems have deployed with planetary 
geologists to areas with geography similar to that on the lunar surface to better understand the 
demands of the terrain and the needs of the science community, again with the idea to develop 
requirements for future exploration systems. 

Once detailed mission planning is undertaken, actual system capabilities will be compared to 
environmental conditions at the landing site and its environs to determine specific flight rules 
and operational constraints to the mission. This planning will be similar to the planning that is 
currently performed for International Space Station (ISS) and Space Shuttle missions, where 
Shuttle and ISS flight parameters are adjusted to minimize risk to the crew and the mission. 
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Tracking Number 2008-02-05 

Add Traffic Collision Avoidance System [TCAS] to NASA Aircraft 


Recommendation 
The ASAP urged that NASA review the applicability of developing a policy that would fonnally 
add to appropriate NASA aircraft Traffic Collision Avoidance System [TCAS], advanced ground 
warning systems, and other advanced avionics programs that have been embraced by the civilian 
and military worlds. 

NASA Response 
Two of the systems recommended by ASAP are used to aid in the prevention of midair collisions 
and controlled flight into terrain (CFIT), respectively. NASA takes these risks seriously and has, 
over the years, incorporated advanced avionics systems or put in place procedures to mitigate 
these risks. For example, NASA currently operates 75 aircraft in support of NASA missions 
with approximately two thirds either configured with, or planning to incorporate, traffic collision 
advisory systems. The installation ofTCAS was in response to the NASA aircraft operations 
community's thorough risk management, identifying the risk associated with midair collision in 
the high-traffic areas in which NASA aircraft operate and fonnulating a risk migration plan. As 
this risk was identified, funding was established to perfonn the modifications needed to control 
this risk. NASA's aircraft operations community continues to review risks associated with 
aircraft operations and actively seeks safety enhancement for our fleet of aircraft to ensure that 
risks of flying are identified and controls are put in place. 

As part of the effoli to continually improve the safety of aircraft operations with the addition of 
modem avionics systems, NASA has recently required Crew Resource Management (CRM) 
training for all its pilots. CRM is an industry-recognized aviation safety tool which is used to aid 
flight crews in recognizing and managing situations like midair collisions and CFIT. NASA will 
continue to look at employing systems like TCAS and procedures like CRM as appropriate for 
NASA's aircraft operations. As part of this effort, the Aircraft Management Division (AMD) 
plans to incorporate policy in NASA Policy Directive 7900.4, NASA Aircraft Operations 
Management, to require that Centers regularly review both system and procedural enhancements 
based on risk management. The AMD with the assistance of the Intercenter Aircraft Operations 
Panel (IAOP) will oversee this implementation during biennial aircraft functional reviews 
through the IAOP Review Program. 

J 




Tracking Number 2008-02-06 

Subjecting Private Charter Operators to Independent Audits 


Recommendation 
The ASAP recommended that, prior to contracting with a private charter operator, NASA 
consider requiring that all contractors be subject to an independent audit. 

NASA Response 
NASA reviewed its current documentation for any requirements that would be related to this 
recommendation. The review identified the following: 

1. NASA Federal Acquisition Regulation (FAR) Supplement (NFS) 1847.200-71 , Charter or 
Lease of Aircraft: 

"Before releasing any solicitation or awarding any contract for the lease or charter of aircraft, 
manned aerial system or unmanned aerial system (UAS), contracting officers shall obtain 
concurrence from the Center Flight Operations office that the contemplated award complies with 
NASA aviation safety program requirements, particularly NASA Policy Directive (NPD) 7900.4, 
NASA Aircraft Operations Management, and NPR 7900.3 , Aircraft Operations Management." 
(revised June 2008) 

2. NPD 7900.4B Aircraft Operations Management: 

a) Paragraph I.e: "All aviation-related NASA contracts and agreements must require 
compliance with NASA aviation safety program requirements and aircraft management 
policies. " 

b) In section 5 of Attachment A (Policy on the Use of Aircraft to Support NASA 
Requirements) requirements tor independent reviews are provided for "Contractor-owned and 
contractor-operated aircraft." The NPD states that "Prior to contract award, a risk analysis of the 
final candidates shall be conducted by the flight operations office at the NASA Center that 
manages the contract. The ri sk analysis shall include a review of the tenns of the contract , the 
risks to NASA, the hazards associated with the proposed flight operation, the airworthiness of 
the aircraft, and the capabilities of the contractor." 

3. NPD 8730.5 NASA Quality Assurance Program Policy: 

a) Paragraph 1.b (1) states that NASA quality assurance programs shall "be designed and 
implemented in a manner that mitigates risks associated with noncompliance. Detelmination of 
risk considers the likelihood of noncompliance and the consequences associated with 
noncompliance, including the maturity, complexity, criticality, and value of work perfonned, as 
well as demonstrated experience with past quality system or program perfonnance. 

b) Paragraph l.b (4) states that NASA quality assurance programs shall "include prework 
assurance measures that provide increased confidence for meeting prescribed requirements (e.g., 
preaward surveys, qualified source selection ... " ) 



NASA concurs with adding an explicit requirement for the performance and analysis of the 
results of pre-award surveys as an integral component of the risk analysis for contractor-owned 
and operated aircraft (precontract award). Pre-award surveys would be required under 
circumstances where it is deemed that there is excessive risk or insufficient information 
concerning contractor past performance to perform a comprehensive/adequate risk analysis. 

NPD 7900AB expires on April 27, 2009, and is currently being updated by NASA's Aircraft 
Management Office. The NPD revision will incorporate specific language as discussed above. 
The revision is expected to be submitted to the NASA Online Directives Information System 
(NODIS) within the next four months proposing the incorporation of this change. 

In addition to the above existing requirements, NASA will update its Aircraft Operations 
Requirements Document within the next six months to specifically require pre-award surveys for 
lease or charter of aircraft where it is deemed that there is excessive risk or insufficient 
information on contractor past performance to perform an adequate risk analysis. 



Tracking Number 2008-02-07 

Accident Review Timeliness 


Recommendation 
The ASAP urged that greater timeliness be achieved in completing accident reviews. The Panel 
also recommended that an organized and rigorous mishap trend analysis effort be undertaken 
Agency-wide to identi fy causal trends at an Agency level as well as by Center. The results of this 
analysis should be briefed on a regular basis to senior Agency leadership. The Panel would like 
to see the Center analyses during their visits to field operations. The Panel recommended that a 
policy be implemented to brief senior leadership of initial causal analysis in a timely fashion 
after major mishaps. Finally, the Panel recommended that a closed loop, management tracking 
system, similar to that used for ground mishaps, be developed to ensure implementation of 
lessons learned from flight failure investigations. 

NASA Response 
NASA acknowledges and accepts the ASAP recommendations. In response to the ASAP 
recommendations, NASA has initiated the following actions: 

Action 1: NASA has initiated mishap and close call trending at the Agency level as well as the 
Center level. Since July 2008, the NASA Safety Center (NSC) has completed trending on the 
number and type of mishaps and close calls and presented these trends to NASA's senior 
management at the monthly Baseline Performance Reviews (BPRs) which are chaired by the 
Associate Deputy Administrator. 
(A ction i : Completed.) 

Action 2: NASA will complete the development of the NASA Root Cause Analysis Tool to 
provide the Agency with the capability to systematically evaluate and electronically document 
proximate, intermediate, and root causes for all mishaps and close calls rather than doing the 
analysis manually. Once completed, NASA will take all Type A and Type B mishap reports 
from the last three years, and all those in the future, and use the tool to document, analyze, and 
electronically trend the causes of mishaps. Mishap-cause trending will be presented at monthly 
BPRs. 
(A ction 2: Projected completion and initial presentation to the BPRs - August 2009.) 

Action 3: Currently, for each Type A mishap, Type B mishap, and high-visibility mishap, the 
NASA mishap investigation board provides an out brief to all endorsing officials (Chief, Safety 
and Mission Assurance, Chief Engineer, Chief Health and Medical Officer (when the mishap 
involves injuries, illnesses, or fatalities) and the responsible Center Director or Associate 
Administrator) . The out brief includes a summary of the events that led up to the mishap; 
proximate, intermediate, and root causes ; and recommendations. Additionally, the NSC also has 
created a comprehensive Web site for Agency personnel to access and view the latest safety data 
for the Agency. To expand the dissemination of information, after each out brief, the NSC will 
create a two-page summary (including findings and causes) and include that summary in the 
briefing to NASA senior management at the monthly BPR. 



(Action 3: Out briefs are an established part ofthe process; Web site is completed. Projected 
start ofmonthly BPR briefings - December 2008). 

Action 4: Agency personnel are working to complete a closed loop tracking system to ensure 
that lessons learned from mishaps are input to the Lessons Learned Information System. 
Additionally, the NSC hired an employee to monitor and track mishap and close call 
recommendations to ensure that 1) the corrective action plans have been developed by the 
responsible organization, 2) the recommendations have been implemented, and 3) the lessons 
learned have been shared across the Agency. The NSC will generate trending of NASA's 
success on implementing mishap and close call recommendations. 
(Action 4: Projected completion - May 2009). 

Action 5: The Agency is working hard to ensure a greater timeliness in the review of Type A 
and Type B mishap reports. Currently, the NSC is developing information for all endorsing 
officials indicating which reports are waiting for a review and endorsement. The NSC is also 
providing support in the Office of Safety and Mission Assurance's (OSMA) analysis and critique 
of all Type A and Type B mishap reports. Starting in January 2009, the NSC will complete all 
Type A and Type B mishap report critiques for the OSMA and forward the signed critique to 
OSMA and the mishap investigation board within two weeks of the mishap. OSMA will use the 
critique to generate OSMA's endorsement letter. The NSC's newly expanded role in the detailed 
review and analysis of the reports will begin to shorten OSMA's response time for these reviews. 
(Action 5: Projected completion - January 2009.) 



Tracking Number 2008-02-08 

NASA Fall Protection Standard 


Recommendation 
The ASAP recommended that the new NASA Fall Protection Standard resulting from a 2006 
fatal accident be accelerated to take effect well before the 2010-2011 currently projected and that 
the key elements of this standard be mandatory (with waiver capability) NASA-wide rather than 
advisory. 

NASA Response 
NASA agrees with the ASAP recommendation that an upgrade is needed in NASA-wide policy 
to ensure full implementation of Federal regulations on fall protection. The Office of Safety and 
Mission Assurance (OSMA) is currently establishing a NASA-wide fall protection policy in 
NASA Procedural Requirements (NPR) 8715.3 that will be based on requirements being worked 
by the Kennedy Space Center (KSC) for inclusion in KSC Procedural Requirements (KNPR) 
8715.3 . The proposed policy in NPR 8715.3 will mandate that NASA Centers become 
compliant with 29 Code of Federal Regulations (CFR) 1910 (General Industry), 29 CFR 1926 
(Construction Industry), and the American National Standards Institute (ANSI) Z359.1 (Safety 
Requirements for Personal Fall Arrest Systems). The goal is for the NPR 8715 .3 change to be 
submitted to NASA Online Directives Information System (NOD IS) in December 2008 for 
official review. The NODIS review schedule for a December 2008 submission projects approval 
in March 2009 . A one-year period for implementation will be posed for compliance. If all goes 
as stated , the NASA Centers would attain compliance by sometime in the spring 2010 timeframe. 



Tracking Number 2008-03-01 

Assessment of the Marshall Space Flight Center (MSFC) Industrial Safety Program 


Recommenda tion 
The ASAP recommends that the staff of the NASA Chief of Safety and Mission Assurance 
should assess the Agency-wide applicability of the MSFC approaches for implementing a 
successful industrial safety program. 

NASA Response 
The MSFC presentation provided to the ASAP in July 2008 (Reference: Presentation to ASAP by 
Mr. Ed Kiessling entitled "MSFC Industrial Safety Program" July 2008) explains the MSFC 
approach for implementing the safety requirements ofNPR 8715.1, NASA Occupational Safety 
and Health Programs (NASA's implementation of 29 CFR 1960, Basic Program Elements for 
Federal Employees, Occupational Safety and Health Programs and Related Matters) and 
NPR 8715.3, NASA General Safety Program Requirements. These requirements have Agency­
wide applicability -- they are the fundamental requirements of NASA's safety program that all 
Centers are expected to follow. MSFC's approach is a very good implementation of NASA's 
safety program, and it has been shared across the Agency. It is very similar to a longstanding 
Ames Research Center Safety Accountability Program that was also shared and adapted by 
several Centers for their use. 

All Center safety offices are encouraged to share their approaches across the Agency, and all 
have done so. In addition to general information dissemination techniques, such as e-mail and 
Web sites, NASA convenes its safety and health managers annually to discuss problems, 
solutions, and best practices. These detailed briefings are captured and posted online for all to 
use. 



Tracking Number 2008-03-02 

Industrial Safety Performance Metrics 


Recommendation 
To expedite future ASAP site visits, the Panel recommends that other Centers present leading 
and lagging industrial safety performance metrics similar to those tracked by the Marshall Space 
Flight Center (MSFC), establishing a basis for discussions with the ASAP. This approach would 
give the Panel opportunities for gaining a better, more consistent understanding of safety 
processes; improving the bases for comparing and contrasting programs; and perhaps also 
supporting NASA cross-pollination of good ideas. 

NASA Response 
NASA agrees that the MSFC safety performance metrics presentation to the ASAP provided a 
solid framework for discussion . The Office of Safety and Mission Assurance provided a copy of 
the material that MSFC presented to the recent ASAP meeting to all Centers, indicating that the 
use of this format was an ASAP-preferred practice. 

Agency safety metrics are also posted on the NASA Safety Center Web site at: 
http://nsc.nasa.gov/. There are summary charts posted that compare Center performance in lost 
time cases, mishaps, close calls, and property damage; provide Agency aggregate data on the 
Occupational Safety and Health Administration recordable accident sources (both civil service 
and contractor); and provide individual Center reports on lost time injury rates. The ASAP is 
welcome to observe these metrics to evaluate whether the information might provide the insight 
and comparison they are seeking. It is Agency practice not to use these data to compare and 
contrast Center progress as this is counterproductive for a mishap prevention program, and 
promotes the wrong kind of competition, and drives down the necessary reporting of mishaps. 
Our expectations are for the Centers to achieve a continuous improvement in their mishap 
experiences based on their past records. 

http:http://nsc.nasa.gov


Tracking Number 2008-03-03 

Constellation Approach to Integration 


Recommendation 
The ASAP agrees with the new Constellation Program approach to integration, which places 
NASA in the position of prime systems integrator, but the Panel notes that it is a high-risk 
proposition. Although NASA and the Marshall Space Flight Center deserve high marks for a 
good start, the ASAP recommends that this Panel and others should continue to closely monitor 
the progress of Constellation Program operations for years to come. 

NASA Response 
Concur with recommendation .. 

NASA will work with ASAP to identify critical areas of importance. 



Tracking Number 2008-03-04 

Base Realignment and Closure (BRAC) Impact on Marshall Space Flight Center 


Recommendation 
The ASAP concluded that planning for BRAC moves to the Huntsville area is lifecritical at 
Marshal Space Flight Center (MSFC), so (1) the Center should review Constellation and other 
core ongoing programs to identify key and critical personnel whom the Center absolutely must 
retain to deliver required Constellation Program services; and (2) to protect the integrity of the 
Constellation Program and level the employment playing field with the Department of Defense, 
MSFC should irrunediately request Government waivers from term appointment constraints and 
from retirement salary reduction offsets. 

NASA Response 
(I) the Center should review Constellation and other core ongoing programs to identify key and 
critical personnel whom the Center absolutely must retain to deliver required Constellation 
Program services; 

The BRAC presents NASAlMSFC with critical workforce challenges. As a part of the MSFC 
workforce planning process, the Center identified Constellation and other core ongoing programs 
listed below: 

Constellation Systems Program Program Integration 
Ground Operations 
Orion Crew Exploration Vehicle 
Ares I Crew Launch Vehicle 
Altair Lunar Lander 
Ares V Cargo Launch Vehicle 
Lunar Surface Systems 
Constellation Systems Program Support 

Science 
Lunar Science Program 

Discovery Program 
New Frontiers Program 

Space Operations 

Lunar Management 
International Lunar Network 
Discovery Management 
New Frontiers Management 

Space Shuttle Program 
International Space Station Program 
Michoud Assembly Facility Operations 

Attachment 1 includes a listing of critical competencies the Center believes it must retain to 
deliver mission requirements. The document includes a listing of core and unique competencies 
required to deliver on the MSFC mission and goals, the positions that clllTently maintain the core 
and unique competencies, the MSFC directorate, and the number of employees that are needed to 
maintain those core and unique competencies. In order to maintain key and critical personnel , 
MSFC is implementing a mitigation strategy that includes the following activities : 



• 	

• 	
• 	

• 	

• 	

• 	
• 	

• 	

Strategic hiring initiative. MSFC implemented a strategic hiring initiative for FY08 to 
help compensate for BRAC-related challenges. Maintaining a high fill rate and a pipeline 
of core competencies will be necessary for the next couple of years to help the Center 
withstand the pressures of BRAC and to ensure the optimum number of critical skills 
available in the workforce to meet current and future mission requirements. MSFC's 
hiring strategy focuses on building the core competencies needed today and in the future. 
The Center is closely monitoring that strategy during this time to ensure that a viable plan 
is in place to manage the supply and demand environment. 

Managing critical positions and key personnel strategically by: 
Converting existing term employees to permanent positions as feasible in critical 
competency areas. 
Initially filling some critical competency positions as permanent appointments rather 
than filling as term and then converting at a later date. 
Effective use of pipeline programs (e.g. , increasing potential pool of entry-level 
candidates for future position vacancies by increasing co-op allocations from 48 to 60 
for FY09 .) 
Hiring in critical competencies to compensate for projected BRAC-related attrition. 
Using Flexibility Act incentives where feasible to acquire and retain critical 
competencies. 
Developing employees in critical competencies so the Center does not have single 
point failures in its workforce. 

While BRAC presents definite workforce challenges to MSFC, the Center is continually 
reviewing options to mitigate these challenges to ensure capability to meet mission requirements 
in a very dynamic workforce environment. 

(2) to protect the integrity of the Constellation Program and level the employment playing field 
with DoD, MSFC should immediately request Government waivers from term appointment 
constraints and from retirement salary reduction offsets 

In an effort to create greater flexibility in the Agency's workforce to respond to evolving 
program needs, NASA has implemented term appointment goals for the Centers. The Agency is 
monitoring the BRAC effect closely at MSFC and will revise those goals if necessary. 

NASA currently has the authority to waive the salary offset for reemployed annuitants for 
acquisition positions. All other requests for waivers of salary offset in other positions require 
Office of Personnel Management (OPM) approval. NASA has previously proposed legislation 
that would give the Agency broader authority to waive the salary offset for nonacquisition 
positions. Historically, OPM has objected to granting individual agencies such broad-reaching 
authority, and the legislation did not go forward. The Office of Human Capital Management has 
resubmitted the proposed legislation in FY09. 
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Core & Unique Competencies Pos Title Di rectorate # of Positions 
Acoustics AST, FLIGHT VEHICLE ACOUSTICS Engineering 4 
Acquistion and Contract Management CONTRACT SPECIALIST Procurement 81 
Advanced Experimentation and Testing Technologies AST, AERO VEH DES & MISS ANALYSIS Engineering 
Advanced Experimentation and Testing Technologies AST, AEROTHERMODYNAMICS Engineering 
Advanced Experimentation and Testing Technologies AST, FLIGHT SYSTEMS ENGR Engineering 
Advanced Experimentation and Testing Technologies AST, LIQUID PROPULSION SYSTEMS Engineering 
Advanced Experimentation and Testing Technologies AST, OPTICAL PHYSICS Engineering 
Advanced In-Space Propulsion AST, LIQUID PROPULSION SYSTEMS Engineering 1 

Advanced In-Space Propulsion AST, PROPULSION SYS & TECH Engineering 3 
Advanced In-Space Propulsion AST, SOLID PROPULSION SYSTEMS Engineering 
Advanced In-Space Propulsion AST, ADV PROPULSION TECHNOLOGIES Engineering 
Advanced Materials and Processing Science AST, AEROSPACE MATERIALS Engineering 1 
Advanced Materials and Processing Science AST, AEROSPACE METALLIC MATERIALS Engineering 5 
Advanced Materials and Processing Science AST, AEROSPACE POLYMERIC MATERIALS Engineering 
Advanced Materials and Processing Science AST, BASIC PROPERTIES OF MATERIALS Engineering 7 
Advanced Materials and Processing Science AST, EXPER MANUF TECHNIQUES Engineering 
Advanced Materials and Processing Science AST, OPTICAL PHYSICS Engineering 
Advanced Materials and Processing Science AST, STRUCTURAL MATERIALS Engineering 4 
Advanced Materials and Processing Science AST, BIOL & PHYSICAL SCIENCES RSRCH Engineering 1 

Advanced Materials and Processing Science AST, ENGINEERING PROJECT MANAGEMENT Engineering 
Advanced Measurement, Diagnostics, and Instrumenta AST, AVIONIC SYSTEMS Engineering 
Advanced Measurement, Diagnostics, and Instrumenta AST, ELECTRONIC INSTRU SYS Engineering 1 

Advanced Mission Analysis AST, AERO VEH DES & MISS ANALYSIS Engineering 2 
Advanced Mission Analysis AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Advanced Mission Analysis AST, TECH MGMT Engineering 
Advanced Technical Training Design AST, MISSION SUPPORT REQ & DEVEL Engineering 
Advanced Technical Training Design AST, MISSION SUPPORT RQMNTS & DEV Engineering 4 
Advanced Technical Training Design PROGRAM SPECIALIST Engineering 1 

Aerodynamics AST, AEROTHERMODYNAMICS Engineering 2 
Aerodynamics AST, FLUID MECHANICS Engineering 
Aerospace Systems Concept Development & Technology AST, AEROSPACE FLIGHT SYSTEMS Engineering 3 
Aerospace Systems Concept Development & Technology AST, ENG PROJECT MGMT Engineering 
Aerothermodynamics AST, AEROTHERMODYNAMICS Engineering 3 
Aerothermodynamics AST, HEAT TRANSFER Engineering 
Analytical and computational Fluid Mechanics AST, FLUID MECHANICS Engineering 11 
Analytical and computational Fluid Mechanics AST, PROPULSION FLOW DYNAMICS Engineering 
Analytical and Computational Structural Methods AST, MECH MATERIALS & STRUCTURES Engineering 
Avionics AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Avionics AST, ELECTRONIC INSTRU SYS Engineering 



Attachment 1 

Chemistry! Chemical Engineering AST, AEROSPACE MATERIALS Engineering 
Chemistry! Chemical Engineering AST, FUELS & COMBUSTION PROCESSES Engineering 
Chemistry! Chemical Engineering AST, STRUCTURAL MATERIALS Engineering 
Combustion Devices Design and Analysis AST, AEROTHERMODYNAMICS Engineering 
Combustion Devices Design and Analysis AST, LIQUID PROPULSION SYSTEMS Engineering 11 
Communication Networks & Engineering AST, DATA SYSTEMS Engineering 
Communication Networks & Engineering AST, ELECTRICAL SYSTEMS Engineering 
Communication Networks & Engineering AST, GROUND DATA SYSTEMS Engineering 
Communication Networks & Engineering AST, SENSORS & TRANSDUCERS Engineering 1 
Communication Networks & Engineering AST, TRACKING & TELEMETRY SYS Engineering 5 
Computer Systems and Engineering AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Computer Systems and Engineering AST, DATA SYSTEMS Engineering 
Computer Systems and Engineering AST, FLIGHT DATA SYSTEMS Engineering 
Computer Systems and Engineering AST, GROUND DATA SYSTEMS Engineering 
Computer Systems and Engineering AST, QUALITY ASSURANCE Safety & Mission 

Assurance 

Configuration Management AST, DATA HARDWARE SYSTEMS Engineering 1 
Configuration Management AST, TECH ENGINEERING OPNS MGMT Engineering 5 
Configuration Management AST, TECHNICAL MANAGEMENT Engineering 5 
Configuration Management CONFIGURATION & DATA MGMT SPEC Engineering 4 
Contamination Control AST, BASIC PROPERTIES OF MATERIALS Engineering 2 
Contamination Control AST, FLIGHT SYSTEMS TEST Engineering 
Contamination Control AST, MATERIALS & STRUCTURES Engineering 1 
Control Systems, Guidance & Navigation AST, AERO VEH DES & MISS ANALYSIS Engineering 2 
Control Systems, Guidance & Navigation AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Control Systems, Guidance & Navigation AST, FLUID AND FLIGHT MECHANICS Engineering 
Control Systems, Guidance & Navigation AST, NAV GUID & CONTROL SYS Engineering 18 
Control Systems, Guidance & Navigation AST, TRACKING & TELEMETRY SYS Engineering 3 
Data Visualization AST, DATA SYSTEMS Engineering 
Data Visualization AST, FLUID MECHANICS Engineering 
Database Management Systems QUALITY ASSURANCE INFO SPECIALIST Safety & Mission 

Assurance 
DeSign and Development Engineering AST, AEROSPACE FLIGHT SYSTEMS Engineering 2 
Design and Development Engineering AST, FLIGHT STRUCTURES Engineering 4 
Design and Development Engineering AST , FLIGHT SYSTEMS ENGR Engineering 1 
Design and Development Engineering AST, LIQUID PROPULSION SYSTEMS Engineering 5 
DeSign and Development Engineering AST, MECHANICAL EXP EQUIP Engineering 7 
Design and Development Engineering AST, SOLID PROPULSION SYSTEMS Engineering 1 
Design and Development Engineering AST, EXPERIMENTAL FACILITIES DEV Engineering 2 
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Design and Development Engineering AST, TECH MGMT Engineering 
Dynamic Data Analysis AST, FLIGHT SYSTEMS TEST Engineering 
Dynamic Data Analysis AST, THEORETICAL SIMULATION TECH Engineering 
EEE Parts AST, ELEC SYS FAILURE ANALYSIS Engineering 2 
EEE Parts AST, ELECTRONICS OF MATERIALS Engineering 5 
Electrical and Electronic Systems AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Electrical and Electronic Systems AST, ELEC SYS FAILURE ANALYSIS Engineering 
Electrical and Electronic Systems AST, ELECTRICAL SYSTEMS Engineering 12 
Electrical and Electronic Systems AST, ELECTRONIC INSTRU SYS Engineering 7 
Electrical and Electronic Systems AST, FLIGHT SYSTEMS TEST Engineering 
Electrical and Electronic Systems AST, NAV GUID & CONTROL SYS Engineering 3 
Electrical and Electronic Systems AST, OPTICAL PHYSICS Engineering 
Electrical and Electronic Systems AST, TELECOMMUNICATIONS Engineering/ ARES Project 2 

Office 

Electromagnetics AST, ELECTRICAL SYSTEMS Engineering 5 
Electromagnetics AST, PROPULSION SYS & TECH Engineering 3 
Environmental Control and Life Support Systems AST, AEROSPACE FLIGHT SYSTEMS Engineering 1 
Environmental Control and Life Support Systems AST, ENVIRON CONTROL SYSTEMS Engineering 8 
Environmental Control and Life Support Systems AST, MEASURE/INSTRUMENT SYS Engineering 
Environmental Control and Life Support Systems AST, SENSORS & TRANSDUCERS Engineering 
Failure Analysis AST, AEROSPACE METALLIC MATERIALS Engineering 2 
Flight and Ground Data Systems AST, AUTOMATION & ROBOTIC SYS Engineering 
Flight and Ground Data Systems AST, DATA SYSTEMS Engineering 22 
Flight and Ground Data Systems AST, ELECTRICAL SYSTEMS Engineering 4 
Flight and Ground Data Systems AST, FLIGHT DATA SYSTEMS Engineering 8 
Flight and Ground Data Systems AST, FLIGHT SYSTEMS TEST Engineering 3 
Flight and Ground Data Systems AST, GROUND DATA SYSTEMS Engineering 2 
Flight and Ground Data Systems AST, ELECTRICAL POWER SYS PROG Engineering 
Flight and Ground Data Systems AST, FLIGHT SYSTEMS OPS Engineering 
Flight and Ground Data Systems AST, TECH ENG OPER MGMT Engineering 
Fluid Physics AST, AEROSPACE PROPULSION SYSTEMS Engineering 
Fluid Physics AST, AEROTHERMODYNAMICS Engineering 
Fluid Physics AST, FLIGHT VEHICLE ACOUSTICS Engineering 3 
Fluid Physics AST, FLUID MECHANICS Engineering 2 
Fluid Systems AST, FLIGHT SYSTEMS DESIGN Engineering 
Fluid Systems AST, STRUCTURAL DYNAMICS Engineering 
Imaging Analysis AST, DATA ANALYSIS Engineering 4 
Integrated Logistics Support AST, FLIGHT SYSTEMS ENGR Engineering 5 
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Integration Engineering AST, AEROSPACE FLIGHT SYSTEMS Engineering! ARES Project 20 
Office! Shuttle! Science & 
Mission Systems Office 

Integration Engineering AST, ELECTRICAL SYSTEMS Engineering 1 
Integration Engineering AST, FLIGHT SYSTEMS ENGR Engineering 10 
Integration Engineering AST, LIQUID PROPULSION SYSTEMS Engineering 5 
Integration Engineering AST, FLIGHT SYSTEMS OPS Engineering 
Integration Engineering AST, TECHNICAL MANAGEMENT Shuttle 5 
Integration Engineering AST, LAUNCH & FLTOPS Shuttle 
Integration Engineering FACILITIES PROJECT ENGINEER Center Operations 
Integration Engineering LOGISTICS OPERATIONS & PLANNING ENGR Center Operations 1 
Liquid Engine Systems AST, AEROSPACE FLIGHT SYSTEMS Engineering 3 
Liquid Engine Systems AST, FLIGHT SYSTEMS ENGR Engineering 2 
Liquid Engine Systems AST, LIQUID PROPULSION SYSTEMS Engineering!ARES Project 25 

Office 
Liquid Engine Systems AST, PROPULSION & POWER Engineering 2 
Liquid Engine Systems COMPUTER ASSISTANT Engineering 1 
Manufacturing Engineering AST, EXPER MANUF TECHNIQUES Engineering 9 
Manufacturing Engineering AST, FLIGHT STRUCTURES Engineering 
Manufacturing Engineering AST, FLIGHT SYSTEMS ENGR Engineering 
Manufacturing Engineering AST, FLIGHT SYSTEMS TEST Engineering 
Manufacturing Engineering AST, OPTICAL PHYSICS Engineering 
Manufacturing Engineering AST, STRUCTURAL MATERIALS Engineering 5 
Manufacturing Engineering INDUSTRIAL SPECIALIST Engineering 2 
Manufacturing Engineering MATERIALS ENGINEER Engineering 
Materials Science and Engineering AST, AEROSPACE CERAMIC MATERIALS. Engineering 1 
Materials Science and Engineering AST, AEROSPACE MATERIALS Engineering 3 
Materials Science and Engineering AST, AEROSPACE METALLIC MATERIALS Engineering 10 
Materials Science and Engineering AST, AEROSPACE POLYMERIC MATERIALS Engineering 2 
Materials Science and Engineering AST, EXPER MANUF TECHNIQUES Engineering 
Materials Science and Engineering AST, FLIGHT STRUCTURES Engineering 
Materials Science and Engineering AST, LIQUID PROPULSION SYSTEMS Shuttle 1 
Materials Science and Engineering AST, STRUCTURAL MATERIALS Engineering 18 
Materials Science and Engineering AST, TRISOLOGY Engineering 3 
Mathematical Modeling & Analysis AST, AERO VEH DES & MISS ANALYSIS Engineering 3 
Mathematical Modeling & Analysis AST, FLT VEHICLE SPACE ENVIRON Engineering 
Mathematical Modeling & Analysis AST, FLUID MECHANICS Engineering 2 
Mathematical Modeling & Analysis AST, NAV GUID & CONTROL SYS Engineering 2 
Mathematical Modeling & Analysis AST, THEORETICAL SIMULATION TECH Engineering 2 
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Mathematical Modeling & Analysis AST, TECH MGMT ARES Project Office 
Mechanical Systems AST, AEROSPACE FLIGHT SYSTEMS Engineering 1 
Mechanical Systems AST, FLIGHT STRUCTURES Engineering 2 
Mechanical Systems AST, FLIGHT SYSTEMS DESIGN Engineering 6 
Mechanical Systems AST, FLIGHT SYSTEMS TEST Engineering 
Mechanical Systems AST, LIQUID PROPULSION SYSTEMS Engineering 
Mechanical Systems AST, FACIL SYS SAFETY Safety & Mission 

Assurance 
Mechanics and Durability AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Mechanics and Durability AST, MATERIALS & STRUCTURES Engineering 1 
Mechanics and Durability AST, MECH MATERIALS & STRUCTURES Engineering 3 
Mechanics and Durability AST , STRUCTURAL DYNAMICS Engineering 13 
Mission Analysis and Planning AST , AERO VEH DES & MISS ANALYSIS Engineering 3 
Mission Analysis and Planning AST, DATA ANALYSIS Engineering 
Mission Analysis and Planning AST, FLIGHT DATA SYSTEMS Engineering 
Mission Analysis and Planning AST , FLIGHT SYSTEMS OPS Engineering 2 
Mission Analysis and Planning AST, MISSION OPER INTEGRATION Engineering 2 
Mission Analysis and Planning AST, MISSION SUPPORT REQ & DEVEL Engineering 5 
Mission Assurance AST, FLIGHT SYSTEMS SAFETY Safety & Mission 2 

Assurance 
Mission Assurance AST , LIQUID PROPULSION SYSTEMS ARES Project Office 
Mission Assurance AST , RELIABILITY & QUALITY ASSUR Engineering 22 
Mission Assurance AST, QUALITY ASSURANCE Safety & Mission 

Assurance 
Mission Execution AST , AEROSPACE FLIGHT SYSTEMS Science & Mission 

Systems Office 
Mission Execution AST, FLIGHT SYSTEMS OPS Engineering 1 
Mission Execution AST, MISSION OPERATIONS INTEGATION Engineering 19 
Mission Execution AST, MISSION SUPPORT REQ & DEVEL Engineering 2 
Mission Execution AST, OPERATIONS Engineering 3 
Mission Execution EQUIPMENT SPECIALIST Engineering 
Mission Flight Design AST, AERO VEH DES & MISS ANALYSIS Engineering 1 
Mission Flight Design AST, AERO VEH DES & MISS ANALYSIS Engineering 5 
Mission Flight Design AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Non-destructive Evaluation Sciences AST, AEROSPACE INFO TECHNOLOGY Engineering 
Non-destructive Evaluation Sciences AST, DATA SYSTEMS & ANALYSIS Engineering 1 
Non-destructive Evaluation Sciences AST, MECH MATERIALS & STRUCTURES Engineering 6 
Non-destructive Evaluation Sciences AST , STRUCTURAL MATERIALS Engineering 1 
Non-metallics AST, AEROSPACE CERAMIC MATERIALS Engineering 3 
Non-metallics AST, AEROSPACE MATERIALS Engineering 4 
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Non-metallics AST, AEROSPACE POLYMERIC MATERIALS Engineering 2 
Non-metallics AST, EXPER MANUF TECHNIQUES Engineering 3 
Non-metallics AST, STRUCTURAL MATERIALS Engineering 5 
Optical Systems AST, AEROSPACE FLIGHT SYSTEMS ARES Project Office 
Optical Systems AST, ELECTRONIC INSTRU SYS Engineering 
Optical Systems AST, OPTICAL PHYSICS Engineering 7 
Parts & Packaging AST, ELECTRICAL SYSTEMS Engineering 4 
Payload Integration AST, TECH RESOURCES MGMT Science & Mission 

Systems Office 
Power Systems AST, DIRECT ENERGY CONVERSION Engineering 2 
Power Systems AST, ELECTRICAL POWER SYSTEMS Engineering 5 
Process Engineering AST, EXPER MANUF TECHNIQUES Engineering 
Process Engineering AST,STRUCTURALMATER~LS Engineering 2 
Process Engineering AST, TECH RESOURCES MGMT Engineering 
Program/Project Management (AST, AERO VEH DES &MISS ANALYSIS) Science & Mission 

Systems Office 
Program/Project Management (AST, AEROSPACE FLIGHT SYSTEMS) Engineering/ARES Project 31 

Office/ Shuttle/Science & 
Mission Systems Office 

Program/Project Management (AST, AEROSPACE PROPULSION SYSTEMS) Science & Mission 
Systems Office 

Program/Project Management (AST, EXPER MANUF TECHNIQUES) Science & Mission 
Systems Office 

Program/Project Management (AST, FLIGHT SYSTEMS DESIGN) Science & Mission 
Systems Office 

Program/Project Management (AST, FLIGHT SYSTEMS TEST) Science & Mission 
Systems Office 

Program/Project Management (AST, LIFE SUPPORT STUDIES) Science & Mission 
Systems Office 

Program/Project Management (AST, LIQUID PROPULSION SYSTEMS) ARES Project Office 4 
Program/Project Management (AST, PROPULSION SYS &TECH) Science & Mission 2 

Systems Office 
Program/Project Management (AST, RELIABILITY & QUALITY ASSUR) Safety &Mission 

Assurance 
Program/Project Management (AST, STRUCTURAL DYNAMICS) ARES Project Office 1 
Program/Project Management (AST, STRUCTURAL MATERIALS) Engineering 2 
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Program/Project Management AST, TECHNICAL MANAGEMENT Engineering/ARES Project 15 
Office/ Shuttle/Science & 
Mission Systems Office 

Program/Project Management AST, ENG PROJECT MANAGEMENT Science & Mission 
Systems Office 

Program/Project Management AST, ENG PROJECT MGMT Engineering/ARES Project 10 
Office/ Shuttle/Science & 
Mission Systems Office 

Program/Project Management AST, MISSION OPER INTEGRATION Science & Mission 
Systems Office 

Program/PrOject Management PROGRAM MANAGER Engineering 1 
Propellant Management Systems Design and Analysis AST, LIQUID PROPULSION SYSTEMS Engineering 6 
Propulsion Design and Development Engineering AST, AEROSPACE FLIGHT SYSTEMS Engineering 2 
Propulsion Design and Development Engineering AST, FLIGHT SYSTEMS DESIGN Engineering/ARES Project 2 

Office/ Shuttle/Science & 
Mission Systems Office 

Propulsion Design and Development Engineering AST, LIQUID PROPULSION SYSTEMS Engineering 3 
Propulsion Design and Development Engineering AST, PROPULSION & POWER Engineering 
Propulsion Integration Engineering AST, LIQUID PROPULSION SYSTEMS Engineering 
Propulsion Systems & Testing AST, AEROSPACE FLIGHT SYSTEMS Engineering/ARES Project 8 

Office/ Shuttle/Science & 
Mission Systems Office 

Propulsion Systems & Testing AST, AEROSPACE PROPULSION SYSTEMS Engineering 

Propulsion Systems & Testing AST, FLIGHT SYSTEMS ENGR Engineering 
Propulsion Systems & Testing AST, LIQUID PROPULSION SYSTEMS Engineering 9 
Propulsion Systems & Testing AST, PROPULSION SYS & TECH Engineering 4 
Propulsion Systems & Testing AST, RELIABILITY & QUALITY ASSUR Safety & Mission 2 

Assurance 

Propulsion Systems & Testing AST, SOLID PROPULSION SYSTEMS Engineering 7 
Pyrotech nics AST, PYROTECHNIC SYSTEMS Engineering 4 
Quality Engineering & Assurance AST, RELIABILITY & QUALITY ASSUR Safety & Mission 15 

Assurance 

Quality Engineering & Assurance AST, QUALITY ASSURANCE Safety & Mission 5 
Assurance 
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Quality Engineering & Assurance QUALITY ASSUR SPECIALIST Safety & Mission 12 
Assurance 

Reliability & Maintainability Engineering & Assura AST, RELIABILITY & QUALITY ASSUR Safety & Mission 15 
Assurance 

Risk Management AST, FLIGHT SYSTEMS SAFETY Safety & Mission 
Assurance 

Risk Management AST, RELIABILITY & QUALITY ASSUR Safety & Mission 3 
Assurance 

Rocket Propulsion AST, AEROTHERMODYNAMICS Engineering 1 

Rocket Propulsion AST, LIQUID PROPULSION SYSTEMS Engineering 5 
Rocket Propulsion AST, PROPULSION FLOW DYNAMICS Engineering 
Rocket Propulsion AST, TRIBOLOGY Engineering 
Safety Engineering and Assurance AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Safety Engineering and Assurance AST, FLIGHT SYSTEMS ENGR Engineering 1 
Safety Engineering and Assurance AST, FLIGHT SYSTEMS SAFETY Safety & Mission 6 

Assurance 

Safety Engineering and Assurance AST, RELIABILITY & QUALITY ASSUR Safety & Mission 3 
Assurance 

Safety Engineering and Assurance AST, FACIL SYS SAFETY Safety & Mission 3 
Assurance 

Sensors & Data Acquisition AST, DATA SYSTEMS Engineering 
Sensors & Data Acquisition AST, ELECTRONIC INSTRU SYS Engineering 9 
Sensors & Data Acquisition AST, NAV GUID & CONTROL SYS Engineering 
Simulation/Flight Research Systems AST, THEORETICAL SIMULATION TECH Engineering 3 
Software Assurance Engineering AST, GROUND DATA SYSTEMS Engineering 2 
Software Assurance Engineering AST, RELIABILITY & QUALITY ASSUR Safety & Mission 3 

Assurance 

Software Assurance Engineering AST, SOFTWARE SYSTEMS Engineering 
Software Assurance Engineering AST, QUALITY ASSURANCE Safety & Mission 

Assurance 
Software Assurance Engineering QUALITY ASSURANCE SPEC COMPUTER Safety & Mission 

Assurance 

Software Engineering AST, DATA SYSTEMS Engineering/Science & 12 
Mission Systems Office 

Software Engineering AST, FLIGHT DATA SYSTEMS Engineering 11 
Software Engineering AST, GROUND DATA SYSTEMS Engineering 5 
Software Engineering AST, SOFTWARE SYSTEMS Engineering 5 
Software Engineering AST, THEORETICAL SIMULATION TECH Engineering 2 
Software Engineering INFORMATION TECH. SPEC. SYS ANALYSIS Engineering 
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Attachment 1 

Solid & Hybrid Motor Systems AST, AVIONIC SYSTEMS Engineering 
Solid & Hybrid Motor Systems AST, RELIABILITY & QUALITY ASSUR Safety & Mission 

Assurance 
Solid & Hybrid Motor Systems AST, SOLID PROPULSION SYSTEMS Engineering/ARES Project 29 

Office 
Space Environments Science and Engineering AST, BASIC PROPERTIES OF MATERIALS Engineering 4 
Space Environments Science and Engineering AST, FLT VEHICLE SPACE ENVIRON Engineering 8 
Space Physics AST, ATMOSPHERES & IONOSPHERES Science & Mission 

Systems Office 
Space Physics AST, BASIC PROPERTIES OF MATERIALS Engineering 2 
Space Physics AST, FIELDS & PARTICLES Science & Mission 

Systems Office 
Space Physics AST, FLIGHT SYSTEMS TEST Engineering 1 
Space Physics AST, FL T VEHICLE SPACE ENVIRON Engineering 2 
Space Physics AST,SOLAR/SOLAR TERRESTRIAL STUDIES Science & Mission 7 

Systems Office 
Space Physics AST, SPACE SCIENCE DATA MGT Science & Mission 

Systems Office 
Spacecraft & Stabilization Control Design and Anal AST, AERO VEH DES & MISS ANALYSIS Engineering 1 
Spacecraft & Stabilization Control Design and Anal AST,CONTROLSYSTEMS Engineering 2 
Spacecraft and Auxiliary Propulsion System Design AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Spacecraft and Auxiliary Propulsion System Design AST, LIQUID PROPULSION SYSTEMS Engineering 13 
Spacecraft and Auxiliary Propulsion System Design AST, PROPULSION FLOW DYNAMICS Engineering 
Structural Design and Development Engineering AST, AERO VEH DES & MISS ANALYSIS Engineering 
Structural Design and Development Engineering AST, AEROSPACE FLIGHT SYSTEMS Engineering 
Structural Design and Development Engineering AST, FLIGHT STRUCTURES Engineering 12 
Structural Design and Development Engineering AST, FLIGHT SYSTEMS ENGR Engineering 1 
Structural Design and Development Engineering AST, STRUCTURAL DYNAMICS Engineering 12 
Structural Dynamics AST, AEROSPACE FLIGHT SYSTEMS ARES Project Office 2 
Structural Dynamics AST, STRUCTURAL DYNAMICS Engineering 23 
Structural Test Engineering AST, ELECTRONIC INSTRU SYS Engineering 6 
Structural Test Engineering AST, FLIGHT SYSTEMS ENGR Engineering 
Structural Test Engineering AST, FLIGHT SYSTEMS TEST Engineering 10 
Structural Test Engineering AST, STRUCTURAL DYNAMICS Engineering 15 
System Safety AST, FLIGHT SYSTEMS SAFETY Safety & Mission 1 

Assurance 
System Safety AST, SAFETY & MISSION ASSURANCE Safety & Mission 

Assurance 
System Safety AST, FACIL SYS SAFETY Safety & Mission 

Assurance 
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Attachment 1 

Systems Engineering 
 AST, AERO VEH DES & MISS ANALYSIS Engineering 
Systems Engineering 
 AST, AEROSPACE FLIGHT SYSTEMS Engineering/ARES Project 84 

Office/ Shuttle/Science & 
Mission Systems Office 

Systems Engineering AST, AEROSPACE MATERIALS Shuttle 
Systems Engineering AST, AEROSPACE PROPULSION SYSTEMS Engineering 2 
Systems Engineering AST, APPLICATIONS DATA MGMT Science & Mission 

Systems Office 
Systems Engineering AST, DATA ANALYSIS Engineering 2 
Systems Engineering AST, DATA SYSTEMS Engineering 
Systems Engineering AST, ELECTRICAL POWER SYSTEMS Engineering 
Systems Engineering AST, ELECTRICAL SYSTEMS Engineering 
Systems Engineering AST, FACILITIES & ENVIRON FACTORS Safety & Mission 

Assurance 
Systems Engineering AST, FLIGHT DATA SYSTEMS Engineering 2 
Systems Engineering AST, FLIGHT STRUCTURES Engineering 
Systems Engineering AST, FLIGHT SYSTEMS DESIGN Engineering 1 
Systems Engineering AST, FLIGHT SYSTEMS ENGR Engineering/ARES Project 23 

Office 
Systems Engineering AST, GROUND DATA SYSTEMS Engineering 3 
Systems Engineering AST, LIQUID PROPULSION SYSTEMS Engineering 11 
Systems Engineering AST, SAFETY & MISSION ASSURANCE Safety & Mission 

Assurance 
Systems Engineering AST, SOLID PROPULSION SYSTEMS Engineering 3 
Systems Engineering AST, STRUCTURAL MATERIALS Engineering 
Systems Engineering AST, STRUCTURAL MECHANICS ARES Project Office 
Systems Engineering AST, THEORETICAL SIMULATION TECH Engineering 1 
Systems Engineering AST, ENG PROJECT MGMT Engineering 3 
Systems Engineering AST, ENGR PROGRAM MGMT Science & Mission 

Systems Office 
Systems Engineering AST, ENGR TECH UTILIZ & COMMERCIAL Engineering 
Systems Engineering AST, HUMAN/MACHINE SYSTEMS Engineering 2 
Systems Engineering AST, MISSION SUPPORT REQ & DEVEL Engineering 2 
Systems Engineering AST, TECH ENGINEERING OPS MGMT Engineering 5 
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Attachment 1 

Systems Engineering AST, TECHNICAL MANAGEMENT Engineering/ ARES Project 
Office/Shuttle/ Science & 
Mission Systems Office 

23 

Systems Engineering TECHNICAL WRITER EDITOR Engineering 
Systems Integration Engineering AST, AEROSPACE FLIGHT SYSTEMS Shuttle 13 
Systems Integration Engineering AST, FLIGHT STRUCTURES Shuttle 
Systems Integration Engineering AST, SOLID PROPULSION SYSTEMS Shuttle 11 
Systems Integration Engineering AST, MISSION OPER INTEGRATION Engineering 
Systems Integration Engineering AST, TECH RESOURCES MGMT Shuttle 
Terrestrial and Planetary Environments Science AST, DATA SYSTEMS & ANALYSIS Engineering 1 

Terrestrial and Planetary Environments Science AST,FLT VEHICLE ATMOSPHERIC ENVIRON Engineering 7 
Test Engineering AST, AEROSPACE FLIGHT SYSTEMS Science & Mission 

Systems Office 
Test Engineering AST, BASIC PROPERTIES OF MATERIALS Engineering 2 
Test Engineering AST, EARTH SCI REMOTE SENSING Science & Mission 

Systems Office 

Test Engineering AST, ELECTRONIC INSTRU SYS Engineering 14 
Test Engineering AST, FLIGHT SYSTEMS TEST Engineering/ Science & 

Mission Systems Office 
28 

Test Engineering AST, THEORETICAL SIMULATION TECH Engineering 
Test Engineering AST, EXPERIMENTAL FACILITIES DEV Engineering 
Thermal Systems AST, AEROSPACE FLIGHT SYSTEMS Engineering 2 
Thermal Systems AST, FLUID MECHANICS Engineering 
Thermal Systems AST, HEAT TRANSFER Engineering 31 
Thermal Test Engineering AST, FLIGHT SYSTEMS TEST Engineering 3 
Thermal Test Engineering AST, TECH RESOURCES MGMT Engineering 1 
Turbomachinery Design and Analysis AST, LIQUID PROPULSION SYSTEMS Engineering 7 
Turbomachinery Design and Analysis AST, PROPULSION FLOW DYNAMICS Eng ineering 
Valves, Lines & Ducts AST, AEROSPACE FLIGHT SYSTEMS ARES Project Office 
Valves, Lines & Ducts AST, FLIGHT SYSTEMS ENGR Engineering 
Valves , Lines & Ducts AST, LIQUID PROPULSION SYSTEMS Engineering 14 
Vehicle Control Design and Analysis AST, NAV GUID & CONTROL SYS Engineering 3 
Vehicle Control Design and Analysis 

TOTAL 

AST,CONTROLSYSTEMS Engineering 

1429 
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Tracking Number 2008-03-05 

Open Columbia Accident Investigation Board (CAIB) Recommendations 


Recommendation 
In accordance with its mandate, the ASAP will continue to monitor new developments relevant to 
the three CAIB recommendations that have not been closed out, but the Panel does not have the 
resources necessary to conduct the extensive review and analysis necessary to recommend closeout. 
NASA must decide whether to accept the risks associated with the remaining three CAIB 
recommendations before the Panel can decide whether to concur. 

NASA Response 
NASA has made significant progress on the three open CAIB recommendations since the 
STS-114 Return to Flight (RTF) mission in July 2005. NASA accepts the risk associated with 
the three remaining CAIB recommendations. Even though NASA accepts these risks, we are not 
done and will continue to investigate, learn, and improve our risk posture. 

External Tank (ET) Thermal Protection System (TPS) Modifications 
Prior to RTF, the External Tank Project made significant redesigns to the ET: Longeron 
closeouts were removed and replaced, intertanklLH2 tank flange closeouts were enhanced, the 
LH2 Protuberance Air Load (PAL) Ramp (forward 10 feet) was removed , L02 feedline fairing 
cameras were added, venting on the inteliank foam was increased, bipod fitting and TPS closeouts 
were redesigned , and L02 feedline bellows TPS drip lip (3 stations) and heaters were added. 
Improvements - standardization and demonstration pours - were also made to many foam 
application processes. Following STS-114, foam loss events indicated additional improvements 
were required to reduce flight risk. 

This led to a second phase of redesigns: LH2 and L02 PAL ramp removal (for debris 
mitigation), increased venting in the intertank foam and bipod harness modifications (also for 
debris mitigation) . These redesigns were implemented on the STS-121 flight , the flight after 
STS-114. The results of these changes have significantly mitigated critical debris shedding. 
Hardware and process changes implemented since RTF have performed nominally, and no 
releases of critical debris have occurred since STS-l14. Since removal of the PAL ramps for 
STS-121, the largest piece of foam released since RTF is more than 25 times smaller than the 
1.67 pounds of foam that liberated and struck Columbia in February 2003. The effort does not 
stop here. 

Since the first two RTF flights , the Shuttle Program has continued its efforts to understand foam 
shedding and eliminate the primary causes and improve ET designs. Following STS-114, an ET 
Tiger Team was established to determine the cause of unexpected debris from the STS-114 LH2 
ice/frost ramps (IFR) and surrounding acreage. The Tiger Team used the ET-120 tank, originally 
slated for STS-114, as a test bed for dissecting foam from the IFR area. The dissections revealed 
delaminations and voids in the acreage foam. The ET Project developed IFR assessment! decision 
logic (roadmap) to guide decisions and solidify potential mitigations. Testing included: 
producibility demonstrations, use of cryo panels to determine design effectiveness, wind tunnel 
testing to assess aerodynamic performance, and thennal vacuum testing to determine 



acceptability of testing in ascent environment. The testing resulted in a better understanding of 
the cause of debris shedding, improved TPS divot modeling, and subsequent repairs made to 
eliminate voids in the foam. 

Although the ice-frost ramp redesign was clearly demonstrated to be a success when flown on 
STS-120/ET -120, the ET -128 (STS-124) was the first "in-line" production tank incorporating all 
the debris mitigation redesigns implemented since RTF. ET-128 final assembly utilized improved 
process controls including the use of mats to help eliminate foam crushing. Major debris 
mitigation changes included the redesign of the L02 feedline bracket (titanium) and TPS (four 
locations) and the redesign of the LH2 pressline hardware and IFRs (17 locations). (The IFR 
redesign was intended to reduce IFR adjacent acreage and IFR body TPS debris as well as aid in 
further understanding critical foam loss failure mechanisms.) Major productivity changes 
included the resizing of the +Z LH2 barrel panels (10 of 32 panels) and substitution of 
Aluminum (AI) 2195 with Al 2219 on 12 L02 aft dome gore panels (12) and the L02 aft dome 
cap (which was also resized). The post-flight perfonnance assessment verified that all systems 
perfonned nominally and resulted in no Launch Commit Criteria (LCC) or Operational 
Maintenance Requirements and Specification (OMRS) violations and no In-Flight Anomalies 
(IFA). 

The changes and improvements indicated above will continue to be evaluated against flight 
perfolmance through the remainder of the Shuttle Program. Design changes will be made to 
keep risk at a minimum acceptable level to ensure safe flight. 

Orbiter Hardening and TPS Impact Tolerance. The Space Shuttle Program has initiated a 
program appropriate for the remaining service life of the Shuttle and has hardened critical areas 
of the TPS. The areas initially identified for improvement (and all are now complete) were: 
Main Landing Gear Door (MLGD) comer void elimination, Forward Reaction Control System 
(FRCS) bonded stud elimination, wing spar protection, and thicker window modifications. The 
introduction of a hardened tile, BRI-18, to replace tile in the top five priority areas (MLGD, ET 
door and Leading Edge Support Structure (LESS)) is now complete for OV-103 and OV-1 04, 
and continues in work on OV-1 05. Additionally, the use of BRI-18 in lower-priority areas is 
being aggressively implemented. In addition to hardware modifications, the Shuttle Program has 
and continues to develop models for damage assessment purposes and maintains a database of 
damage allowable maps and site specific assessments. The damage assessment tools are 
configuration controlled and updated based on flight experience. During Shuttle missions , a 
Damage Assessment Team (DAT) provides real-time assessment of any TPS damage noted on 
ascent or on-orbit, including assessment uncertainties to the Mission Management Team. 

NASA has taken a very proactive stance in detelmining the cause ofRCC Silicon Carbide (SiC) 
liberation. In November 2007, NASA fOlmed a Tiger Team to detennine, to the extent possible: 
The mechanism and root cause of RCC SiC coating liberation at the slip side joggle area; 
through inspection, test , and analysis, establish pass/fail criteria for suspect coating areas that allow 
removal and replacement of Orbiter RCC before flight; and identify threats to spares and 
recommend a replenishment strategy to the United Space Alliance logistics based on the root cause 
identification and inspection strategy. 
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While the investigation is still ongoing, the Space Shuttle Program (SSP) has taken several steps to 
ensure that risk is mitigated: The SSP inspects, removes, and replaces panels with indications 
greater than 0.2 line scan magnitude (Wf) from the vehicle (10 panels have been removed from 
the fleet to date); and six new panels have been procured to maintain a fleet-wide spare inventory 
of at least one panel per location. 

TPS On-Orbit Inspection and Repair (repair portion only; inspection portion met). The 
SSP has continued to improve its repair capabilities. We currently have an 
operational capability to repair the most likely damage using one of the following : 

For Tile Repair: Emittance Primer Coating for minor tile coating and shallow tile damage; Tile 
Repair Ablator Dispenser (T-RAD)/STA-S4 for limited volume tile damage and door seal 
penetration; and Government Furnished Equipment (GFE) Tile Overlay Repair (GTOR) for large 
tile damage or missing tiles. 

For RCC Repair: Non-Oxide Adhesive Experimental (NOAX) for coating loss, cracks, gouges, 
and small holes less than 0.5 inches; and plugs for intermediate size holes of approximately one to 
four inches. 

NASA has successfully developed three on-orbit tile repair systems and two on-orbit RCC repair 
systems. TPS repair hardware has flown on all flights post STS-114. Successful ground tests 
and on-orbit tests provide the additional confidence that each of the repairs can be implemented 
on-orbit and serve its repair function for the intended design requirement. 

The SSP began working tile repair options as part of return to flight. It proved to be a difficult task, 
particularly in being able to "certify" a repair capability. In spite of this, the SSP continued to 
develop a suitable dispensing tool for the STA-54 tile repair matelial. The dispenser, known as 
T-RAD (Tile Repair Abator Dispenser) was manifested on STS-120 as a Detailed Test Objective 
(DTO-848) but was postponed due to ISS solar array repair. The DTO-848 was successfully 
conducted on STS-123. The DTO had six test objectives designed to evaluate multi-depth damage, 
characterize adhesion properties, and demonstrate that EVA techniques are adequate. The samples 
repaired during the STS-123 DTO were subjected to arc-jet testing, and the results recently 
presented. The samples dispensed on orbit and those dispensed on the ground were both subjected 
to arc jet testing and both ground and space-based repairs passed thermal testing, showing similar 
thermal and swell properties. This was an important finding as it allows test results from real-time 
ground prepared samples to be used to evaluate and assess the effectiveness of an on-orbit STA-54 
repair. T-RAD/STA-54 will be manifest on each of the remaining Shuttle flights. 

The Space Shuttle Program is a learning organization and continues to work to improve our risk 
posture in all areas of accepted risk, including the three areas above. Through every flight, we 
better understand our systems and the risks associated with operating in the integrated environment 
in addition to testing and analysis of every anomaly. NASA accepts the risks associated with the 
three CAIB recommendations that were not closed by the Return to Flight Task Group. 
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