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NASA ADVISORY COUNCIL (NAC)

Jet Propulsion Laboratory, Pasadena, CA

September 10-11, 2002

Opening Remarks/Introductions

Dr. Charles Kennel, Chair of the NASA Advisory Council (NAC), called the meeting to order and welcomed members and attendees.  The primary focus of the meeting was Research Maximization and Prioritization (ReMaP).  Other items on the agenda were the Mars Program and new initiatives in Commercial Research and Education, as well as an overview of the Strategic Planning and Performance exercise.  Dr. Kennel introduced

Dr. Fred Gregory, Deputy Administrator of NASA, as the new senior NASA ex-officio member on the Council.  He also welcomed the newest member on the NAC, Dr. Howard Mortazavian from the University of California, Los Angeles.  Dr. Charles Elachi, Director of the Jet Propulsion Laboratory (JPL), welcomed everyone to the meeting site.  He noted that he would be giving the Council a brief overview of the work at JPL in the afternoon and that the NAC would get a tour of the Mars 03 Rover Assembly.  Dr. Gene Tattini explained how JPL would observe September 11.  Dr. Kennel invited questions or comments on the agenda.  Dr. Minogue queried how the NAC could provide input to the goal-setting process for the Agency’s Performance Plan.  Dr. Kennel suggested a presentation on the NASA planning activity.  Dr. Kennel reviewed the principal conclusions reached on the ReMaP Task Force.  The NAC asked NASA to continue the work initiated by the ReMaP and present its view on three issues at the September meeting:  (1) the Office of Biological and Physical Research (OBPR) needs to further prioritize the research programs within Category 1; (2) OBPR should identify the key scientific questions around which it can organize its research portfolio; and (3) NASA should develop a multi-year plan for core complete with the International Partners (IPs), with efforts to resolve the issues identified as well as issues outside OBPR.  Without a conceptual plan for research, statements about the scientific potential beyond core complete are missing and are without vigor.  

Research Maximization and Prioritization (ReMaP)                               

Opening Remarks

Mr. Sean O’Keefe, NASA Administrator, addressed the NAC via videoconference.  He noted that the agenda continued where the NAC left off in previous meetings, primarily the ReMaP efforts and the NASA response to the recommendations of the ReMaP Task Force.  The ReMaP report is important because it gives a clear prioritization context within which to pursue scientific objectives and informs a range of other scientific pursuits, using the Space Station and other capabilities.  It informs in a deliberate way what the infrastructure capability for the Space Station should be, and what options and alternatives could be pursued beyond Core Complete.  It gives a means to consider carefully what the crew requirements are.  Ms. Mary Kicza and Dr. Shannon Lucid have been working with NASA’s Space Flight organization on what kind of astronaut time is required to maximize the hands-on capability required for scientific pursuit, and how crew can be deployed to accommodate the surge demands for research activity, e.g., extended duration orbiter.  He noted that NASA is looking for research that would have the greatest potential for breakthrough opportunity.  Mr. O’Keefe invited NAC input on the priority set.  He noted that the results of the review will be incorporated in the budget planning for 2004 and beyond.  It is critical that NASA and the NAC come to closure on the appropriate priority set.  Mr. O’Keefe indicated that the NAC would also receive a complete presentation on the Mars Program.  Next May and June [2002] are very important launch dates for the Mars Exploration Rover (MER) mission.  Arrival at the planet will open a whole new range of opportunities.  He noted that NASA is on the verge of looking at an organization dynamic that will recruit the next generation of explorers, and that the NAC would receive a presentation on NASA’s education initiative.  The next step in the Presidential education initiative is to highlight the significance of math and science education, and NASA will be participating in a White House activity next month [October 2002].

Dr. Kennel asked that Mr. O’Keefe expand on the issue of “closure.”  Mr. O’Keefe indicated that the NASA implementers need guidance, and this guidance needs to be as specific as possible with respect to the prioritization and utilization.  Pointed and specific recommendations from the NAC would help the Agency to an immeasurable degree.  

Dr. Minogue commented that a great contribution to science would be autonomous experiment management and data collection.  Sen. Glenn noted that the NAC had indicated that five major areas needed reform, and that each of these areas had defined milestones that would come to closure by the end of 2002.  If the decision on Core Complete is not until February 2004, it will be too late for the 2005 or even the 2006 budget.  He asked which of the five areas is lagging so that a decision cannot be made by the end of 2002.  Mr. O’Keefe noted that the objective is to achieve the Core Complete configuration (i.e., have it in place) in February 2004.  NASA will have a response to every one of the five areas, and that will inform the 2004 budget.  At the next meeting, there will be a complete discussion of the International Space Station (ISS).  The budget plan will include completion of Core Complete and incorporation of the IPs.  The decision process regarding the “full-up” Space Station will begin this December, including configuration alternatives and options beyond Core Complete and the IP configuration.  With respect to crew return, Mr. O’Keefe indicated that the Agency is looking at capabilities in the interim period of time, informed by the scientific and research agenda.  Another area that NASA is examining is the operational configurations that can be pursued, and over what time periods.  NASA is also pursuing the longer-term objective (manifest in the 2004 budget) for a specific crew transfer vehicle capability that would meet the demands of deploying crew members, with the orbiter utilized primarily as a “cargo” vehicle.  Dr. Logsdon commented on the level of dissent within the ReMaP report, and questioned how NAC could best proceed.  Mr. O’Keefe noted that it is in the nature of all academics to express a difference of view.  The Task Force took its task very seriously and the debate was spirited.  It was a reflection on the degree of judgment about what is absolutely essential to be performed on this platform of microgravity.  Asking the community to make a judgment about what requires a microgravity condition on a persistent and consistent basis that cannot be replicated on Earth gives a priority set.  There is going to be a difference of view on what research pursuits offer the greatest breakthrough opportunities.  The mere fact that there was dissent is a testimonial to the serious efforts of the Task Force.  The ReMaP made some difficult judgments that could not be unanimous.  The issue was related to whether the group was qualified to make judgments about each other’s disciplines.  It is clear that NASA is not.  Dr. Zoloft noted that six of the seven dissenters were concerned about the process itself.  Had there been one more serious, face-to-face meeting, perhaps more consensus could have been reached.  Mr. McDaniel commented that the future of the Agency lies in the Education Initiative, and he commended the Agency for emphasizing this area.

ISS Research Status

Dr. Neal Pellis, ISS Scientist, gave the presentation on the status of research on ISS.  Research has been ongoing—about 65 investigations have been done so far.  To date, there has been a predominance of microgravity and human life science research.  

Dr. Pellis provided a quick tour through some of the research:  effects of altered gravity on spinal cord excitability; the physics of colloids in space; microgravity antibody synthesis in tonsular B cells; renal stone risk during spaceflight; sub-regional assessment of bone loss in the axial skeleton in long-term spaceflight; protein crystal growth in enhanced gaseous nitrogen; biomass production system technology validation; advanced “astroculture;” a space acceleration measurement system to characterize the vibration environment; an embedded Web technology program called “Tempest;” and liver cell research.  The crews have been dedicating a lot of personal time to the research activities.  Experience gained in the planning and execution of research during the first five ISS expeditions is reshaping the processes and operations to conduct experiments on ISS.  In response to a question, Dr. Pellis indicated that all of the details on the investigations, e.g., crew time, are available.  There is a necessity for crew intervention in some of the biological and physical experiments.  The range of time devoted to research has been around 12-14 hours a week.  In general, the higher the order of animal (in the life sciences) and the greater the number of parameters (in the physical sciences), the greater the need for crew intervention.  The physical sciences and the fundamental biology sciences have done very well in the international arena.  The research plan will include greater international collaboration.  

Response to the ReMaP – Next Steps, OBPR

After a brief review of her background and experience (as part of her introduction to the NAC), Ms. Mary Kicza, Associate Administrator for OBPR, addressed NASA’s response to the ReMaP.  She discussed the ReMaP process and the respective roles of herself and Dr. Lucid.  The ReMaP activity started in the early March timeframe.  At that same time, Mr. O’Keefe unveiled the new NASA vision and mission.  OBPR is currently responding to the ReMaP recommendations within a strategic context to achieve a 5-year direction that enables a longer-term future for the Agency, aligned with NASA’s mission statement.  Over the course of the past year and a half, the NASA Exploration Team (NEXT) has looked at a progressive expansion of exploration, where science drives the destination and technology enables it.  The exploration strategy has been briefed to the Space Science Advisory Committee (SScAC), the Space Flight Advisory Committee (SFAC), and the Biological and Physical Research Advisory Committee (BPRAC).  The logical next steps will be in Earth’s neighborhood, e.g., the moon or libration points.  Within the five-year strategy are two compelling questions that can be addressed from the unique laboratories in space:  What can we discover about the nature of life?  What can we discover about nature itself?  There should be three major thrusts, in relative priority order: (1) a strategic research thrust—the basic and applied research that the Agency relies uniquely upon the OBPR to conduct to enable NASA’s mission to explore the universe and search for life; (2) fundamental research to address the role of gravity and the unique aspects of the space environment in biological and physical processes; and (3) commercial research—applied research of commercial significance.  Each area will be requirements driven, and the budget will be based upon that.  Ms. Kicza reviewed the ReMaP Task Force priority ranking, which includes the entire OBPR research portfolio, both space-based and ground-based; however, the remainder of the presentation focused on the use of the ISS system (including the Shuttle) as a research platform to meet the high-priority requirements.  There are a large number of “priority 1” research areas.  OBPR is prepared to further stratify among this high priority research.  The stratification criteria are:  research that can only be performed on ISS (requiring both crew intervention and long-duration microgravity exposure); research required to achieve the Agency’s strategic vision; and research that can be done most effectively on the ISS, either from a cost perspective or a time perspective.  Given the time-phased availability of both ISS research facilities and ISS resource capacity, the requirements will be time-phased to maximize the scientific return from the ISS.  

Ms. Kicza discussed the implications of ISS configuration options.  The US Core Complete configuration can support a strong program in ReMaP priority 1 fundamental research in physical sciences and commercial research.  Beyond what is there today, this configuration provides facilities for support of fluids, combustion, and material research and provides the Human Research Facility-2 for biomedical research.  Ms. Kicza cited some examples of research areas that can and will be addressed at US Core Complete.  The IP Core Complete configuration can enable OBPR research in fundamental biology and fundamental physics.  This configuration provides access to the Japanese Exposed Facility (JEF), the centrifuge with associated specimen habitats for cell, animal, plants, etc., additional rack volume, and access to the Japanese Experiment Module (JEM) and Columbus Orbiting Facility (COF) research facilities for collaborative research.  

Ms. Kicza cited examples of research areas that can and will be addressed at IP Core Complete.  The “enhanced configuration” can allow OBPR to pursue an emphasis in strategic research as well as the ISS partnership to realize the full potential of the ISS as a research platform.  This configuration provides expanded crew size to act as human research subjects, to provide additional time for conducting research, and to provide additional scientific expertise.  There are many ways and approaches to enhance the crew capacity.  In the near term, there is the opportunity of extended duration orbiter.  

Ms. Kicza discussed the ISS research requirements and the phasing of those requirements.  She explained how the requirements are developed for each research area within the ReMaP high priority areas.  The research requirements were derived by OBPR enterprise scientists with the assistance of their NASA program Centers.  Resource requirements for flight experiments were based on historical Shuttle and current ISS experience.  Ms. Kicza showed the summarized research requirements for pressurized upmass and crew time in terms of the three research thrusts discussed earlier.  Overall, about one-third of this upmass can only be done on ISS.  The OBPR research requirements continue to be refined and will reflect decisions in the FY04 budget process.  Experiments in the near-term are well known (with Principal Investigators selected) and the manifest requirements for facility hardware are established through 2007.  The OBPR resource allocation of 30-30-30 for pressurized payloads is being revisited in favor of following the thrust priorities and alignment with ReMaP priorities.  Ms. Kicza addressed the proposed OBPR budget response to ReMaP.  All research programs have adequate levels of reserves.  The budget emphasizes the high priority research areas with a shift toward a more strategic focus.  It maintains funding for radiation protection and reinstates funding for minimal plant and animal habitats for research on the centrifuge.  Ms. Kicza showed those areas of the ReMaP prioritization that have been strengthened, those areas that are being maintained, and those areas that are being significantly decreased or phased out.  The ReMaP acknowledged that there is public law with respect to commercial space programs, and the commercial programs have been stabilized at the FY02 funding levels.  In response to a question, Ms Kicza noted that crew constraints are preventing OBPR from strengthening the priority 1 programs in clinical/operational medicine and physiology.  Any of the areas in priority 1 offer opportunities for breakthrough.

Ms. Kicza provided the proposed OBPR response to the ReMaP recommendations.  She noted that the Task Force generated 16 recommendations, some directly intended for OBPR, others intended for the Office of Space Flight (OSF) and the Agency in general.  OBPR is developing an action plan for the ReMaP recommendations.  NASA’s initial response was included as an appendix to the briefing package.  OBPR is working collectively with the community to formulate the interdisciplinary set of key questions.  Also, the BPRAC has been asked to help establish the roadmaps and the key areas that need to be pursued.  Dr. Ross noted that by the time of the ISS Management and Cost Evaluation (IMCE) meeting in November [2002], there will be a draft of the key, compelling questions.  Ms. Kicza added that as part of the ReMaP exercise, each Division was asked to develop the six most key, compelling questions and those are available.  She indicated that the NAC could look at the first draft of the interdisciplinary set of questions that Dr. Ross is working on.  In response to a question, Ms. Kicza indicated that about 80% of the current OBPR research and technology complement is aligned with the high-priority research areas identified by ReMaP.  Sen. Glenn indicated that there needs to be a decision to move forward before the appropriators will commit to further funding.  Also, the decisions of the IPs regarding their commitments on research funding are key.  Ms. Kicza indicated that the entire research community has advocated going beyond US Core Complete and ReMaP emphasized that.  There is hesitancy on the part of investigators to engage in international collaboration because of the lack of stability in the schedules and the flight rate.  This lack of stability has disenfranchised some elements of the community.  NASA has a responsibility to develop and deliver the US Core Complete configuration, and the Agency is in a position to do that.  Also, the FY04 budget allows the capability to proceed beyond Core Complete.  This has been transmitted to the IPs.  

Dr. Kennel suggested an action item for the December [2002] NAC meeting:  a report on the five-point effort to reform and revitalize the ISS program that NASA must demonstrate in order to proceed beyond Core Complete.  

Sen. Glenn emphasized that without a clear call on these items by December, there will be a reluctance for the Hill to move forward.  In response to a comment, Ms. Kicza noted that as part of the requirements development process and the budget process, an extremely detailed set of data supporting the OBPR evaluation against ReMaP priorities is available and could be provided to the NAC. 

NASA’s Integrated ISS Utilization

Dr. Shannon Lucid, NASA Chief Scientist, addressed the cross-Enterprise research requirements and the international requirements.  The NASA requirements were worked through the Space Station Utilization Board (SSUB).  The SSUB Working Group worked on the requirements and priorities outside of OBPR.  In addition to the pressurized capabilities, the ISS external unpressurized capabilities provide for Earth and space observation, long-term space exposure, and access for rapid reconfigurations for reducing technology development cycles.  All of the NASA program offices, DOD, and DOE have a great desire to take advantage of the attached payload accommodations for research.  The Alpha-Magnetic Spectrometer (AMS) will be ready to launch as early as 2005.  Other attached payloads under development are dependent on the delivery of the Express pallet hardware.  The SSUB emphasized that access to ISS and confidence in launch opportunities continue to be the most critical constraints for Earth and space science.  There are several platforms available for a payload to be exposed to the unique environment of space (free-flying satellites, ISS, and Shuttle flights).  SSUB developed three criteria to justify why a NASA-sponsored payload should be manifested on ISS:  (1) that the payload could only be done technically on ISS; (2) that the payload makes effective use of the unique capabilities of the ISS as an existing national resource; and (3) that the payload fulfills obligations to national partners and IPs.  Dr. Lucid showed the timeline for cross-Enterprise ISS research through 2008.  She discussed the primary conduits for IP participation on ISS.  As of today, Columbus launch is targeted for 2004 and the JEM launch is targeted for 2006.  At the Heads of Agency meeting in June [2002], the IPs agreed to gather an integrated set of research requirements.  NASA and the IPs are working to finalize the requirements, and this should be completed within the next couple of weeks.  This new set of requirements has been gathered without regard to the Memorandum of Understanding (MOU) allocations.  Dr. Lucid showed all of the requirements for ISS in terms of middeck lockers per year, crew time per week, pressurized upmass per year, and unpressurized upmass per year.  In response to a question, she noted that the presentation did not include the Russian requirements.

Response to Research Requirements

Mr. William Gerstenmaier discussed the Space Station Program Office response to the research requirements.  The first step was to compare the requirements with the existing capability.  Key resource drivers are the upmass, middeck lockers, and crew time.  By fiscal year, Mr. Gerstenmaier showed everything that counts against the upmass:  the propellant requirement; crew support requirement; assembly elements; pressurized logistics and maintenance requirements; unpressurized logistics and maintenance requirements; pressurized science; and unpressurized science.  In FY03 and FY04, the predominant drivers are the truss masses.  The flight rate study showed what could be available, by year, to launch these requirements.  Three Russian Progresses and four Shuttle flights per year do not meet the total upmass requirement.  The biggest excess of requirement over capability is in FY04.  This study was used to specify what Shuttle flight rate is needed to meet the requirements.   In response to a question,

Mr. Gerstenmaier noted that the FY04 requirement includes the IP elements.  He showed how much of the science requirements could be satisfied with four Shuttle flights per year plus the Ariane Transfer Vehicle (ATV).  Mr. Gerstenmaier also showed how the surpluses could be balanced to provide the research requirements.  Some maintenance can be deferred to allow more capability for science.  However, with only four flights per year, the backlog of work continues to grow.  With five flights per year, the backlog can be worked down and more science can be satisfied.  This approach has been put forward in the budget submission.  In response to a question, Mr. Gerstenmaier indicated that the study reflects the science and technology requirements, but it does not show growing beyond the Core Complete capability, e.g., Node 3.  The program has been spared for the existing program with current technology; it does not include a new technology program, but there will be “smart buys” of new technology as available.  Ms. Kicza added that there are dollars in her program for technology that will improve crew capabilities.  More flights help with the upmass with a three-person crew.  Mr. Gerstenmaier noted that the Assembly Sequence update will be issued this week.  It incorporates the JEM slip, accelerates the COF, accelerates the Special Purpose Dexterous Manipulator, and accelerates the AMS.  Utilization resource accommodations are currently in work.  Even with only four flights per year, the Station capabilities will better balance with the science requirements.  This change request goes through 2007 with a baseline of specific dates.  The IPs are working very aggressively with the Program Office on the Assembly Sequence dates.  In response to a question, Mr. Gerstenmaier noted that the only requirement from the Russians is for Progress launches.  The centrifuge is still in the 2006/2007 timeframe.  Before NASA will agree to the slip in the Japanese module, there will be firm agreements on the centrifuge availability.  NASA will continue pressure for centrifuge delivery in April 2007.  In response to a question, Mr. Gerstenmaier noted that the study did not include any purchased or negotiated hours for Russian crew time.  With respect to the Express pallet, initial procurement steps (e.g., synopsis issuance) have been taken.

Mr. Gerstenmaier discussed some enhancements within the current program.  A Crew Time Steering Team has been formed to provide ISS Program level guidance on crew time usage.  It is re-defining the crew work day, institutionalizing the crew “Task List,” and is encouraging a “soft commit” for payloads that allows research over-planning and uses bonus time on orbit.  There is a fairly large error bar in crew time availability projections.  With the new techniques, about 27 hours per week (excluding Russian crew time) may be available.  In the middeck area, the Program is looking at more effective ways of packing and positioning cargo.  In addition, the Program is considering using Spacehab to provide additional pressurized cargo.  In the power/thermal area, NASA is increasing the Shuttle avionics/cabin air thermal rejection capability to fly the extra middeck space.  The Middeck Optimization Study is focusing on specific trades necessary to optimize all aspects of middeck availability.  Because of the truss launches next year, there will not be immediate gains in 2003, but there should be gains in 2004.  Discussions with the IPs regarding potential option paths are beginning and progress will be reported to the Multilateral Control Board in October.  The Program will continue to fund enabling technologies and hardware that support future option paths, e.g., long-lead items for Node 3 and a regenerative Environmentally Closed Life Support System (ECLSS).  The issue of IP crew is part of the option path discussions.  In response to a question, Mr. Gerstenmaier noted that two Spacehab flights are on the manifest today.  In terms of funding, the ISS Program can accommodate the ISS costs associated with five flights per year within the ISS budget; however, the additional Shuttle flight must be accommodated in the Office of Space Flight (OSF) budget.  Mr. Gerstenmaier stated that he fully supports the idea of at least one of the crew serving in a “chief scientist” capacity.  Dr. Lucid indicated that next week, Mr. O’Keefe will announce the “science officer” on the next increment, and there will be a science officer on all future increments.  With respect to crew time, the scheduled time is based upon 100% success for experiments.  If some risk is accepted, e.g., an 80%-90% success rate, more crew time could be available for research.  Mr. Gerstenmaier provided an annotated copy of his report from June.  

Dr. Kennel initiated a brief discussion on issues that would be highlighted in the council session later in the afternoon.  Some questions were:  Are we satisfied with the criteria that were used to prioritize the ReMaP results?  Is an information base emerging that will enable a decision beyond Core Complete?  Are there gaps?  Dr. Tetrault noted that ReMaP said that the ISS as currently planned should not be characterized as a science platform.  He suggested that the NAC address this comment.  Sen. Glenn suggested that the NAC highlight the question:  Where do we stand on CRV?  Mr. Gregory indicated that these issues are being worked and are not considered an obstacle.  Other questions are:  Has there been adequate planning for serendipity?  What kind of rapid response capability is available for a new scientific objective?  Dr. Zoloth indicated that she had circulated a paper on the ethical issues in the prioritization of NASA’s science mission and a paper on the mission and meaning of the ISS.  Dr. Kennel noted that the key interdisciplinary questions should be looked at from this point of view.  Mr. McDaniel commented that NASA must do a better job of communicating to the public. 

Dr. Mortazavian suggested the question:  What fundamental key questions can actually be answered within five to ten years?  Dr. Logsdon suggested that NAC could reflect on the process over the past 18 months and express a positive appreciation of it.  

Mr. Gregory noted that NASA has not only reprioritized the OBPR research, it has reprioritized across the Agency.  With respect to the human presence in space,

Dr. Baldwin observed there has been a lot of thinking in the science community about this issue.  In the health sciences that affect human presence in space and the linkages to fundamental cell and molecular biology, NASA is well on its way to fulfilling the critical roadmap.  At some point in the future the NAC should understand what the critical roadmap is and should get a presentation on the subject.  Significant strides have been made.  Dr. Kennel indicated that should the NAC perceive a convergence in the planning of the Core Complete and how to go from there to enhancements, it would be time to look at the key questions and judge whether the questions and issues are phrased in a fundamental way for science and the public at large.  

Overview of JPL Activities

Dr. Charles Elachi discussed the exploration challenges for the next decade and beyond.  One of the challenges is planetary communications.  The Deep Space Network (DSN) does this routinely, but the strategies for tomorrow’s exploration includes advanced RF communications, pioneering optical communications, and networking the space communication assets.  Another key challenge is propulsion.  Future missions will require lots of propulsion.  Chemical propulsion is almost at its limit.  JPL is starting to look at solar electrical propulsion/aerocapture and nuclear electrical propulsion.  Aeroassist uses the atmosphere at the destination to provide propellantless propulsion.  Another key challenge is navigation—interplanetary navigation demands extraordinary accuracy.  At the destination, the entry, descent, and landing present another challenge.  Each planet has a different atmosphere and there is a wide diversity for landing and in situ measurement.  Another issue is power.  Advanced power technologies are required to fully study the solar system’s natural laboratories.  In order to look at potential life around other planets, there are a number of challenges—extremely accurate mirrors or extremely precise, formation-flying spacecraft.  Fundamental physics studies to understand the universe require extreme accuracies.  Exploring our own planet also offers major challenges in terms of sensitivity and accuracy measurements.  Dr. Elachi reviewed JPL’s history.  In this decade, JPL is heading more toward in situ exploration, sample return, and a permanent presence in the solar system.  Fourteen JPL spacecraft are now operating across the solar system.  NASA and JPL are establishing a permanent presence around Mars.  The next two years (2003-2004) will be the busiest period in JPL’s history.  In terms of technology and engineering, JPL is focusing its effort to be a world leader in key areas critical to deep space exploration:  end-to-end system engineering and project management; autonomous mobility; deep space communications; deep space navigation and highly stable clocks; extreme precision formation flying; high precision spaceborne systems in optical to sub-millimeter; and active sensors for mapping and positioning.  The teaming among NASA, JPL, and Caltech provides unique capabilities.  In response to a question, Dr. Elachi noted that going from a few very large missions to twelve to fifteen smaller projects presents challenges.  On the one hand, it provides more opportunities for more people.  The challenge is how to transfer knowledge to a large number of people so that they don’t make the same mistakes.  An institutional framework has been put in place to help make this happen.  JPL puts high priority on reaching out to schools and school children to make science appealing.  JPL has started an alliance with the California State university system, which provides 10% of the teachers.  In response to a question, Dr. Elachi noted that rather than faster, better, cheaper, the focus is on how to do the job better while being conscious of cost.  There has been a lot of dialogue with DOD and DARPA on joint technology demonstrations.  

Mars Program

Dr. Firouz Naderi, the Mars Program Manager at JPL, provided a brief history of the Mars Program and the missions for this decade.  There is an opportunity to go to Mars every 26 months with acceptable energy.  Because of inclination, opportunities vary in launch energy and arrival velocity.  Landing on Mars is among one of the hardest things that space science does.  Dr. Naderi reviewed the early years of Mars exploration (Mariner and Viking).  After a decade of hiatus, the Mars Program was revived in 1992.  There have been “highs” and “lows” in the Mars Surveyor Program.  Mars Global Surveyor (MGS) (1996) has been a remarkable science success and is now in its third extended mission.  There were two Mars mission failures in 1998.  In the aftermath of the 1998 mission failures, NASA chartered a senior independent team to assess the root cause of the failures and make recommendations to get the Program back on track.  In 2000, NASA embarked on the current Mars Exploration Program (MEP).  The science strategy for the MEP has come to be known as “follow the water.”  It is the common thread to understand the potential for life, characterize the past climate, understand the geological processes, and develop the technology necessary for eventual human exploration.  The strategy for implementation is “seek, in situ, and sample.”  With opportunities every 26 months, the MEP consists of Mars Odyssey (currently orbiting Mars); NASA MER, ESA Mars Express, and Japanese Nozomi Orbiter in 2003; Mars Reconnaissance Orbiter (MRO) in 2005; ASI-NASA Telesat and French Premier-07 science orbiter, and French-led Netlanders in 2007; and NASA Science Mobile Laboratory, NASA Marsat, and ASI-NASA SAR science orbiter in 2009.  In addition, NASA will have competed Scout missions in 2005 and 2007.  Currently, the international collaboration with the Italians (ASI) is under re-consideration because Italy may drop out due to funding issues.  The French orbiter in 2007 may either move to 2009 or drop out.  

Mars Program Assessment and Future Planning

Dr. Orlando Figueroa, the Mars Program Director at NASA Headquarters, discussed the Program assessment and the planning for the next decade.  Mars is the first planet for which we can realistically assess its habitability in space and time.  MGS was a very successful mission in the last decade.  Mars Odyssey has confirmed abundant water ice in the upper few feet of large areas at high latitudes and has discovered a variety of surface types.  MER are in Assembly, Test, and Launch Operations (ATLO).  All resources remain very tight with no room for major problems or surprises.  The Mars Express mission has some challenges but is currently on schedule.  The US components have been delivered.  MRO just successfully completed is mission Preliminary Design Review (PDR) and is moving into the development phase.  Twenty-four proposals have been received for the Mars Scouts.  It is likely that the two Italian missions may disappear.  The top five issues are:  the tightness of the reserves on MER; the technology readiness level (TRL) of instrumentation for the 2009 Mars Smart Lander (MSL); the ASI commitment to SHARAD and G. Marconi; the CNES commitment to the 2007 Premier mission; and the robustness of the telecomm and data management infrastructure.  The Program is looking at options other than sample return in the next decade:  more reconnaissance; exploring the local diversity; life inference; and subsurface exploration.  The Solar System Exploration Decadal Report was highly supportive of continued Mars exploration.  The top priorities were consistent with the present Program strategy, architecture, and this decade’s plans.  The MEPAG and the MERT have provided review and input for the next decade planning.  The Program receives review and advice from the SScAC, the SSES, and OMB/OSTP.  In response to a question, Dr. Figueroa indicated that in the event Italy drops its mission, he would use the resources that were allocated to G. Marconi on a NASA relay satellite.  

Tour of Mars 03 Rover Assembly

Dr. Chris Jones provided an overview of the MER prior to the tour.  MER will look for minerals as proxy for past water.  Twin rovers will be delivered to two sites on Mars.  Launch dates are in May and June 2003.  Landing dates will be in January 2004.  Dr. Jones showed an animated film depicting the launch, landing, and operation of MER.  MER was selected as a part of the Mars Program restructuring two years ago.  Shortly after the project started, the mass and volume began to erode, requiring design modifications.  The design modification resulted in major schedule impact.  The pressure on schedule was addressed with added workforce (increased cost).   In response to a question, Dr. Jones noted that the two biggest threats are the airbag and the parachute.  At this point, there is very little that can be done to improve the reliability.  If the Program does not have a parachute, the Rover will not be able to fly.  The NAC toured the Mars 03 Rover Assembly area.   

After the tour, the NAC meeting adjourned for the day.

Wednesday, September 11 

NASA and Commercial Innovation

Market-Driven Commercial Research

Before beginning his presentation, Mr. Mark Uhran, Director for Research Integration in OBPR, reviewed the history of requirements development for the ISS.  He emphasized that it was a sound and well-documented process.  Mr. Uhran discussed the Commercial Space Center (CSC) Product Development Program and ISS commercial development preparations.  CSCs are non-profit organizations, hosted by universities, which lead consortia of commercial, academic, and/or government entities in space research and development projects.  They are established through cooperative agreements.  NASA provides the base funding (about $1 million per year) and industry provides cash and in-kind investments.  CSCs provide an interface to industry and communicate the benefits of space to the commercial sector.  Presently, there are about 15 centers distributed across the country.  The CSCs are market-driven and flight allocations are based on commercial selection criteria.  The ratio of private to public investment is the most important figure of merit.  This puts the selection decision in the capital market.  Mr. Uhran summarized the budget for the program and presented some other statistics. The budget represents about 5% of the budget for OBPR.  In the original President’s budget submission, there was a proposal to phase the CSCs out; however, in the last iteration, there was a decision not to do this.  Although it appears that the program has been augmented in the latest action, there actually has not been an increase in program funding—it is going back to the levels in FY02 (about $30 million per year).  The average leveraged value is about 1.5 (industry) to 1 (NASA).  A large proportion (36%) of the workforce is university students.  The affiliate level has been fairly constant at about 150.  Flight activity has significantly declined over 1995 to 2000, but over the past couple of years, the rate has begun to climb.  The success rate is about 90%.  Industry partners have agreed to take a higher risk to reduce cost and schedule by an order of magnitude, and university students are able to build highly reliable and useful flight hardware.  Since 1995, nine CSCs have been closed.  During that timeframe, NASA has formed seven new ones.  This turnover comes from the external reviews.  Mr. Uhran discussed four specific experimental programs:  Protein Crystal Growth Diffraction Resolution Improvements; the Antibody Productivity Experiment; Gene Transfer Experiments; and the Zeolite Production Experiment.  In response to a question, Mr. Uhran noted that a dominant factor in all of the microgravity experiments is a change in morphology at the molecular level due to the absence of gravity.  The NAC discussed the issue of ReMaP priority versus level of investment.  Mr. McDaniel commented that the program appeared to offer a very good return for a small investment, as well as an excellent opportunity for university students.  Dr. Logsdon noted that on the basis of pure scientific merit, some of the research areas would be relatively low, but these programs are market-driven.  Even ReMaP acknowledged that there are considerations other than scientific merit that apply to the commercial program.  Dr. Zoloth added that the ReMaP recognized that the commercial discourse should be separate from the scientific discourse.  Mr. Uhran noted that the ISS offers a tremendous opportunity for engineering research.  One of the CSCs works with industry to identify testbeds (remote sensing, power generation, etc.).  Once the launch opportunity is clearly there, companies don’t want NASA money to develop testbeds—they will privately develop testbeds in exchange for access to space and a place on the ISS.  

Mr. Uhran reviewed the management standards and selection process that have been put in place for the program.  The program produces a series of reports and other information, which are available on the Web site:  http://cscsourcebook.nasa.gov/.  Reliable access to space is the rate-limiting step to commercial research.  Also, industry must be able to rely on consistent government policies regarding commercial space, including allocation of flight opportunities.  The Commercial Space Act of 1998 spurred ISS commercial development preparations.  NASA responded with release of an ISS Commercial Development Plan.  Three reports were delivered to Congress, as requested in the Act.  An independent market study reported that in the long term, the return on investment is there; however, in the short term it is not, except for controversial areas such as advertising, entertainment, tourism, etc.  A Multilateral Commercialization Group was chartered to develop guidelines for ISS commercial activities.  Active management of the ISS “brand,” or image, is necessary.  The program is looking at public service sponsorships that can be pursued in a way to enhance the image of the ISS.  In this type of sponsorship, the private sector associates itself with the NASA and the ISS image.

Dr. Swain commented that for $30 million, this is a good payoff.  If it could be done, the potential societal benefits should be estimated, and this should be part of the proposal process.  Dr. Trimble agreed that this is a very good program for the amount of funds allocated.  Sen. Glenn noted that showing a significant societal benefit for such a modest investment would impress the Congress.  Dr. Zoloth commented that the commercial sponsorship aspect should be pursued.  In response to a question, Mr. Uhran indicated that none of the businesses in the portfolio were in the dot com market, and there have not been any changes in the investment rates due to the downturn in the economy.  Large corporations are putting a very, very small, “gate-keeping” amount of funds the program.  The critical factor in commercial sponsorship is active and professional involvement.  

Dr. Kennel commented that it is very important that NASA be clear in the difference in motivation between the scientific program and the commercial program.  Because of the nature of venture capital initiatives, we cannot expect success in every area.  This program is constructed in a way similar to other ventures outside the space arena.  Also, the commercial program provides significant value for students.  The NAC recognized the fundamental limiting factor of access to space. The request for firm policy on both sides is not unreasonable.  Market value is attached to the fraction of time that NASA allocates to the commercial endeavor.  NAC endorsed the formulation of clear policies based upon the separation of motivations associated with the scientific program and the commercial program.  Dr. Baldwin commented that the BPRAC made a recommendation to put more involvement at the level of the Administrator and his subordinates to ensure a high level of integrity for the program.  Mr. Gregory noted that the NAC exhibited excitement and enthusiasm about this program, rather than the doubt and questioning that was predominant on the previous day.  Dr. Mortazavian commented that on the basis of the presentation, the science in the commercial endeavors appeared to be solid.

Innovation Catalyst

Dr. Scott Pace discussed some of the philosophical issues associated with commercial innovation.  There is a role for commercial partners:  (1) the classic “spin-offs;” (2) “spin-ons” (dual use products that support the NASA mission); and (3) market-driven research opportunities.  The President’s Management Agenda talks about increased reliance on the private sector and doing more competitive sourcing to meet government needs for goods and services.  Innovation at NASA occurs in a variety of ways.  NASA needs to further organize and more effectively coordinate these tools Agency-wide to emphasize technology pull that is more mission-driven and to leverage areas of common technical interest with industry as part of a consistent operating strategy.  Also, NASA is trying to articulate a clear governance and functional structure that is inclusive of institutional and programmatic requirements.  The end objective is to catalyze innovation to accomplish the mission and vision of the Agency.  Two additional tools needed are:  (1) a NASA-managed private funding instrument that would be the main driver for an Agency-wide shift from industry to Enterprise-focus; and (2) competitive prizes for a few key areas that are very high priority for the Agency.  Other than CSCs, NASA is shifting the emphasis of current commercial initiatives from “pushing” NASA-funded technologies on industry to “pulling” industry in to help NASA develop technologies and applications that are of benefit to both.  Looking across all of the commercial activities within NASA, the majority are within the Office of Aerospace Technology (OAT) and OBPR.  Other resources will be brought to bear, e.g., innovative or low-cost hardware and partnerships to leverage industry resources to meet mission requirements.  We need to be clearer about our objectives and a lot of effort has gone into metrics.  The end goal is more efficient R&D management decisions and advancing the NASA mission.  

Dr. Pace identified three concepts for NAC feedback:  the shift in emphasis from pushing NASA technology out to partnering that more directly benefits NASA missions; creating incentives to ensure productive engagement of the Enterprises and addressing efforts of potential benefit to NASA as a whole; and clearly defining and communicating NASA technology needs to identify areas of mutual interest with industry.  

Dr. Kennel asked Dr. Pace to amplify on the concept of an Incutel-like fund.  In response to a question about the infrastructure needed for the new program, Dr. Pace noted that they have been thinking about the formation of an internal “tiger team” to look at implementation, reporting to someone in the Administrator’s office.  Another thought is having someone on the financial side chair the group.  In response to a comment, 

Dr. Pace indicated that there are a lot of technologies needed by NASA that are very specialized and for which there is no commercial market; at the same time, there are areas (e.g., biomedical, information technology) where NASA cannot duplicate the energies and forces in the market.  The idea is to try to ride some of these commercial waves that could be of benefit to NASA.  One example is laptops with more advanced chips for on-orbit use.  Automotive manufacturers have a need for laptops with more advanced chips, and automotive manufacturers are a large commercial market.  This might be an area of joint research and where NASA might harness some of the information technology forces to meet its needs.  There is a wider range of networks, and NASA needs to be a part of that process rather than standing alone.  We are trying to get to the point where research in space is another competitive option for industry.  Dr. Swain noted that it is much easier to transition technology when it is done within a partnership between industry and NASA, rather than NASA doing it alone.  Dr. Mortazavian commented that it would be a great contribution if the innovative initiatives could be incorporated in a program using university students.  Dr. Trimble commended the “prize” concept as a way to motivate innovation.  

Dr. Kennel summarized that in regard to the change in philosophy, there was no opposition from the NAC to the change.  With regard to the venture fund, the NAC advised proceeding, but proceeding cautiously.  There was praise on the idea of the prize; however, the criteria for the prize should be clear and consistently applied over time.

Education Initiative

Via teleconference, Mr. Paul Pastorek discussed the status of NASA’s Education Office initiative.  All of the recent work has been focused on the NASA mission—to inspire the next generation of explorers…as only NASA can.  There are four priorities: (1) to motivate students to pursue careers in science, mathematics, engineering, and technology (SMET); (2) to provide educators with unique teaching tools and compelling teaching experiences; (3) to seek to ensure that NASA is investing the taxpayer’s resources wisely; and (4) to engage minority and underrepresented students, educators, and researchers in NASA’s education program.  With respect to the first priority, the focus is reaching out to all students (not just those near a NASA Center) as well as reaching students at an earlier age to help them make a connection to SMET in higher education.  NASA will partner with others and use their infrastructure.  In terms of teaching tools, NASA will not implement programs that are being provided by others—it will emphasize contributions to education that are unique to NASA, focusing on science and spaceflight.  The Education Office will extend the reach of education collaborations between NASA and the academic community that contribute to NASA’s research objectives.  NASA is looking at how to tie together its education activities with hiring and is formulating an overarching strategy.  The Agency will continue to strengthen the capacity for promising minority institutions to conduct leading-edge research and will work with others to increase the number of minority students pursuing SMET careers.  

The New Explorers Opportunity (NEO) Initiative will capitalize on the excitement of NASA to recapture the imagination of the Nation’s youth and inspire them to pursue careers in SMET.  The NEO Initiative is working with private enterprise, federal and state agencies, and education associations to develop a unified national strategy to increase the number of children who select careers in SMET.  This initiative will endeavor to be integrated (taking best practices of existing models developed in NASA and elsewhere), continuous (aimed at students throughout all levels of education), systemic (matching what is going on in the classroom), and collaborative (reaching out to partners).  The NEO initiative has two major strategies:  to expand the pool of students entering the SMET pipeline (pre-college); and to increase the number of individuals entering the SMET workforce (post-secondary).  Mr. Pastorek discussed the key program elements of each strategy.  Some of the elements in the first strategy include:  NASA Explorer Schools; Educator Mission Specialists; telepresence technology; a Minority Program Initiative; a National Teacher Virtual Advisory Council; and collaborations with national television programming and national television personalities.  Scholarship for Service is an important element of the second strategy.  Currently, the legislation that would allow NASA to pursue the NASA Science and Technology Scholarship Program is pending in Congress, but is expected to pass.  This Program would tie scholarship with recruitment into the NASA workforce.  Mr. Pastorek briefly discussed the budget and how the new organization will be managed.  In the very near future, a new Associate Administrator will be selected to lead the organization.  Dr. Minogue noted that a tremendous partner and the place that needs a lot of attention is the Department of Education in colleges and universities.  There should be a focus of partnership with schools of education.  Dr. Zoloth added that another goal should be educating students in all disciplines so that they can see how SMET should be a part of all education and civic commitment.  Dr. Trimble reinforced Dr. Minogue’s comments regarding the importance of secondary education.  The Scholarship Program should also include people who want to go into science and mathematics education.  Dr. Mortazavian commented on the motivation of people to go into SMET.  One of the common elements is motivation at an early age.  The essentials are good books, good teachers, safe and secure environment for teaching and learning, and a love of learning and enthusiasm for education.  NASA can play a role at every level of education to excite and inspire students and make them fall in love with learning.  Dr. Noonan added that there has been a lot of work done by other agencies and the Department of Education.  NASA should look at smaller institutions that have colleges of education that are working well with their math and science departments.  Dr. Noonan noted some of the comments from Dr. Christensen and the SScAC.  The SScAC felt that it is essential to coordinate education across NASA.  The Office of Space Science (OSS) has done a very good job in building education into all aspects of its endeavors, from mission planning to dissemination of products at the end of a mission.  This has required leadership on the part of OSS senior managers.  The SScAC has a concern regarding who will devise the overarching education program and in what form it will be shared with the scientific and education communities.  The Committee doesn’t want to see the untended consequence of disrupting good relationships that have developed in the interest in having everyone conform to something different.  In response to the concern, Mr. Pastorek noted that the specific mechanism will be a newly formed advisory committee, reporting to the NAC.  OSS has done the best job among all of the Enterprises, and the Education Office is trying to get all of the other Enterprises to do the same sort of thing.  So far, there has been good response from the other Enterprise leads.  What OSS has done will not be abandoned unless something just doesn’t fit within the four priorities.  There are a lot of initiatives in OSS (and elsewhere) that are very good; the question is how connected to the community they are.  

Sen. Glenn noted that an area that needs additional help is the teachers themselves.  About 25% of the math teachers in high school are teaching out of field; about 20% of the science teachers are teaching out of field; about 50% of the math and science teachers leave the teaching field within five years after entering.  This is a big problem before we ever get to the students.  Sen. Glenn offered to bring a copy of his report to the next NAC meeting.  Mr. Pastorek agreed and noted that NASA needs to be focused on collaborating with teaching schools around the country.  Dr. Swain commented that some recent data indicates that there is a huge cultural difference between Asian Americans, African Americans, Hispanic Americans, with Asian Americans graduating in high numbers.  We have to reach parents as well as students.  We have to use role models and show how ordinary people have done extraordinary things.  We must show parents how their children can also do extraordinary things.  Dr. Kennel noted that there should be a strong coupling between the administrative things that stimulate education activities and inspirational things that NASA does with the public at large, in particular crafting a vision for the future.  In response to a question, Mr. Pastorek indicated that if there is not an overarching national strategy, NASA will still do its best to inspire the next generation of explorers.  He noted that NASA needs to take benefit from of all of the studies. At the appropriate time, Mr. Pastorek requested the NAC’s support and help at the highest levels of government.  In response to a comment, Mr. Pastorek agreed that teacher pay is a very serious problem and is one that will be difficult to attack any time soon.  We have to figure out how to use technologies to bring certified teachers into classrooms where they don’t otherwise appear.

JPL Students Imagine Mars Project

Dr. Parvin Kassaie, Director of JPL’s Education and Outreach, provided a brief overview of some of the education and outreach activities, including Solar System Ambassadors, a partnership program with the California State University System, curriculum modules that are effective in the classroom, and hands-on experiential programs that engage students and take them through the pipeline. She introduced the Mars Student Imaging Project (MSIP), one of the best examples of a hands-on program.  It is a partnership with Arizona State University.  This project brings authentic Mars research to students in grades 5 – 14.  It is a pilot program in its first year.  It has achieved its goal of reaching underrepresented and underserved students.  The program mimics all of the stages that the scientific community goes through in doing research on Mars.  One hundred eighty students from 20 schools participated in the pilot phase.  The students submit their own proposals to take pictures of specific regions of Mars, explaining the scientific questions they would like to answer.  The project uses real Mars data sets, e.g., MGS.  Once the students have gone through the Program, they go back and become mentors to their individual schools.  This Program can be extended to future Mars missions.  It provides ongoing opportunities to a growing and increasingly experienced teacher network.  In addition, the project provides the Mars Education/Public Outreach (E/PO) staff with experience in creating meaningful instructional access to data.  The Program is managed by qualified K-12 educators who have backgrounds in curriculum development and teacher training.  It is for everyone—there is an in-house ability to teach and communicate in Spanish and sign language, and a high percentage of the imaging team slots are reserved for underrepresented groups.  One of the biggest strengths is a well-developed, free curriculum supplement, designed by teachers to be integrated into the regular science curriculum.  The growth plan for the project is to reach about 500,000 participants.  More information can be found on the Web site:  http://msip.asu.edu.  

Dr. Kennel congratulated the project on providing a great deal of excitement and inspiration.  

The NAC shared the Administration and NASA’s concerns with education, particularly in the science and technology area.  It looks forward to the construction of a committee (under the NAC) to provide continuing advice on education.  The NAC urged Mr. O’Keefe to inspire other agencies about this initiative, as only NASA can.  One of the first tasks of the new NAC committee will be to find ways to assess NASA’s efforts.  

Mr. Gregory acknowledged that success criteria are very important.  He is working with Mr. Pastorek on the initiative.  The NAC commended JPL and ASU for a very inspiring presentation.  It showed what NASA can do when it uses its resources effectively.

Committee Discussion

The NAC discussed the design of the next meeting.  Dr. Kennel noted that there should not be any fifteen-minute agenda items.  In addition, there will be discussion time budgeted after every item.  Dr. Trimble urged that items be restricted to those that have substantive information that the NAC can deal with.  Dr. Kennel encouraged the presenters to come in with a small number of questions that the NAC could help with.  The next meeting will extend until at least 2:30 p.m. on the second day and will be in Washington, DC, December 5-6.  The agenda will have a smaller number of items and one or two foci.  Dr. Kennel suggested that the two foci be:  ISS, with a dual emphasis:  (1) the degree to which the five point reforms have been accomplished, and (2) the question-driven science program—the questions themselves and the degree to which they fit into a larger communications strategy and the other goals of the Space Station; and Aeronautics (a broad review in which the Enterprise itself surfaces a couple of questions that it would like the NAC to pursue).  With respect to the latter, Dr. Noonan suggested including the perspective of the external (FAA) or aeronautics community as well as that of NASA.  Gen. Hoover suggested hearing about the relationship of NASA to the air transportation management system.  Dr. Kennel indicated that the NAC would also include on the agenda the item on strategic planning and budget/performance integration that was deferred from this meeting.  He invited members to submit other topics for future meetings.  Dr. Noonan suggested an informative and inspirational science talk, perhaps during a “working” lunch, at future meetings.  Dr. Kennel noted that Mr. O’Keefe had suggested stimulating dinner talks from the NAC.  He offered to go first and talk about global climate change.  

Dr. Baldwin commented that the BPRAC had submitted some formal recommendations and asked that they be incorporated into the letter, as appropriate, and appended to the NAC report.

Plans for future meetings:
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