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LEAG Science Scenarios for Human Exploration Specific Action Team

Phase 1 Report

Executive Summary:

The LEAG Science Scenarios for Human Exploration Specific Action Team (SSHESAT) was charged with conducting an evaluation of given sets of multi-mission scenarios, making an assessment of how well a given set of science scenarios address LEAG Roadmap objectives, and providing comments on the evaluation tool and suggestions to NASA for improvement.  The SAT was further charged with assessing the limitations of the assumptions in the presented scenarios and identifying any severe limitations imposed by certain boundary conditions outlining the constraints of the missions, especially those that can be traced to specific high priority objectives. Such information is valuable to NASA and is essential for understanding the implications of achieving science objectives through human exploration at the Moon. The SAT was also asked to evaluate how the proceedings might influence candidate science requirements to be considered by NASA for incorporation into the Exploration Program governing documents and ultimately the Constellation Program.  Finally, the SAT was asked to determine if further scenario development and analysis work is in order to build upon Phase 1 and to suggest the content of such work.

The SAT found that the scenarios presented were sufficient to start the process of assessing how well a given set of science scenarios addressed LEAG Roadmap objectives, but that they lacked critical detail in terms of important scientific and operational variables, themes that should be further developed in Phase 2.  The initial review also showed that input from a wider community of scientists and engineers would be valuable in Phase 2 in order, for example, to focus the understanding of the role of robotics and human-robotic relationships.  The SAT also found that the spreadsheet evaluation tool, while potentially useful to ensure comprehensiveness, tended to result in severe "over-metrification" and "leaf-gazing", and possible loss of overview.  Discussion of the nature of the evaluation process during the successful Apollo Program illustrated the iterative and constantly changing nature of exploration and scientific discovery, and showed how the development of "science and engineering synergism", involving constant iteration to address the next set of operational plans, achieved a fundamental and lasting legacy of scientific results.  The SAT explored alternative evaluation tools and found that further development of the foundations for science and engineering communication and synergism should be undertaken in Phase 2.  Given these considerations, and using the LEAG Roadmap Objectives and the very preliminary exploration scenarios for the four options presented to the SAT [Outpost Only (500 km); Outpost Only (1000 km); Outpost + 3 Sorties; Outpost + 5 Sorties], it was found that Sorties were a necessity to ensure exploration access to address the diversity of fundamental scientific questions raised by the Moon.  The SAT also found that, although some important scientific goals could be accomplished at an Outpost, the higher the number of Sorties, the higher the likelihood of achieving the LEAG Roadmap Objectives.  The SAT also considered "stretch" scenarios that included off-polar outposts (to optimize sortie science return) and the importance of farside access (perhaps assisted by robotics).  Precursor robotic missions also need to be more well defined.   

On the basis of its deliberations, the SAT evaluated how the proceedings might influence candidate science requirements to be considered by NASA for incorporation into the Exploration Program governing documents and ultimately the Constellation Program.  The SAT found that their scientific, engineering, and mission planning discussions resulted in very important potential insight into the factors that might influence candidate requirements to be considered by NASA.  To illustrate this, the SAT developed a set of detailed suggestions that might be useful as NASA formulates EARD Science-Related Requirements (Appendix 1), and found that such suggestions and iterations would represent an important goal in Phase 2. 
Finally, the SAT unanimously found that further scenario development and analysis work is in order to build upon Phase 1. Most importantly, the SAT found that the further development of the types of communication that build "science and engineering synergism" should be the foundation for Phase 2 activities.  As was the case with Apollo, such a foundation will optimize the input to decision makers and will help ensure the scientific success and lasting legacy of the lunar exploration endeavor. 

I.  Introduction and Charge:

The LEAG Science Scenarios for Human Exploration Specific Action Team (SSHESAT) meet at Goddard Spaceflight Center May 27-29, 2009, to address the issues assigned in the charge to the group.  Herein is the report of the meeting and the findings of the SAT.  The deliberations and findings in the following discussions are keyed to the attached pdf slide file, annotated and referred to by slide number.  

The meeting commenced with a review of the history of the formation of the group and the team charter (PDF 1-8).  The motivation for the Specific Action Team (SAT) was generated by a letter from OSEWG  (Optimizing Science and Exploration Working Group) on behalf of Ruthan Lewis (OSEWG Co-Chair, ESMD, NASA Headquarters), Jennifer Heldmann (OSEWG Co-Chair, SMD, NASA Headquarters, and Michael Wargo (LEAG Executive Secretariat, NASA Headquarters) to LEAG (Lunar Exploration Analysis Group) Chair, Dr. Clive Neal, University of Notre Dame.  The letter requested that LEAG form a LEAG Science Scenarios for Human Exploration Specific Action Team. 

The letter pointed out that NASA is currently formulating lunar architectures, operational/science scenarios, integrated program strategies, and timelines for the human return to the lunar surface.  This information will be provided to the NASA Constellation Program Office through the OSEWG (Optimizing Science and Exploration Working Group) in the form of candidate science and exploration requirements that will be considered for inclusion into the governing requirements documents for the development of the Constellation architecture and hardware. NASA therefore requested that the Lunar Exploration Analysis Group (LEAG) form a Specific Action Team (SAT) to provide evaluation of and, as required, develop new lunar science scenarios for human exploration at the Moon in collaboration with OSEWG. 

The letter requested that the SAT activities be conducted in two phases to support upcoming NASA needs for requirements inputs: First, the SAT was requested to work with NASA to understand existing lunar science scenarios and evaluate how well these scenarios meet lunar science objectives defined in the LEAG Roadmap. By identifying scenarios that address high priority LEAG Roadmap science objectives, NASA will work with the SAT to derive candidate requirements for lunar exploration. 

The second phase could involve creation of new or expanded science scenarios to (for example) more broadly encompass high priority LEAG Roadmap objectives or investigate the scientific value of new Constellation approaches to lunar exploration. The need for and specific content and schedule for Phase 2 will be determined at the completion of Phase 1.

The charge requested specific tasks to be accomplished in Phase I:

1.  Conduct an evaluation of given sets of multi-mission scenarios utilizing the framework provided by the OSEWG Support Team. The evaluation will consist of an assessment of how well a given set of science scenarios address LEAG Roadmap objectives. If no priority among objectives is provided by the LEAG Roadmap, the SAT members may be asked to assign a rough priority to the objectives.

2.  Upon completion of the evaluation, provide comments on the evaluation tool and suggestions to NASA for improvement.

3.  Assess the limitations of the scenario assumptions.


a. If there are severe limitations imposed by certain boundary conditions outlining the constraints of the missions, especially those that can be traced to specific high priority objectives, include this information with the report. Such information is valuable to NASA and is essential for understanding the implications on achieving science objectives through human exploration at the Moon.


b. If there are natural breakpoints in the assessment of the science return given the architectural constraints (e.g. large increases in science return for modest added capability beyond the given architectural baseline constraints), include this information in the report.

4.  Determine if further scenario development and analysis work is in order to build upon Phase 1. Suggest content of such work.

The science scenarios evaluated or later developed by LEAG, along with the accompanying LEAG findings and analysis, will be used by NASA to generate candidate science requirements to be considered for incorporation into the Exploration Program governing documents and ultimately the Constellation Program.

II.  LEAG Science Scenarios for Human Exploration Specific Action Team Membership and Meeting Activities:  
In response to this request, LEAG Chair Clive Neal requested that James Head (Brown University) chair the SAT and assisted him in appointing a set of members with backgrounds appropriate to accomplish the charge.  The following membership (and affiliations, backgrounds and areas of expertise, and responsibilities on the SAT) constituted the final SSHESAT (PDF 10-11): 

Jim Head (Chair), Brown University (Lunar geoscience, Apollo planning/operations. Exploration of remote environments: Antarctica, active volcanoes, seafloor (human/robotic).  Responsibilities on SAT: -Lunar geoscience strategy.  -Lunar surface operations assessment. -Human/robotic science partnerships.   

Clive Neal, University of Notre Dame, Chairman of Lunar Exploration Analysis Group (LEAG). Lunar Science, petrology and geochemistry, sample analyses, fieldwork.  Responsibilities on SAT: -Provide continuing assessment of process from perspective of the LEAG Roadmap objectives. -Lunar sample strategy.

Terry Fong, NASA Ames Research Center, Intelligent Robotic Systems, software and human/robotic interactions and interfaces.  Robotic field tests.  Responsibilities on SAT: -Human/robotic interactions and interfaces. -Focus on future technology and potential impact on potential new architectures.

David Kring, Lunar & Planetary Institute. (Lunar Science. Impact cratering processes.  Impact crater fieldwork.)  Responsibilities on SAT: -Impact cratering process strategy.  -Relation to lunar fieldwork.  

Ralph Harvey, Case Western Reserve University (Lunar and martian meteorites, petrology, Antarctic fieldwork (ANSMET)).  Responsibilities on SAT: -Lunar surface operations assessment from ANSMET planning perspective.  

Dean Eppler, Johnson Space Center/SAIC (Field operations, geology, Remote Field Demonstrations Tests, Antarctic field experience.  Responsibilities on SAT: -Field operations overview: mobility, traverse design and distances.  -Spreadsheet advisor and monitor (SA/M).

Matt Fouch, Arizona State University (Geophysics; internal structure and processes, field seismology.)  Responsibilities on SAT: -Geophysics strategy and field seismology.  -Field geophysics operational impacts.  

Joe Levy, Brown University (Mars/Antarctic research (ice-related processes). JPL Mission X experience. MEPAG (HEMSAG). Antarctic fieldwork.)  Responsibilities on SAT: -Science field operations realism assessment (Antarctica).  -Future astronaut perspective

The following report and attached pdf presentation on Phase 1 activities constitutes the results of the LEAG Science Scenarios for Human Exploration Specific Action Team (SSHESAT) meeting at GSFC May 27-29, 2009 and further activities since that time (informal meeting and discussions at the Lunar Reconnaissance Orbiter Targeting Meeting at Tempe Arizona, June 9-11, 2009, and continued e-mail communications). 

After a welcome by Ruthan Lewis (NASA, OSEWG co-chair), and reviewing the history of the formation of the group and the team charter (PDF 1-8), the SAT addressed the larger context for SSHESAT (PDF 9) which included some broader contexts in which our deliberations might be important, including, summarizing important scientific problems, providing insight to help define requirements to fulfill scientific objectives, asking how does the implementation of scientific objectives fit in with the current exploration architecture, and addressing how such consideration might change future exploration architecture.  

Of particular interest for the last two points was the Lunar Surface Science Campaign Summary Chart (PDF 12) and assessing how the mix of outpost and sorties might be influenced and what thoughts we might have concerning this. In particular, might there be any thoughts about the advisability of  “Stretch” or “Redirect” concepts (PDF 13) that might include things like non-polar outposts sorties-only before base, or access to the lunar far side. We also were encouraged to seek guidance from the past, including lessons from the successful Apollo Lunar Exploration Program and President Bush’s initial Vision for Space Exploration.  Furthermore, all were aware that we were in new territory in the current environment, with President Obama's Administration, and in the midst of an ongoing International Lunar Exploration Program with recent or current missions from the European Space Agency, China, Japan and India.  Furthermore, we reflected on the largely unpredicted changes that have occurred in the last 20 years (Past: 1989-2009), a sobering context for considering the activities in the future 20 years (2009-2029).

The Chair implored the SAT to keep the following thoughts and questions in mind (PDF 14-15): How can we help to optimize the science and engineering partnership and synergism? Science is the exploration of the unknown: How does ongoing scientific discovery during the process of exploration influence subsequent steps? What is the definition of “serendipity” and how can it be “planned for”? If it is hard to see into the future, how do we keep the maximum flexibility possible. How can we meet design requirement deadlines but maintain maximum flexibility?  What can we learn from the past (say, Apollo) that can help guide us in the future? What will be the influence of the flood of new international data on the Moon on the planning process? Are the operational guidelines valid? If not, how can they be improved?

For example, we are looking 20 years into the future, so we need to maintain maximum flexibility, and allow maximum capability to incorporate new technological developments that will surely come. Do we fully understand the constraints, challenges and difficulties of human lunar surface operations?  Can a wider range of terrestrial field operations experience (Antarctica, seafloor active volcanoes, etc.) help us to optimize the process? We need to provide broad guidelines, but also guidelines that are sufficiently detailed to be useful in architectural design and operational planning.  We need to keep our eyes on the goal.  Exploration is a process of discovery, iteration and adaptation, not a set of boxes that can be checked in advance.  In the final analysis, this process is not just a “spreadsheet problem”, it is a “systems engineering” problem; this is why “science and engineering synergism” proved so important in Apollo.  

The process of accomplishing our charge for Phase 1 (PDF 16) was to 1) Review the various scenarios (PDF 11) (Outpost Only (500 km); Outpost Only (1000 km); Outpost + 3 Sorties; Outpost + 5 Sorties); 2) assess their consistency with the LEAG Lunar Roadmap at the Objective Level; 3) think about their effectiveness at the Investigation Level; 4) assess whether operational assumptions are valid; 5) assess whether there is sufficient flexibility in the system, and 6) make recommendations for Phase 2.  The tentative agenda (PDF 17-19) provided a framework for these deliberations.  

III.  The Lessons from Apollo:

We began with a review of the nature of the Apollo Lunar Exploration Program (PDF 20-38) and some of the lessons learned from this successful experience, presented by Jim Head who worked at NASA Headquarters involved in Apollo site selection, astronaut training, mission planning and operations for the Apollo missions.  Some of the lessons are that: The only thing constant is change; there is a need to design-in the expectation and ability for constant capability upgrades; there will be a long sequence of steps involving hardware, procedure, and operational testing and verification before “normal operations”; scientific exploration is discovery: The scientific return from each mission will seriously influence the planning and execution of the next one, and the one after that; therefore, there is a need to set up the environment for ongoing “science and engineering synergism” throughout the process;  there is also a need to design in maximum flexibility, and ability to respond to short-term changes in landing sites, traverses, sampling strategies, equipment manifests, etc., etc.

The evolution of the Apollo mission is very instructive for future planning.  Initial missions were dominated by landing and crew safety concerns and short stay times. The development of pinpoint landing capability (Apollo 12) was a major positive factor in site selection and traverse planning.  The initial surface experiments package (ALSEP) was excellent and it evolved.   Scientific surface equipment became more varied and sophisticated with each mission.  Increasing mobility and increasing distance was always a concern (MET, LFU, LRV, DMLRV).  Increased mission confidence permitted orbital plane changes and opened up the rest of the nearside of the Moon.  Involving the astronauts and FCOD personnel early in all phases helped immensely. Early rivalry and contempt gave way to scientific and engineering synergism and optimization of scientific return.   J-Missions (Apollo 15-17) were well-executed scientific exploration endeavors.  Apollo 18-21 would have explored human/automated concept more fully (DMLRV).

On the basis of the review of the history of the Apollo Lunar Exploration program, the following general personal thoughts were presented by Jim Head (PDF 37):  Flags and footprints are one-shot deals and are not sustainable.  Terms like “applied science” and “suitcase science” were not used in the Apollo Program.  After Apollo 11 (flags and footprints), scientific exploration was what generated the excitement, and provided the basis for sustaining the program.  This raises a series of important questions:  What is the current justification for returning to the Moon? Why are we going? What will sustain the effort?  What will be the legacy? The case can be made that exploration is accessing and understanding the unknown: Science is exploration.  Apollo recognized this early on and worked toward science and engineering synergism and optimization.  Can the current effort do anything less and be successful?

This presentation concluded with some observations and reflections (PDF 38) about some things for the SAT to consider from Head's experiences in the Apollo Program: We need to start where Apollo left off: Develop science and engineering synergism.  The Moon is a cornerstone for Solar System exploration: Human exploration needs to participate in the ongoing development of a broad program for an in-depth understanding of the Moon as a planetary body.  This program should consist of well-integrated automated and human exploration elements (orbiters, landers, rover, etc.).  There will be a need to constantly iterate and fold results back into mission planning, and thus a need to maintain maximum flexibility.  Human landing mission style and frequency should be driven by science requirements and evolving scientific findings.  As with Apollo, all science and operational capabilities should undergo constant evolution and optimization.   Furthermore, there are many perspectives on successful lunar exploration from terrestrial field campaigns for scientific exploration in remote places (active volcanoes, Antarctica, the bottom of the ocean, etc.) (PDF 39).

IV.  Deliberations and Discussions:  

LEAG Chair Clive Neal and Jim Head briefly reviewed and discussed the exciting lunar exploration science goals that derived from the NRC/NAS Study and other community input and deliberations (PDF 40-42).  

The SAT then began a review of existing lunar science scenarios (Outpost Only (500 km); Outpost Only (1000 km); Outpost + 3 Sorties; Outpost + 5 Sorties), assessing one of the four options in order to became familiar with the approaches and assumptions undertaken in the analyses by GSFC personnel (P. Clark, J. Bleacher, N. Petro and others).  We then proceeded to evaluate how well these scenarios met the lunar science objectives defined in the LEAG Roadmap.  

Following a presentation and walkthrough of the evaluation mechanism (an evaluation spreadsheet) by Mark Lupisella, SAT discussion centered on the evaluation criteria using the spreadsheet and most SAT members found the spreadsheet wanting in several ways.  Specifically, there was concern about the detailed "spreadsheet" approach leading to “excessive” quantification and metrification, and thus producing a "false" quantification that could potentially be misleading or meaningless in developing requirements and assessing scenarios.  Concern was expressed that we were not keeping our eyes on the goal, but were being derailed by minutiae and unanswerable questions in order to place a number or grade in a box.  

The SAT constantly emphasized that exploration is a process of discovery, iteration and adaptation, not a set of boxes that can be checked in advance.   It was felt that the process was not a “spreadsheet problem”, but a “systems engineering” problem that required continuous iteration between scientists, mission planners and engineers.  

The SAT felt that the concept of “science and engineering synergism” was very important to the process of informing decision makers about the optimization of exploration plans.  There was serious concern about completing a spreadsheet in too much detail, for example, down to the "investigations" level that would have the result of removing the scientist from further input or consideration.  The SAT wanted to avoid giving the impression that personnel just needed to undertake a further quantitative analysis of the spreadsheet in order to secure guidance for future new conditions, requirements, or different exploration scenarios.  Discussion ensued (on into the evening of the first day and to the second day) about alternatives to the detailed spreadsheet.  Discussion centered on the depth to which it was useful to provide grades or quantification of the spreadsheet (objective, investigation).  The SAT ultimately felt that the evaluation criteria would be best left at the more general spreadsheet category objective level: a major conclusion was that any more detailed breakdown for future evaluations should come from further interaction with a SAT-like group in Phase 2, not from a re-analysis of spreadsheet scores.   An example of a spreadsheet filled out to the level of comfort of the SAT is attached to this document. 

One of the requests for the SAT was to work with NASA to derive candidate requirements for lunar exploration.  The SAT was briefed on this process by Ruthan Lewis, Mark Lupisella, and Mike Wargo and began discussion of the DRAFT EARD Science-Related Requirements (PDF 43).  Following this discussion, assignments were made to SAT members on the basis of ”areas of expertise,” and further discussion were held the following day, with subsequent sample input as outlined below.  On the basis of this interaction, it was clear that to the SAT that the scientific community should be heavily involved in the discussion of, and decisions made about, EARD Science-Related Requirements, and that this activity should form a major part of the work in Phase 2.  

Using the DRAFT EARD Science-Related Requirements as a basis (PDF 43), we compiled the Sample input in Attachment 1:  These inputs should not only provide some insight into specific candidate EARD Science-Related Requirements, but also serve to illustrate the important types of input that can be provided by science and engineering synergism, and provide a basis for specific action items during Phase II.   

IV.  Phase 1 Report Findings: LEAG Science Scenarios for Human Exploration Specific Action Team:

Charge 1: Work with NASA to understand existing lunar science scenarios:  Although productive and useful preliminary work has been done by the GSFC personnel making the presentations, it became clear that in order to understand and evaluate these scenarios, there is a strong need to refine and improve the assumptions and exploration elements (e.g., “geophysics”) that go into the site selection and traverse planning.  There is also a strong need for more scientific input about the requirements for landing and traverse location accuracy. Furthermore, there is a need for a notional list of what new field technology will be available by this time (e.g., a Lunar Trimble). 

Another important finding was that it would be very helpful to undertake a post-Apollo assessment to show how capabilities and science return during Apollo changed with time.  This could provide a set of “metrics” that show how improved capability and performance increased science return.  This project would need to involve scientists, engineers, and operations personnel.

There was a clear need for much more analysis of the role of robotics: Robotic precursors, complements and follow-ups; human-robotic relationships and complements; robotic follow-ups to human (e.g., such as the Apollo Dual-Mode Lunar Roving Vehicle (DMLRV)).

It was also clear that if these types of analyses were to be successful, there was a need for a robust Lunar Data Analysis and Training Program, funded jointly by SMD-ESMD, that would involve things like data integration and analysis; candidate landing site characterization; site selection processes; post-mission analysis to feed into ongoing process; training of “science-engineering synergism” participants.

Charge 2: Evaluate how well these scenarios meet lunar science objectives defined in the LEAG Roadmap: We were also asked to provide comments on the evaluation tool and suggestions to NASA for improvement. We found that the spreadsheet evaluation structure was too granular and opaque to most and did not readily convey meaning and message at the “forest” level. We developed an alternative evaluation process and presentation; this needs to be vetted, tested and refined. The goal is to find the mechanism that best informs decision makers and engages all participants in a dialog. 

With the drawbacks of the spreadsheet, and the preliminary nature of the four candidate scenario plans that were presented to us, we found it difficult to use the process to identify specific scenarios that addressed high priority LEAG Roadmap science objectives, or to rank one site and approach relative to the other.  In general, on the basis of our discussion, it was clear that the following items are important to consider in achieving the high priority LEAG Roadmap science objectives, as described at the earlier Tempe Lunar Meeting.  Using the LEAG Roadmap Objectives and the very preliminary exploration scenarios for the four options presented to the SAT [Outpost Only (500 km); Outpost Only (1000 km); Outpost + 3 Sorties; Outpost + 5 Sorties], it was found that Sorties were a necessity to ensure exploration access to address the diversity of fundamental scientific questions raised by the Moon.  The SAT also found that, although some important scientific goals could be accomplished at an Outpost, the higher the number of Sorties, the higher the likelihood of achieving the LEAG Roadmap Objectives.  The SAT also considered "stretch" scenarios that included off-polar outposts (to optimize sortie science return) and the importance of farside access (perhaps assisted by robotics).  These items should be further considered in Phase 2.  

Charge 3: Work with NASA to Derive Candidate Requirements for Lunar Exploration: We found that this activity was quite productive and represented an important potential contribution by the SAT, as evidenced by the input discussed above, and as described in more detail in Appendix 1.  We recommend below that the scientific community continue to be engaged in this processes and that this be one of the main activities in Phase 2.   

Charge 4: Recommendations for Phase 2 of Science Scenarios for Human Exploration Specific Action Team:  The SAT members all felt that they could continue to provide important input into the planning and evaluation process and that the continuation of the SAT into a Phase 2 was an excellent way to ensure the "science and engineering synergism" that the SAT felt was so important to best informing the decision makers and to ensure the success of the endeavor.  Candidate activities in a Phase 2 might involve some or all of the following:

· Creation of new and/or expanded science scenarios to more broadly encompass high priority LEAG Roadmap objectives, to investigate new findings from ongoing international lunar missions, and/or to investigate the scientific value of new Constellation approaches to lunar exploration brought about by the current Presidentially-directed assessment of human exploration. 

· Provide more concrete input into, and evaluation of, guidelines, assumptions, goals and objectives for surface science operations for Campaign scenario planning, and evaluation of this planning.

· Work with NASA to continue to derive input to candidate EARD Science-Related Requirements for lunar exploration.  

· Work with NASA to continue to refine, clarify and optimize their evaluation criteria to best serve decision makers. 

· Help develop the science and engineering synergism that led to the success of the Apollo Lunar Exploration Program.  

· Help initiate and review a post-Apollo assessment to show how capabilities and science return during Apollo changed with time with the goal of providing guidelines or a set of “metrics” that show how improved capability and performance increased science return. 

· On the basis of their wide field experience, help compile a list of candidate  new field technology that will be available and that should be considered in traverse planning. 

· Provide and initiate further analysis of the role of robotics, and the human-robotic partnership, in all phases of the program. Robots can and should be used to improve mission planning and mission operations in order to increase crew productivity and science return.  The current lunar architecture already contains a significant number of surface assets (e.g., crew rover) that could be used robotically. Robots can perform surface work: before, during, after crew missions. Robots can (and should) be used in ways that are significantly different from MER, i.e., we should consider how to coordinate robot-human activity (e.g., robot recon before crew sortie) and human-robot (robot follow-up after crew sortie).  We also need to address the questin of the role of robotic precursor missions to human exploration.  
· Help develop new and expanded science scenarios to more broadly encompass high priority LEAG Roadmap objectives.

· Continue to investigate the scientific value of new Constellation approaches to lunar exploration (”stretch”).    

NASA should consider adding supplementary and complementary expertise to a Phase 2 SAT in the future to accomplish the goals that it chooses for Phase 2.  

James W. Head, SSHESAT Chair

Clive Neal, LEAG Chair

July 24, 2009

Appendix 1:
DRAFT EARD Science-Related Requirements (PDF 43) and Input from SSHESAT:

Mission Rates and Duration:  [Ex-0012] The Constellation Architecture shall provide the capability to perform missions according to the mission rates, intervals, and durations specified in the Constellation Mission Rate and Duration Table.  Nominal rate: 2/year; Max: 3/year; Min mission rate interval: 180 days; Min destination duration: 7 days for sortie (14? 45?), 210 days outpost.

Ralph Harvey: Expertise in lunar samples, and the search for and analysis of lunar and martian meteorites; provides ANSMET leadership for multiple Antarctic expeditions:

Nominal rate  (number of missions per year) is 2-3:  That seems "fast and furious" for exploratory science, from my perspective.  From a science standpoint, it may be more missions per year than is needed, depending on the architecture within which findings are evaluated and forward planning takes place. (i.e., the "fast and furious" nature of this would require a large science back-room to evaluating initial findings quickly enough for the findings to influence missions that follow). Another way of looking at this; there is great value in making sure an early mission's results have been thoroughly analyzed before follow-up missions are written in stone; it avoids re-inventing the wheel, allows dedicated follow-up measurements, etc.).

From a safety standpoint the interval is probably tolerable but nowhere near modern expeditionary standards (so there's inherent high risk regarding rescue or recovery of science objectives). History shows that launch capabilities suggested at this stage rarely reflect reality, yet this capability will be the determining factor in mission rates.

Minimum interval  (missions will be separated by no more than 180 days): The math with the Max mission rates listed above suggests that missions would be separated by 120 - 180 days.  Comments are the same as for Nominal Rate.  From a science perspective, 120-180 days isn't too bad for the preliminary interpretation of samples and field findings but there's no harm in making it longer.  From a personal safety standpoint 120 days is pretty long, but tolerable from a longer-term historical perspective. And again, this is highly determined by launch capabilities that are likely to be significantly different from current expectations.

Min. destination duration  (how much time will you be on the moon):  Sorties show minimum of 7 days, with suggestions of 14 or 45. This is highly situationally (site) dependent. For example, a lot could get done at Giordano Bruno and Olivine Hill in 7 days, where there are some specific (and therefore limited) first-order science objectives; but 7 days at Marius Hills, Nectaris rim or Tsiolkovskiy (places where the number of working hypotheses are very high) would provide only very limited survey-style reconnaissance. With this in mind, a minimum sortie duration of 7 days is not intolerable but would severely limit many of the scenarios offered. Variable sortie length would be significantly better at addressing site-specific needs.  Even better would be short survey-style reconnaissance visits (perhaps robotic) that feed forward to allow a follow-up sortie to be efficient and highly directed toward specific scientific goals.  Outpost shows 210 days, which seems arbitrary; we surmise that it's 180 days (min interval) with one-month overlap.  Given there's no seasonal information to gather and the Shackleton site is thought to be somewhat homogenous lithologically, the first 7-10 days would be enough to create a preliminary understanding of the area around the outpost; after that as much time as needed could be spent creating new objectives as the astronauts are exploring and doing science in-depth.  That said, the outpost is going to have a huge overhead of time spent on environmental, logistical and engineering, and it is likely that the amount of time spent locally on science will be initially minimal (thought the rewards may be quite high regardless). 

Mobility: [Ex-0024] The Constellation Architecture shall provide extended-range crew surface mobility of 500 (TBR-EARD-018) kilometers (km) to support extended exploration based from outpost locations.

Dean Eppler (Johnson Space Center/SAIC (Field operations, geology, Remote Field Demonstrations Tests, Antarctic field experience.  Responsibilities on SAT: -Field operations overview: mobility, traverse design and distances).

-Proposed Change to Existing EARD Requirement - Mobility [EX-0024]
-FROM: “The Constellation Architecture shall provide extended-range crew surface mobility of 500 (TBR-EARD-018) kilometers (km) to support extended exploration based from outpost locations”

-TO: “The Constellation Architecture shall provide surface mobility of at least the capability of reaching 500 kilometers (km) (TBR-EARD-018) radius from the outpost location to support extended outpost-based exploration.”

In addition, an indication of the kind of terrain to be traversed should be added to any mobility requirement.

-Proposed requirement: “The Constellation Architecture shall provide surface mobility that will be capable of traversing highland and maria surfaces with characteristics similar to those seen at the Apollo 15 and Apollo 16 sites.”
Proposed rationale: “A significant aspect of exploration involves traversing a variety of slopes and surfaces in order to reach locations where important geological and geophysical activities need to take place.  The Apollo sites cited can be considered, in the absence of detailed surface data on wide variety of lunar terrains, to be reasonably representative of the kinds of surfaces that will be encountered in any significant exploration of the lunar surface.  The specific details of slope and surface roughness can be assessed on the basis of existing data sets, and near-term mission data sets, such as the Lunar Reconnaissance
Downmass (non-infrastructure, e.g. science): [Ex-0071] The Constellation Architecture shall allocate at least 500 kg or ?? (TBR-EARD-020) of cargo mass capability to support requirements other than infrastructure and logistics needs (e.g., scientific research, commercial, Education and Public Outreach (EPO), International Partners, etc.) for transport to the Moon on crewed lunar missions.

Upmass (non-infrastructure, e.g. science): [Ex-0072] The Constellation Architecture shall allocate at least 100 kg (TBR-EARD-037), [Objective: 250 kg (TBR-EARD-047)] of cargo mass capability to support requirements other than outpost infrastructure and logistics (e.g., science, commercial, Education and Public Outreach (EPO), international partners, etc.) for transport from the Moon on crewed lunar missions.

Dean Eppler: (Johnson Space Center/SAIC (Field operations, geology, Remote Field Demonstrations Tests, Antarctic field experience.  Responsibilities on SAT: -Field operations overview: mobility, traverse design and distances).
-Potential New EARD Requirements - Augmentation of Sample Return Capability:

The assessment of Objective “Sci-A-2: Development and implementation of sample return technologies and protocols”, indicates that even if the Altair and Orion spacecraft can return 250 kg of sample, this amount will be insufficient to return the mass of critical samples that extended traverses can be expected to collect.  While examination and processing of samples at an outpost may reduce the mass of the samples to be returned to Earth, it may be difficult to reduce the mass of complex samples, such as large polymict breccias similar to Apollo 16 sample 61016.  In addition, regardless of future developments of lunar-deployed analytical capability, terrestrial laboratories will always have better, more precise methods of analyzing samples.

-Requirement wording:  “A method shall be developed to robotically return lunar samples safely to the Earth’s surface.”
-Requirement rationale: “Sample return mass available on the Orion and Altair spacecraft will be insufficient to return all the samples collected during the extensive geological field work expected on the lunar surface.  Further, terrestrial laboratories will always have more precise and diverse ways of analyzing samples than can be done on the lunar surface.  Consequently, a method for returning samples, separate from the planned crewed spacecraft, will be critical for a robust lunar science activity.”
Potential New EARD Requirements – Upmass and Volume:

Based upon the CAPTEM-LEAG Lunar Sample Acquisition and Curation (LSAC) Review (currently underway), the volume associated with lunar sample return has been calculated based on sample dimensions and packing density within both hard (Apollo Lunar Sample Return Containers, ALSRC) and soft (Sample Containment Bags, SCBs) containers. The findings demonstrate that the return of samples from the Moon should be in soft containers (SCBs) as these allow for a more efficient packing density.  The volume associated with sample return is as follows:

100 kg = 0.11 cubic meters

200 kb = 0.22 cubic meters

250 kg = 0.275 cubic meters

300 kb = 0.33 cubic meters
Potential New EARD Requirement - Environmental Assessment:
Dean Eppler (Johnson Space Center/SAIC (Field operations, geology, Remote Field Demonstrations Tests, Antarctic field experience.  Responsibilities on SAT: -Field operations overview: mobility, traverse design and distances).
The assessment of Objective “Sci-A-1: Understand the environmental impacts of lunar exploration”, indicates that baseline environmental conditions needs to be measured the at any proposed outpost site prior to initial outpost operations

-Requirement wording:  “Baseline environmental data shall be collected at any potential outpost site prior to the first cargo or human mission landed at that site”

-Requirement rationale: “Establishing the baseline lunar environment critical prior to the first landed outpost mission at a given location.  The list of measurements, which should be developed by a group whose expertise includes the lunar exosphere and surface environment, needs to include any property or condition which could be irrevocably changed by outpost operations, and would consequently not be measurable once outpost operations commence.  In addition to the baseline measurement requirements, the nature of this mission will also require that special care is paid to the fabrication of any robotic spacecraft landed at the site in order to minimize contamination through material degradation or off-gassing,  propellant venting, and general response of the vehicle to the extant lunar environment.”  
Outpost Power: [Ex-0018] The Constellation architecture shall provide the capability to supply (TBD-EARD-033) kilowatts (kW) of power for lunar outpost payloads.

Outpost Surplus Power: (includes payloads)  [Ex-0074] The Constellation Architecture shall have the capability of supplying outpost surplus power to systems or payloads.

Non-Infrastructure Surplus Power: (e.g. includes science)  [Ex-0077] The Constellation Architecture shall provide at least (TBD-EARD-031) of power to support requirements other than infrastructure and logistics needs (e.g., scientific research, commercial, Education and Public Outreach (EPO), International Partners, etc.) during crewed lunar missions.

Terry Fong: NASA Ames Research Center, Intelligent Robotic Systems, software and human/robotic interactions and interfaces. 
-Need more description of what power is required for long-duration experiments and where the power needs to be provisioned (e.g., in a permanently shadowed region, at distance X from outpost, over a Y month continuous span).

-Indirect: Need better description of what additional mobility characteristics are important for surface science (because mobility is so tightly dependent on power). Point to point speed, terrain characteristics (do we have to go EVERYWHERE = 4 sigma terrain?); do you need wheels on the ground? or would hopping/hovering/flying better?

Navigation: [Ex-0017] The Constellation Architecture shall provide TBD # navigation features

Joseph Levy: Mars cold-climate geomorphology expert; three seasons of Antarctic Dry Valleys field experience; MEPAG Human Exploration of Mars Science Analysis Group (HEMSAG) member:  

1.  Proposed Requirement. The navigation system shall allow go-to capability to surface targets within 100 m.  Proposed Rationale. The next generation of human exploration on the Moon will be guided by science results emerging from the flood of data being returned by an international set of orbiting lunar science spacecraft. Go-to navigation makes it possible to maximize science efficiency during EVAs by directing astronauts to targets of interest identified in orbital observations. Compositional and geophysical analyses of the lunar surface are able to resolve heterogeneities on the hundreds of meters scale (Moon Mineralogy Mapper has 70 m/pixel resolution, LROC wide angle camera has a resolution of 100 m/pixel, and Diviner has ~200 m/pixel resolution). Efficiently sampling geological contacts and changing lithologies (rock compositions and types) is critical for maximizing data return to address LEAG roadmap lunar science goals. 

2.  Proposed Requirement. Navigation shall not require line of sight to an outpost or lander. Proposed Rationale. Enhanced digital elevation models derived from Kaguya/SELENE stereo imaging of the lunar surface, coupled with anticipated Lunar Orbiter Laser Altimeter data, are quantifying the roughness of the lunar surface. Sampling within craters and other depressions (e.g., rilles) is critical for achieving science goals linked to access to volatile inventories, impact melt sheets, and volcanic materials. These topographically low features will block line of sight to base stations; however, determining sample location and distribution in these locations is equally important to determining sample location at less topographically variable sites. 

3.  Proposed Requirement. The navigation system shall determine the location of scientific instruments to within TBR accuracy.  Proposed Rationale. It is important to know where on the lunar surface measurements are being conducted. Small errors in the exact and relative position of geophysical instruments (such as seismometers) can produce large errors in time-dependent measurements (e.g., arrival times for seismic signals). For measurements such as heat flow, position to within 10s of km may be required; for local seismic measurements, position within meters may be required; for interferometry measurements, position within microns may be required. 

4.  Proposed Requirement. The navigation system shall allow the determination of a sample location to within 1 m on a local reference grid.  Proposed Rationale. Rock stratigraphy provides critical information about the emplacement timing and processes of geological samples. Rock layering observed at the Apollo 15 landing site shows banding with unit thicknesses ranging from 10-15 m. Closer observation of layered samples during field analysis typically reveals finer structure within layered rocks. Being able to distinguish the position of multiple samples from a layered outcrop is critical for determining the depositional history of lunar crustal rocks. 

5.  Proposed Requirement. The navigation system shall determine locations to within 10 m on a global reference grid.  Proposed Rationale. Ground-truthing is the process of connecting local measurements made on the ground to remote sensing observations. Ground-truthing increases the value of science conducted at a specific site by verifying remote data that can be used to extend analysis to regions not explored in-situ. Determining sample and traverse locations on high-resolution, global base-maps (e.g., 10 m resolution stereo topographic maps, 0.5 m resolution surface images) is critical for placing obtained samples in a global context. 

6.  Proposed Requirement. The navigation system shall allow determination of sample location within 1 minute (TBR). Proposed Rationale. Determining location is a critical component of exploration science. Location determination takes time in the field, but is growing increasingly efficient and integrated into the observation process through the advent of GPS and geotagged data. Determination of location can be as instantaneous as reading off coordinates from an active GPS receiver, or as time-consuming (~ 1 hour) as making solar measurements to compute longitude and latitude. A long check-list of activities at each sample site related to documentation and observation of samples precludes making time-consuming navigational calculations, highlighting the need for rapid location determination.   
