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Opening Remarks
Ms. Carol Hamilton, ASAP Executive Director, called the meeting to order at 10:30 a.m. EST and
welcomed everyone to the ASAP’s Third Quarterly Meeting of 2020. She indicated that no
questions or requests had been submitted prior to the meeting, but time would be allocated at
the end for public comments.
Dr. Patricia Sanders, ASAP Chair, opened the meeting by thanking the Panel members and NASA
personnel with whom the ASAP engaged during the third quarter’s insight meetings. She stated
that all involved are becoming much more proficient at virtual meetings. She also noted that the
IT support has been remarkable.
During the past quarter, in addition to the normal engagement with all the NASA programs of
interest to the Panel, the ASAP has been engaged in a number of specific fact-finding discussions
and research efforts. One such engagement, Dr Sanders noted, was focused on a deep look at
the safety aspects of NASA’s management and operation of a diverse and aging fleet of aircraft.
She indicated that the Panel is not yet ready to report on their findings from that study. A
second concentration over the past few months, Dr. Sanders said, was an intense relook at the
hazards due to micrometeoroids and orbital debris (MMOD). She indicated that the Panel would
report on this area of concern during this quarterly meeting.
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As a sign of the times, the Panel has been paying particular attention to the impact COVID-19
has had on NASA. Dr. Sanders stated that the Panel spoke with each NASA program manager
and Dr. Polk, the NASA Chief Medical Officer, about this topic. She then introduced Dr. Rich
Williams, an ASAP member who previously served as the NASA Chief Medical Officer. Currently
engaged in fighting the pandemic as a leading public health official in Virginia, Dr. Williams
summarized the Panel’s assessment of NASA’s response to the virus.
NASA’s COVID-19 Pandemic Response
Dr. Williams began by asserting that NASA responded early and effectively to the COVID-19
pandemic threat. The Office of the Chief Health and Medical Officer (OCHMO), leveraging data
from the Department of Homeland Security, began tracking the emergence of the virus in China
in January. The Chief Health and Medical Officer informed NASA senior leadership of the
pandemic threat, and by mid-February the Agency was updating existing pandemic plans to deal
with this highly infectious viral pathogen.
Dr. Williams noted that NASA worked rapidly with sister agencies and academic institutions,
such as the Mayo Clinic, to develop and implement a stage response plan to community viral
burden arising in and around NASA centers. NASA senior leadership established a
multidisciplinary COVID-19 response team, led by Cathy Mangum, Acting Deputy Associate
Administrator. Agency and center-level response plans were developed and implemented, along
with weekly senior leadership COVID-19 meetings Agency-wide. NASA implemented mandatory
telework at the Ames Research Center by the second week of March, and the rest of the Agency
followed as pandemic conditions required. Dr. Williams indicated that the NASA Administrator
and all senior leaders have been highly visible and supportive of the pandemic response, which
has resulted in very effective interdiction of the viral threat on all NASA facilities.
NASA worked quickly to protect the workforce, implementing multiple coordinated control
measures, Dr. Williams added. The Agency directed masking and social distancing in all public
spaces, and instituted case investigation and contact tracing, assisted by an internally developed
application. Center authorities initiated symptom and fever screening, also assisted by an
internally developed application. OCHMO, in coordination with the Chief Information Officer,
integrates data from local public health authorities and health care systems proximate to NASA
centers and displays it in a dashboard to understand disease burden and trends, aiding decisionmaking at multiple levels. NASA industrial hygiene teams developed procedures and
implemented technologies for surface sanitation and facility hygiene, and administrative
controls were implemented to enhance social distancing.
Dr. Williams noted that NASA also turned to its innovation capability to help address national
pandemic needs and shortages. A Jet Propulsion Laboratory team designed a small ventilator,
built a prototype, and achieved Food and Drug Administration certification in 37 days. NASA and
Virgin Galactic collaborated to develop a continuous positive airway pressure helmet to help
severely ill COVID patients avoid mechanical ventilation. Wearable technology to detect early
signs of health compromise, three-dimensional printing (personal protective equipment),
collaboration with National Institutes of Health/Centers for Disease Control for supercomputing
to support pandemic modeling, and leveraging environmental monitoring technology to attempt
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early disease detection are other examples of NASA’s direct contribution to the pandemic
response thus far.
Dr. Williams expressed that NASA, with the full support of senior leadership, adapted its health
care and administrative support systems to develop a first rate public and occupational health
response to the pandemic. The virus has taken a toll, however. There have been 270 cases of
COVID-19 among NASA civil servants and contractors since the pandemic began. The vast
majority of cases are due to community transmission, with very little evidence of disease
transmission in NASA facilities. Unfortunately, there have been four COVID-related deaths
among the NASA contractor workforce. The pandemic has had ongoing negative impact to every
human spaceflight program as well, including limitation of on-site work, increased costs, work
inefficiencies, and schedule delays. Dr. Williams indicated that his fellow Panel members would
mention some of these programmatic impacts and NASA’s response in the course of the
morning’s meeting.
According to Dr. Williams, the Agency’s pandemic response has been very successful,
considering the degree of community transmission proximate to many NASA centers. The Panel
commends NASA leadership and the NASA team for this collaborative effort, which will likely
need to continue for the immediate and foreseeable future.
Dr. Sanders thanked Dr. Williams for his discussion on NASA’s measures to mitigate the impacts
of COVID-19. She remarked on how NASA leadership has adopted the philosophy of “moving the
mission forward while protecting the workforce.” That perspective, in Dr. Sanders’ estimation,
seems to be striking a proper balance and should be commended. There have been both
schedule and financial impacts, but safety and the mission are being protected. The challenge of
operating in several virus “hot spots” is formidable but it seems to be met.
The Commercial Crew Program (CCP) has had a great deal of critical activity in the past few
months. Dr. Sanders welcomed Dr. Don McErlean to lead the discussion of the Panel’s views on
the status of those undertakings.
Commercial Crew Program
Dr. McErlean congratulated NASA and SpaceX for the Demo-2 launch and he noted that the
Panel is looking forward to seeing the return and landing to complete the crewed flight test
phase of the program. Currently, the flight test objectives for Demo-2, which included
habitability demonstrations by the crew in preparation for an eventual crew size of four have
gone very successfully. The final flight test objectives that remain are the undocking from the
International Space Station (ISS) and re-entry and recovery. The current configuration of the
Crew Dragon, which has a limited wind margin in the recovery zone, is expected to create a
challenge in selecting the landing site. In allowance for this limitation, SpaceX and the NASA
team have preapproved seven landing sites as opposed to the original three; all of which are in
the vicinity of either the east or west coast of Florida. Dr. McErlean indicated that the availability
of these sites may increase the probability that the weather conditions at one site will be
acceptable.
He further noted that the Demo-2 crew is at an increased risk of being infected with the COVID19 virus upon return to Earth versus their careful isolation before and during the mission.
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Crewmembers will wear N95 masks and will remain at the Johnson Space Center (JSC) Astronaut
Quarantine Facility until released by the flight surgeon. NASA and contractor personnel will be
screened using enhanced precautions such as 14-day self-isolation, daily electronic health
check-ins, and negative COVID test results.
Preparations are underway to launch the first formally scheduled crew rotation flight to the ISS,
Crew-1. In addition, CCP leaders discussed with the Panel their hardware plans for Crew-2 in
early next year. As has been successfully demonstrated in the Commercial Resupply Program, it
is expected that SpaceX will re-use hardware as well in their human spaceflight program. For
example, SpaceX plans to re-use the Demo-2 capsule returning in early August for the Crew-2
flight. In addition, the team will re-use the Crew-1 booster for the Crew-2 mission. Thus, the
Crew-2 mission will fully utilize the SpaceX re-use philosophy. Dr. McErlean added the caveat
that although re-use has been successful in prior launches, the use of previously flown hardware
for a human spaceflight mission will create additional work for NASA—the certification
requirements and any deltas required for human safety reasons must be addressed. The current
plan is to launch Crew-1 no earlier than late September for a normal six-month rotation on ISS.
SpaceX has demonstrated that it will constantly be evolving vehicle designs, and there is no
reason to believe that this philosophy will change with respect to the crewed Dragon capsule.
Consequently, the Panel was especially interested in hearing about the vehicle configuration
changes between Demo-2 and Crew-1 as well as between Crew-1 and Crew-2. With the
completion of the Demo-2 mission—and the appropriate vehicle changes driven by the data
gathered during the mission—NASA will have concluded the required certification processes for
flying NASA personnel on SpaceX hardware. However, it is the Panel’s opinion that, given the
SpaceX approach to hardware upgrades, NASA must decide by what processes it will continue to
monitor vehicle and system changes to ensure that those changes remain in an appropriately
“certified” safety posture for human spaceflight operations. Dr. McErlean emphasized that a
sustained, ongoing, formal safety-related process must be defined as the CCP transitions into a
steady state cadence of operations.
As previously discussed, Boeing and NASA formulated a Joint Independent Review Team (JIRT)
to investigate the software coding errors that caused the failure of the Boeing Orbital Flight Test
(OFT)-1. The JIRT concentrated principally on three areas of concern: 1) the Mission Elapsed
Timer (MET); 2) Service Module Disposal Burn; and 3) Space-to-Ground Communication. The
first two of these focal areas were recognized quickly and solutions to the immediate problem
were implemented promptly. The third area, while noted during the test, took additional
analysis and engineering effort to determine the root cause. Hence, the solution to this
problem, while well underway today, will take longer to develop, test, and validate. The JIRT
made 61 recommendations concerning software development. The Boeing IRT developed 31
additional recommendations. Finally, 19 recommendations were developed for the
communication problem. All of these actions have been resource-loaded and placed into the
overall Program schedule. Dr. McErlean stated that the plan is for all recommendations to be
completed and approved before the next flight test. Based off these results, NASA also
formulated a “close call” investigation to review the organizational factors within both NASA
and Boeing that contributed to these flight test anomalies. This review resulted in
recommendations to Boeing and the Human Exploration and Operations Missions Directorate
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(HEOMD) to improve performance of the organization to preclude a repeat of this situation. The
NASA CCP and stakeholders are reviewing the Starliner Team’s response plans to IRT actions,
deliverables/milestones, and action closures. In addition, the NASA CCP has implemented
several systems engineering and integration (SE&I) actions to complement the actions taken by
the Boeing Starliner team. The CCP software team has been augmented to significantly increase
oversight and insight. Dr. McErlean indicated that these actions should significantly reduce the
risk to OFTs, Crewed Flight Tests (CFTs), and other CCP flights.
Despite this progress, the Panel continues to be concerned about the quality control problems
that have plagued the Boeing CCP. Dr. McErlean stated that the Panel realizes the CCP has been
working with the safety and engineering communities to address these issues, but this is an
issue the Panel will continue to watch closely as OFTs, and later, CFTs are conducted. As work on
the Boeing vehicles continues, the Panel suggests that the CCP focus on maintaining a balance
between schedule milestones and cadence of activities to ensure that technical decisions are
motivated by appropriate drivers.
NASA announced an agreement is being considered with sub-orbital providers to fly NASA
personnel to conduct scientific or training activities. The current requirements for the suborbital providers are limited legally to “ensuring public safety.” Potential customers are
therefore left to make personal choices about risk under a regime known as “informed
consent.” The Panel believes that NASA, acting as a third party contracting on behalf of their
personnel, has a responsibility to examine the safety posture of these services in a manner
similar to what was done for the CCP providers before allowing NASA personnel to fly on the
vehicles. Alternatively, NASA could work with another government entity, such as the Federal
Aviation Administration (FAA), to provide such certification or flight approval. The total extent of
this safety review remains to be determined; however, there is little doubt that it will be
required. The Panel will continue to review this situation in the future.
Dr. Sanders thanked Dr. McErlean for his review of the CCP efforts. She stated that the program
clearly still faces many challenges ahead. Not only does the CCP need to complete the Demo-2
test objectives, safely return the crew, and analyze performance, they also have much work
ahead with the Boeing component of the program. Dr. Sanders echoed the Panel’s sentiment,
stating that much work remains before the CCP will be in a comfortable routine with two fully
functioning operational vehicles.
The CCP is one facet of the NASA human spaceflight efforts in low-Earth orbit (LEO). Dr. Sanders
directed attention to the companion component of the ISS and the associated ongoing technical
and management challenges. Mr. David West addressed this component.
International Space Station
Mr. West acknowledged that the ISS Program continues to effectively manage risk and develop
contingency plans to maintain presence of one U.S. crewmember on the station with the
ultimate goal of keeping the ISS operational while CCP vehicles are introduced. Long-range
planning and schedule flexibility will be the key to making this “toughest” year the springboard
to sharing the responsibility of transporting crews to the ISS between CCP vehicles and Soyuz.
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With the arrival of the SpaceX Demo-2 mission carrying U.S. astronauts Doug Hurley and Bob
Behnken on May 31, 2020, there is now an ISS crew of five. The crew size will return to at least
six and the planning constraints will be relieved when the commercial crew vehicles begin
regular flights to the ISS. In the interim, Mr. West stated, cross training of Russian and U.S.
crewmembers on each other’s extravehicular activity (EVA) procedures has proven to be a very
successful mitigation measure to allow for scheduled maintenance to continue.
The Panel has been made aware of the significant challenges faced by the ISS program in
managing the available docking ports for visiting vehicles on the ISS. These challenges will
become more important as the CCP vehicles begin more regular and frequent visits to the
Station. The Panel has been impressed by the ISS Program’s ability to effectively meet these
management challenges.
The ISS Program identifies that the highest risk that they face is reductions to the ISS budget.
This risk could grow significantly in the next fiscal year when the federal budget is rebalanced to
pay for the COVID-19 fiscal incentive package.
Mr. West indicated that the ISS Program continues to take the COVID-19 risk very seriously and
has taken steps to mitigate the risk to the ISS mission and to the teams on the ground. The onboard crew remains healthy. Vehicles and cargo flying to the ISS are being disinfected as a
precaution for any surface contamination. A variety of distancing steps have been taken by
Mission Control, and training has been revised to rely more on remote training, which reduces
travel and group exposure. These measures include the previously unprogrammed costs for
contractor advanced agreements, increased infrastructure, personal protective equipment, and
cleaning. These costs, should they be required, will likely exceed $3M for each of the next two
fiscal years.
The Panel has recommended that NASA document the ISS life-limiting systems and
components—through and beyond 2028—which are considered by test, analyses, or
engineering judgment to be highest risk to the ISS lifetime, as defined by both critical functions
and time to effect (i.e., those which have the worst impact and occur soonest). At the second
quarterly ASAP meeting of this year, the Panel also recommended that NASA assess the
engineering lead time required to develop and fly solutions to the highest risk failures if they
were to occur before 2028. Further, if extending ISS beyond 2028 should be required for longer
term LEO presence and/or commercialization, this assessment should be updated early enough
before 2028 to support initiating any development and manufacturing required as a result of
these high-risk items.
Dr. Sanders stated that the budget uncertainties described are also associated with continued
resource support for the ISS beyond 2024. The Panel has also been closely following the efforts
of the Exploration Systems Development (ESD) Program as they complete a long series of crucial
tests leading up to eventual vehicle integration and launch of Artemis I. Lt Gen Susan Helms
discussed the Panel’s engagement with that program. Mr. David West addressed associated risk
and hazard assessments.
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Exploration Systems Development
Lt Gen Helms indicated that the Panel recognizes an immense amount of work on the ESD
Enterprise continues, and that careful planning for important risk-reducing milestones, such as
structural testing, have played extremely important roles in helping NASA to better understand
the nature of this brand new, highly complex exploration capability, including the Space Launch
System (SLS) rocket. Lt Gen Helms noted that one of the most important milestones of the
entire ESD Enterprise is the Green Run of the SLS Core Stage, a test event that the Panel
considers as essential to risk reduction ahead of the first flight of the SLS (the Artemis-1
mission). As mentioned throughout several ASAP meetings, this end-to-end test of the rocket—
fired for a duration that matches in-flight requirements—will validate critical integrated
performance, reduce uncertainties, and improve mission assurance and safety. In spite of
schedule impacts due to the COVID crisis, work has proceeded, and a hot fire of the test Core
Stage is planned for late fall this year.
Lt Gen Helms praised the impressive progress made across the ESD Program. The Artemis-1
crew module is undergoing final assembly and test at Kennedy Space Center (KSC). Enterprise
Ground System (EGS) testing continues as well. SLS booster segments have arrived at KSC, and a
stacking process has commenced. Preparation of Artemis-2 vehicle components has also
continued, including the manufacture of booster components in Utah, testing of the heat shield
at KSC, and the integration and testing of the Service Module (SM) in Bremen, Germany.
In addition to the testing and processing of the hardware, of interest to the Panel is the software
development. In past meetings, the software development, while definitely complex, has not
recently been a noted area of concern for the Panel. However, the Boeing IRT activities resulting
from the OFT-1 mishap in late December 2019, and the unfolding implications on how NASA
provides insight and oversight to software, has caught the Panel’s attention. Lt Gen Helms
stated that the ESD Enterprise remains very engaged in monitoring the outcomes of the IRT and
applying the notable lessons learned from that investigation to software program management.
The Panel has not yet seen the details of how the ESD Program has made improvements to
software development oversight of the prime contractors and the integrated implications. The
Panel hopes to learn more about such improvements at the next quarterly meeting.
Since the ASAP’s second quarterly meeting, some apparent tweaks in mission design of the early
Artemis missions have been made to include recent adjustments in planned test content for the
rendezvous/proximity operations phase of the Artemis-2 test mission. The Panel realizes that
cost and schedule drivers play into overall adjustments of test content; however, in the next few
months, the Panel looks forward to reviewing the latest versions of the Artemis-1/2 mission
design with a focus on how overall risk reduction strategies remain appropriate, as technical test
content is modified.
Lt Gen Helms addressed one more watch item. In the ASAP’s 2019 Annual Report, it was noted
that the industry supply chain is an emerging area of concern for the Panel as is an increase in
issues with the vendor supply chain and apparent deterioration of the quality of that base. As of
the end of 2019, notable instances existed where 1) the dependence on a single available
vendor caused programmatic and/or technical issues or 2) a previously respected provider of
high-quality components supplied inferior products. As noted in the 2019 Annual Report, both
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events were disturbing and may indicate a serious supply chain trend. The Panel did not have a
recommendation at that time, but they advised vigilance with respect to supply chain
management and parts qualification. Lt Gen Helms stated that the current COVID crisis makes
this watch item all the more concerning. Artemis-3 hardware is currently in development across
a host of subcontractors that number in the thousands, including in states that have
experienced necessary business disruptions related to COVID. In the face of this challenge, the
Panel has requested a review of how the ESD Enterprise is managing the overall supply chain
concerns through a COVID lens, which should include the confidence of providing necessary
components to meet the working schedules, the sustainability of the businesses that provide
them, and especially the continued quality assurance of the parts delivered.
Lt Gen Helms directed the discussion to Mr. West, who addressed the risk and hazard processes
of the ESD Enterprise.
Mr. West stated that the Panel engaged in some very enlightening discussions about the hazard
analysis and active risk management processes for the ESD Enterprise. Hazard analyses are part
of the system safety program that is conducted proactively throughout the lifecycle of ESD
programs. Hazard reports provide the complete picture of how hazards are identified,
controlled, assessed, and tracked to closure, either by eliminating the hazard or by accepting the
residual risk. The hazard analysis process deals with hazards specific to each of the ESD
programs, as well as cross-program integrated hazards. ESD hazards are assessed as being in one
of four risk levels, or “zones,” with different risk acceptance authorities for each of the four
zones. Hazards in Zone 4, the highest zone, require approval and acceptance by the NASA
Administrator. Currently, there are no Zone 4 ESD hazards identified.
Active risk management is a reactive process for adjudicating and managing programmatic risks
that may fall under the categories of cost, schedule, performance, or safety. A well-defined
Integrated Risk Working Group is responsible for processing the risks that may be identified
through a number of sources, including the various program control boards. Active risk
management can lead to new hazards, or modifications to hazards, in the hazard analysis
process.
The Panel learned that the ESD Enterprise takes lessons learned from other NASA programs very
seriously. For instance, as Lt Gen Helms mentioned previously, ESD is closely evaluating results
of the NASA/Boeing IRT that was convened to investigate the anomaly that occurred during the
Boeing OFT last December. The Panel had questions about how software hazards may be
identified and managed, and the ESD Enterprise has promised to address this in more detail at
the next ASAP quarterly meeting.
Dr. Sanders indicated that the Panel also engaged with the programs of the Advanced
Exploration Systems (AES) charged with the Artemis-3 mission and beyond. She introduced Mr.
Paul Hill to lead this discussion.
Advanced Exploration Systems
The Panel reviewed current efforts with Mark Kirasich, AES Director; Dan Hartman, Gateway
Program Manager; and Sharmila Watkins, Chief Health & Performance Officer. This discussion,
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in Mr. Kirasich’s words, summarized NASA’s progress and plans in establishing “sustainable lunar
orbit staging and lunar surface exploration.”
As Dr. Nield described in the ASAP’s second quarterly meeting of 2020, NASA selected three
contractor teams—Blue Origin, Dynetics, and SpaceX—during the Human Landing System (HLS)
base period. Mr. Hill said the contractor teams are making progress, and next month NASA will
review and approve the standards that each team will use for their development. This work will
lead to preliminary designs at the end of the year, and up to two options will be awarded in
March 2021 for Lander development and a demo mission in 2024. Mr. Hartman said the
Gateway Program is on the road to preliminary design review (PDR). Maxar is designing the
power and propulsion element, and Northrop Grumman is designing the habitation and logistics
outpost. An integrated Gateway is planned for launch in November 2023. SpaceX has been
awarded a firm-fixed-price contract for Gateway logistics in lunar orbit.
Mr. Hill said that the Exploration Extravehicular Mobility Unit (xEMU) will head into high fidelity
system testing in the next year, which will include demonstration hardware that will fly to the
ISS in September 2020 to test the new cooling system in orbit. Full xEMU demonstration is
planned in 2023 in preparation for the 2024 lunar landing. Additionally, Mr. Hill indicated, NASA
has begun the formal procurement process for the lunar terrain vehicle with an acquisition
strategy meeting and is establishing a project office at Johnson Space Center.
As for enabling capabilities for future missions, NASA is focused on, in Mr. Kirasich’s words,
“bridging the gap between current habitation systems technologies and those needed for lunar
and Mars missions.” He described, at a high level, the range of life support and crew health and
performance capabilities that are evolving to increase mission duration in lunar orbit, on the
lunar surface, and for a Mars expedition.
Mr. Hill mentioned that NASA is currently applying standards and policies from previous
program experience to these developing programs, which is truly an inspiring roadmap, and the
Panel pointed out three overall observations.
First, Mr. Hill indicated that it is exciting to see NASA and their private sector teams making
progress in HLS base period work, which includes:





The prospect of one or more Landers on development and production contracts next
year.
The Gateway Program heading into PDR.
The xEMU nearing partial and then full test and deployment on the ISS.
Early procurement strategy and project initialization for a rover and a wide range of
activity including demonstrations, test hardware, and prototypes in systems and
technology to increase mission duration in lunar orbit, on the Moon, and on a Mars
mission.

Second, NASA is using, in their words, an “innovative procurement strategy,” to deliver on a
challenging schedule: initial Gateway operations in lunar orbit in 2023, a Lander and crew to the
lunar surface by 2024, a rover on the Moon in 2025, and an evolved Lunar Lander in 2026. While
this strategy has already led to great innovation in Lander concepts, the Panel pointed out that
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these are all still complex space system development and initial space operations efforts. Mr.
Hill noted that the associated NASA-mission risk management process requires effective Agency
insight and oversight, which will also be a challenge, given this schedule.
As this may be the “new normal” for NASA, the Panel recommends the Agency deliberately
apply lessons learned from the Commercial Cargo and CCP, especially from any escapes and
corrective actions associated with NASA insight and risk management.
The third observation the Panel made reiterated Dr. Nield’s comments in May that NASA’s
ability to deliver on this roadmap is directly related to consistent funding and direction from
agency stakeholders.
Dr. Sanders thanked Mr. Hill for his discussion points and mentioned that clearly these efforts
continue to be both exciting and very ambitious.
During this quarter, the ASAP initiated discussions with NASA on the Agency’s efforts to
facilitate the commercialization of LEO. Dr. George Nield summarized the Panel’s comments on
this topic.
Commercializing Low-Earth Orbit
The Panel had a chance to speak with Phil McAlister, NASA’s Director of Commercial Spaceflight
Development, about the Agency’s plans for commercializing LEO.
Dr. Nield described the bipartisan goals for human spaceflight in LEO. It is the sense of Congress
that:
“An orderly transition for United States human spaceflight activities in low-Earth orbit from
the current regime, that relies heavily on NASA sponsorship, to a regime where NASA is one
of many customers of a low-Earth orbit commercial human spaceflight enterprise, may be
necessary.”
The President’s FY 2020 budget envisioned a vibrant, U.S.-led economy in Earth orbit.
In addition, there were four goals identified in the October 2018 NASA/Commerce/State
report to the National Space Council: Strategy for Human Spaceflight in LEO and Economic
Growth in Space:
1. Achieve a continuous U.S. presence in LEO and maintain a permanent American
foothold there.
2. Create a regulatory environment in LEO that enables American commercial
activities to thrive.
3. Conduct human spaceflight research in LEO that will advance the technology
and systems required for long-duration spaceflight.
4. Expand and extend commercial opportunity through international partnerships
and engagement.
Dr. Nield also discussed NASA’s LEO commercialization strategy. NASA is revamping its approach
to LEO commercialization as the Agency learns from past years. Notably, NASA is creating a
dedicated organization and management structure, reshaping and revitalizing the Center for the
Advancement of Science in Space (CASIS), expanding enabling ISS policies and procedures,
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facilitating the development of multiple commercial LEO destinations, and stimulating
sustainable demand for commercial uses of microgravity.
NASA has a dedicated management structure, Dr. Nield stated, which includes a new LEO
Commercialization Office at JSC with dedicated personnel experienced in commercialization
with the sole responsibility to make LEO commercialization successful. Dr. Nield stated that all of
NASA’s LEO commercialization activities will be consolidated in this office, providing a single
execution entity and enabling better coordination and synergy. The LEO Commercialization
Office reports to the Commercial Spaceflight Development Division at NASA Headquarters. Dr
Nield noted that this division oversaw the successful Commercial Orbital Transportation Services
(COTS) program and is overseeing the CCP as well as other commercial development projects
within HEOMD.
The CASIS faces challenges, according to Dr. Nield. In February, an external team appointed by
the NASA Administrator completed its review of the operations and management of the ISS U.S.
National Laboratory, which the CASIS manages. NASA concurred with the external team that a
significant change was needed to ensure the U.S. obtains the most from the investment in the
ISS. NASA’s go-forward plan is based on the external team’s findings and recommendations. Dr.
Nield reported that NASA is committed to the following six actions to bring the ISS National Lab
into a new era:
1. Work with CASIS on the best roles and composition of the CASIS Board of
Directors and leadership.
2. Support CASIS’ establishment of a User Advisory Committee (UAC) to provide
input to the organization about how best to manage resources.
3. Create transparent project and program evaluation and prioritization processes.
4. Identify an ISS National Laboratory Program Executive at NASA Headquarters as
the primary liaison to CASIS.
5. Update strategic priorities for the ISS National Laboratory on an annual basis.
6. Work with CASIS to optimize the allocation of ISS National Laboratory resources to
meet strategic priorities.
Next Dr. Nield addressed the topic of Private Astronaut Missions (PAMs). NASA is enabling up to
two short-duration PAMs per year to the ISS. PAMs will be privately funded spaceflights to
enable private astronauts to conduct approved commercial and marketing activities on the ISS.
NASA has signed Space Act Agreements with Axiom Space, KBR, and Virgin Galactic to enable
PAMs. Other proposals are under evaluation. The initial mission could occur in the fall of 2021.
In February 2020, Space Adventures entered into an agreement with SpaceX to fly private
citizens on the first Crew Dragon free-flyer mission (not to the ISS).
Dr. Nield discussed LEO commercial destinations next. He noted that NASA plans to transition
away from full reliance on the ISS, and cost-effectively meet its long-term needs in LEO by
purchasing services from privately owned and operated destination(s) that offer a broad
portfolio of products and services. NASA seeks to enable multiple commercial destinations in
LEO that are viable and sustainable. In January, NASA awarded a contract to Axiom Space for a
commercial LEO destination, initially attached to the ISS with plans to later operate as a free12
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flyer. The first element launch is expected in late 2024. Soon NASA is planning to release a
solicitation to facilitate the development of Commercial Orbital Free-Flyer(s).
Dr. Nield stated that to stimulate sustainable demand, NASA is providing needed technical and
financial support for commercial partners to demonstrate technology in microgravity and to
build investor and customer confidence. In April 2020, NASA announced the award for eight
demand stimulation projects.
Another notable topic addressed was the Suborbital Crew (SubC) Program. NASA has initiated a
new effort to enable NASA personnel to fly on future commercial suborbital spaceflights. The
Flight Opportunities Program recently released a call that allows non-NASA researchers to
propose accompanying their payloads in suborbital space. Dr. Nield indicated that the goal of
the SubC Office is to perform a system qualification, or safety assessment, to enable NASA
astronauts, principal investigators, and other NASA personnel to take advantage of these unique
capabilities.
Dr. Nield remarked that commercial suborbital spaceflight capabilities are anticipated to be
more accessible, affordable, and available than missions to the ISS. These opportunities could
provide NASA additional commercial human spaceflights to conduct such activities as testing
and qualification of spaceflight hardware, human-tended microgravity research, and additional
training opportunities for astronauts and other NASA personnel.
One of the initial activities for the SubC Program is to work with the FAA and commercial
suborbital space transportation providers to define the approach for system qualification for
NASA personnel, as well as to identify the specific performance capabilities NASA desires.
In Dr. Nield’s estimation, the Agency has developed an intensive, comprehensive training
program for astronauts and astronaut candidates, and SubC space transportation services could
provide even more training opportunities for NASA astronauts, engineers, scientists, operators,
and trainers.
As for PAMs, NASA is planning to enable PAMs to the ISS using vehicles developed by SpaceX
and Boeing under NASA’s CCP. The goal, according to Dr. Nield, is to have privately-funded,
dedicated commercial flights to the ISS, independent of NASA’s CCP. U.S. entities responded to
the NASA Research Announcement with a proposal; the NASA agreement is with the entity, not
individuals. NASA can accommodate up to two PAMs of up to thirty days each to the ISS per
year; the initial mission could potentially be as early as 2020, said Dr. Nield. There is potential to
increase flight rate and strengthen the market for commercial crew launch service providers.
NASA will encourage foreign governments who want to send astronauts to the ISS to work with
U.S. entities for a private astronaut mission.
Dr. Nield noted that PAMs may allow the commercial industry to purchase commercial services
and gain insight into the costs associated with owning and operating own platform in the future.
Also, PAMs reduce market risk to commercial LEO destination developers by demonstrating the
existence of a market. Private exploration also expands the range of commercial activities that
can be performed on the ISS. Dr. Nield stated that the new commercial use policy in
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development identifies activities that can be performed by private astronauts but not by NASA
astronauts.
NASA has several agreements for PAMs in the works. An agreement is in place with KBR to train
private astronauts using NASA facilities. There is also an agreement with Axiom Space to
develop plans to enable PAMs to the ISS. In addition, the Agency signed an agreement with
Virgin Galactic as it develops a program to identify candidates interested in purchasing PAMs to
the Station then procure the transportation, on-orbit resources, and ground resources for PAMs.
Axiom Space and SpaceX made a separate agreement for future PAMs to the Station. SpaceX
also announced an agreement for another PAM not to the ISS, which is an example of NASA
enabling a broader market in space, observed Dr. Nield. He also noted that these efforts directly
support NASA’s broad strategy to facilitate the commercialization of LEO by U.S. entities.
The Panel appreciated the introduction to NASA's plans in this area, and they look forward to
hearing about further developments as NASA works with industry to try and bring some of these
plans to reality. The Panel sees three kinds of challenges that will need to be addressed for these
efforts to be successful: technical challenges, financial challenges, and legal and regulatory
challenges. Dr. Nield noted that for the commercializing LEO activities, it may well be that the
financial challenges will be the most significant. He also indicated that it will be important for
provisions to be put in place so the commercial customers who fly to the ISS, for example, have
sufficient training and oversight to not endanger the safety and operations of the NASA and
international crewmembers and the Station hardware itself.
Dr. Sandra Magnus added an observation about NASA’s role in the commercialization of LEO.
She stated that clearly, the Agency is an expert in this domain, which is why the onus has initially
been given to them. However, NASA is not an economic development agency, and if the country
is serious about commercializing space, it behooves a broader engagement. NASA is reaching
out to some of the other agencies, but there needs to be a handover plan or at least a ‘this-iswhat-a-steady-state-looks-like’ plan so that the rest of the government can contribute to the
effort. NASA then can, in addition, continue to focus on what their current mission is, which is to
explore and continue to push the boundaries of exploration out. Dr. Magnus stated that a lot of
work has yet to be done on behalf of the entire government.
Dr. Sanders thanked Dr. Nield for his thorough review, and she added that Dr. Magnus brought
up very well-founded comments, which are supported by the entire Panel.
Dr. Sanders next directed the meeting to another topic of great importance to the safety of
space operations. For several years, the Panel has expressed concern with the risk of damage to
orbiting spacecraft and transiting astronauts due to MMOD. The hazard from MMOD has been
recognized as a major issue in every program. Dr. Sanders emphasized that MMOD is the
dominant contributor to the calculations of loss-of-crew predictions for both commercial crew
vehicles and Orion, and it has been a factor in two of the top safety risks for the International
Space Station (ISS). NASA declared it an Enterprise Risk in 2017. The ISS has maneuvered 26
times since its inception in order to avoid collision with orbital debris. Dr. Sanders said that one
can only imagine the potential for an impact to damage the critical thermal protection system
on the Demo-2 Dragon vehicle currently docked at the Station and the resulting challenge for
safe return of the crew.
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The hazard persists and continues to grow exponentially. Space is becoming more congested.
For example, CubeSats and other small satellites are being launched with increasing frequency,
and several companies are now deploying mega-constellations with hundreds, or even
thousands, of satellites. Some of these satellites incorporate the use of electric propulsion and
autonomous on-board maneuvers with very short turnaround times, increasing the difficulty of
tracking and planning for collision avoidance.
It is currently estimated that there are approximately 23,000 baseball sized objects, 500,000
marble sized objects, and over 100 million objects the size of a grain of salt in LEO. Dr. Sanders
stated that even the smallest of these, which could be traveling at about 22,000 miles per hour
(mph)—about 15 times faster than a bullet, will cause serious damage upon impact—a missionending in peril to spacecraft and a serious threat to human spaceflight. While the numbers of
objects continue to grow, the incidents of realized impact are also accelerating. Dr. Sanders
mentioned two notable examples: the gravity-gradient boom of an operational satellite was cut
in half by a tracked debris fragment in 1996; and in 2009, a fully operational Iridium 33 was
destroyed by impact with a piece of a rocket body debris from the launch of a Russian Cosmos
satellite.
Dr. Sanders introduced Lt Gen Helms, who led the Panel’s investigation into actual data
substantiating the increasing criticality of this issue.
In discussing the issue of orbital debris, it is important to recognize the prevalence of the issue,
Lt Gen Helms indicated. Dr. Sanders just mentioned two notable examples of space collisions
that have happened over the last 25 years. Lt Gen Helms stated that satellite collisions occurring
on a regular basis are rarely heard of due to the ongoing heroic efforts by both the government,
primarily the U.S. Space Force, as well as by a few innovative commercial companies, all of
whom track space objects and provide situational awareness to satellite operators about the
risk of a potential collision. The general idea is that when notified of that risk, satellite operators
can exercise the judgment to maneuver out of harm’s way, if they can, and they often do. What
remains unseen to the general public is how often those notifications are made; throughout the
space regime occupied by all international satellites, usually there are several notifications made
each week—a strong indicator that this is not a rare issue, but a risk that has to be actively
managed on a continuous basis. Indeed, as Dr. Sanders mentioned, the ISS has itself
maneuvered 26 times to date to avoid pieces of orbital debris of at least 10 centimeters or
larger in size.
Maneuvering the ISS or a satellite out of the way is one option to prevent a collision, Lt Gen
Helms said, but often that is not even an option because certain satellites are not designed with
effective propulsion systems to do maneuvers. As Dr. Sanders mentioned, often the debris is too
small to track. For example, the Station itself has extensive debris shielding against debris strikes
because of the existence of a large volume of small, unseen man-made particles that live in the
human spaceflight orbital regime. Lt Gen Helms noted that another reality precluding the option
of maneuvering out of the way is that two space objects predicted to cross paths are often both
debris objects, which means that no matter what, no-one can control them. Such was the case
earlier this year, in January, when two large, defunct satellites, both at altitudes of about 900
kilometers, but in different orbits, happened to cross paths with each other, each coming from a
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different direction and each traveling at approximately 4 kilometers per second, with a relative
velocity of almost 33,000 miles per hour. The pre-event analysis showed that they were going to
pass by so close to each other that a space collision was very much a possibility. Post-event
analysis by Leo Labs, a commercial space tracking company, showed that they were likely just
meters from each other at that crossing, making this the closest of close calls. Of interest, that
very same week, Leo Labs was also tracking four other close-call events in the LEO regime,
although the event just described was certainly the riskiest of the week, Lt Gen Helms said.
ExoAnalytics, another commercial company that specializes in tracking the global ring of
communication satellites in the geosynchronous Earth orbit belt, has also tracked and analyzed
some recent events that appear to have generated orbital debris, to the obvious concern of the
satellite operators who work in that regime.

Lt Gen Helms pointed out that these orbital debris events and close calls are not rare, but are in
fact becoming more and more frequent as space becomes more congested, and as national and
international space players, who rightfully seek to leverage the high ground of space for
commerce, science and national prestige, continue to populate the space domain with new
satellites. The current surveillance and notification systems of the U.S. Space Force and
companies such as Leo Labs and ExoAnalytics, provide effective awareness of the orbital debris
problem. Lt Gen Helms emphasized that at some point, the orbital debris risk should not just be
monitored and managed on an event-by event basis; the risks are objectively growing, and a
more strategic approach to the problem is now necessary to arrest the risks and to assure that
the domain of space remains sustainable.
In agreement with Lt Gen Helms’ discussion points, Dr. Sanders stated that clearly this is a
verifiably real and growing threat. She indicated that NASA currently has 20 missions in LEO, and
the Agency definitely takes the risk seriously. Employing the tools within their capability and
authority, they take actions to obtain as much data as possible—from several sources—to
perform conjunctive assessment and collision avoidance. NASA continues to conduct a
comprehensive testing program to characterize the effects of orbital debris impact. Their
development activities look for design solutions to mitigate the effects of such impact on
spacecraft while recognizing the tradeoffs between such design features as increased shielding
and mass. Furthermore, the Agency is documenting emerging recommended standard practices
and sharing these with other agencies.
However, Dr. Sanders asserted, the issue is larger than NASA—it affects and is affected by all
entities that conduct operations in space and it endangers all of those functions on which the
public has come to rely—communications, navigation, and weather prediction, to mention just a
few. While the ASAP is principally focused on the serious hazards to NASA spacecraft and
astronauts, the Panel recognizes that the issue must be tackled on a broader front. In the ASAP’s
2017 Annual Report, the Panel stated that “the U.S. government should seriously consider
implementing significant improvements for Space Situational Awareness (SSA) analyses and the
provision of Space Traffic Management (STM) services, as well as expand its efforts in
developing international strategies to reduce orbital debris generation in the future.” The Panel
further stated that it was important for “the U.S. to take a leadership role and for the National
Space Council to address” the risk, and that the Panel believed “the Council should assign a lead
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Agency in the U.S. to spearhead and coordinate efforts to prevent the generation of new debris
and reduce hazards posed by existing debris.”
The Panel was encouraged in 2018 when the National Space Council issued Space Policy
Directive-3 (SPD-3), the National Space Traffic Management Policy, which acknowledged and
addressed this issue and the need to improve SSA and STM. SPD-3 promoted the
implementation of a number of steps to address the orbital debris risk and recommended that
the Department of Commerce take responsibility for implementing a Civil Space Traffic
Management framework. The Panel is dismayed that Congress and the Administration have not
yet reached an agreement on the appropriate response to that recommendation, resulting in
departments and agencies not being able to move forward on implementing a framework that
will both materially reduce the STM risks and increase the sustainability of space as an
international strategic domain.
Currently, the Department of Defense (DoD) has the congressionally mandated responsibility for
tracking operational satellites in space and for sending out notices about potential collisions and
close calls. Since the Iridium/Cosmos collision of 2009, the DoD’s mission to watch and notify
about potential collisions has grown from a few hundred U.S. government satellites to
thousands of objects for dozens of U.S. and international customers. However, Dr. Sanders
noted, the current system no longer meets the needs of the user community in terms of the
completeness of the data, accuracy of the catalog, and timeliness of the information. As a result,
NASA and many of the larger commercial satellite operators have been forced to stand up their
own conjunction analysis units to independently assess collision probabilities and other safety
issues. Because complete analysis requires knowledge of the entire celestial debris field, many
industry entities simply cannot afford nor accomplish that kind of analysis. Dr. Sanders
maintained that without relevant guidance or other direction from the U.S. government, megaconstellation developers have begun including and implementing autonomous collisionavoidance capabilities into their satellites—technically impressive, but troubling in that such
maneuver decisions are being made without coordination.
Dr. Sanders indicated that although there has been some positive conversations on the issues at
the U.S. and international level, it is well overdue that the U.S. exert some effective
international leadership in the safety of space operations and begin doing so by designating—
including providing authority and resources to—a Lead Agency to see to the provision of timely
and actionable safety data to all space operators; work proactively within government, with
industry, and in partnership with the international community in developing standards,
guidelines, best practices, and “rules of the road” for safe space operations; and support the
conduct of scientific research and technology development for related areas, such as improved
sensors, software, constellation management techniques, and methods for active debris
management. The Panel therefore makes several formal recommendations.
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The Panel recommends that the Congress:




Designate a Lead Federal Agency for Civil Space Traffic Management.
Provide that agency with authority, immunity from lawsuits, and resources to do the
job.
In addressing the Space Traffic Management issue, require whole-of-government
engagement, public-private partnerships, and collaboration between government,
industry, academia, and the international community.

Additionally, the Panel recommends that NASA:



Support and partner with the Lead Federal Agency once one is selected.
In the interim period:
o Because of the direct relationship to astronaut and spacecraft safety, ensure
that risks having to do with micro-meteoroids and orbital debris, Space
Situational Awareness, and Space Traffic Management are addressed in NASA's
ongoing activities and in future budget requests.
o In collaboration with other government agencies and industry, develop and
publish guidelines for Space Traffic Management focused on current and
emerging challenges to maintain the safety of astronauts and spacecraft.
o Develop a proposal for a Space Traffic Management technology roadmap.

Dr. Nield pointed out that there has been a lot of discussion in the community about which
agency should lead this effort. In the FY2020 Commerce-Justice-Science Appropriations Act,
Congress directed the Secretary of Commerce to contract with the National Academy of Public
Administration (NAPA) in order to conduct an independent review of which department or
agency would be best suited for leading the government's STM effort. That review is expected
to be completed in September of this year. If NAPA is able to meet that schedule, it will
hopefully allow Congress to be able to respond in a timely manner to the Panel’s
recommendations concerning the selection of a lead federal agency for civil STM.
Dr. Magnus added that STM has been a widely recognized problem that impacts not just
operations, but clearly safety as well, which is the lens the Panel is looking through at this issue.
In addition, she stated that as previously mentioned in the discussion about commercialized
space, this is an issue that has to be addressed. Clearly, this is a complicated issue, which is why
no decisions have been made yet. As Dr. Nield pointed out, the nation is going to have a fresh
look at the issue soon and now is the perfect opportunity for some much needed, long-awaited
decisions to be made so the country can, at a minimum, move forward. Dr. Magnus added that
her experience on the ISS helped to shape her opinion that a lead federal agency must be
appointed sooner rather than later. While on the Station, Dr. Magnus and her fellow
crewmembers encountered a the first “red conjunction.” In that situation, there wasn’t enough
time to move the Station out of the path of incoming orbital debris due to a deficiency in the
information known about that particular piece of debris. As a result, the crew had to relocate to
the Soyuz—the appointed rescue vehicle—to see if the object would hit the Station or not. Dr.
Magnus added that there have been several similar situations since that incident, and, she
emphasized, this is not the way to run a space program, as a country, or as an international
community.
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Dr. Sanders appreciated the comments from Dr. Nield and Dr. Magnus, and she noted that the
ASAP is firm in its belief that the nation cannot wait any longer to aggressively act. The Panel will
be following up with the appropriate Congressional committees and NASA to move these
recommendations forward.
Dr. Sanders opened the meeting up for public comments; no comments were made.
Ms. Hamilton adjourned the meeting at 12:30 p.m. EST.
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ASAP RECOMMENDATIONS, THIRD QUARTER 2020
2020-03-01/02 Designation of a Lead Federal Agency for Civil Space Traffic Management [ASAP
Point of Contact: Patricia Sanders]
Findings:
For several years, the Panel has expressed concern with the risk of damage to orbiting
spacecraft and transiting astronauts due to micrometeoroids and orbital debris (MMOD). The
hazard from MMOD has been recognized as a major issue in every program. MMOD is the
dominant contributor to the calculations of loss-of-crew predictions for both commercial crew
vehicles and Orion, and it has been a factor in two of the top safety risks for the International
Space Station (ISS). NASA declared it an Enterprise Risk in 2017.
Recommendations:
2020-03-01 Designation of a Lead Federal Agency for Civil Space Traffic Management
(Congress)
The Panel recommends that the Congress:




Designate a Lead Federal Agency for Civil Space Traffic Management.
Provide that agency with authority, immunity from lawsuits, and resources to do the
job.
In addressing the Space Traffic Management issue, require whole-of-government
engagement, public-private partnerships, and collaboration between government,
industry, academia, and the international community.

2020-03-02 Designation of a Lead Federal Agency for Civil Space Traffic Management (NASA)
The Panel recommends that NASA:



Support and partner with the Lead Federal Agency once one is selected.
In the interim period:
o Because of the direct relationship to astronaut and spacecraft safety, ensure
that risks having to do with micro-meteoroids and orbital debris, Space
Situational Awareness, and Space Traffic Management are addressed in NASA's
ongoing activities and in future budget requests.
o In collaboration with other government agencies and industry, develop and
publish guidelines for Space Traffic Management focused on current and
emerging challenges to maintain the safety of astronauts and spacecraft.
o Develop a proposal for a Space Traffic Management technology roadmap.

Rationale:
The hazard persists and continues to grow exponentially. Space is becoming more congested.
For example, CubeSats and other small satellites are being launched with increasing frequency,
and several companies are now deploying mega-constellations with hundreds, or even
thousands, of satellites. Some of these satellites incorporate the use of electric propulsion and
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autonomous on-board maneuvers with very short turnaround times, increasing the difficulty of
tracking and planning for collision avoidance.
It is important to recognize the prevalence of the issue. Orbital debris events and close calls are
not rare, but they are in fact becoming more and more frequent as space becomes more
congested, and as national and international space players—who rightfully seek to leverage the
high ground of space for commerce, science, and national prestige—continue to populate the
space domain with new satellites. The risks are growing, and a more strategic approach to the
problem is now necessary to arrest the risks and to assure that the domain of space remains
sustainable.
NASA currently has 20 missions in Low-Earth orbit, and the Agency definitely takes the risk
seriously. But the issue is larger than NASA—it affects and is affected by all entities that conduct
operations in space, and it endangers all of those functions on which the public has come to
rely—communications, navigation, weather prediction, to just start the list. While the ASAP is
principally focused on the serious hazards to NASA spacecraft and astronauts, the Panel
recognizes that the issue must be tackled on a broader front.
The Panel was encouraged in 2018 when the National Space Council issued Space Policy
Directive-3 (SPD-3), the National Space Traffic Management Policy, which acknowledged and
addressed this issue and the need to improve Space Situational Awareness, and Space Traffic
Management. SPD-3 promoted the implementation of a number of steps to address the orbital
debris risk and recommended that the Department of Commerce take responsibility for
implementing a Civil Space Traffic Management framework. The Panel is dismayed that
Congress and the Administration have not yet reached an agreement on the appropriate
response to that recommendation, resulting in departments and agencies not being able to
move forward on implementing a framework that will both materially reduce the STM risks and
increase the sustainability of space as an international strategic domain.
It is well overdue that the U.S. exert some effective international leadership in the safety of
space operations, and begin doing so by designating—including providing authority and
resources to—a Lead Agency to see to the provision of timely and actionable safety data to all
space operators; work proactively within government, with industry, and in partnership with the
international community in developing standards, guidelines, best practices, and “rules of the
road” for safe space operations; and support the conduct of scientific research and technology
development for related areas, such as improved sensors, software, constellation management
techniques, and methods for active debris management.
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