Manned Commercial Space Transportation in the 21st Century: The U.S. Perspective

Background

In February 1984, the President of the United States issued an Executive Order assigning the Department of Transportation (DOT) as the lead Federal Agency for the oversight of all commercial space launch operations in the United States. The Commercial Space Launch Act of October 30, 1984, was enacted by Congress to give DOT the necessary authority to license all commercial space launch operations in the United States. The Office of Commercial Space Transportation (OCST) was established in the DOT in 1984 to develop safety and regulatory requirements for commercial space launch license applicants.

On November 16, 1995, this activity was transferred to the FAA becoming the seventh Line of Business (LOB) for the agency. An Associate Administrator was assigned the task of overseeing the work of this LOB. The Secretary of Transportation has delegated to the FAA the responsibility to license and regulate all U.S. commercial space launch activities to ensure that they are conducted safely and responsibly, and to promote, encourage, and facilitate commercial space transportation. This regulatory oversight includes commercial launch sites, commercial launch vehicles, and the payloads launched aboard these vehicles; including retrievable materials processing, re-entry systems, non-government research activities and many other, as yet unforeseen, commercial space systems. Within the FAA, the OCST is tasked with carrying out this responsibility consistent with public health and safety, safety of property, and the national security and foreign policy interest of the United States.

The OCST produced a report entitled "Hazard Analysis of Commercial Space Transportation" that addresses the generic hazards associated with the ground, launch, orbital, and re-entry phases of commercial space operations. This document identifies and assesses prospective safety hazards associated with commercial launch activities, the involved equipment, facilities, ground personnel, public property, people, and environment. However, it does not address the potential hazards to the occupants (flight crews, cabin crews, and passengers) of future manned commercial space vehicles.

NASA produced the “Man-Systems Integration Standards” (NASA-STD-3000) that defines all generic requirements for space facilities and related equipment which directly interface with crewmembers. This publication is a valuable source of reference technical information, that can be used as an aid in the development of licensing requirements for future manned commercial space vehicle operations.

Issues of Relevance to the Licensing of Manned Commercial Space Operations

Currently all U.S. commercial space launches involve unmanned flights to transport and deploy payloads that typically consist of communications satellites, remote sensing equipment, and satellites to conduct scientific research. Therefore, at this time the FAA's regulatory oversight has to do only with the safety of people on the ground and other people involved in aviation flights (occupants of aircraft) that share the same airspace. The agency has not yet had to confront the regulatory issues surrounding the transportation of humans into space (flight crews, cabin crews, and passengers) as part of a commercial venture.

Millions of dollars are being spent every year in the U.S. and in other countries to develop and test new advanced technologies (materials, fuels, engines, operating systems, etc.) necessary for the production of an aerospace vehicle capable of taking off from a conventional runway at any major airport or launching from a spaceport, and flying to suborbital altitude, Low Earth Orbit (LEO) or to Geostationary Orbit (GEO), and returning safely to land at the same or another comparable airport or spaceport. Therefore, the question is no longer whether or not there will be a manned commercial aerospace vehicle, but which country or countries will be the first to successfully fly such a vehicle and commercialize it. At first, these commercial aerospace vehicles will likely be remotely controlled using computers; however, soon thereafter, such vehicles will be operated by humans, and later they will carry passengers.

The establishment of the "X Price Foundation" on May 18, 1996, is stimulating the development of commercial space tourism by offering a $10,000,000 U.S. cash prize to the first private team to build and fly (two consecutive flights) a reusable spaceship capable of carrying three individuals on a sub-orbital flight (100 km/62 miles minimum altitude). This international competition will promote the development of private, low-cost, reusable spaceships that will enable rapid intercontinental passenger and cargo transport, space tourism, and access to space resources. Teams from several nations have already registered for the X Prize Competition.

In view of these and other developments, it is reasonable to expect that commercial aerospace operations in the near future will involve the transport of human crews and passengers during sub-orbital and orbital flights. While, NASA is responsible for missions that require human presence or other unique Shuttle capabilities (including the next generation of reusable launch systems), or where use of the Shuttle is determined to be important for national security, foreign policy, or other compelling purposes, its operational mandate does not have the same scope or regulatory authority as the DOT/FAA. The DOT/FAA is responsible for the licensing, facilitation, and promotion of commercial space operations as set forth in the Commercial Space Launch Act of 1984 (as amended) and Executive Order 12645. The human element of this equation will significantly change the current scope of DOT/FAA regulatory responsibilities concerning commercial space transportation. This change in scope will require the FAA Office of Aviation Medicine to actively support in various ways the OCST. The FAA Office of Aviation Medicine must take a proactive approach and develop, in conjunction with other Federal agencies and the commercial space transportation industry, appropriate information, guidelines, and licensing requirements to ensure the safety of human beings who will participate in future manned commercial aerospace flights.

It will be necessary to identify and prioritize the myriad of medical/human factors issues that are critical to the implementation of a safe manned commercial aerospace transportation system. The FAA must develop new licensing standards not only for the certification of manned aerospace vehicles and procedures to safely transport humans, but also for the medical certification of the occupants as well. To this end, the FAA Office of Aviation Medicine would establish an Aerospace Medicine Program (AMP), making effective use of existing staff physicians who are trained as Aerospace Medicine Specialists. Cooperative agreements and partnerships would be forged with other organizations such as NASA, DOD, and academic institutions (universities, colleges, etc.) involved in aerospace medicine/human factors. Consideration for cooperative agreements with foreign governments having experience in aerospace medicine could also be explored. 

Medical Certification Issues

Common sense indicates that some form of medical certification standards will have to be developed for flight crews (fitness for duty), cabin crews (fitness for duty), and passengers (fitness for flight) to minimize the risk of sudden medical incapacitation, disability, or death during a commercial aerospace flights. The new standards for commercial aerospace flight crews and cabin crews do not have to be as stringent as those currently used by NASA for their Pilot Astronauts, Mission Specialist Astronauts, and Payload Specialists. However, it is important to keep in mind that an unscheduled immediate diversion of an aerospace flight due to a medical emergency would be operationally difficult if not impossible. Of particular relevance will be the issue of special medical certification (waivers) of individuals with pre-existing medical conditions. The definition of new medical certification standards will be influenced, among other things, by the various operational and environmental stress factors that represent risks (actual and potential) for the occupants of commercial aerospace vehicles, including:

· Actual Risks: These include exposure to acceleration (take-off or launch) and deceleration (entry) forces, to microgravity or weightlessness (acute and repetitive/chronic effects), to solar and cosmic radiation (acute and repetitive/chronic), to noise and vibration, to unfamiliar motion (space motion sickness), to a sealed cabin environment (cabin air quality), to circadian desynchronization (jet lag) and fatigue due to the extremely rapid crossing of time zones, etc. Of particular concern would be the effects of exposure (short-term and repetitive) to microgravity on the cardiovascular, neurological, endocrinological, musculo-skeletal, and gastro-intestinal systems on both healthy and diseased individuals.

· Potential Risks: These include exposure to very low or absent barometric pressure, to extreme temperature conditions(heat and cold), to varying humidity conditions, to a unique cabin environment influenced by the effects of microgravity on the concentration and distribution of contaminants (biological, chemical, etc.) suspended in the air, altered pharmacodynamics and pharmacokinetics of medications in microgravity, etc. For example, some of the hazards of a rapid decompression in a current airline aircraft at cruise altitude can be decreased by the immediate administration of oxygen to the occupants, followed by an emergency descent to a safe altitude. However, a rapid decompression that occurs above 60,000 ft (Armstrong Line - Space Equivalent Zone) could result in sudden death of all occupants due to the evaporation of all body fluids (ebullism), unless they are wearing pressure suits.

Education/Training Issues

Aviation medical examiners (AMEs), flight crews, cabin crews, and other personnel (maintenance/service) need training that addresses the human factors/medical aspects of commercial aerospace flight operations.

· AME Training: AMEs are physicians designated by the FAA to conduct physical examinations and issue medical certificates to pilots who meet FAA medical certification standards. The implementation of manned commercial space operations will require a change in the AME training curriculum, to include a theoretical and practical knowledge of space medicine. AMEs will have to learn about the effects of exposure to the above mentioned risks (both actual and potential) of aerospace flight. In addition to the medical certification of commercial aerospace flight crews, AMEs will have to perform physical examinations of cabin crews and perform medical screening exams of passengers.

· Flight Crew Training: Physiological training for pilots was introduced by the military in 1942 to prevent and/or reduce the number of incidents, accidents, and fatalities resulting from pilot exposure to the hostile environmental conditions encountered during flight. The current 14 CFR Part 61.31 (f)(2)(i), indicates that "no person may act as pilot in command of a pressurized airplane that has a service ceiling or maximum operating altitude, whichever is lower, above 25,000 feet MSL unless that person has completed ground training that includes instruction on respiration; effects, symptoms, and causes of hypoxia and any other high altitude sicknesses; duration of consciousness without supplemental oxygen; effects of prolonged usage of supplemental oxygen; causes and effects of gas expansion and gas bubble formations; preventive measures for eliminating gas expansion, gas bubble formations, and high altitude sicknesses; physical phenomena and incidents of decompression; and any other physiological aspects of high altitude flight." In addition to the existing training requirements, flight crews of commercial aerospace vehicles would have to learn about the effects of exposure to the above mentioned risks (both actual and potential) as well as other space human factors issues. It would not be possible to have a timely life-saving flight diversion if a serious medical emergency occurs during sub-orbital or orbital flight; therefore, it would necessary to have the means to provide appropriate emergency medical care during flight. Knowledge and practical skills on how to provide first-aid and to perform cardio-pulmonary resuscitation (CPR) in microgravity would also be an essential requirement. Moreover, standards would have to be developed concerning the requirements for emergency medical kits and medical equipment (including telemedicine systems) to be carried onboard commercial aerospace vehicles. Flight crews would have to be trained on the use of the new medical kits and equipment to handle inflight medical emergencies. In addition, new Crew Resource Management (CRM) and Line-Oriented Flight Training requirements would have to be developed and implemented addressing the specific nature of future manned commercial aerospace operations.

· Cabin Crew Training: Due to the hazardous nature of space flight, and taking into account the need for an expanded safety role of cabin crews of commercial aerospace vehicles, cabin crews should be required to meet similar safety training requirements as the flight crews.

· Training of Maintenance Personnel: New maintenance procedures would have to be developed, implemented, and quality checked due to the complexity of maintaining a manned commercial aerospace vehicle versus a commercial aircraft. The human factors issues of manned commercial aerospace vehicle maintenance would also have to be re-assessed and probably expanded. In addition, ground personnel involved in the maintenance and servicing of manned commercial aerospace vehicles would have to receive specialized training to address the risks of ground exposure to occupational hazards inherent to this type of operation.

· Flight Crew and Cabin Crew Alcohol and Drug Testing Issues: Flight crews and cabin crews (and others in safety-related jobs) of commercial aerospace vehicles would have to be subject to alcohol and drug testing (similar to the aviation industry testing program) to ensure operational safety. This issue is of particular relevance to flight personnel since there is no clear scientific understanding of the pharmacological effects (pharmacokinetics and pharmacodynamics) of legal (medications and alcohol) as well as illegal substances (drugs) in microgravity.

Applied Medical/Human Factors Research Issues

· After years of sending humans into space there are still many unanswered questions about the effects of exposure to the environment of space flight. Furthermore, most of the scientific information available has been derived from the study of "healthy" individuals, and there is no significant experience with unhealthy/diseased individuals. Until more research is done to obtain a better understanding of human physiology and pathology in space, it would not be safe to allow unhealthy/diseased individuals to fly onboard a commercial aerospace vehicles. The issue of repetitive exposure to solar and cosmic radiation (hazards and protective measures) among flight crews, cabin crews, and frequent flyer passengers onboard commercial aerospace vehicles will have to be assessed. Issues such as determining the need for requiring individual protective equipment (oxygen equipment, pressure suits, helmets); design and certification of restraint systems for use during flight (including in microgravity); design and certification of lavatory facilities (toilet and faucet) for use in use in microgravity; preparation, dispensing and consumption (methods) of beverages and food in microgravity, etc. will have to be studied. More research will also be necessary to study the effects of microgravity on human performance (cognitive and psychomotor) of flight crews and cabin crews during normal operations and emergencies. Another issue has to do with the development of the appropriate criteria for the selection of commercial aerospace flight crews and cabin crews. Yet another issue, would be the role of Air Traffic Control in support of manned commercial aerospace operations. The potential application of today's' breakthroughs in intelligent computer systems (learn from their own mistakes), advanced cockpit automation systems, telemedicine systems (diagnosis and treatment), and telepresence systems (robotic and/or virtual reality) for use in commercial aerospace vehicles, will have to be assessed and certified as safe for manned flight. The expected trends of increased demand for commercial aviation and aerospace flights (unmanned and manned) worldwide will result in an even more congested aerospace environment, that will represent a significant challenge to FAA's commitment to ensure public safety.

· Occupational Health Issues: The introduction of manned commercial aerospace vehicles will introduce new kinds of occupational hazards that must be identified to protect the health and safety of ground personnel. For example, the use of new types of fuels, hydraulics fluids, other chemicals, and aerospace materials can represent hazards for unprotected individuals who are exposed to them. The contamination of the aerospace vehicle with ozone (during re-entry) and/or fuel and its combustion by-products can also pose a post-landing hazard for both, disembarking occupants (crews and passengers) and for ground personnel. Contamination of the breathing air in the sealed cabin environment of an aerospace vehicle can also pose a serious hazard for all occupants during flight. 

As exciting and feasible as it is, manned commercial aerospace travel will generate its own kind of medical and human factors issues that must be dealt with in order to protect the health and safety of flight crews, cabin crews, and passengers.

The fact is, that in the near future, ordinary citizens will have the opportunity to take a commercial flight to go to space. Once these flights start, there will be no turning back and this new transportation industry will grow at an accelerated pace. Therefore, the FAA must be ready to meet its licensing obligations and responsibilities in support of manned commercial aerospace transportation.

