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Space Medicine at the NASA Johnson Space Center, Neutral Buoyancy Laboratory

By Samuel Strauss
The Neutral Buoyancy Laboratory (NBL) at Johnson Space Center in Houston is where essential training in Extravehicular Activity (EVA) is conducted for US astronauts and our international partners. Medical support for this training is provided by two flight surgeons from the Kelsey-Seybold Clinic, Drs. Sam Strauss and Dan Fitzpatrick, and a team of both medical staff and physiologists from Wyle Laboratories comprising the Human Test Support Group. 
The NBL, which is located in the Sonny Carter Training Facility, consists of a

6.2-million-gallon water tank that is 202 feet long, 102 feet wide, and 40 feet deep (the largest indoor pool in the world). It provides controlled neutral buoyancy operations to simulate weightless conditions experienced by Space Shuttle and Space Station crews during space flights. The facility uses full-size mockups of space flight equipment inside the water tank including the Space Shuttle cargo bay, the International Space Station, functioning remote manipulator arms, orbital replacement units, and associated flight hardware.

The ability to successfully perform on-orbit assembly and maintenance operations is critical to future space missions. The International Space Station requires hundreds of hours of spacewalks for assembly. The phenomenal scientific discoveries of the Hubble Space Telescope are also a direct result of successful maintenance spacewalks. Spacewalks will continue to be the cornerstone of future space initiatives and the NBL is the critical foundation for successful spacewalk preparation and training.
Neutral buoyancy is the equal tendency of an object to sink or float. If an item is made neutrally buoyant through a combination of weights and flotation devices, it will seem to "hover" under water. In such a state, even a heavy object can be easily manipulated, much as it is in the zero gravity of space. However, there are two important differences between neutral buoyancy that is achieved in the NBL and weightlessness. The first is that suited astronauts training in the NBL are not truly weightless. While they are neutrally buoyant, they nonetheless feel their weight while in their suits. The second is that water drag hinders motion, making some tasks easier, and others more difficult, to perform in the NBL than in zero gravity. These differences are recognized by spacewalk trainers and relayed to the astronauts in training. However, despite all of these differences, neutral buoyancy is still currently the best method available to train astronauts for spacewalks. 

EVA mission training is provided for assigned missions scheduled on orbit from

the Space Shuttle and International Space Station. The training-to-flight ratio is approximately 7-10 hours of training for each hour of EVA planned on orbit. Therefore, a flight in which three EVAs consisting of seven hours each are planned would typically require 150-210 hours of in-water, mission specific training. Mission training flows usually start approximately one year before the scheduled space flight.

The training environment is essentially hard-hat diving to a maximum depth of 40 feet. The suit is pressurized above ambient to 4.3 psi, adding approximately 10 feet of water pressure. Unlike the Extravehicular Mobility Unit (EMU) used in space, the NBL suits are tethered to an umbilical, which delivers breathing gas (Nitrox 46 = 54% nitrogen, 46% oxygen), cooling water, and communications. This system is monitored and controlled by the NBL Environmental Control System. EMU training is supported by a team of NASA divers assigned to safety, utility and video camera functions. Neutral buoyancy weigh-outs distribute various weights on several locations of the EMU to allow the astronauts to float neutrally buoyant in any desired body position and depth while underwater. The effects of changing water pressure with depth, fluid resistance, and earth’s gravity are experienced in the NBL, which make this training environment somewhat different from conditions of weightlessness in space.

The NBL Human Test Support team is responsible for the screening and monitoring of the astronauts and NBL divers. A fully configured hyperbaric chamber is always available during diving operations should emergency decompression illness treatment be necessary. In the ten years of NBL diving operations there has not been a verified case of decompression sickness or air embolism. The medical group is also prepared to respond to any major or minor medical emergency that may occur to any of the 250 employees working on site.  
The team also supports the NASA Altitude Physiology Training course required for all astronauts, aircraft flight crew, and flying researchers. This program consists of aerospace physiology lectures and an altitude chamber flight which includes hypoxia and rapid cabin decompression demonstrations. The flight surgeon screens students for chamber flights, sits on console managing the hypoxia demonstration, and in-flight issues such as ear and sinus blocks. Rare cases of DCS have occurred as a result of Altitude Physiology Training and have been managed successfully with the use of 100% oxygen or a hyperbaric oxygen treatment protocol in the adjacent hyperbaric chamber. We also provide medical operations support as the flight surgeon on console for astronaut space suit vacuum chamber training, and operational altitude chamber human research.
The NBL flight surgeons are also assigned to manage the Reduced Gravity Flight Operations program, and fly as crew on board the NASA C-9 aircraft. The program conducts a variety of bioscience, applied engineering, physics and chemistry experiments while in parabolic flight microgravity (0g, 1/6g - Lunar, or 1/3g - Martian). The flight surgeon provides a medical briefing prior to each flight, and motion sickness prevention medication (scopolamine and dextroamphetamine). Medication and prevention strategies have been shown to reduce the incidence of significant symptoms for first time fliers from 80 to less than 20%. An in-flight rescue injection of scopolamine is also an option when medically indicated. 

Drs. Strauss and Fitzpatrick have also served as crew surgeons for the NASA Extreme Environment Mission Operations (NEEMO) project. The purpose of the project is to develop opportunities for using the “Aquarius” habitat as an analog for spaceflight and long-duration space habitation. Aquarius is an undersea research laboratory in a pressurized environment resting at more than 60 feet on the bottom in the Atlantic Ocean off Key Largo, Florida. This project allows opportunities for astronauts, scientists, physicians, Mission Control Center personnel and engineers to develop operational concepts, conduct experiments, perform space-analog tasks and sharpen team and interpersonal skills.  The crew surgeon supports crew training in Key Largo and may dive onto the habitat prior to the start of the mission. He then supports the mission from Johnson Space Center, similar to a space mission. 
Fig. 1. NBL flight surgeon Sam Strauss training on the Space Shuttle mock up

Fig. 2. The NBL configured with mock ups of the Space Shuttle cargo bay and the International Space Station
