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Pre-flight/Training











Physiologic Stressors



Suit Fit and musculoskeletal injury



The Exploration Atmosphere

Compromise between
• Hypoxia
• Flammability
• Total pressure
• DCS risk
• Prebreathe time
Garbino et al: Exploration Atmosphere 
Working Group (2006, 2012): 
8.2psia / 34% O2



Exploration Atmosphere Effects
Effects of the 8 psia / 32% O2 Atmosphere on the Human in the Spaceflight Environment. Norcross et 

al. NASA/TM-2013-217377. 2013. 
• CNS/Ocular Acute mountain sickness (headache, nausea, weakness, fatigue, dizziness, difficulty sleeping)
• Cardiovascular 

• Systemic vasoconstriction 
• Increased blood pressure  
• Increased heart rate
• Decreased stroke volume 
• Decreased cardiac output 
• Decreased maximal O2 consumption (VO2max) exercise performance 

• Respiratory 
• Pulmonary vasoconstriction 
• Increased respiratory drive 
• Increased pulmonary blood pressure. No significant change in pulmonary mechanics and gas exchange compared to hypoxia alone.

• Hematological/Immunological 
• Reduced plasma volume
• Increased hematocrit
• Increased erythropoiesis 
• Polycythemia 
• Increased blood viscosity
• Increased thrombotic risk 

• Nutritional
•  Reduced appetite, energy intake, and body mass irrespective of acute mountain sickness 



Imp Improved Suit Design



Medical Events / Human Factors





Nutrition:

Additional 200 kcal/hr during EVA
Nutritional requirements for Exploration Missions up to 
365 days, Scott Smith 2020





Summary of major concerns:

Medical:
Allergy (lunar dust)
Headache 
Sleep
Hygiene 
Nail delamination
Muscle soreness
Shoulder injury

Human Systems Integration:
In-suit nutrition
Hot water 
Improved toilet
Suit overheating 
External temperatures: +250 to -410 deg F



11.4 mGy highest 
dose in Apollo (14)

Likely several cSv to 
BFOs during October 
1989 flare 

Radiation



Performance Capabilities/Limits



10 km walkback performed in under 2 hours at 50% VO2 pk
 Feasibility of Performing a Suited 10-km Ambulation on the Moon - Final Report of the EVA Walkback Test (EWT). Jason Norcross 2007, NASA/TP–2009–
 214796

Tasks took 70% more time than during training, with 20% more use of consumables
 Apollo 16 Time and Motion Study,  July 1972



Training



Human Presence:

Larger sample Earth-return, and more sample volume/quality
 Human crawl is 13x Curiosity Rover avg speed - google
Greater sample identification/capture speed, over greater surface area
Repair hardware in the field
Identify unexpected areas of interest out of FOV of a camera
Garner greater public attention/support
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