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The Long Trip to Mars Begins

Greetings, space explorer and welcome to the Explorer Post 633 Mars Mission! In this module, post members will team up to plan a mission to the red planet, travel through space, and discover the excitement of colonizing a new planet.  Teams will create a flight plan, undergo astronaut training, design experiments and other activities.  Teams will develop their own mission logos and create their own “crewmember” identity.  Please be creative and have fun. There’s a lot to learn about pioneering the exploration of new planet.  This document outlines the requirements and assists teams with the materials needed to get started.

The Post 633 Mars Mission is based on the Mars Design Reference Architecture (DRA) 5.0 released in July 2009 by NASA’s Mars Architecture Working Group (MAWG) as result of NASA’s formal interagency studies conducted for over twenty years.  The question of human flight to Mars and subsequent surface exploration has been formally investigated since the late 1980’s.  The Post Mars mission uses latest flight plans and comprehensive investigations provided by these studies.  Teams will rocket to Mars in a Nuclear Thermal Rocket (NTR) using a sequence developed by engineers and researchers at NASA Glenn Research Center.

The flight to Mars and back in close quarters will be long, about 900 days.  Some of the problems that arise from living and working in space have not been resolved, even the physiological affects of weightlessness are still not completely understood. Your team will explore these effects and use countermeasures to alleviate them.  Generally, the negative effects of living in microgravity gradually disappear when an astronaut returns to ground. But what will happen when humans land on Mars and suddenly encounter a gravity environment, even if it is one-third of Earth’s gravity?

Space is a vacuum, essentially devoid of oxygen or significant quantities of any other substances.  Exposure to the vacuum is deadly because of the lack of pressure, temperature and radiation. The microgravity environment causes astronauts to get motion sickness, although the effect lessens after a few days. This is because humans use fluid in the ear in Earth’s gravity to maintain balance. Lack of gravity causes fluids to move toward the head, causing a bloated appearance. Astronauts are exposed to high levels of radiation at high energy levels called “cosmic rays” without Earth’s atmosphere to protect them.  The sleep cycle is disrupted due to variable light and dark cycles in the vessel and poor illumination during waking hours. Fatigue, listlessness, and psychosomatic problems can result from the high stress the crew often feels. 

Post 633 Mars Mission requires the specific details of one investigation or experiment that will be conducted in the space environment during the outbound mission with follow up on the long trip back to study long term exposure of humans in the microgravity environment.  An additional experiment on the surface of Mars is also required.  There will be a number of investigations to choose from that will be presented in a separate document   Any other relevant experiment that a team decides to perform is acceptable to fulfill this requirement by obtaining prior permission. Additional experiments can be performed if desired because during a real mission, there will be plenty of time for multiple experiments.
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Post 633 Mars Mission Requirements

Mars Mission Requirements

Create a Mission Profile

Crew Assignments 

Date of Departure

Mission Timeline 

Mars Landing Site Selection


Packing for Mars


Cargo Activity

Design a Mission Logo 

Living in Your Space Craft

Create a Microgravity Experiment

Mars Surface Activities

Create a Habitable Environment

Create a Mars Experiment

Homecoming Press Release 

Prepare a Mission Briefing (Final Team Presentation) 

Mission Briefing Requirements

Mission Name

Vehicle Name

Crew Assignments

Available positions:  Pilot, Physician, Geological Scientist, Biological Scientist,


Mechanical Engineer, Electrical Engineer

Include brief biography, educational credentials and additional specialties of each member

Mission Logo

Landing Site Selection –Arsia Mons, Centauri Montes, Isidis Basin, Mangala Valles

Cargo – post activity

Choose experiments to be performed during the journey to Mars

Choose experiments to be performed on the Mars surface

Press Release

Team Presentation

Post 633 Mars Mission Website:  http://www.astras-stargate.com/post633_mars.html

Mars Mission Crew Assignments
NASA DRA 5.0 specifies a six-person crew.  This section describes some of the logic that was used to decide the number that was needed.  The electronic and mechanical equipment developed for Mars is highly autonomous, and may be self maintained or even self repairing. Some systems may need the crew to carry out maintenance activities, but the amount of time that is taken to do routine operations will be minimized through system design.  Power systems and life support systems operate continuously and should be transparent to the crew.   On the surface of Mars, the in-situ resource recovery plant will operate without human intervention. 

Crewmembers will be fully occupied during their assigned working hours.  Crew size has been carefully calculated by the minimum number of crewmembers required by the distribution of tasks. For example, extravehicular activities (EVA) are likely to require at least two people outside the habitat at any one time to assist each other. A third person is required inside to monitor the EVAs and assist if necessary.  When tasks such as repair, science, or life support system operation are carried out simultaneously, the number of crewmembers needed increases.  (See Appendix A for sample crew work assignment table)

Established mission rules dictate what the crew can or cannot to do. For example, during exploration campaigns, mission rules require that some of the crew remain in the main habitat while others are exploring in the mobile unit.  It is also necessary to have a backup crew to operate a rescue vehicle in the event the mobile unit has a problem. If the exploration crew requires three people, the requirement states that there will be one driver for the backup unit and at least one person left at the outpost.

NASA’s workload analysis assumes that the crew would spend available time in either scientific endeavors or habitation-related tasks.  Expertise is required in the following three principal areas:

•  Command, control, and vehicle and facility operations. This includes command, management, piloting and navigation, system operations, housekeeping, maintenance, and repair of systems. Maintenance must be accomplished for facility systems, medical facilities, exercise equipment,  EVA systems, science equipment, etc.

• Scientific exploration and analysis. This area includes field and laboratory tasks in geology, geochemistry, paleontology, or other disciplines that are associated with answering the principal scientific questions.

• Habitability tasks. These tasks include medical support; bioregenerative life support system operations; performing biological, botanical, agronomy, and ecology investigations; and conducting other experiments on Mars.

Other considerations that dictate the Mars crew assignments include:

Medical treatment. In a 3-year mission, an accident or disease is likely to occur. This requires at least one medically trained backup who is capable of conducting procedures under the direction of medical experts on Earth through telecommunications.

Engineers (technicians).  Two persons who are skilled in diagnosing, maintaining, and repairing mechanical and electrical equipment are essential. A high degree of system autonomy, self-diagnosis, and self-repair is assumed for electronic systems; however, the skill to identify and fix problems is essential for the long Mars mission.

Geologist and biologist.  The post mission geologist will be the lead for the site selection activity. biologist is essential to manage the life support system experiment. All crewmembers will be trained observers, highly knowledgeable of the mission science objectives, and able to contribute to the mission science.

	POST 633 Mars Mission Crew Assignment Positions

	Primary Position
	Secondary Expertise
	Mission Specialist

	Pilot
	Navigator
	Mission Commander

	Physician
	Physician backup
	Writing Lead

	Geologist
	Geologist backup
	Artwork Lead

	Biologist
	Computer Programmer
	Site Selection Lead

	Mechanical Engineer
	Cartographer
	Technical Writer 

	Electrical Engineer
	Meteorologist
	


The Post 633 Mars mission is based on the NASA architecture but also contains some of its own elements.  The mission commander will be chosen from the crew by the MASO based on job application responses. Post members will fill the six main positions and each will choose or be assigned a secondary area of expertise.  A backup physician and geologist will be assigned by the MASO so please consider your interest in those positions.  If your team is smaller than six people, empty slots will be filled by the post advisors and crew assignments will be made.  

Your Mars mission begins with your application to the Mars Astronaut Selection Office (MASO) staffed by Post 633 advisors.  Applications will be processed by the MASO to determine mission team and crew positions.  The mission begins after crew selection and teams are formed.
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The Long Trip to Mars

How Do We Get There from Here?

To launch a spacecraft from Earth to Mars using the least amount of propellant possible, remember that the spacecraft is already in solar orbit as it sits on the launch pad or even in low Earth orbit (LEO). The spaceship must move in a direction that makes it easy to match velocities with Mars when it arrives. That is an ellipse with perihelion P (point closest to the Sun) at the orbit of Earth and aphelion A (point most distant from the Sun) at the orbit of Mars (drawing). Mars needs to be in such a position relative to Earth at the time of launch, so that it reaches point A at the same time as the spaceship does. This is called a Hohmann transfer orbit after Walter Hohmann, a German scientist who published a description of it in 1925.

Getting to the planet Mars, rather than just to its orbit, requires that the spacecraft be inserted into its interplanetary trajectory at the correct time so it will arrive at the Martian orbit when Mars will be there. This is like throwing a dart at a moving dartboard. The thrower must lead the aim point by just the right amount to hit the target. This is known as orbital insertion. The opportunity to launch a spacecraft on a transfer orbit to Mars occurs about every 25 months. 

To be captured into a martian orbit, the spacecraft must then decelerate relative to Mars using a retrograde rocket burn or some other means. To land on Mars, the spacecraft must decelerate even further using a retrograde burn to the extent that the lowest point of its Martian orbit will intercept the surface of Mars. Since Mars has an atmosphere, final deceleration may also be performed by aerodynamic braking direct from the interplanetary trajectory, and/or a parachute, and/or further retrograde burns. 

Using the Hohmann Transfer orbit at a reasonable speed allows humans to arrive at Mars in approximately 200 days. The launch window ends approximately 200 days before the date of Mars opposition but lasts only one month or 30 days. 

Mars Mission Profiles
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NASA mission planners studied various scenarios that could be used to take a team to Mars.  This section covers the flight plan and the advantages and disadvantages of each profile.  All of them use the Hohmann transfer orbit described above.

Opposition Class:  The Short-Stay Mission 

The short-stay mission profile provides Mars stay times of 30 to 90 days with a round trip total time of 400 to 650 days. This mission requires a large amount of energy be expended in transit after taking advantage of a Venus gravity-assist fly-by or a deep space propulsive maneuver in order to limit Mars and Earth entry speeds.  Time spent on the Martian surface is relatively short with limited productivity.  Over 90 percent of the mission is spent in the microgravity environment, allowing little time for the astronauts to recover in the Martian gravity. 

The Venus fly-by leg can last up to 360 days and may occur on the inbound or the outbound leg of the mission.  If used on the way, there is a possibility that your crew may not be able to endure entry maneuvers or to perform effectively on the surface. Because 90 percent of the mission is spent in space with little recovery time in 0.38G, concerns for the safety of the crew arise from the exposure to the microgravity environment. Also, the Venus fly-by brings the crewed spacecraft inside of the orbit of Venus (~0.7AU).  Crewmembers will be subjected to more solar particle exposure and the spacecraft requires heavier radiation shielding. Special attention to solar activity is needed.  The mission cannot take place during times of maximum solar activity. 

The increased mass of the spacecraft would increase energy requirements further. Because propellant is the largest portion of the overall mass of any spacecraft, every attempt should be made to minimize the energy requirements and the mass of any Mars-bound spacecraft. 

Conjunction Class: Long-Stay Mission (minimum energy) 

The long-stay mission profile provides Mars stay times up to 500 days with a round trip total time of about 900 days. The energy requirements for this mission are the lowest of the three considered profiles; the trade-off is the resulting long transit time (around 250 days). The minimum energy trajectory option has the advantage of low energy requirements. This trajectory provides an opportunity to send a more massive spacecraft (i.e. more cargo) at the same cost of a smaller spacecraft following one of the more energetic trajectories. Maximizing the payload of each launch vehicle, minimizes the number of launches necessary to transport the required surface equipment. 
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The disadvantage of this trajectory for a crewed Mars mission is the crew's long exposure to the microgravity environment. Risks to a crew following the minimum energy trajectory are similar to those described previously in the short-stay profile. Radiation and microgravity exposure are still quite high, although not as much shielding is required since the spacecraft is never inside of Earth's orbit. The minimum energy trajectory is ideal for cargo transport from Earth to Mars. An unmanned cargo vehicle could carry a maximum payload to Mars at a minimum energy cost without the risks associated with a crewed vehicle.  Cargo will be sent to Mars on this trajectory on a one-way basis, the Post Mars mission cargo vessels spend 250 days on the way to Mars.

Conjunction Class: Long-Stay Mission (fast transit)
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Similar to the minimum energy Long-Stay profile, this mission profile provides long surface stay times. With sensible increases in propulsive energy, the travel times to and from Mars can be reduced by up to 100 days each way (one-way travel times range from 120 to 180 days), allowing surface stay times to a total of 500+ days. Total round trip time for a fast transit mission is typically under 900 days.

With current propulsion technology, a point is reached where it is no longer reasonable to increase propulsive impulse in order to decrease travel time. The fast transit mission profile minimizes crew exposure to the microgravity environment and maximizes surface stay time while keeping energy requirements within reason.

While the fast transit energy requirements are higher than those of the minimum energy trajectory, the physical and mental benefits to the crew are unquestionably worth the investment. Additionally, the surface stay time is maximized by the fast transit profile that will allow for maximum surface productivity. It should be noted that, due to the orbital characteristics of Earth and Mars, fast transit times are only available for the Long-Stay mission profiles. The Crew MTV will be sent to Mars on this trajectory and spend 180 days on the way to Mars. 

Explorer Post 633 - Mars Mission Details

The Mars mission launch vehicle is a heavy lift cargo launch vehicle that has been developed by NASA for the purpose of this exercise.  The Post 633 mission is based on the seven cargo rocket launch scenario developed by rocket scientists and researchers at NASA Glenn Research Center for the NASA interagency studies of Mars mission design concluded with DRA 5.0.  Because the mission requires launching support vehicles to Mars two years before the crew vehicle, the type of mission that we are using is called a “split mission.” The Mars Transfer Vehicle (MTV) spacecraft that will carry the post team to Mars is a Nuclear Thermal Rocket (NTR) based on papers as cited in the information reference section and made available to post members by advisors.  Post members should investigate the current programs to better understand the launch vehicles used on the Mars Mission.  

The mission timeline will depend upon the launch opportunity that the team members will agree upon.  Launch opportunities are dictated by the positions of Earth and Mars in their orbits.  When Earth begins to overtake Mars, as the planets near opposition, spacecraft are launched toward the red planet.

Targeted Mars Oppositions

Four Mars opposition date have been targeted for possible launches, one opposition date (April 8, 2014) has been added for the first cargo mission launch.  Choose from one of the four opposition dates below for your Mars mission:

	Date of Opposition
	Mars/Earth Distance
	Mars/Earth Distance

	April 8, 2014 cargo
	.621 AU
	57,725,556 miles

	May 22, 2016 
	.509 AU
	47,314,506 miles

	July 27, 2018
	.389 AU
	36,159,809 miles

	October 13, 2020
	.419 AU
	38,948,483 miles

	December 8, 2022
	.550 AU
	51,125,694 miles


Mars Mission “7-Launch” NTR Space Transportation System

As previously stated, the post Mars mission is based on the 7- launch mission developed by S. K. Borowski, D R. McCurdy and T. W. Packard at NASA Glenn Research Center in Cleveland, Ohio as part of the NASA agency-wide Mars mission studies.  The “Ares V” launch vehicles in this paper are referred to as heavy lift launch vehicles throughout the duration of the Post Mars Mission.
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Overview.  This mission plan features a long surface stay “split mission” using two cargo and crewed Mars transfer vehicles (MTVs). All vehicles utilize three 25 klbf thermal nuclear engines to perform primary mission maneuvers. During the first mission opportunity, two cargo vessels are launched into low earth orbit (LEO.) Cargo vessels travel to Mars using minimum energy trajectories.  These vessels will deploy a cargo lander to the surface and a habitat lander to elliptical Mars parking orbit where they remain until the arrival of the crewed MTV during the next mission opportunity about 26 months later. The crewed MTV carries six crewmembers and utilizes fast conjunction trajectories with 180-day transit times to and from Mars.  The crew remains on Mars’ surface for about 18 months. Four rectangular photovoltaic arrays provide the crewed MTV with of electrical power. Vehicle assembly involves autonomous Earth orbit rendezvous and docking between the propulsion stages, in-line propellant tank and payload elements. Seven heavy lift cargo launches -- four for the two cargo MTVs and three for the crewed MTV -- deliver the key components for the three vehicles.  (7-Launch Scenario)
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Mars Mission Cargo Launches

The 7-launch scenario calls for two cargo vessels to be launched and sent to Mars during the first mission window that occurs approximately two years before the human crew launches for Mars.  Four heavy lift launch vehicles deliver the components for the first fleet of ships consisting of two cargo MTVs.  The launches occur 30 days apart and the MTV assembly is completed before the Mars departure window opens to provide a margin for unforeseen problems. Two launches deliver the NTR core propulsion stages, each with a propellant tank and three 25 klbf NTR

engines. Two more launches deliver the cargo and habitat lander payloads enclosed within aeroshells that function as payload shrouds during launch, then as aerobrake and thermal protection system during Mars orbital capture and the entry, descent and landing (EDL) on Mars.  The first mission window is 90 days long.  Automated rendezvous and docking (AR&D) form the cargo vessels in LEO. The MTVs and payloads loiter in LEO for 5 months prior to departure for Mars.  Post teams will chose their target arrival date and plan their cargo launches based on this data.  The mission timeline will reflect the dates in this section.
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After assembly, the cargo vessels’ engines are ignited and the spacecraft begin a 250-day journey to Mars as shown in the diagram. When the cargo spacecraft reach Mars, they use aerocapture, (AC) a flight maneuver that inserts a spacecraft into orbit around a planet or moon by using the destination's atmosphere like a "brake." The dense atmosphere creates friction that is used to slow down the craft, transferring the energy associated with the vehicle's high speed into heat. This allows for a quick orbital capture without the need for a heavy load of on-board propellant, which increases launch cost. The Kepler cargo vehicle delivers the Mars horizontal Mars surface lander.  The Asimov spacecraft remains in orbit until the crew MTV reaches Mars.  During entry, descent and landing (EDL) the landers are enclosed inside within the large triconic-shaped aeroshells that function as thermal protection system as the spacecraft passes through Mars’ atmosphere during the landing phase.
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The Mars Descent/Ascent Vehicle (DAV)
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The Earth return vehicle is delivered to Mars by a cargo MTV as required by the DRA 5.0.  Each cargo vessel contains a includes the descent stage, a horizontal lander, Mars ascent vehicle (MAV), a small pressurized rover (SPR), a dynamic isotope power system (DIPS), fission surface power system (FSPS), and in-situ resource utilization (ISRU) plant, plus additional surface payload stored in cargo containers located in the front and back ends of the lander. Total lander mass is about 103 tons, including the aeroshell. The MAV’s four ascent engines will be supplied with descent propellant from adjacent tank sets and will also used during EDL.

The DAV is the primary transportation and crew support element for the initial planetary exploration phase of the mission. The vehicle is designed to transport the crew from Mars orbit to the surface of Mars, support the crew for up to 30 sols on the surface. At the end of the mission it will return the crew from the surface to Mars orbit and rendezvous with the Mars Transfer Vehicle.  The DAV has the ability to operate in a fully automated mode since it is anticipated that the crew may not be capable of performing complicated tasks due to the long exposure to microgravity while in transit. Targeting and control during landing, post-landing safing, initial flight-to-surface transition, and appendage deployments must occur without crew exertion. Thus, the vehicle will provide adequate time for the crew to re-adapt to 0.38G on Mars. During this period, no strenuous activities will be scheduled for any crewmembers and the focus of the operations is on developing adequate crew mobility and maintaining systems operability. 
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Surface Habitat (SHAB)

The Surface Habitat (SHAB) supports the crew during the long stay on the surface of Mars. The SHAB is designed to meet the basic needs of maintaining crew health and performance. The SHAB supports both physical and psychological needs with the inclusion of a galley, wardroom, personal stowage, housekeeping supplies, crew health systems, medical accommodations, sleep accommodations as well as operational capabilities such as scientific laboratory capabilities, EVA and system maintenance.  The system includes technology challenges such as closed-loop life support, composite materials, ISRU for gas makeup and EVA consumables, wireless avionics, etc.

Humans to Mars:  The Crewed MTV
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After the operational functions of the orbiting habitat and surface cargo landers are verified, and the MAV is supplied with ISRU-produced ascent propellant, the crewed mission will be launch during the next available mission opportunity.

The all-propulsive crewed MTV is a “zero-gee” vehicle design that utilizes fast conjunction trajectories that transits to and from Mars in ~180 days. Like the cargo MTV, it is an “in-line” configuration that uses Earth orbit R&D to simplify vehicle assembly. It uses the same “common” NTR propulsion stage but includes additional external radiation shielding on each engine for crew protection during engine operation. Three heavy lift cargo launches over 60 days are used to deliver the vehicle’s key components.  The first launch delivers the NTR “core” stage. 
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 The second launch delivers the  “saddle truss” and LH2 fuel tank.  The third and final cargo launch delivers the supporting crewed payload. The crewed payload component includes the transit habitat, called the TransHab module, that is large enough to support six crewmembers, a long-lived Crew Transport Vehicle (CTV) for vehicle-to-vehicle transfer and “end of mission” Earth return entry, a secondary T-shaped docking module (DM), contingency consumables canister and connecting structure. The TransHab module utilizes inflatable technology and must be blown up in order for the crew to enter.  Four rectangular photovoltaic arrays (PVAs) provide the crewed MTV with ~50 kWe of electrical power in Mars orbit for crew life-support and spacecraft subsystem needs. When assembly of the crewed MTV is complete, the Mars crew is launched on a crew launch vehicle and a second CTV carrying the crew docks with the underside of the vehicle using the secondary DM that connects the Transit Habitat (TH) crew module and contingency consumables canister.  After the crew has entered the vehicle and checks out all the systems, the engines are ignited and the first human crew begins exploration of Mars.  The trajectory figure shows the flight times to and from Mars.  Each leg of the voyage is 180 days long. 

The Transit Habitat (TH)
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During the long journey to Mars, the crew lives in the Transit Habitat. The TH shares as many systems as possible with the SHAB that will carry the crew to the surface from Mars orbit.  The system commonality helps to lower development costs as well as to reduce the number of systems that astronauts would have to learn to operate and repair. A discussion of the various areas and function in the habitat can be found in section, “Mars Mission Spacecraft and Surface Operations” in this document.  The food that will be carried aboard the TH includes food that is needed for the round-trip journey.  Extra food is stored in the contingency food container in the event that all or part of the surface mission is aborted and the crew is forced to loiter in Mars orbit aboard the TH until the opening of the next Earth return window opens. Any contingency food remaining is jettisoned prior to the TEI burn that will lead to a return home.

Destination: Mars
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In order to reach Mars orbit from the transit trajectory, a transorbital injection maneuver is needed.  A series of two burns complete the Trans Mars Injection (TMI) Following the TMI maneuver, the empty fuel tank, attached to the central saddle truss, is jettisoned and the crewed MTV coasts to Mars with its four PVAs tracking the Sun. Using additional propulsive maneuvers, the crew vehicle will attain Mars orbit insertion (MOI) and will rendezvous with the orbiting surface habitat. The crew transfers over to the SHAB lander using the CTV.  After the crew is safely in the SHAB lander, the CTV that will return to the Crew MTV and dock to the Crew MTV autonomously. The spacecraft and the CTV will remain in Mars orbit, providing the crew with additional communication capability to remain in contact with Earth.
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Landing on Mars

The crew initiates entry, descent and landing in the DAV that is part of the SHAB, landing on the surface near the MAV and the horizontal lander. The aeroshell will protect the crew as the DAV carries them into the atmosphere of Mars.  Parachutes bring the vessel safely to the surface.  The SHAB is autonomously capable of performing the actions that must occur after the landing, as described in the previous section.  Once the crew has acclimated to the .38G on the Mars surface, they can begin the surface exploration phase of the mission. 

Surface Operations on Mars
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Current human health and data indicate that it may take the crew a few weeks to acclimate to the partial gravity of Mars after landing. Initial surface activities would focus on transitioning from a “lander mode” to a fully functional surface habitat. The crew must perform all remaining setup and checkout procedures that could not be performed prior to landing.  The crew will transfer hardware and critical items from the previously deployed horizontal lander. 

The crew will have ~18 months to perform the surface exploration. Ample time will be given to plan the surface activities, respond to problems, and address scientific questions throughout the mission. The focus during this phase of the mission will be on primary science and exploration activities that will change over time based on the crew’s discoveries. Although crew activities have been outlined before the launch, these will be updated throughout the mission. The outline includes detailed activities to ensure crew safety, make basic assumptions as to science activities, schedule periodic vehicle and system checkouts, and plan for a certain number of surface exploration. Planning activities while on the surface will be based on initial findings and cannot be accomplished before landing on Mars. The crew has a vital role in planning activities that will meet mission objectives.
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Return to Earth

After ~533 days on the surface, the crew lifts off and returns to the Crew MTV still in orbit using the MAV. The crew must transfer the samples collected on the Mars surface to the MTV.  Afterward, the MAV is jettisoned. The crew  begins a weeklong checkout and verification of all MTV systems, jettisons the DM and contingency consumables and performs the Trans Earth Injection (TEI) burn to begin the journey back to Earth.  The return trip lasts for 180 days.

 Earth Landing and Recovery
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As the Crew MTV approaches Earth upon completion of the 30-monthmission, the crew performs health checks of all entry-critical systems and transfers to the CTV, closes hatches, performs leak checks, and undocks from the MTV. The MTV flies by Earth at a “sufficiently high altitude” and is disposed of into heliocentric space.  The crew departs from the MTV using the CTV from 24 to 48 hours prior to Earth entry.  They will conduct an on-board-targeted, ground-validated burn to move the craft into the proper entry corridor; as entry approaches, the CTV maneuvers to the proper position and attitude for a direct-guided entry to the landing site. After the CTV performs a water landing, and the crew and vehicle are recovered.  The long mission is over and the astronauts are returned to their families.

Selecting a Landing Site for Mars Exploration

Factors to be considered when choosing landing site for the mission include the possible presence of water, the amount of solar energy available, radiation levels, site terrain, site temperatures, and presence of dust storms. Sites that have been previously investigated by robotic missions may be safer because of the information the probes have gathered. 

Terrain: Sites with a flatter terrain ensures that the landings can take place safely without damage to equipment or the crew.  A flatter terrain also enables expeditions outside of the base.

Solar Energy: Because Mars completes one rotation in 24 hours and 39 minutes, solar energy can serve for some of the power requirements.  Landing sites closer to the equator receive a higher and more constant amount of solar energy. 

Radiation: The amount of radiation must be at acceptable levels. The rarified atmosphere of Mars provides little radiation protection and the effects of radiation must be mitigated through sheltering underground or using shielding on the surface.  

Site temperatures: Although the habitat inside temperature will be controlled, avoid temperature extremes that require more energy. Site temperatures should be as high and as constant as possible.  Sites closer to the equator are preferable.

Water: Exploring for water sources that will meet the needs of a human colony is one goal of Mars exploration. There are stores of water ice on Mars at the north and south poles; however, a polar landing site has not be considered because of low temperatures and lack of solar energy during large parts of the year, and the possibility of severe dust storms. 

COSPAR: The Committee on Space Research maintains the international planetary protection policy, an agreement that states astronauts are only allowed in areas that are demonstrated to be safe to avoid adverse changes in the environment of the Earth and to avoid harmful contamination of other solar system bodies.

Dust storms: Dust storms are a hazard as they reduce navigability, possibly resulting in the  stranding of expeditions, They may disrupt radio communications between expeditions and the base and/or between the base and Earth. 

The four possible that have been pre-selected for the Post 633 Mars Mission: Arsia Mons, in the Tharsis Region, Centauri and Hellas Montes near the Hellas Basin, Mangala Valles and Jezero crater near the Isidis Basin close to Syrtis Major. These sites are based upon the DRA 5.0 and have been preselected for the first exploration missions at Mars.
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Post 633 Mars Mission Landing Sites

Mission teams will choose the site to investigate from the four sties in this section.  These sites represent all of the areological epochs: the Noachian, the Hesperian and the Amazonian.  Three site have been chosen to be investigated by NASA’s Mars reference mission and the fourth area has been used to outline a full surface exploration mission. Surface explorations will be made in pressurized rovers by some members of the crew, these are referred to as “traverses.”
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Syrtis Major

Isidis Basin, Jezero Crater

Isidis Planitia or the Isidis Basin is a huge impact crater feature.  It is the site of a very ancient, highly eroded basin formed by asteroid or comet impact when the planet was still very young.  On the western edge of this large basin, the Jezero crater is a very important area for understanding the formation of the Isidis basin, erosion processes and the regional volcanism. Jezero crater is a ~45 km impact crater on the northwest margin of the Isidis impact basin, near the dark area of Syrtis Major. The crater rim has been breached in three places, two channels from the neighboring highlands to the west have drained into the crater from the northwest and another channel cuts over the eastern rim of the crater. The channels have left deposits that are known as deltas because of their resemblance to the Greek letter, delta.  The deposits on the crater floor have been preserved and are believed to be sedimentary structures that contain clay deposits. The area has been studied using orbital probes to obtain high-resolution images and spectral data. Other parts of the crater floor appear to have been resurfaced by lava.  Location: 18.4°N, 77.7°E
Tharsis Volcano Flank

Arsia Mons
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Arsia Mons Graben. Arsia Mons is one of the three major Tharsis Montes shield volcanoes on a ridge near Olympus Mons.  Orbital probes have discovered glacial deposits on the northwestern flanks of these volcanoes. The broadest of these deposits are found on Arsia Mons.  This type of deposit has been found on Earth near volcanoes, so an extended mission at this location could provide information that address fundamental questions of Martian geology.  Traverses from a camp set up at 8°S, 124°W can be used to analyze the glacial and volcanic deposits, and the relationships between them. Using pressurized rovers, human explorers can ascend the western flank of the volcano and obtain samples that reflect the recent volcanic history of the Arsia Mons area. Another traverse from the same base camp would provide access to a ~5 km wide graben where glacial deposits have been detected.  Rock samples may reveal history of the glacial flows at this site, and drilling at targeted locations could provide insight into the recent climate record for Mars.  Location: 7.4°S, 123.8°W
Tharsis Region

Mangala Valley
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Mangala Valles. Mangala Valles is an outflow channel that emanates from a graben near the Tharsis volcanic complex. Massive release of water from the ground at the graben was accompanied by volcanic eruptions that caused catastrophic flow of water to the north, carving streamlined islands. There are also young glacial deposits along the rim of the graben and evidence that glaciers modified the surface of the outflow channel.  This site shows evidence for fluvial, volcanic, tectonic, and glacial activity and complex interactions between these processes. A landing site in the center of the outflow channel would provide access to a variety of sites of interest. Traverses to the channel head and the graben, along the floor of the outflow channel, and to the nearby plains would provide insight into flooding and erosion processes, and provide an opportunity to sample deposits. A traverse to the rim of the glacial deposits would allow sampling of Tharsis volcanic deposits. If life exists on Mars, it is most likely to exist below the surface, a site such as Mangala would offer a unique opportunity to sample for evidence of such activity. Location: 18.0°S, 149.4°W
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Hellas Basin

Centaurus Montes

Centauri Montes. The Centauri Montes and Hellas Montes are located on the rim of Hellas Basin.  The site has drawn attention from scientists as a result of the discovery that a flow gully inside a crater wall has been active in the last decade, set off the hope that there may be liquid water at or near the surface. This region has a concentration of young, volatile-rich deposits that indicate that the eastern-Hellas region may be receiving significant amounts of water-ice from the southpole. Centauri Montes is also at the head of major outflow channels. Exploration targets at this site would include recent gullies (possibly liquid water), the basin rim, debris aprons, and other features associated with geologically recent climate change. This site is one of the most promising sites on the planet for finding liquid water on the surface.  Research at Centauri Montes would be focused the first goal of Mars exploration, to determine if life ever arose on Mars.  Location: 38.7°S, 96.7°E 

Mars Mission Spacecraft and Surface Operations (TH and SHAB)

General Housekeeping 

There are important issues regarding general housekeeping and trash storage as well the time and facilities necessary. To reduce trash, trash compactors are located in several areas.  Food and nonfood is compacted to reduce volume and recover water.  There must be supplies for each crewmember to clean their own personal area.  All crewmembers must share in the cleaning of public areas. When on the Mars surface, steps must be taken to minimize the amount of Mars dust that finds its way inside the habitat.

Wardroom and Food Preparation 

The wardroom and galley area of the spacecraft and the surface habitat allow for meals and other activities. There is adequate space and equipment for eating, briefing, or entertainment. Temperature-controlled food storage and food heating units are located in the galley. A daily group meal is expected with short meal preparation and cleanup time.  Foods and food storage systems have a long shelf life. Dietitians help to anticipate the nutritional requirements for long-duration spaceflight, and menu planning involves all crewmembers. 

Crew Health/Medical Operations 

Medical operations while in space and on Mars demand a medical support infrastructure as needed medical attention may occur inside the spacecraft or habitat as well as while the crew is away from the habitat.  All crewmembers are trained to deal with medical emergencies and have the necessary knowledge and technologies to maintain human health.  Systems and procedures are present to prevent, diagnose, and treat illness and injury especially on the Martian surface. The Earth support team includes a group of physicians with the appropriate skills and training to support the Mars mission remotely. Because of health issues in microgravity, personnel will perform appropriate human experiments to monitor the health and safety of each other.

Crew Quarters

Crew quarters on the spacecraft and in the Mars surface habitat include a reconfigurable bed, noise reduction, and time cues to allow crew members to obtain satisfying sleep. Crewmembers must allow others privacy and personal time.  Placing two crewmembers in one room with sides separated by a removable partition is a good plan.  Storage space for personal belongings, a workstation, and space for personal decorations is located within each crew chamber. All crewmembers will be provided similar or identical crew quarters as all the members of the crew are required to insure a safe and successful mission.

Personal Hygiene

Facilities for personal hygiene activities including a full-body cleansing system and a clothes cleaning system that eliminates the need for disposable clothes while on the Mars surface. The schedule includes regular personal hygiene times at the beginning and end of every day, after exercise periods, and before and after an EVA. Each crewmember has a personal hygiene kit.

Off-Duty and Recreation 

There must be equipment and facilities for both group and individual off-duty entertainment that offers a variety in entertainment supplies.  There will be a small area that allows crewmembers to socialize privately as well as personal workstations in crew quarters.  There should be adequate communication with friends and family back home.  The crew schedule will balance work and off-duty time.

Exercise Equipment and Programs

There is a requirement for exercise on long-duration space missions as the microgravity environment affects human health; therefore the spacecraft and habitat must provide the necessary equipment.  There should be an entertaining side of the exercise programs that will encourage crewmembers to take advantage of a variety of exercise equipment. Crewmembers will need a dedicated gym area that is removed from high traffic areas. The mission will include research on the long-term effects of partial gravity and microgravity on the human body. A minimum of 2 hours per crewmember every day must be maintained.  The requirement is reduced on the Martian surface in keeping with the one third gravity.

Inspection, Maintenance, and Repair 

Constant inspection and maintenance will be required for safe operations of the spacecraft and the Mars surface habitat.  Important issues regarding the time and facilities necessary include a dedicated shop area and portable workbench for equipment, spare parts, and tools that can be contained in a small space. Equipment and systems that do not require constant human intervention or part replacement will be necessary.  All crew must be trained to use the equipment and it will be possible to fabricate of spare parts from raw materials.  Subsystems have been designed to use interchangeable parts as much as possible.

Initial Surface Operations 

Mission planners dictate the sequence of activities the crew will perform during the first several days on the surface of Mars. These activities are focused on reaching a “ground operational” state that allows exploration activities to begin. The habitat must be connected to surface power, thermal control system, communication system, and the life support system operations and be checked out in first few days after landing.  Remember that extended exposure to a microgravity environment on the long voyage will cause de-conditioning of the human body. The crew will not be expected to be available for critical tasks during the first several days after landing due to the need for adaptation to a Mars gravity environment. This means tasks that must occur during the first days may be automated because the crew’s physical condition may place restrictions on the tasks that can be performed.
Mars Surface Operations

Exploration Field Work 

Tools and equipment must be maintainable in the field and the Extravehicular Activity (EVA) suit/tool interface must accommodate the environmental conditions. Some maintenance may be performed in the field versus maintenance at the outpost. There must be navigational aid for the EVA team and communication between the EVA team in the field and the outpost.

Surface Transportation 

Surface transportation must include a rover(s) to be available to the crew. Rovers allow distant sites up to 100 km to be visited and additional equipment to be deployed. Field maintenance and crew safety are important issues.

Remote Field Camps 

Remote field camps can be set up to increase the capability to remain in the field for many days or weeks. This may increase the crew’s ability to perform daily EVA excursions and support many experiments.  Provisions must be made to resupply consumables from the central base, perhaps once per week.  Once activities at a given site are complete, the crew may relocate the field camp.

Mars Surface Studies

Field Experiments

Conduct field experiments as needed, such as deploying field instruments, collecting rock samples, or drilling a core, etc. Obtain images of the surface and of materials to collect information and document the mission.  Operate remote systems to extend field work to greater distances and to extend the operating range. Possible investigations include meteorology, geology, deep-drilling, and life science.

Conduct preliminary analysis of samples

Use the laboratory on Mars to confirm field identification of rock type, texture, mineral presence, and search for physical indicators of life (fossils, structures). Study samples that could be taken back to Earth. Support field investigations, and select samples to be returned at the end of the mission.

Communicate findings to geology team on Earth

Daily communication with the Earth when possible will allow a wide range of scientists on Earth to be involved in planning surface exploration. A large amount of information will be transmitted. 

Life Sciences Experiments 

The life sciences research will be conducted while traveling in the spacecraft and on the surface of Mars.  Monitoring crewmembers for health and fitness during strenuous surface exploration activities will be necessary. Studying the effects of the reduced Mars gravity on humans may support planning for future missions and spacecraft.  The active search for evidence of past or present life may lead crewmembers to environments where the crew must evaluate the level of toxicity or biohazard hazard.   Special precautions and packaging procedures for samples must be taken to protect crewmembers.  Document the presence of Martian life forms, currently or in the past. Surface investigators must also take care to prevent human contamination of Martian organisms. Quarantine procedures may be necessary. 

Preparation for Mars Departure 

Mars surface crew has duties to perform when preparing to depart the Martian surface.  The crew must perform a thorough checkout of the ascent vehicle and the Earth return vehicle. All surface systems must be left in an appropriate order for operation for when no surface crew is present.

Welcome Home!

Upon returning to Earth, a press release must be produced that discusses the successful Mars mission, highlighting the contribution of crew members, the most exciting discoveries and commentary on life away from Earth.
Information sources and references for this document and post activities:

Human Exploration of Mars Design Reference Architecture 5.0, Mars Architecture Steering Group, NASA Headquarters, NASA/SP–2009–566

 “7-Launch” NTR Space Transportation System for NASA’s Mars Design Reference Architecture (DRA) 5.0, AIAA-2009-5308, S. K. Borowski, D R. McCurdy and T, W. Packard, NASA Glenn Research Center, Cleveland, OH

Planning for the Scientific Exploration of Mars by Humans. Unpublished white paper (J.

B. Garvin and J. S. Levine, Editors) posted March 2008 by the Mars Exploration Program Analysis Group (MEPAG) Human Exploration of Mars Science Analysis Group (HEM-SAG)

Guidelines and Capabilities for Designing Human Missions, NASA/TM-2003-210785, C. S. Allen, R. Burnett, J. Charles, F. Cucinotta, R. Fullerton, J. R. Goodman, A. D. Griffith, Sr., et al., January 2003

The Mars Surface Reference Mission: A Description of Human and Robotic Surface Activities, NASA/TP—2001–209371, Stephen J. Hoffman, Ph.D., editor, Science Applications International Corporation

Site images have been edited from the USGS Topographic Map of Mars M 25M RKN: This map is based on data from the Mars Orbiter Laser Altimeter (MOLA), an instrument on NASA's Mars Global Surveyor (MGS) spacecraft.

http://astrogeology.usgs.gov/Gallery/MapsAndGlobes/mars.html

This document was prepared by Dawn Jenkins, Advisor, Explorer Post 633 Human Space Flight
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Appendix A.  This table presents a summary of representative amounts of time spent performing various activities in certain rooms for both an on-duty day and an off-duty day in the Mars surface habitat. The typical activities are listed, along with the duration for each (these activities are patterned after anticipated ISS activities). The numbers given are a total for one day for one crewmember. Specific rooms suggested for inclusion in the surface habitat are also listed

with examples of long-duration facilities with similar areas (listed at the bottom of the table).

This table (Table 2.21-3) and accompanying text was borrowed from NASA/TP—2001–209371; The Mars Surface Reference Mission: A Description of Human and Robotic Surface Activities; Stephen J. Hoffman, Ph.D., editor; Science Applications International Corporation

Appendix B.  Mars Mission Timeline Planning Document

Remember, only two launches are allowed per launch window.  Cargo MTVs take 250 days to travel to Mars with minimal energy expenditure, Crew MTVs take 180 days to reach Mars.  

May 2014 – Cargo Launch

April 2016

July 27, 2018

LW: 12/8/2017 - 1/8/2018

October 13, 2020

LW: 2/27 – 3/27/2020

December 8, 2022

LW: 4/22 – 5/22/2022

January 16, 2025
LW: 5/30 – 6/30/2024

Appendix C.  Mars Geological Terms – Definitions List

Terms used to describe surface features of the planet:

Catena 
Chain of craters 

Chasma 
Canyon 

Dorsum 
Ridge 

Fossa  
Long, narrow valley (Pl. Fossae)

Labyrinthus
Intersecting valley complex 

Mensa
Flat-topped elevation (Pl. Mensae)

Mons  
Mountain (Pl. Montes)

Planitia 
Plain 

Patera 
Shallow crater with scalloped edges 

Tholus 
Small, dome-like mountain or hill 

Vallis 
Valley (Pl. Valles)

Vastitas 
Widespread lowlands

Geological Acronyms:

GPR
Ground Penetrating Radar

EM
Electromagnetic

NS
Neutron Spectrometer

Orbital Probes and their Instruments:

MRO
Mars Reconnaissance Orbiter (Current Mission)

THEMIS
Thermal EMission Imaging System

HiRISE
High Resolution Imaging Science Experiment

CRISM
Compact Reconnaissance Imaging Spectrometer for Mars

OMEGA
Observatoire pour la Mineralogie, l'Eau, les Glaces et l'Activité

MGS
Mars Global Surveyor (1985-2006)

MOC 
Mars Orbiter Camera

MOLA
Mars Orbiter Laser Altimeter 

TES
Thermal Emission Spectrometer

Mars Express
European Space Agency (ESA) Current Mission

HRSC 
High Resolution Stereo Camera 

Geological Definitions for Mars Study

Aeolian geology is the study of landforms formed by wind.  On Mars aeolian activity is the most dynamic geologic process in non-polar areas. Many deposits and erosional landforms caused by wind activity have been detected. This includes dunes, ripples, wind tails, and dust devil tracks.

Astrobiology is the study of all living things within the universe, where they might be found and how they were formed.

Cryosphere describes all of the places on a planet where water occurs in solid form, including surface ice, snow, glaciers, ice caps and ice sheets, and frozen underground water that is also called permafrost.

Fluvial processes include erosion and deposition that has been created by water moving in a river and/ or stream. 

Glacial scour is erosion resulting from glacial action, whereby the surface material is removed and the rock.

Graben is a block of rock that lies between two faults and has moved downward to form a depression between the two adjacent fault blocks.

Hydrosphere describes the combined mass of water found on, under, and over the surface of a planet.

Lithosphere is the solid, rocky part of a planet’s crust.

Lobate Deposits are shaped like an earlobe.

Magma is molten rock that is found beneath the surface of the Earth, and may also exist on other terrestrial planets. Besides molten rock, magma may also contain suspended crystals and gas bubbles. Magma often collects in a magma chamber inside a volcano.  When magma is on the surface of the planet, it is called lava.

Phreatomagmatic eruptions are explosive volcanic eruptions caused by contact between magma and ground water in which magma, gases, and steam are expelled

Tectonism is the movement of rocks under the great forces within a planet's interior. On Earth,  plate tectonics drives plates together to form mountain ranges or pull apart, allowing ocean basins to form. Mars may have had plate tectonics in its earlier history, but what we see today is driven mostly by gravity. The weight of giant volcanoes press down on the crust, bending and breaking it. Smaller ridges rise where lava and/or sediment press down and crumple the upper crust. Rising water and/or magma can split open the ground and form long fissures. The surface materials rebound and slump in response to meteorite impacts.

Volatiles evaporate readily at normal temperatures and pressures.  This includes water, so these substances that can be very useful.

Appendix D.  Acryonyms and Abbreviations

AEDL
 aerocapture and entry, descent, and landing

AG 
artificial gravity

ALS
advanced life support

AR&D 
automated rendezvous and docking

ATO 
abort-to-orbit

AU 
astronomical unit

CEV 
crew exploration vehicle

CFD 
computational fluid dynamics

CHP 
crew health and performance

CME
coronal mass ejection

CMO
crew medical officer

CO 
carbon monoxide

CO2 
carbon dioxide

COSPAR 
Committee on Space Research

CTV
Crew Transport Vehicle

DAV 
descent/ascent vehicle

DIPS 
Dynamic Isotope Power System

DM 
docking module

DRA 
design reference architecture

DRM 
design reference mission

ECRV
Emergency Crew Return Vehicle

EDL 
entry, descent, and landing

EDS 
Earth departure stage

EELV
evolved expendable launch vehicle

EI 
entry interface

EM 
electromagnetic

EMS
emergency medical service

ERV 
Earth return vehicle

EVA 
extravehicular activity

Fe 
iron

FOM 
figure of merit

FRSI 
felt reusable surface insulation

FSP 
fission surface power

FSPS 
Fission Surface Power System

G
Gravity (must be capitalized)

GN&C 
guidance, navigation, and control

HEM-SAG 
Human Exploration of Mars Science Analysis Group

HGA 
high-gain antenna

HiRISE
High Resolution Imaging Science Experiment (MRO)

IMLEO 
initial mass in low-Earth orbit

Isp 
specific impulse

ISRU 
in-situ resource utilization

ISS 
International Space Station

klbf 
pounds force  (kip=1,000 lbs. Force)

LEO
 low-Earth orbit

LH2 
liquid hydrogen

LOX
 liquid oxygen

LRV 
lunar rover vehicle

MAWG
 Mars Architecture Working Group

MEP 
Mars Exploration Program

MEPAG 
Mars Exploration Program Analysis Group

MEV
Mars Excursion Vehicle

MOC
Mars orbit capture

MOI 
Mars orbit insertion

MOLA 
Mars orbiter laser altimeter

MRO 
Mars Reconnaissance Orbiter

MSL 
Mars Science Laboratory

MSR 
Mars Sample Return

MTV 
Mars transfer vehicle

N2 
nitrogen

NCRP 
National Council on Radiation Protection

NDR
NERVA derived reactor

NERVA 
Nuclear Engine for Rocket Vehicle Applications

NTP 
nuclear thermal propulsion

NTR 
nuclear thermal rocket

OSHA
Occupational Safety and Health Administration

psi 
pounds per square inch

psia
pounds per square inch absolute

PV 
photovoltaic

PVA 
photovoltaic array

RCS 
Reaction Control System

R&D
rendezvous and docking

RPS 
Radioisotope Power System

SAS
space adaptation sickness

SEP
solar electric propulsion

SHAB 
surface habitat

SM 
service module

SO2 
sulfur dioxide

SPE 
solar particle event

t 
ton (metric)

TEI 
trans-Earth injection

THEMIS 
Thermal EMission Imaging System 

TMI
 trans-Mars injection

TPS 
Thermal Protection System

Appendix E.  Mars Fact Sheet
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Mars/Earth Comparison
Mars
Earth     


Mass (1024 kg)
0.64185
5.9736


Volume (1010 km3)
16.318
108.321


Equatorial radius (km)
3396.2
6378.1


Polar radius (km)
3376.2
6356.8


Mean density (kg/m3)
3933
5515


Surface gravity (m/s2)
3.71
9.80


Surface acceleration (m/s2)
3.69
9.78


Escape velocity (km/s)
5.03
11.19


GM (x 106 km3/s2)
0.04283
0.3986


Number of natural satellites
2              
1

Orbital parameters
Mars
Earth


Semimajor axis (106 km)
227.92
149.60


Sidereal orbit period (days)
686.980
365.256


Perihelion (106 km)
206.62
147.09


Aphelion (106 km)
249.23
152.10 


Synodic period (days)
779.94

Mean orbital velocity (km/s)
24.13
29.78


Orbit inclination (deg)
1.850
0.000 


Orbit eccentricity
0.0935
0.0167


Sidereal rotation period (hrs)
24.6229
23.9345


Length of day (hrs)
24.6597
24.0000


Obliquity to orbit (deg)
25.19
23.45


Distance from Earth

        Minimum (106 km)           55.7

        Maximum (106 km)          401.3

Mars Mean Orbital Elements (J2000)

Semimajor axis (AU)
1.52366231  

Orbital eccentricity
0.09341233   

Orbital inclination (deg)
1.85061   

Longitude of ascending node (deg)
49.57854  

Longitude of perihelion (deg)
336.04084   

Mean Longitude (deg)
355.45332

Martian Atmosphere

Surface pressure at mean radius:  6.36 mb (from 4.0 to 8.7 mb depending on season)  

Average temperature: 
 ~210 K (-63 C)

Daily temperature range: 
184 K to 242 K (-89 to -31 C) (*Viking 1 Lander site)

Wind speeds:  
        2-7 m/s (summer), 5-10 m/s (fall), 17-30 m/s (dust storm) *

Atmospheric composition (by volume): 

Major Elements

Carbon Dioxide (CO2) - 95.32% 

Nitrogen (N2) - 2.7%

Argon (Ar) - 1.6%

Oxygen (O2) - 0.13%

Carbon Monoxide (CO) - 0.08%
Minor Elements(ppm):

Water (H2O) - 210

Nitrogen Oxide (NO) – 100

Neon (Ne) - 2.5

Hydrogen-Deuterium-Oxygen- 0.85

Krypton (Kr) - 0.3

Xenon (Xe) - 0.08










Mars Exploration Goals





Explore Mars and discover how it is similar to and different from Earth:


 


Determine whether life ever existed or still exists on Mars; and, if so, whether and how such life ever became extinct


Determine if Mars is still geologically active and how it evolved to its present state


Determine the climatological history of Mars including what happened of its volatile components (i.e., water)





Determine the challenges that must be met for a self-sustaining human presence on Mars:





Test technologies and techniques important for any long-term human presence


Initiate activities to ensure no fundamental biological limitations to Martian habitability exist (e.g., reduced gravity, oxidizing soil, etc.)


Discover the availability of surface and subsurface resources essential for a sustained human presence








Figure 1.  Hohmann Transfer Orbit





Figure 2.  Possible Profile of a Short-Stay Mission





Figure 3. Conjunction Class, 


Minimum Energy Trajectory





Figure 4.  Conjunction Class:


Fast Transit Trajectory





Image 1. Kepler Cargo MTV will deliver cargo      to Mars orbit





Figure 5.  Minimum energy profile of the Post Mars Mission Cargo MTVs





Image 2. Each horizontal lander is powered by an MAV





Image 4.  The SHAB encased in its hard aeroshell.  The crew in the CTV and have rendezvoused payload in orbit.








Image 3. The Mars Ascent Vehicle (MAV)





Image 5.  Copernicus, the Crew MTV that carries the first humans to Mars





Figure 6.  The final payload for the crew MTV





Figure 7.  Post Mission Crew Trajectory





Image 9. The SHAB after arrival on the surface and inflated for human habitation





Image 6.  Artist rendering of crew habitat





Image 10. Mars Ascent Vehicle blasts off to return crew to Mars orbit for the long journey home.





Image 11. The Crew Transfer Vehicle brings the crew home safely
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Image 7.  The empty fuel tank  is ejected before MTV reaches Mars





Image 8.  The SHAB lands safely on the surface of Mars to initiate the first human exploration of Mars





Image 12.  Map of Mars showing the four sites that Post teams can chose to visit.
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