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Introduction:  Recent discoveries of the presence 

of water on planetary bodies within our solar system 
and on exo-planets in the known Universe hass excited 
the imagination of the scientific community and the 
general public. ”Follow the water” is a defining scenar-
io for scientific exploration in the coming decades.  
The future presents opportunities for us to answer the 
very existential question that has been asked by hu-
manity, “Can life be present elsewhere or are we 
alone?”  Planetary Science Division’s Vision 2050 is a 
perfect venue to discuss the challenges and how to 
overcome them. 

We have observed, orbited, landed and are roving 
at Mars today and will be collecting samples and cach-
ing them in the near future.   It is expected that in situ 
discoveries from these samples will drive demand from 
the astro-biology community for samples to be brought 
back.   The possibility, although low likelihood, that 
biologically sensitive Martian samples, if released, 
may cause catastrophic harm to Earth, has caused both 
NASA and ESA Planetary Protection Offices to place 
very stringent requirements on sample containment 
through transit from Mars all the way to the secure labs 
on earth.  These planetary protection requirements are 
also applicable for Sample Return for “Water Worlds”, 
which is another mission class of primary importance 
for exploration within the next 3 decades. 

Background and Lessons Learned:  Mission 
planning undertaken jointly by NASA and CNES for 
Mars Sample Return mission in the late 1990’s provid-
ed insight in to the challenges associated with meeting 
the reliability.  The highest risks along the sample 
transfer chain of events occur during entry, descent and 
landing.  Two different approaches have been pro-
posed, and both require highly reliable EDL system.  
The first option is direct entry, where the Earth entry 
vehicle (EEV) is released by the spacecraft from the 
interplanetary trajectory as it approaches Earth, and 
enters, descends and lands passively (i.e. without ac-
tive control).  In the second architecture, an in-orbit 
transfer of the sample container to Space Station 
and/or Orion takes place and then Orion carries the 
sample container to earth.   Analysis of both these ar-
chitectures places different levels of burden on the 
EDL system, but  both architectures will require EDL 
to be far more reliable than any prior entrymission, 
including those that carry astronauts. 

Entry, Descent and Landing and Thermal Protec-
tion Systems:  The thermal protection system around 
an entry aeroshell is a single string system. The proba-
bility of failure leading to accidental release of the 
sample has to be proven to be extremely small.  For 
example, MMOD damage to the heat-shield and back-
shell can lead to precursor damage to the heat-shield 
and this upon entry may allow a hot gas breach.  An-
other possible risk during EDL is that needs to be 
avoided is failure during descent and landing.  Though 
every sample return mission to-date has used a para-
chute to slow down during descent, the parachute fail-
ure of Genesis makes it necessary to consider direct 
impact as a landing alternative.   

Are there other architectures where the EDL risk 
can be managed and the very high reliability require-
ment can be reduced? We will present some thoughts 
on alternate approaches that have strong potential to 
radically reduce the cost and test demonstration burden 
for developmental systems 

Focus of the Presentation/Poster: Our presenta-
tion or poster will address enabling technologies for 
critical sub-systems and alternate mission architecture 
considerations that could lead to meeting the planetary 
protection requirements. This proposed presenta-
tion/poster will present: 
 
• State of the art in TPS design and the reliability 

challenges,  
• The emerging technologies that drive our ability to 

design a single string system to meet the very 
stringent reliability requirements 

• Potential pathways to mature these emerging tech-
nologies, together with time line and plans to es-
tablish reliability of the proposed system 

• Approaches to managing the risk of MMOD dam-
age  

• Recommendations for cost effective testing (in-
cluding flight tests) to obtain data that will be 
needed to establish credible reliability estimates. 
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