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Introduction:  Icy ocean worlds such as Europa, 

Enceladus and Triton are compelling targets for explo-
ration, not only for understanding how solar system 
formation has occurred and the vast range of possible 
forms that arise, but also for the potential detection of a 
second (or more) origin of life within our solar system.  
Indeed these worlds are unique, as different from each 
other as they are from terrestrial planets. However, 
these planets present together a similar challenge for 
future exploration and the search for life.  With no 
appreciable atmospheres and astrobiologically relevant 
environments separated from the surface by kilometers 
of ice, these worlds have different science questions, 
different engineering challenges, and different priori-
ties than the Moon and Mars.  Most importantly, the 
most critical and potentially impactful questions must 
be answered NOT at the surface, but deep within the 
subsurface in aquoues environments.  We must not use 
our experience with Mars as an intuitive guide for how 
to approach their exploration.  Rather, we require a 
hollistic approach to the science of these bodies and 
the way that we envision exploring their subsurfaces.,  

Get to the Surface:  These worlds present many 
challenges for engineering to overcome, but I focus on 
two: 1) the lack of an atmosphere and 2) unforgiving 
surfaces.  At present, landers to Europa or Enceladus 
are (nearly) prohibitively expensive since landing sys-
tems grow exponentially depending on landed mass.  
The existing landing systems for Mars, hybrids of the 
sky crane design, are the best solution currently availa-
ble, but it is not clear that this is the optimum solution 
for such planets.  In addition, while it is convenient to 
assume (or perhaps hope is a better word) that a safe 
landing site is accessible to our landers, there is little 
evidence to suggest that compelling places to investi-
gate on theses worlds, such as the SPT on Enceladus 
and chaos on Europa, are likely to be safe—we will 
need a new way to approach lading site selection and 
EDL systems.  Significant, multi-center investments 
and collaborative work with defense and private indus-
try in entry, descent and landing (EDL) systems for 
these worlds are needed.  The present pace of techno-
logical advance in launch capability made possible by 
competition and collaboration between private and 
public entities suggests that broadening our perspective 
on other technologies could provide similar improve-
ments to exploration strategies.  

Kick the Tires:  At the end of the day, our ques-
tions about life’s orgins and its discovery on these 
worlds requires getting into water.  Roving the surface 

would be myopically limiting and likely waste signifi-
cant time and funds.  This is a bold assertion, but I 
liken it to the continued debate between returning to 
the lunar surface or going straight for Mars—there is 
limited overlap in the technology, mission planning, 
and scientific questions for these two scenarios.  Sur-
face mobility on icy worlds could be effective for ad-
justing the location of a subsurface accessing platform, 
but should not be thought of as the end goal.  For each 
of these worlds, thermo-mechanical drilling is an ena-
bling technology with little investment thus far by 
NASA.  Thermal drills have been in development, with 
a wide range of designs, as have mechanical drills, but 
coupling these technologies could provide the required 
tool to deal with any environment one would encounter 
on these planets (chaning composition, salt deposits, 
impace-derived silicate debris layers).  Importantly, 
such a flexible system would be the same, or scalable, 
for each of these similar worlds.  

Suggestions for the Future:  I suggest several 
steps are needed to realize the goal of multiple moon 
subsurface exploration by 2050. 

0) Adjusting terrestrial world based intuition for 
exploration and science questions 

1) Dedicated Icy World technology programs are 
needed for EDL, navigation, and subsurface access.  
PSTAR and such programs are great ways to make 
progress, but they do not result in institutional invest-
ment in these technologies without help. 

2) Dedicated life detection instrumentation pro-
grams ground tested on Earth in real laboratories. 

As I write this abstract, I am 34.  In 35 years I hope 
I will see us land on Europa.  If we invested in these 
technologies for ten years, we could launch a subsur-
face accessing mission to Europa or Enceladus as step 
one in a program to explore the icy ocean worlds with 
scalable technologies to lower cost and improve the 
likeliness of mission success in scientifically compel-
ling regions of these planets.  Flyby. Orbit. Land. Drill. 
Swim. Find Life. 
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