SEDNA: Planetary Protection
in Missions to Icy Moons
Analysis and Technology Roadmap

Cover page
“Fingerprint Galaxy” - Alec Bartos 2015

The MSS 2016 Program of the Interna onal Space University was held at the ISU Central Campus
in Illkirch-Graﬀenstaden, France.

Electronic copies of the Final Report and Execu ve Summary can be downloaded from the ISU
web site at www.isunet.edu. Printed copies of the Execu ve Summary may be requested, while
supplies last, from:

Interna onal Space University
Strasbourg Central Campus
A en on: Publica ons/Library
Parc d'Innova on
1 rue Jean-Dominique Cassini
67400 Illkirch-Graﬀenstaden
France
Tel. +33 (0)3 88 65 54 32
Fax. +33 (0)3 88 65 54 47
e-mail. publica ons@isu.isunet.edu

01
SEDNA:
Planetary
Protection
in Missions
to Icy
Moons

“Two possibilities exist:
either we are alone in the
Universe or we are not. Both
are equally terrifying”
Arthur C. Clarke
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MISSION STATEMENT
Conducting effective scientific studies of celestial bodies and searching for life there,
whilst maintaining sufficient levels of planetary protection is a difficult task.
Interference with an environment is essential to observe and measure it. However, in
environments where life could exist, contamination could occur. This not only
interferes with scientific results but also poses an ethical dilemma about our duty to
preserve environments that might be habitats for life. Furthermore, if biological
material is returned to Earth from other celestial bodies, the Earth may be
contaminated.
In this study, we wish to understand the current state of planetary protection policies
and implementation in missions to the icy moons of the outer Solar System. We also
wish to propose ways in which international cooperation can be improved to further
scientific progress and to avoid adverse changes to the Earth or other celestial bodies.
Our study addresses this problem by looking at cultural drivers, the current policy
development and management organizations, the science of icy moons, the
architectures of missions to these moons, hypothetical mission concepts, and
technology roadmaps. From each investigation, we will draw conclusions and from
them, derive specific recommendations.
The challenge then is to use these recommendations to support new and relevant
proposals for missions to icy moons and in advising on appropriate technology
developments to support such missions.

Our team’s investigations support two final proposals:
A realignment of funds allocated to technology development, taking into
account an assessment of technologies according to their impact on
planetary protection.
An international project for a human-rated Earth orbiting platform that can
be used to handle, process, and assess samples returned from robotic
missions. Such a project would help improve international collaboration on
planetary protection, and at the same time, break down the policy and
budgetary barriers between robotic and human exploration missions.
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CULTURAL, LEGAL, AND
ETHICAL DRIVERS
By investigating two key science-fiction themes evident in works from several
different cultures, we can find cross-cultural rationales for planetary protection. The
first theme is alien invasion, or protecting humanity from aliens, which enjoys
widespread fascination in many cultures. The second theme is the opposite:
protecting the universe from harmful human intervention. The idea of humanity as a
caretaker for life in the universe is not as universally accepted, and invites more
moral complexity.
The legal framework for planetary protection stems from the 1967 Outer Space Treaty,
and the principle enshrined in Article IX to prevent the harmful contamination of
outer space bodies. While the treaty provides some international legal force, the
practical interpretation of this is left to Committee on Space Research (COSPAR).

Conclusions:
The main driver for the search for life outside of Earth is to find out
whether we are alone in the universe.
There are strong cross-cultural concerns for alien invasion, and therefore
strong cross-cultural motivation to come to agreement on backward
contamination.
The cross-cultural concerns for the preservation of life and
environments have not led to a clear international, enforceable legal
regime that specifies exactly how to implement this protection.
There are some cross-cultural concerns for the preservation of life and
the environment, which lend support to forward contamination policies.

THE SCIENCE OF ICY MOONS

04
SEDNA:
Planetary
Protection
in Missions
to Icy
Moons

05

Ganymede

Enceladus

Ganymede is unique, in that it is the first moon
confirmed to have a magnetic field that is most
likely generated by a metallic core, creating a
shield against cosmic radiation much like we see on
Earth. Evidence of plate tectonics, an extremely thin
atmosphere, and its subsurface ocean have all
made Ganymede an increasingly intriguing
prospect in the search for life.

Since the Voyager missions, Enceladus’ unique
characteristics ranging from its highly reflective
surface, differentiated cratering, and suggested
geologic or geothermal activity has lent support to
the possibility that the icy moon possesses the
energy to sustain life. The discovery of water vapor
plumes by the Cassini spacecraft furthered the notion
that Enceladus also maintains a liquid water ocean
below its surface. Recent discoveries that these
plumes contain organic compounds make them an
enticing target for sample collection.

Europa
First observed by Galileo in 1610, Europa was the
first world to show evidence of a global liquid
ocean beneath an icy shell. Since the voyager
missions, this moon of Jupiter has been seen as
a prime destination in the search for life.

Sample Collection
The plumes may contain organic compounds, but sample collection in space can only
hope to obtain very tiny quantities of material. There is a chance that microbes may be
detected in the space-borne droplets. However, direct contact with surface
environments would maximize the chances of finding life near the fissures where there
is more continual heating, melting and re-freezing of ice. Here there is a much greater
chance of finding a higher concentration of extinct life, or even active colonies of extant
microbial life.

Conclusion:
Titan
Titan stands in contrast to Enceladus’ very bright and
reflective surface. A thick methane rich atmosphere has
shrouded Titan in mystery until the surface was finally
photographed by the Cassini-Huygens mission in 2004.
The Cassini spacecraft in tandem with the Huygens
probe was able to reveal liquid methane lakes near the
moon’s poles, evidence for organic compounds, and the
possible presence of a salty subsurface ocean, all
ingredients for the possible emergence of life.

The geysers on Enceladus that eject organic compounds into space simplify
the acquisition of samples from the interior of Enceladus’s oceans.

Recommendations:
Sampling from Enceladus’s geysers should be the highest priority mission by all space
agencies considering interplanetary science missions to the outer Solar System.
Surface sampling and sample return missions to Enceladus should be made a second
priority after in-space sample collection.
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PLANETARY PROTECTION
POLICIES AND MANAGEMENT
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The principal international body in the policy development process is the Planetary
Protection Panel (PPP) of COSPAR, the Committee on Space Research. Our analysis of
COSPAR PPP workshop attendees and paper submissions shows that western agencies
and Japan participate in the majority of this process, much more so than other
countries, including Russia, but especially China and India.
NASA’s current organization, including the Planetary Protection Office (PPO) within the
Science Directorate, works well for interplanetary robotic science missions. However,
this organization keeps the PPO at arms-length both from human mission planning and
technology strategy, which are managed by different directorates.
The current
organization limits planning human exploration missions, using hybrid robotic/human
mission concepts, or long-term strategic planning for planetary protection.

Conclusions:
The NASA PPO also has limited control over budget for technology
development regarding planetary protection.
The position of the PPO within NASA limits its effectiveness in
collaboration between human and robotic missions.

Recommendations
All nations should be encouraged to participate in COSPAR PPP meetings and scientific
research, regardless of their mission profiles, since prevention of backward
contamination is a universal concern.

All nations with space programs should be encouraged to collaborate on interplanetary
missions, as this will help bring more players into the planetary protection policy
process.
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JUICE AND EUROPA FLYBY
Planetary protection is primarily concerned with
contact between spacecraft and planetary bodies,
and possible transmission of biotic materials.
These missions do not intend to come into
contact with planetary bodies, and so planetary
protection concerns focus on contingency
planning against failures that may cause an
unexpected crash, and planning for end-of-life.
Bioburden reduction on the craft itself needs to
be sufficient to bring the overall probability of
contamination below 10 -4 .
These two missions represent a key strategy in
maintaining planetary protection in robotic
exploration missions: keep your distance from
the target. NASA Europa flyby will start initial
passes at 1000 km, but later intends to get as
close as 25 km. The main concern for planetary
protection will be the chance of crashing during
these close passes. The key strategy for
minimizing this probability will be to add as
much precision, testing, and verification of the
flight dynamics as possible.

Conclusions:
The planetary protection requirements for both JUICE and Europa Flyby
are relatively straight-forward, focussing on the flight dynamics,
probabilities of accidental impact, and the plan for end-of-life.
The science value of these missions will not be as profound as a lander
mission, or as a sample return mission, since direct contact is not part
of the mission plan.

08
SEDNA:
Planetary
Protection
in Missions
to Icy
Moons

09

FUTURE MISSION CONCEPTS
A series of mission concepts are introduced here. The missions are of interest because they provide alternative approaches to continuing studies of icy moons in the Solar System.

The Titan Saturn System Mission (TSSM)

ESA CLEO/P High velocity impactor

The Titan Saturn System Mission, TSSM, is a NASA-ESA
collaborative mission proposed to study Titan. The TSSM
spacecraft consists of three main systems for the exploration
of Titan; an atmospheric balloon, a lake lander, and an
orbiter consisting of remote and in-situ spectrometers.

The CLipper Europa ESA Orbiter or Penetrator, CLEO/P, is a
mission concept currently being developed by ESA,
consisting of either a satellite orbiting Io or Europa, or a
high velocity Europa impactor.

Enceladus Explorer (EnEx) drilling mission

DADU Submersible

The Enceladus Explorer, EnEx, is a project under
development by the German Aerospace Centre, DLR, that
intends to send a spacecraft to Enceladus and deploy a
lander, which contains a maneuverable subsurface ice probe,
IceMole.

Deeper Access, Deeper Understanding (DADU) is a 20x5cm
submersible. The submersible would be neutrally buoyant in
water and move around by the use of eight small thrusters.
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FUTURE MISSION CONCEPTS
CONTINUED
This section presents alternative methods of studying icy moons and gaining a more
detailed and accurate understanding of them. To support the development and
operation of these mission concepts, certain technologies will be necessary and must
be developed. Various supporting technologies are investigated later in the
document, which comes from the analysis of a NASA technology roadmap.

Conclusions:
All mission concepts here require adherence to planetary protection
guidelines due to their contact with environments that can harbor life.

Sterilization is difficult to fulfill for large hardware. These requirements
may incur estimated costs of US$200 (FY2015) and upwards.
All concepts here provide more opportunity for analysis and, hence, are of
interest to the scientific community and future missions.

Recommendations:
Focus should be made on missions that provide large sample analysis, such as those
shown here.

Technology developments should be made to support the mission concepts and
maintain sufficient levels of planetary protection.
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ELF AND LIFE
The Enceladus Life Finder (ELF) mission is a relatively low-cost interplanetary mission
to measure icy geysers detected by the Cassini probe. The scientific objectives of the
mission are: to study volatiles and organics, to characterize the internal ocean, and to
measure the plume composition. The Life Investigation for Enceladus (LIFE) mission is
similar, but with a sample directly to the Earth’s surface using parabolic re-entry.

Conclusions:
The ELF mission
concept is technically
simpler than the LIFE
mission. However, the
ELF mission neither
touches the surface of
Enceladus nor returns
a sample and, hence,
has limited forward
and backward

LIFE is technically
more complex than
ELF, since sample
return invokes the
strictest possible
planetary protection
controls.
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TECHNOLOGY ROADMAP
ANALYSIS
We have analyzed the NASA technology roadmap for the technologies targeted for
upcoming Discovery and New Frontiers class missions. We have assessed a Planetary
Protection Score (PP Score) indicating whether the technology would hinder planetary
protection planning in missions, or benefit it. We believe that funding for technology
development should be prioritized on the basis of this score. We hope that this
analysis will be beneficial to the NASA Planetary Protection Officer and the NASA Chief
Technologist in making decisions on the funding of technology development for
future interplanetary science missions.

Conclusions:
Radiation sources for spacecraft power may cause forward contamination.
Radiation tolerant technologies, on the other hand, increase flight
reliability and reduce the probability of malfunctions.
Remote sensing instruments generally receive positive scores in the
analysis. Methods for sample collection add complexity to planetary
protection requirements and may require expensive sterilization
techniques.
Entry, descent, and landing systems in general score very highly, as they
increase the control we have in targeting (or avoiding) special regions,
reducing the probability of failure or crashing in a sensitive area.

Developing better cooling systems may offset the effects from
Radioisotope Thermoelectric Generators (RTG) and other thermally active
systems.
For in-orbit handling and processing of returned samples, the technologies
involved all receive higher planetary protection scores. These technologies
would be instrumental in preventing any contact of samples with Earth’s
biosphere.
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TECHNOLOGY ROADMAP
ANALYSIS
We have also identified a gap in the NASA roadmap, as the studied mission concepts
do not include a sample return strategy that includes a near-Earth component. We
have also analyzed the technologies that could be developed to contribute to a nearEarth platform for studying returned samples, as part of a backward protection
strategy.
All the technologies in the NASA roadmap were considered with given a planetary
protection score. Additionally, an achievability rating was given that is the number of
years we have between now (2016) and the technology required date, divided by the
TRL level jump required. The combined score is created through an equal weighting of
the two scores. Our recommendations for the most important achievable technologies
is based on this combined score. Further details are given in our Final Report.

Recommendations:
We recommend that NASA and other space agencies also develop a ‘measure of
effectiveness for planetary protection utility’, such as our PP Score, for use in setting
budget allocation for technology development.
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SLEEP MODE/OTHER
OBSERVATIONS

PLACEMENT INTO
INTERPLANETARY
TRANSFER ORBIT

CONTAINMENT OF SAMPLE
& PLACEMENT INTO RETURN
ORBIT

SAMPLING

RENDEZVOUS WITH
SEDNA ORBITAL
PLATFORM

SEDNA

RETURN OF SECURE
SAMPLE WITH CREW
CAPSULE

RETURN

AIRLOCK AND DECONTAMINATION

MODULE 4

CREW HABITAT

MODULE 3

• SEDNA supports many future mission possibilities, where either human or robotic sample return missions increase as we
explore further in our solar system.

• It replaces the ISS, a proven very successful international collaboration, but at a much lower cost.

• SEDNA is our recommendation as a project to improve international collaboration for planetary protection.

• The design of return capsules can change to dock with the SEDNA Platform. Heat shields, parachutes, and controlled
landing mechanisms would be unnecessary.

• Return samples directly to the SEDNA Orbital Platform. This reduces the risk of backwards contamination by keeping
samples in orbit for analysis.

KEY POINTS

CRUISE

LAUNCH

STORAGE

MODULE 2

STERILIZED MODULE/ROBOTIC HANDLING

MODULE 1

The SEDNA Orbital Platform is the culmination of this study. The purpose of the platform is to support sample return missions.
The Platform would be in Earth orbit, crewed, and would be equipped with the capability to quarantine samples and astronauts.
It would provide an intermediary point, where scientific analysis of samples could be undertaken readily, backwards
contamination of the Earth can be better avoided, and which can be utilized by multiple sample return missions.

OUR PROPOSAL: THE SEDNA PLATFORM
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