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Multifaceted Moon-to-Mars PP Current Approach
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Mars Planetary Protection Requirement Landscape (1 of 2)

= COSPAR §4.6 “...Accordingly, planetary protection goals should not be relaxed to

accommodate a human mission to Mars. Rather, they become even more directly relevant
fo such missions.”

Forward PP Example

Implementation:

i Policy Objective: e
RObOtIP’ : control the risk of Gugdoer:g][?asih?sl%gt;gien Detailed Guidelines: Rovr?; :tar;r:grsosb?aeleds
Prescriptive “harmful ra <5x105 spores :
Category IVa mission reduction bakeout

contamination” 150°C, 25 h
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Office of Planetary Protection
PAGE Y sma.nasa.gov OSSN/




PP Tools — Framework for Forward and Backward PP Risk

= Probabilistic tools need to be developed to enable Mars exploration. PP Tools
 [Curent |FutureNeeds
Forward » Viking Pc analysis (reports) * Modernize Mars Pc working model
» Pc parameter assessment 1990s and « Updated Mars mathematical framework
special region « Updated biological & environmental
» Europa Clipper model parameters
Backward » Robotic break the chain assurance » Crewed break the chain

framework
« Sample Safety Assessment

Crew safety
Biosphere safety

Framework needs developed to:

* Harmonize and standardize the PP process.

» Assess the current state of Mars contamination through robotic exploration.

* Inform risk posture trade space.

« Inform technology developments and parameters by assessing modeling
sensitivities/uncertainties.

« Support mission planning and execution.
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Modeling the Probability of Contamination for NASA Missions

NASA Handbook SP-20240016475 - Appendix 4
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Mars Forward Planetary Protection - Probability of Contamination — Background

» The Viking-based contamination equation is:
P.=2N, PP, P,
—  where:
»  Pc is the probability of contaminating Mars;
N, is the number of organisms present before sterilization;
* P, is the probability that a randomly selected organism will survive sterilization;
* P, is the probability of release, and
P, is the probability of growth
= Partial timeline of probability of contamination and probability of growth workshops, publications, and reports.
— 1964 — COSPAR establishes 104
— 1970 - SSB report follow up with 104 - 106 values
— 1974 — Pc Viking report with Sagan Coleman approach - microbial characteristics, lethality of release / transport mechanisms and the martian environment
— 1978 — Pg report recommendation Mars regions (i.e., subsurface, polar ice caps)
— 1984 — Pc > Categories and simplification of Pc to spore NASA to COSPAR
— 1987 — SSB evaluation of Pc
— 1991 — Mars Environmental Survey (MESUR) Mission Mini-Review
— 1992 — NCR report, NASA workshop
— 2002 — Special regions

— 2006 — Special Regions Science Analysis Working Group

— 2007 — NASEM recommends non-Mars missions convert to Pc (1e-4) / mission
— 2014 - Special Regions Science Analysis Working Group 2

— 2021 - NASEM CoPP
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lcy World Probability of Contamination Breakdown — Project vs. Science

COSPAR: probability of inadvertent ocean contamination <1x10+4...
104

Project responsibility: risk assessments tied to design or mission

Pre-impact/ features within a Project’s control. E.g.:
« Spacecraft/instrument reliability and design features

* Icy body subsurface transport processes and geology

i
52 -
_8 % landmg' « Trajectory design
= % assessed * Manufacturing and processing practices
© g by Project « Pre-launch microbial reduction
=
o)
C .S
= E Post- NASA's science community responsibility: risk assessments tied to
—C‘CU = impact/ geological and biological features outside a Project’s control, given flight
% g landing: hardware makes it to icy body surface. E.g.:
o)
&)

requires o SR .
* Microbial survival in icy body environment
NASA « Terrestrial microbe proliferation in icy body water
science - Defining special regions
input
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Next Steps for the Forward Planetary Protection Framework

= Modernization Mars P_ working model

- MaI’S P/anetal’y MOde/ LEGEND: HERITAGE TO EUROPA LANDER
- Atmospheric ‘ MODELING P, FOR MARS MISSIONS

. caoigeal S S
» Transport (Mars 2020 / MSR foundation) Debrs
Dispersion
Model Model

— Biological Model :

» Mars biocidal factors — =< - (Pf”
] Probability Model - ) X .
- Space environment aos Cone YA

/ Shielding In-flight Heat
ion Analysis Sterilization
A A

PP Equipment List

Biological Model "

& lonizing
EDL Radiation
. . Trajectory
» Growth and proliferation - Water
Pre-EDL Activity IR
‘THIS DOCUMENT HAS BEEN REVIEWED AND DETERMINED KOTTO (ONT)
© 2025 CALIFORNIA INSTITUTE OF TECHNOLOGY

alysis
EDL abili
«  Organism groups sizcamerods
— Hardware model

AIN EXPORT CONTROLLED TECKNICAL DATA.

Example of the network of submodels and analysis required for Mars missions.
* Material and processes Image credit: NASA/JPL Mike DiNicola

= Probability of contamination and probability of growth parameters could benefit from scientific workshops, etc.
* Period of biological performance - 50 years from launch?
* Evolving past spores; microbial dark matter efc...
* Do we have technology sweet spots that can generate verifiable requirements? Detection and analysis method must align with the risk.
* Probability of growth? Recommendation of special region parameters to start — temp, availability of water.
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Questions?
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