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NASA'’s Crewed Mars Planetary Protection Overview

= We are planning for a crewed mission to Mars! We are going!

= Planetary protection as a discipline is working alongside and enabling stakeholders (e.g., science, mission
designers, engineering, safety, etc) to develop a balanced set of Mars implementation requirements encompassing
both forward and backward PP.

= We don’t have all the answers just yet, but are:
— Engaged with the community to capture and address knowledge gaps,
— Working with the international community to manage and mitigate those knowledge gaps,

— Integrating key PP knowledge gaps into NASA’s technology development portfolio (e.q., Capability roadmaps, technology
assessment list, Mars Campaign Office technology investments, Architecture Definition Document),

— Embarked on developing a performance-based policy framework that is objectives driven, risk informed and cased-assured
(as opposed to the robotic prescriptive paradigm),

— Initiating work to establish a NASA agency risk posture for forward and backward PP,

— Coordinating with the Mars Exploration Program and international Mars scientists and agency partners to develop a policy
responsive to new data,

— Developing a first order biological contamination model based on a well documented architecture and operational scenarios.
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OPP Document Tree

NASA Policy Directives (NPDs)
] » Documents Agency policy statements

NPD 8700.1F
NASA Policy for Safety and

Mission Success
Effective Date July 28, 2022 J

» Describe what is required by NASA management to
achieve NASA's vision, mission, and external mandates

Expiration Date: July 28, 2028

Link to NASA
Planetary Protection
policy and guidance { NASA Interim Directives (NIDs)
documents at _ 4 "\ * Documents an immediate, short-
WWW.Sma.nasa.gov NPR 8715.24 NASA _Procedgral Requirements (NPRs) NID 8715.129 (“Mars NID”) term statement of the Agency’s
Planetary Protection Provisions for : Prov!de detalled_procedural . iological |' ion f policies, requirements, and
. . .. requirem ents to |mp|ement po||cy Bio ogical P anetary Protection for q o R s
Robotic Extraterrestrial Missions _ == e oo identifies responsibilities for
- « Guide how policy directives are Human Missions to Mars - :
Effective Date September 24, 2021 : . . e - Jul 202 implementation
o . implemented in the context of specific Effective Date: July 9, 2020 . : : ;
Expiration Date: September 24, 2026 Lds A ) Temporarily modify policy
' missions Expiration Date: Sept 30, 2025 . . . .
directives or implementation

\ j requirements

A
NASA Standards NASA Handbooks
* Provide technical « Companion documents to NPRs
NASA-STD-8719.27
requirements Implementing Planetary Protection NASA-HDBK-20240016475 and NASA Standards
« Each NASA Technical Requirements for Space Elight NASA Planetary Protection Handbook * Provide supporting material such
Standard is assigned to a Effegtive Date: AuglFJ)st 30 3022 Effective Date: January 24, 2025 as guidelines, lessons learned,
Technical Discipline ' ' procedures, and
recommendations
All published documents found in NODIS: https://nodis3.gsfc.nasa.gov/ or - .
the OPP website: https://sma.nasa.gov/sma-disciplines/planetary- = Document being updated 3

r ion#Poli idan
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https://nodis3.gsfc.nasa.gov/
https://sma.nasa.gov/sma-disciplines/planetary-protection
https://sma.nasa.gov/sma-disciplines/planetary-protection

NASA Interim Directive 8715.129 Conversion Strategy Update

= NASA Interim Directive 8715.129 ("Mars NID") Biological Planetary Protection for Human
Missions to Mars

— Effective Date: July 9, 2020
— Expiration Date: Sept 30, 2025
= Working now with internal stakeholders to develop a path forward:

— Finalizing survey to NASA Centers and stakeholders Completed; March 2025
— Next steps

< In Progress; March — May
« Evaluate survey comments and develop plan

» Establish working group of internal stakeholders
= Solution space includes — canceling existing NID, folding key objectives into NASA Procedural
Requirements 8715.24 (2026 expiration), critical design considerations into the NASA Human
Rating Standard and capturing guidance and assumptions in Moon to Mars Architecture
Concept Review White Papers.
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Crewed Mars Policy Planetary Protection Background
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COSPAR Policy Trace Crew to Mars — 2005 to Present

R — Eesa

-

Life Support and Habitation and
rotection Workshop

COSPAR PLANETARY PROTECTION POLICY

Available online at www.sciencedirect com

Joint ESAIN o
Planetary Protection &
Human System Research

. . PACE
ScienceDirect RESEARCH

(20 October 2002: As Amended to 24 March 2011)

ELSEVIER Advances in Space Rescarch 42 (2008) 1128-1138

> APPROVED BY THE BUREAU AND COUNCIL, WORLD SPACE COUNCIL, HOUSTON, =)
TEXAS, US4

(Prepared by the COSPAR/IAU Workshop on Planetary Protection, 4/02. with updates 10/02;
1/08. 4/09, 12/09, 3/11)

Planetary protection and humans on Mars:
NASA/ESA workshop results

Margaret S. Race ™, Gerhard Kminek °, John D. Rummel©,
Participants of the NASA/ESA planetary protection Workshop !
€t 0043, TS

fam I, 2200 AG
C 20545, USA

ESAJESTEC, Noordwik

> Eirapean Space Agency, Hi

cepled 6 March 2008

Policy text derived NASA 2005 consensus points into NASA/ESA Workshop 2005.
Published as a peer-reviewed paper captured in Race et. al 2008

Policy draft accepted by COSPAR in March 2011

4.6 Crewed Missions to Mar

The intent of planetary protection is the same whether a mission to Mars is conducted robofically or with . o
pornic

COSPAR BUSINESS

human explorers. Accordingly, planetary protection goals should not be relaxed to accommodate a

P
iF human mission to Mars. Rather, they become even more directly relevant to such missions - even if specific oo
o implementation guidelines should differ [Ref. Spry et al. 2024]. General principles include "

Editorial to the New Restructured and Edited
COSPAR Policy on Planetary Protection

The COSPAR Panel an Planetary Protection established o subcommiltee in 2023 o propase a new version
of the COSPAR Policy on Planstary Profection. Upan endorsement of the new version of the Policy by
Panel members on 1 March 2024, the text was submitied o the COSPAR Bureau for validafion and was
approvad by the Bureau on 20 March 2024. Below follows a brisf explanation ta the new version of the
Policy, which s published hereottar in the Spoce Ressarch Taday journal

SAME text kept during administrative policy update 2024

Safeguarding the Earth from potential back contamination is the highest planetary protection

priority in Mars exploration

The greater capability of human explorers can contribute to the astrobiological expl of
™ T

For @ landed mission conducting surface operations, it will not be possible for all human-

Mars only if human associated

associated processes and mission operations fo be conducted within entirely closed systems,

Crewmembers exploring Mars, or their support systems, will inevitably be exposed to Martian

materials.
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COSPAR 4.6 — Crewed Missions to Mars

ADDED - Updated Reference

4.6 Crewed Missions to Mars
The intent of planetary protection is the same whether a on to Mars is conducted robotically or with

human explorers. Accordingly, planetary protectiopsBoals should not be relaxed to accommodate a

human mission to Mars. Rather, they bs relevant to such missions - even if specific

implementation guidelines should differ [Ref. Spry et al. 2024] JGeneral principles include:

¢ Safeguarding the Earth from potential back contamination is the highest planetary protection
priority in Mars exploration.

¢ The greater capability of human explorers can contribute to the astrobiological exploration of
Mars only if human associated contamination is controlled and understood.

*  For a landed mission conducting surface operations, it will not be possible for all human-
associated processes and mission operations to be conducted within entirely closed systems.

¢ Crewmembers exploring Mars, or their support systems, will inevitably be exposed to Martian

materials.

*

Exact
Language

M.5 Race et al. | Advances in Space Research 42 (XWE ) 11251135 1129

monitoring and control systems). In order to initiate com-
munication, understanding and working relations between
the ALS, EVA, and planetary protection communities in
NASA and ESA, a special workshop “The Mars Planetary
Protection and Human Systems Research and Technology
Joint NASA/ESA workshop™ was held May 19-20, 2005
at the European Space Research and Technology Centre
(ESTEC), Noordwijk, Netherlands w focus on mission-spe-
cific planetary protection issues during future human mis-
sions tw Mars, The top-level workshop goal was 1o
determine how planetary protection requirements will be
implemented during human missions, and what standards
of contamination control will apply 1o human explorers.
Deliberations at the workshop built upon the findings of
a number of earlier reports and studies on planetary pro-
tection and human missions {Criswell et al., 2005, Hogan
et al., 2006; Beaty et al., 2005). Two important principles
guided the workshop deliberations: (1) planetary protec-
tion requirements will not be relazed solely in order o
accommaodate human missions,” given that one major

advantage of a huoman presence on Mars is to aid in the sci-
entific search for evidence of life, and (2) the Mars robotic
precursor program will attempt o determine the presence

or absence of human-affective bichazards on the Martian
surface. This determination s required Lo establish what
the US National Research Council referred to as “Zones
of Minimal Bislogical Risk”™ in their ‘Safe on Mars’ report
(NRC, 2002)." Workshop discussion also built on the fol-
lowing sel of starting assumplions:

s Safeguanding the Earth from potential backward con-
wmmination is the highest planetary protection priority
in Mars exploration.

o The greater capabilities of human explorers can contrib-
ute to the astrobiolog exploration of Mars only if
human-associated contamination is  controlled and

*Wording verbatim to workshop report

81.1 Overview
“workshop
starting
assumptions”

Sma.nasa.gov

understood.
o Tt will ot be possible for all human-associated processes
and mission operations to be conducted within entirely

closed systems.
o Crewmembers exploring Mars will inevitably be exposed
w Martian materials,

The specific overall goals and objectives of the work-
shop aimed to:

o Initiate communication, understanding and a working
relationship between the ALS, EVA, and planetary pro-
tection communities in NASA and ESA.

o Tdentify knowledge necessary to establish planetary pro-
ection requirements with respect w ALS and EVA sys

* I & mswmed that any changes in planelary protec
supporied by approprizie sdence fndings. and just ficats
made 1o secommodale human mhsn. per .

e biolomesl rigk ane nor the same a3 the COSPAR

policy will be
, rather than

! Zones of m
“spectal region

tems, including  the  identification of  potential
conlaminants, conlamination pathwavs, amnd potential
SLETTS.

off-nominal events typical of such s
Explore operations and technology issues conceming
the potential disruption of an extraterrestrial ecology

via EVA andfor ALS operations, including interplane-
tary and planetary surface waste disposal, etc.

Explore the requirements posed by the astrobiological/
peological exploration of Mars, and examine how
EVA and ALS systems may affect them.

Examine how ALS and EVA systems interact with back-
ward-con lamination prevenlion requirements Lo protect

both the human habitat on Mars and the Earth upon crew
return.

¢ future research needs for ALS, EVA, and Mars
missions, and define precursor mission require-
ments to understand and prepare for human support

systems for a Mars mission.

1.2, Workshop format, subgroups and tasks

The workshop participants incloded 39 individuals
selected for their combined expertise and experiences in
areas relevant to ALS, EVA, Operations, and planetary
protection . The workshop began with a series of tutorial

presentations providing overview information on planetary
protection and the detailed findings of two previons plane-
tary protection workshops focused on human missions
{Hogan et al, 2006; Criswell et al., 2005). Subsequently,
participants were assigned to one of three independent sub-
groups: (1) Extravehicular Activities (EVA), (2) Advanced
Life Support (ALS), and (3) Operations and Support
{Ops), each with an overall charge of determining how
planetary protection requirements will be implemented
during human missions to Mars {contrasting initial human
missions versus later human missions, if appropriate) and
understanding the impact of planetary protection regquire-
ments on the design of varous human supporl systems,
Each subgroup was asked to debate the following four
broad questions during their deliberations:

. What is the overall approach to contamination control,
including: Forward & backwand contamination levels in
different areas (e.g., zones of contamination control),

and Quarantine requirements {for crew and samples)?
. What is the approach to waste & consumables manage-

]

x o Dilferent mission phases; (¢ L i -
sit, planetary surface) and Different types of tes &
consumables, and ther levels of contaminants and dis-
persion properties?

. What are the off-nominal events that could potentially
lead to contamination of Mars or the terrestrial bio-

ment, focs

A it of participants and ther affilimtions & provided in the
Acknowledgement section ai the end of the paper.




COSPAR 6.6 Crewed Mars Missions sans quarantine

6.6 Crewed Mars Missions

Implementation guidelines for human missions to Mars include:

N

83.1 Policy #2

Human missions will carry microbial populations that will vary in both kind and quaniity, and it
will not be praciicable 1o specify all aspects of an allowable microbial population or potential

Rephrased - “working conclusion”

1136 M.S Race et al.f Advances in Space Resarch 42 (2008 1125-1138

associated with a human landing, and the plausible
limits of zones of non-contamination that can be pre-
served nearby.

+ Define the spatial dispersion of dust and human-asso-
ci

ted contaminants on Mars by wind and other

means

s Determine the survivability of Earth organisms and
their component molecules in the ambient Mars envi-
ronment, and in the conditions of the martian near-
subsurface.

« Examine future ALS designs and concepts with respect

al effects of human activities in press
tats and human-carrying rovers.
Examine future EVA designs as
trol, material leakage) with respect to planetary protec-
tion needs, especially with respect to organic and
microbial contamination, to assess the potential effects
of human activities on the martian surface away from
pressurized habitats and human-carrying rovers.

+ Develop EMC technology required for life detection and
potential pathogen detection within the habitat or EVA
system, with 2 Focus on sensitivity and specificity of tests
needed to identify potential microhs

+ Deselop field-deployable systems to monitor human-
associated biological contamination released into the
martian environment (autonomous/automatic, rapid,
reusable, and/or low-consumable rechargs)

® Determine how to conduct human-associated robotic

operations on Mars to be consistent with planetary pro-
tection concerns, both for those robotic resources
deployed independently during precursor missions g
for those deployed in conjunction with human peings.

« Define and develop planetary protection psocols for
use on human missions. Develop and tpefinethodologies
for implementation of those ppeols using Earth-
based simulations (laborans e
TTOT e tiowled e of the martian envi-

ronment basal opsPrecursor missions. Define and

implement a tpdfiing plan for the crew and other per-

o Ensug#”that human factors research and design for
paffnan Mars missions will address biosafety consider-

ssociated with planetary protection
« Provide robust and field-deployable systems to sacurely
contain materials (wastes, propellants, etc.; for TBD
durations) that may contaminate the martian

s Provide for containment of Mars samples within
human-oocupied spaces, and for those retumed to

alion lech toadealith
clated contaminants released on Mars, and with con-

contaminants af launch. Once any baseline conditions for launch are established and met, <4
continued menitoring and evaluation of microbes carried by human missions will be required 1o
address both forward and backward contamination concemns. )
83.1 Policy #4
1] 9 g 12
working conclusion
sonnel ingpi¥ed with the mission,

A comprehensive planetary protection protocol for human missions should be developed thar < pua
ancompasses both forward and backward contamination concerns and addresses the combined
human and robotic aspects of the mission, including subsurface exploration, sample handling, §3 2 Sp eci al reg ions #3 dumtions)
and the retumn of the samples and crew to Earth. = B B y

working conclusion
Meither robetic systems nor human activities should contaminate “Special Regions” on Mars, as P Dl

-

defined by this COSPAR PP Policy.

Any uncharacterized Martian site should be evaluared by robotic precursors prior to crew access.
Information may be obtained by either precursor robotic missions or a robetic companent en a
human mission.

Any pristine samples or sampling components from any uncharacterized sites or Special Regions
on Mars should be reated according o current planerary protection Category V, restricted Earth
return, with the proper handling and resting protocols. <

§3.3 Operations and-crew #2
“working coriclusion”

33

tamination of human-occupied spaces by martian
materials.

3. Owverall workshop conchsions.

The workshop format provided ample time for plenary
presentation and discussion of the various subgroup find-
ings, which in men led to the following overall workshop
conclusions related to planetary protection, which are
intended to focus on the broad conceptual approaches
and issues, rather than implementation details. The list
below reflects what was covered by the various sub-groups,
although it is recognized that many other issues related to
planetary protection will also need attention before human
missions are feasible (e.¢., emergency crew transfers, crew
retumn requirements, quarantine details, breaking the chain
of contact with Mars prior to Earth entry, microbial iden-
tification for habitat and suits, etc.). Overall conclusions by
specific areas indicated below:

3.1 Policy

o It does not make sense to have separate planetary pro-
tection policies for human and robotic mission. The rea-
sons for protecting Mars and Earth are independent of
mission implemen tation.

o Planetary protection requirements imposed “at launch’
{as done for robotic missions) are not entirely sufficient
for human missions. Evaluation of the biological con-
tamination on the spacecraft will be mandatory
throughout the mission because of its potential for both
forward and backward contamination.

o Planetary protection requirements for early human mis-
sions should be based on a conservative approach con-
sistent with our continuing uncertainties about martian
life. Planetary protection requirements for later missions
should not be relased without scientific review, justifica-
tion, and concurrence.

o There will be a need to developa comprehensive planetary
protection protocol for human missions that encom-
passes considerations of forward and backward contam-
ination for both robotic and human aspects of the
mission, and indudes associated sam ple handling and sci-
ence activities on both Mars and Earth (similar o the
comprehensive protocal developed for robotic sample
return missions; e.g., Rummel et al., 2002).

3.2 Special regions

o For outbound spacecraft on human missions, pre-
launch cleanroom assembly will be required of all sys-
tems regardless of planned landing site

o For those systems that will land in or be deployed in
“spedial regions,’ appropriate quantitative bioburden
reduction requirements will apply.

o Neither robotic systems nor human activites shall con-
taminate ‘special regions’ as defined by COSPAR policy.

o Special Regions should be further considered in relation
to the potential for local vs. global distribution of bio-
logical wntamination.

M.S Race et al. | Advances in Space Research 42 (2008) 11261 138

3. Operations and crew

Any uncharacterized martian site must be evaluated
by robotic precursors prior to crew sovess. Informa-
tion may be obtained by either precursor robotic
missions or a robolic component on a human
mission.

An onbeard crewmember should be given primary responsibiliry for the implementation of
planetary protection provisions affecting the crew during the mission.

Planetary protection guidelines for initial human missions should be based on a conservative
approach consistent with a lack of knewledge of Martian environments and possible life, as well
as the performance of human support systems in those environments. Planetary protaction
guidelines for later missions should not be relaxed without scientific review, justification, and

COnsensus.

N Rephrased from workshop report
* Wording verbatim to workshop repor

PAGE 8
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Any pristine samples or sampling components from any
uncharacterized sites on Mars shall be treated according
o current planetary protection Category V, with
restricted Earth retum and appropriate handling and
testing protocols

An onboard crewmember should be given primary
responsibility for implementation of planetary protec-
tion provisions affecting the crew during the mission
Human factors (psychological, physiological or other
possible impairments) need to be considered along with
planetary protection issues for human missions

o Survival of spacecraft asso

environment
& Near and far-field contamination transport models

= Quantitiative & qualitative life support system process
streams (air, water, wastes, etc.) for crew rated systems

(e.g., habitat, EVA, suits etc)

« The impact of planetary protection requirements on var-

fous types of ISRU uperations & systems.

In addition, there is need to develop the following:

® Real-time monitoring systemis) for potential ‘unknown’
biology within pressurized volume (.., spacecraft crew

compartments, habitats, suits, etc.)

« Sterilization and decontamination capabilitics for gener-
ated wastes, spacecraft volumes (habitat, EVA, suits

ete.) and associated equipment and samples

Crew protection and backward contamination require-
ments may influence ISRU operations. OF particular
concerns will be those activities that may create
resources or materials that can be transported into the
habitat and can be inhaled or consumed by the crew.

« Continment capabiliies for generated wastes, space-
craft volumes, associated equipment, samples and crew

(quarantine).

Clearly there will bea need for significantly more diseus-

ed terrestrial organisms
and their molecular components in the ambient Martian



COSPAR 6.6 Crewed Mars Missions Quarantine

6.6 Crewed Mars Missions

Implementation guidelines for human missions to Mars include:

/\ * Aquaranine capabiliry for both the entire craw and for individual crewmembers should be
provided during and after the mission, in case potential contact with a Martian life-form occurs.

"Rephrased from workshop report

PAGE 9

§2.3.2 Ops and backward
contamination
considerations

“subgroup deliberation
and findings”

Sma.nasa.gov

A5 Race et al. | Advances in Space Resea

o System analyses 1o determine the viability of the surface
waste storage concepl for various waste processing
SCENATIOS,

Re-examine and modify ALS reference mission designs
as necessary 1o harmonize with planetary protection
and science-based requirements.

2.3. Overnew of operations and support { Ops) subgroup
deliberations

The Ops subgroup used the basic workshop assump-
tions, conceptual approach and a focus on ““special
regions” as they deliberated about the assigned questions.
Their findings about forward and backward contamination
and their suggestions on R& D topics are summarized
below:

2.3.1. Ops and forward contamination considerations

 Human mission planning, including landingsite selec tion,
base location, and mission objectives, should follow from
precursor robotic information and evaluations made at
those sites and/or from information developed from a
sample remurm mission or missions.
Definition is needed for a system describing and catego-
rizing martian sites of special scientific interest (special
byl their level of contamination concemn. The

jeveloped and emploved

in future planetary protection proy

operational plans for later human missions to Mars.

Additional development and design attention is needed 10

characterize exploration, sampling, and base activities

both to assure effective operation and provide the required
level of planetary protection assurance. In particula

— The processes associated with EVA egressfingress
must be characterized and optimized.

- An iventory of microbial populstions crried aboard
and potentially relensed by human-associated spacecraft
and suits should be estatishad and mantainad in support
of both planetary protection and aew-health objectives.

— An inventory of organic materials carried by,

potentially produced by, the mission should be

lished and maintained.

Systems should be provided to allow controlled, asep-

tic, subsurface sampling operations, so that uncon-

taminated samples can be returned to the surface,
and so that human-associated contaminants are not

classification sys)
L as in

introduced to the subsurface.

s Quentitative requirements to limit human-associated
contamination in different zones shall be derived based
on requirements for protection of “special regions’ and
applied to missions, with the following stipulations
— No quantitative bioburden requirements should be

applied to landing systems or habitats at launch,
other than deanroom (ISO B or better) assembly of
rs-contacting components.

i) 11281138 1135

— Spacecraft, landers, habitats, and rovers shall (1o the
maximum possible extent) filter material vented as
mses, and shall not allow uncontained disposal of
solids o fluids.

Hardware elements involved with accessing “special

regions” shall be subjected to a sterilizing process
prior 1o use.

2.3.2. Ops and backward contamination considerations

s All operations of a human mission Lo a new site on
shall include isolation of humans from directly contact-
ing martian materials until initial testing (either precur-
sor-mission of on-mission robotic testing
state-of-the-art verification of the landing
of minimum biological risk” {provide for the informed
consent of the crew)

s Exploration, sampling, and base activites should be
accomplished in a manner to limit inadvertant exposure
to the subsurface or to otherwise-untested areas of Mars

s A means for allowing controlled access to those areas
shall be provided

» A site classification system and a biological plausibil-
ity map of the martian surface and subsurface, based
on remote sensing data and on-mission testing, sha
be employed during a mission o limit potential crew
exposure to areas on Mars that might support martian
life.

* A guarantine capability for both the entire crew and for
individual crewmembers shall be provided during and
after the mission, in case potential contact with a ma
tian life-form occurs. In particular:

— As part of normal crew health monitoring and in sup-
port of the assessment of possible quarantine me:
sures, basic tests of the medical condition of the
crew and their potential response W pathogens or
adventitious microbes shall be defined, provided,
and employed regularly on the mi
A gquarantine capability and appropriate medical test-
ing shall be provided for the crew upon rem to the
Earth (Moon or Earth-orbit) and if necessary, imple-
mented in conjunction with a health monitoring and
stabilization program

« Samples remmed by the crew from uncharacterized or
otherwise-untested areas of Mars shall be considered
as potentially hazardous, and shall not be released from
containment unless they are subjected to terilizing
process, or until a series of s determines that they
do not present a biohazard.

2.3.3. Research & development tasks related to Ops

e Describe the potential impacts on the near-field mar-
tian environment of human support activities expected
in the operation of a human-occupied martian base
(e, breathing oxygen, food supply, waste mans
ment, ete) to determine the zone of contamination




Priority Mars Architecture Key Decisions
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B Definition Document
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Slide Credit: Julie Grantier, Deputy Manager for Integration Strategy and Architecture Office, NASA-ESDMD-SAO

M National Aeronautics and
Architecture Products
NASA’s Architecture NASA documents its roadmap for deep
Definition Document space exploration in the Architecture
Definition Document.
| . The agency updates the document yearly
| Execu.tlve and publishes it alongside other public-
A4 Overview facing products including white papers
- on relevant topics and an executive
Architecture overview of the architecture.
White Papers 0 0
Revision B
Published

December 13

NASA’s

Moon to-Mars
Architecture

NASA’s Moon to Mars

Architecture Website

nasa.gov/architecture

Architecture Definition Document
ESDMD-001 Revision B

February 2025 Moon to Mars Architecture Workshops 11



Slide Credit: Julie Grantier, Deputy Manager for Integration Strategy and Architecture Office, NASA-ESDMD-SAO

Architecting from the Right Ml g

StrategyundAr::hiteCTure Office (SAQ) Moon to Mars Ap p.l-les r!gorous SyStemS
lllustration of the Architecture Obiecti engineering approaches to
decomposition of objectives R el I jeclives : : :
using NASA's process of Defnition DosLment (ADD) 10 group similar features and express the identify the architecture needs,
architecting from the right. progression of capabilities over time. Agoiy Lovel understand relationships and

—
| - aps between systems, and
Characteristics Objectives g IZI . l y i 'd, tify th
Program Level £ & Needs & Goals unaerpin arTa ySIS 10 | : e.n ify the
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Slide Credit: Julie Grantier, Deputy Manager for Integration Strategy and Architecture Office, NASA-ESDMD-SAO

NASA’'s Moon to Mars Architecture

An Evolutionary Architecture Process:
Formulating an Exploration Strategy Based on Objectives
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Priority Mars Decisions: Planetary Protection Risk Posture

Why - MD-10 — Forward PP Risk Posture ?
‘landed Mars missions as Category IV’

‘not possible for all human-associated processes and mission operations to be
conducted within entirely closed systems.”

Why - MD-11 — Backward PP Risk Posture ?

“Earth return missions as Planetary Protection Category V, and landed missions

to Mars are classified as Restricted Earth Return” . _ = Decision
Priority Decisions

“...crewmembers exploring Mars, or their support systems, will inevitably be

exposed to Mars materials...safeguarding Earth from potential back

i i i H H Aty Initial Human Initial Human
contamination is the highest planetary protection priority Mars Sagriars Mais Secrent
Outcome
“a combination of quantitative and qualitative measures, which may include a Mare Solance Mars Crew Surface

Stay Duration

Priorities Mt

minimum acce ptable probability value determined based on candidate initial

e
S
&

human Mars segment concept(s) of operation. The decision outcome should

include comparison of robotic performance alongside other industry risks of

comparable and non-comparable magnitudes.”

Next Steps
Developing Agency plan to address MD-10 and MD-11. Starting with MD-11 first. ~ Image Credit: NASA’s Architecture Definition Document, ESDMD-001, Rev. B

Sma.nasa.gov




EXPANDING THE HORIZONS OF MARS SCIENCE 2024 — 2044

Progress

Planning for Human

Exploration of Mars _ « Commissioned a National Academies study to
o A s - identify science objectives for human campaigns to
Mars

Mars Surface Science Workshops (MSSW)

* Create avenue for organized community involvement
and participation in planning as it relates to human
exploration of Mars

NASEM Committee on A Science Strategy for
the Human Exploration of Mars

* (Generate referenceable content relevant to the
conduct of science by robotic and human explorers
on the surface of Mars

* Inspired by Lunar series

* Topics submitted by community, industry, and
government through website

This document has been reviewed and determined not to contain CUI.



Progress

|dentifying Priority Science
In Advance of Humans

EXPANDING THE HORIZONS OF MARS SCIENCE 2024 — 2044

Science and Planetary Protection in Advance of Human
Exploration Virtual Seminar and Workshop

1. Identify science priorities for robotic missions in advance of
humans arriving on Mars

2. Inform development of planetary protection guidelines for crewed
missions to Mars

3. Develop a framework for how forward and backward contamination

control can be incorporated into human elements for Mars research
activities

Key Findings
* Understand life at Mars through Mars missions and research
on Earth

* Monitor surface weather at Mars to better understand dust
movement and weather patterns to inform transport models for
Forward PP/Contamination

» Leverage past missions to understand future PP requirements

« Develop advanced technologies, particularly in the areas of
life detection, sample return, and robotic capabilities

Final Report Spring 2025

This document has been reviewed and determined not to contain CUL.



Resources Available Through The OPP Website

i i

What Are Spores? How to Build a Clean Cleanroom Gowning

(7]
<Q Spacecraft or How to Dress in
] the Cleanroom
=
<
e ORGANIC INVENTORY
WORKSHCP
Bioburden Organic Inventory PP Crewed
Accounting Tool Workshop Knowledge Gaps
Release
n Planetary Just How Smallis a Forward and
8 Protection: An Spore? Backward PP
_'g | ntrod.yct ion Overview
S y

Wi
.&/’

[N PP SN —)
Mission Design and P ility of | t
PP rization

Office of Planetary Protection

Sma.nasa.gov

Ground Support
Equipment

COSPAR PP Policy
Update

g

™

Perseverance

Behind the Spacecraft

Updated Handbook

Protecting the Planet:
Planetary Protection
vs. Planetary Defense

Release

Missions &

Studies

OSIRIS REx Sample
Return Doesn’t Pose a

Risk to Earth’s
Biosphere

Mission Reports

National Academies Reports



https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/ground-support-equipment
https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/ground-support-equipment
https://sma.nasa.gov/news/articles/newsitem/2024/01/19/register-now-for-the-planetary-protection-organic-inventory-and-archiving-workshop
https://sma.nasa.gov/news/articles/newsitem/2024/01/19/register-now-for-the-planetary-protection-organic-inventory-and-archiving-workshop
https://sma.nasa.gov/news/articles/newsitem/2024/04/02/recently-published-paper-highlights-planetary-protection-knowledge-gaps-for-crewed-missions-to-mars
https://sma.nasa.gov/news/articles/newsitem/2024/04/02/recently-published-paper-highlights-planetary-protection-knowledge-gaps-for-crewed-missions-to-mars
https://sma.nasa.gov/news/articles/newsitem/2024/01/16/new-bioburden-accounting-tool-now-available
https://sma.nasa.gov/news/articles/newsitem/2024/01/16/new-bioburden-accounting-tool-now-available
https://sma.nasa.gov/news/articles/newsitem/2024/01/16/new-bioburden-accounting-tool-now-available
https://sma.nasa.gov/sma-disciplines/planetary-protection
https://sma.nasa.gov/news/articles/newsitem/2024/08/05/restructured-cospar-planetary-protection-policy-recently-released
https://sma.nasa.gov/news/articles/newsitem/2024/08/05/restructured-cospar-planetary-protection-policy-recently-released
https://sma.nasa.gov/news/articles/newsitem/2025/01/29/updated-planetary-protection-handbook-takes-a-modernized-approach-to-information-sharing
https://sma.nasa.gov/news/articles/newsitem/2025/01/29/updated-planetary-protection-handbook-takes-a-modernized-approach-to-information-sharing

Questions?

Sma.nasa.gov
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