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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 . 4 NASA Interim Directives (NIDs)
documents at - . f \ * 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 deta|led.procedura| , ; ; ) ] policies, requirements, and
Robotic Extraterrestrial Missions fequicemelits 1o IpISMSNEPOlicy Biological Planetary Protection for identifies responsibilities for
Effective Date September 24, 2021 » Guide how policy directives are Hiuman Missions to Mars implementation
Expiration Date: Soptamben 24, 2026 implemented in the context of specific Effective Date: July 9, 2020 - Temporarily modify policy
° i : missions Expiration Date: Sept 30, 2025 directives or implementation
\ ) requirements
\ 4 A\ 4
NASA Standards NASA Handbooks
* Provide technical . } + Companion documents to NPRs
requirements NASA STD-8719.27 . NASA-HDBK-20240016475 and NASA Standards
: Implementing Planetary Protection . . . .
» Each NASA Technical ; : NASA Planetary Protection Handbook * Provide supporting material such
i ' Requirements for Space Flight Effective Date: January 24, 2025 as guidelines, lessons learned
Slpdatd s giREged o Effective Date: August 30, 2022 v Foanuary 24, - ’ :

procedures, and
recommendations

‘ NEW!!

() = Document being updated 4

Technical Discipline

All published documents found in NODIS: https://nodis3.gsfc.nasa.gov/ or
the OPP website: https://sma.nasa.gov/sma-disciplines/planetary-
protection#PolicyGuidance

Office of Planetary Protection
V smanasa gov OSMA



https://nodis3.gsfc.nasa.gov/
https://sma.nasa.gov/sma-disciplines/planetary-protection#PolicyGuidance
https://sma.nasa.gov/sma-disciplines/planetary-protection#PolicyGuidance

NASA NID 8715.129 Conversion Strategy Update

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

» Establish working group of internal stakeholders

= Solution space includes — canceling existing NID, folding key objectives into NPR 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.

Office of Planetary Protection

sma.nasa.gov DSMA



Crewed Mars Policy

NASA Conference Publication 10086
NASA/CP—2005-213461

Planetary Protection NS
Issues and Future

Mars Missions .
Planetary Protection
- Issues in the Human
‘Ames Research Center 1
i Exploration of Mars
O
St G o Final Report May 9, 2005
phe
s A
Editors: M. E. Criswell
B o workshop bt M. S. Race
kA ros Rosom Cortr J. D. Rummel
Moftett Field, Caifornia A. Baker

anetary Protection Background

NASA/TM—2006-213485

@

Life Support and Habitation and
Planetary Protection Workshop
Final Report

mndaion, NASA Ass Research Cenre, Moffet Field. Califomia

wain View. Califomia

An Analysis of the Precursor Measurements of
Mars Needed to Reduce the Risk of the First
Human Mission to Mars

David W. Beaty (Mars Program Office-JPL/Caltech), Kelly Snook (JSC/NASA
HQ), Carlton Allen (JSC), Dean Eppler (SAIC), Bill Farrell (GSFC), Jennifer
Heldmann (ARC), Phil Metzger (KSC), Lewis Peach (USRA), Sandy Wagner

(JSC). and Cary Zeitlin (Lawrence Berkeley), on behalf of the Mars Human
Precursor Science Steering Group (MHP SSG)

June 2, 2005

1990 1992 2001 2002

2005

2008

Biological Contamination of

WPP-276

COSPAR PLANETARY PROTECTION POLICY
(20 October 2002: As Amended to 24 March 2011)

APPROVED BY THE BUREAU AND COUNCIL, WORLD SPACE COUNCIL, HOUSTON,
TEXA4S, US4

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

Joint ESAINASA Workshop on

Planetary Protection &
Human System Research and Technology

19-20 May 2
ESA/ESTEC, Noordwijk, The Neth

Sma.nasa.gov




COSPAR Policy Trace Crew to Mars — 2005 to Present

COSPAR PLANETARY PROTECTION POLICY

Available online at www.sciencedirect.com

ScienceDirect

ELSEVIER Advances in Space Research 42 (2008) 1151138

ADVANCES IN
SPACE

RESEARCH

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

> APPROVED BY THE BUREAU AND COUNCIL, WORLD SPACE COUNCIL, HOUSTON, —l
Planctary protection and humans on Mars: TEXAS US4
NASAESA workshop results (Prepared by the COSPAR/TAU Workshop on Planetary Protection. 4/02, with updates 10/02;
Margaret S. Race *, Gerhard Kminek *, John D. Rummel®, ; ; ; ~
Participants of the NASA/ESA planetary protection Workshop' 1/08. 4/09, 12/09, 3/11)

“SETI

ESAESTEC,

G Noordviik, The Netherlands

Reseived 7 June 2007; received in revised form 28 February 2008; accepted 6 March 2008

Policy text derived NASA 2005 consensus points into NASA/ESA Workshop 2005.

Policy draft accepted by COSPAR in March 2011
Published as a peer-reviewed paper captured in Race et. al 2008

COSPAR BUSINESS

The intent of planetary protection is the same whether a mission to Mars is conducted robotically or with

PN human explorers. Accordingly, planetary protection goals should not be relaxed to accommodate a
\4@ human mission to Mars. Rather, they become even more directly relevant to such missions - even if specific s b frwerd o bockwerd
Y implementation guidelines should differ [Ref. Spry et al. 2024]. General principles include:
Editorial to the New Restructured and Edited wlebord

Safeguarding the Earth from potential back contamination is the highest planetary protection
COSPAR Policy on Planetary Protection priority in Mars exploration.

The greater capability of human explorers can contribute to the astrobiological exploration of

Mars only if human iated is lled and und d o
hman misin.
The COSPAR Panel on Planetary Protection established a subcommittee in 2023 to propose a new version *  For alanded mission conducting surface operations, it will not be possible for all human-
of the COSPAR Policy on Planetary Protection. Upon endorsement of the new version of the Policy by iated and mission op. to be conducted within entirely closed systems.

Panel members on 1 March 2024, the text was submitted to the COSPAR Bureau for validation and was
approved by the Bureau on 20 March 2024. Below follows a brief explanation to the new version of the )
Policy, which is published hereafter in the Space Research Today journal. materials.

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

Space Research Today ~ N°220  July 2024 8

SAME text kept during administrative policy update 2024

Sma.nasa.gov




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 protectiop#§oals 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

M5 Race et af. | Advences in Space Research 42 (X008 11281138 1129

monitoring and control systems). In order w0 initiate com-
munication, understanding and working relations between
the ALS, EVA, and planetary protection communilies 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 o focus on mission-spe-
cific planetary protection issues during future human mis-
sions to Mars. The top-level workshop goal was to
determine how planetary protection requirements will be
implemented during human missions, and what standards

of contamination control will apply o human explorers,
Deeliberations 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 relaxed solely in order to
accommaodate human missions, en that one major

advantag
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 is required to eswmblish what
the US National Research Council referred to as “Zones
of Minimal Biological Risk”™ in their *Safe on Mars' report
(NRC, 2002). Workshop discussion also built on the fol-
lowing set of starting assumptions:

of a human presence on Mars is to aid in the sci-

Space Research Today ~ N°220  July 2024

*Wording verbatim to workshop report

§1.1 Overview
“workshop
starting

assumptions”

Sma.nasa.gov

s Safeguarding the Earth from potental backward con-
wmination is the highest planetary protection priornity
in Mars exploration.

e The greater capabilities of human explorers can contrib-
ute to the astrobiclogical exploration of Mars only if
human-associated contamination is controlled and
understood.

o It will not be possible for all human-associated processes
and mission operations to be conducted within entirely

closed svstems.
o Crewmembers exploring Mars will inevitably be exposed
o Martian materials.

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

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

e Identify knowledge necessary to establish planetary pro-
tection requirements with respect to ALS and EVA

supporied by appropriale s
miadle 1o accommodale huma

! Zones of mintmum bologeal rik are nor the same as the COSPAR
“apecial regions.”

TSNS per e

tems, including the identification of  potential

contaminants, contamination pathways, and potential

olf-nominal events typical of such systems,

Explore operations and technology issues concerning

the potential disruption of an extraterrestrial ecology

in EVA and/or ALS operations, including interplane-

tary and planetary surface waste disposal, etc.

Explore the reguirements posed by the astrobiological/

geological 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 prevention requirements Lo protect

both the human habitat on Mars and the Earth upon crew

return.

o Identify future research needs for ALS, EVA, and M
robotic-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 included 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 previous plane-
tary protection workshops focused on human missions
(Hogan et al., 2006; Criswell et al., 2005). Sobsequently,
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, il appropriate) and

understanding the impact of planetary protection require-
ments on the design of various human support s
Each subgroup was asked to debate the following four
broad questions during their deliberations:

. What is the overall approach to contamination control,
including: Forward & backward contamination levels in
different areas (e.g., zones of conmamination control),
and Quarantine requirements (for crew and samples)?

What is the approach to waste & wnsumables manage-

[

ment, focusing on: Different mission phases; {e.g., tran-
sit, planetary surface) and Different types of
consumables, and ther levels of contaminants and dis-
persion properties?

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

4 A Ist of participants and ther affilimions & provided in ihe
Acknowledgement section a1 the end of the paper.




COSPAR 6.6 Crewed Mars Missions sans quarantine

6.6 Crewed Mars Missions

§3.1 Policy #2
Rephrased - “working conclusion”

Implementation guidelines for human missions to Mars include:

*  Human missions will cary microbial populations that will vary in both kind and quandiry, and it
A will not be practicable to specify all aspects of an allowable microbial population or potential

1136 ALS Race et al.§ Advances in Space Research 42 (2005) 11251138

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

o Define the spatial dispersion of dust and human-asso-
ciated contaminants on Mars by wind and other
means,

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

« Examine future ALS designs and concepis with respect
to planetary protection needs, especially with respect
to organic and microbial contamination, o assess the
potential effects of human activities in pressurized habi-
tats and human-carrying rovers

« Examine future EVA designs (thermal control, gas wn-
trol, material leakage) with respect to planetary protec-
tion needs, .
microbial contamination, to assess the potential effects
of human activities on the martian surface away from

15 and human-carrying rovers

» Develop EMC technalogy required for life detedion and
potential pathogen detection within the habitat or EVA
system, with a focus on sensitivity and specificity of tests

needed Lo identifly potential ool

* Deselop field-deployable systems to monitor human-
associated biological contamination released into the
martian environment {autonomous/automatic, rapid
reusable, and/or low-consumable recharge).

+ Determine how to conduct human-associated robotic

contaminants at launch. Once any baseline conditions for launch are established and met, <+
continued monitoring and evaluation of microbes carried by human missions will be required 1o
addrass both forward and backward contaminafion concemns.

§3.1 Policy #4

operations on Mars to be consistent with planetary pro-
tection concems, both for those robotic resources
deployed independently during precursor missions @
for those deployed in conjunction with human y
s Define and develop planetary protection psocols for
use on human missions. Develop and teCimethodologies
for implementation of those ppGeols using Earth-
based simulations (laboronZad e
movmEtiowledge of the martian envi-
ronment basal opsPrecursor missions. Define and
implement & tpdffing plan for the crew and other per-
sonnel inypifed with the mission.

o Ensug#”that human factors research and design for

haffan Mars missions will address biosafety consider-
ations associated with planetary protection.

« Provide robust and field-deployable systems to securely
contain materials (wastes, propellants, ete.; for TBD
durations) that may contaminate the martian
environment

s Provide for containment of Mars samples within

human-oecupied spaces, and for those retumed to

Earth.

Denelop mit

‘ ST LI “working conclusion”
- | OCCUrs
* A comprehensive planetary proteciion protecel for human missions should be developed that <
* encompasses both forward and backward contamination concerns and addresses the combined
human and robaotic aspects of the mission, including subsurface exploration, sample handling, §3 2 S pecial reg | ons #3
and the retum of the samples and crew to Earth. o £ . s
working conclusion
*  Meither robofic systems nor human acrivities should contaminate "Special Ragions” on Mars, as P
* <+

defined by this COSPAR PP Policy.

*  Anyuncharacterized Martian site should be evaluated by robetic pracursers prior to crew access.
o5 Information may be obtained by sither pracursor robotic missions or a robotic component on a

I inants released on
tamination of human-occupied s
materials

and with wn
aces by martian

3. Overall workshop conclsions

The workshop format provided ample time for plenary
presentation and discussion of the various subgroup find-
ings, which in wm led to the following overall w
conclusions related to planetary protection, w
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.g, emergency crew transfers, crew
retum requirements, quarantine details, breaking the chain
of contact with Mars prior to Earth entry, microbial iden-
tification for hal 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.

« Planetary protection requirements imposed ‘at lawnch’
(as done for robotic missions) are not enti
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.

« Planetary protection requirements for early human mis-

ly sufficient

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 relaxed without scientific review, justifica-
tion, and concurrence.

» There will bea need to developa comprehensive planetary
protection protocol for human missions that encom-
passes considerations of forward and back ward contam-

aspects of the

ed sample handling and sci-
ence activities on both Mars and Earth (similar to the
comprehensive protocol developed for robotic sample

return missions; e.g., Rummel et al., 2002).

g
E

mission, and ind udes as

3.2. Special regions

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

« For those systems that will land in or be deployed in
‘spedal regions,” appropriate quantitative bioburden
reduction requirements will apply.

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

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

human mission.

M. Race et al. | Advances in Space Research 42 (2008) 11281138 137

§3.3 Operations and crew #2

*  Any pristine samples or sampling compenents from any uncharacterized sites or Special Regicns

3.3. Operations and crew

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

on Mars should be meated according to current planerary protection Category V, restricred Earth 13 = H 12
* : ceoreing 1o SurtEn pneIery B e working coriclusion
return, with the proper handling and testing protocols. D
*  An onboard crewmember should be given primary responsibiliry for the implementation of
* planetary protection provisions affecting the crew during the mission.
*  Planetary protaction guidelines for initial human missions should ba based on a consarvative
% approach consistent with a lack of knowledge of Martian envirenments and possible life, as well
as the performance of human support systems in those environments. Planetary profection .

guidelines for later missions should not be relaxed withour scientific review, justification, and

CONsensus.

A Rephrased from workshop report
* Wording verbatim to workshop report

PAGE 9

Sma.nasa.gov

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 ed terrestrial organisms
and their molecular components in the ambient Martian
environment

» Near and far-field contamination transport models

« Quantitiative & qualitative life support system process

streams (air, waler, wastes, etc.) for crew rated systems
(e.g., habitat, EVA, suits etc)

o The impact of planetary protection requirements on var-
ious types of ISRU operations & systems

In addition, there is need to develop the following:

® Real-time monitoring systemis) for potential ‘unknown’
biology within pressurized volume fe.g., spacecrafl crew
compartments, habitats, suits, etc.)

® Sterilization and decontamination capabilities 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

« Containment capabilities for generated wastes, space-
craft volumes, associated equipment, samples and crew
(quaranting),

Clearly there will be a need for significantly more discus-



COSPAR 6.6 Crewed Mars Missions Quarantine

6.6 Crewed Mars Missions

Implementation guidelines for human missions to Mars include:

A *  Aquaraniine capability for both the entire crew and for individual crewmembers should be

provided during and after the mission, in cass potential contact with a Martian life-form ocecurs.

ARephrased from workshop report

PAGE 10

§2.3.2 Ops and backward
contamination
considerations

“subgroup deliberation
and findings”

Sma.nasa.gov

M.X Race er ol | Advances in Space Resear

® System analyses to determine the viability of the surf
wasle sworage concepl for varous wi
scenarios.

o Re-examine and modify ALS reference mission designs

ry to harmonize with planetary protection

and science-based requirements.

a5 Decess

2.3. Qverview 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.I. Ops and forward contamination considerations

& Human mission planning, includinglandingsite sdection,
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 retum mission or missions.
Definition is needed for a system describing and catego-
rizing martian sites of special scientific interest (special
their level of contamination concern. The
leveloped and employed
in future planetary protection profocte
operational plans for later human missions to Mars
Additional development and design attention is needed to
characterize exploration, sampling, and base activities
both to assure effective operation and provide the required
level of planetary protection assurance. In particular:
— The processes associated with EVA egress/ing
must be characterized and optimized.
— An inventory of microbial popubtions
and potentially released by human-associa
and suits should be established and maintained in support
of both planetary protection and crew-health objectives.
— An inventory of organic materials carried by, or
potentially produced by, the mission should be estab-
lished and maintained
Systems should be provided 1o allow controlled, asep-
tic, subsurface sampling operations, so that uncon-
taminated samples can be returned to the surface,
and so that human-associated conmminants are not
introduced to the subsurface.
s Quanttative requirements to limit human-associated
contamination in different zones shall be derived based

c\ug\'lhcnlmn sysio
L as in

on requirements for protection of “special regions” and
upphe&l to missions, with the following stipulations:

o quantitative bmburd:n requirement:
applied to landing
other than deanroom (ISO 8 or better) assembly of
Mars-contacting components.

(I ) 11281 138 1135

— Spacecraft, landers, habitats, and rovers shall {(w the
maximum possible extent) filter material vented as

ases, and shall not allow uncontained disposal of
solids or fluids.

— Hardware elements involved with accessing “special
regions” shall be subjected to a sterilizing process
prior to use.

2.3.2. Ops and backward contamination considerations

& All operations of a human mission to a new site on
shall include isolation of humans from directly contact-
martian materials until initial testing (either precur-
sor-mission or on-mission robotic testing) can provide a
state-of-the-art verification of the ILII{lIﬂ_L_ sile as a “zone
of minimum biclogical risk™ (provide for the informed
consent of the crew)
Exploration, sampling, and base activities should be
accomplished in 2 manner to limit inadvertant exposure
to the subsurface or to otherwise-untested areas of Mars
s A means for allowing controlled access 1o those areas
shall be provided.
® A site a biological plausibil-
ity map of the martian surface and subsurface, based

s

on remote sensing data and on-mission testing, shall
be employed during a mission to limit potential crew
exposure 1o areas on Mars that might support martian
life.

» A quarantine capability for both the entire crew and for
individual crewmembers shall be provided during and
after the mission, in case potential contact with a m.

tian lifeform occurs. In particular:

- Aspart ol normal crew health monitoring and in sup-
port of the assessment of possible quarantine mea-
sures, basic tests of the medical condition of the
crew and their potential response to pathogens or
adventitious microbes shall be defined, provided,
and employed regularly on the mission.

- Aquarantine capability and ap propriate medical test-
ing shall be provided for the crew upon retum to the
Farth (Moon or Earth-orbit) and if necessary, imple-
mented in conjunction with a health monitoring and
stabilization program.

» Samples returned by the crew from uncharacterized or
otherwise-untested areas of Mars shall be considered
as potentially hazardous, and shall not be released from
continment unless they are subjected to a sterilizing
process, or until a series of tesis determines that they
do not present a bichazard

2.3.3. Research & development wasks related to Ops

field mar-

Describe the potential impacts on the nea
tian environment of human support ivities expected
in the operation of a human-occupied martian base
(g, breathing oxvgen, food supply, waste m
ment, ete.) to determine the zone of contamination




Priority Mars Architecture Key Decisions

| NASA’s Architecture
B Definition Document
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Slide Credit: Julie Grantier, Deputy Manager for Integration Strategy and Architecture Office, NASA-ESDMD-SAO

Architecting from the Right Nl et

Applies rigorous systems

Strategy and Architecture Office (SAQ)

Moon to Mars

Illustration of the Architecture o engineering approaches to
decomposition of objectives Organized by segments and sub-architectures in the Architecture Ob] eCtlveS id e ntify th e arc h |te cture n eed S
using NASA’s process of Definition Document (ADD) to group similar features and express the ’
architecting from the right. progression of capabilities over time. R understand relationships and
\ - " gaps between systems, and
S Use Cases g Chametenistics Objectives underpin analysis to identify the
) 2 & Needs & Goals ) o
SN Operations executed o I most effective and efficient
esign Reterence produce desired needs & solutions
Missions/ConOps and/or characteristics.  [[i& Features, activities, and Leadership defines .
capabilities necessary blueprint vision for the
to satisfy the goals and Moon-to-Mars . .
objectives. endeavor. Architecture process provides

SUB-ARCHITECTURES

: a transparency in development
Functions P y P

not previously available

Actions an architecture

Elements / performs to complete a

i desired 5
AUl - NASA’s Moon to Mars
Architecture Website

www.nasa.gov/architecture

February 2025 Moon to Mars Architecture Workshops 12



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

NASA’s Moon to Mars Architecture

Space Administration

An Evolutionary Architecture Process:
Formulating an Exploration Strategy Based on Objectives

OBJECTIVE DECOMPOSITION

ARCHITECTURE ARCHITECTURE _ §
OBJECTIVE STUDIES STUDIES ' - W 4
DECOMPOSITION

ARCHITECTURE ELEMENT ARCHITECTURE ELEMENT ARCHITECTURE (RSN
ARCHITECTURE CONCEPT REVIEW 4 DEFINITION CONCEPTREVIEW - DEFINITION CONCEPT REVIEW 40
DEFINITION _

ARCHITECTURE ARCHITECTURE o
R ® REFINEMENT = REFINEMENT )

Moon'to Mars

Moarn lians
chitegiiire

ANNUAL CYCLE ANNUAL CYCLE

TRACEABILITY ARCHITECTURE FRAMEWORK PROCESS & PRODUCTS

O—-< Decomposition of Blueprint —I Organizational construct to ensure
Objectives to executing

[J<O Architecture elements

+~ — | Clear communication and

system/element relationships are j — | review integration paths for

o o o understood and gaps can be identified v — | stakeholders

February 2025

Moon to Mars Architecture Workshops



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” o o .
Priority Decisions
“...crewmembers exploring Mars, or their support systems, will inevitably be

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

i i i i H inrity” Initial Human Initial Human
contamination is the highest planetary protection priority Mard Saghnt M Seriart
Outcome
“a combination of quantitative and qualitative measures, which may include a AR Soloree Mars Craw Surface

Stay Duration

Priorities Maximum

minimum acceptable probability value determined based on candidate initial

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

include comparison of robotic performance alongside other industry risks of

Color bay based on
Systams Anadyais of
Anchitectune Diivers

(2022}

comparable and non-comparable magnitudes.”
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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
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Mission Update
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Mission Update

Mars Sample Return Update — Brian Clement will address during the MSR Update presentation.

Rosalind Franklin Mission

Overseeing project’s identification of requirements and verifying planned implementation for NASA hardware and launch services.

ESCAPADE

Verification of project’s planned implementation for continued assembly, test and launch operations.

Europa Clipper
Probability of contamination table-top review completed, and post-launch report review started.

Peer-reviewed publication on PP implementation planned.

Artemis Commercial Lunar Payload Services
Missions: Firefly’s Aerospace’s Blue Ghost Mission 1, Institutive Machines-2, Lunar Trailblazer
Pre-launch reporting completed through the FAA’s payload review process.

Commercial engagement provided feedback resulting in an update to the pre-launch organics inventory reporting form and streamlined a post-launch / end of
mission reporting form for Category Il Lunar missions. Will be working to upload the the forms on the OPP website and update the appendices in the
handbook.

Sma.nasa.gov




Technology and Research Developments
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Directed Technology and Research Developments

—— Particle Trajectory
® Start
® End

Metagenomics — Erin Lalime will address during the metagenomics panel introduction and discussion.

Lunar Contamination Modeling

Lunar lander gas dynamic vacuum venting organic contamination engineering model. Compares 4 different vehicles

sizes, vent type (T vs. S vents), vent configurations (upward, sideways and downward venting) and crew size.

Landing site characterization models for considerations of adsorption or organics and residence times.

Lunar Descent Engine Thruster Plume induced contamination modeling. “Free Molecular Monte Carlo Model for Lunar
Contaminant Transport and Deposition in Permanently

. ’ Shadowed Regions” — Raphael Alves Hailer
Low-Cost Mars Planetary Protection Guidebook

Partnered with Mars Exploration Program to initiate the analysis needed for the guidebook.

Objective — To enable low-cost Mars missions by streamlining planetary protection by providing a series of bounding

analysis for mission design and PP compliance.
Technical Overview

1.  Bioburden Management Assessment — will generate a standard spacecraft planetary protection equipment

list to evaluate cleanroom manufacturing, microbial reduction, and bioburden assessment needs.

2.  Mission Design and Navigation — evaluation of orbital stability and probability of impact given proposed

mission design “bus-stops” .

s : ) Example of gas venting near a landed vehicle,
3.  Burnup and Break-up Analysis - assessment of entry angle of attack impacts that result in spacecraft simulated with SPARTA -Paula Gutierrez-Cascales

breakup and entry heating to evaluate microbial reduction and sterilization impacts.

Sma.nasa.gov




Resources Available Through The OPP Website

i a2

How to Build a Clean Cleanroom Gowning Ground Support Protecting the Planet: QEIRISREx Sample
Spacecraft or How to Dress in Equipment Planetary Protection TN D 2
the Cleanroom vs. Planetary Defense M
S e Biosphere

e
.
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ORGANIC INVENTORY
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Bioburden Organic Inventory PP Crewed COSPAR PP Policy Updated Handbook
Accounting Tool Workshop Knowledge Gaps Update Release
Release

Missions
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. Protection: An Spore? Backward PP Perseverance

__Introduction Overview

Videos

issions
Studies

National Academies Reports
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Mission Design and Probability of Impact Ocean Worlds End of Mission NASEM Study Reports
PP Categorization Disposition

Office of Planetary Protection
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https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/planetary-protection-an-introduction
https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/planetary-protection-an-introduction
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https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/forward-and-backward-planetary-protection-overview
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https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/behind-the-spacecraft-perseverance
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https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/mission-design-and-categorization
https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/mission-design-and-categorization
https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/ocean-worlds
https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/probability-of-impact
https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/end-of-mission-disposition
https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/end-of-mission-disposition
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https://sma.nasa.gov/sma-disciplines/planetary-protection/explore/explore-item/ground-support-equipment
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https://sma.nasa.gov/news/articles/newsitem/2024/01/19/register-now-for-the-planetary-protection-organic-inventory-and-archiving-workshop
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https://sma.nasa.gov/news/articles/newsitem/2025/01/29/updated-planetary-protection-handbook-takes-a-modernized-approach-to-information-sharing
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Questions?
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Slide Credit: Julie Grantier, Deputy Manager for Integration Strategy and Architecture Office, NASA-ESDMD-SAO
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r>a NASA’s Architecture NASA documents its roadmap for deep
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