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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.g., 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.

Planetary protection is on a viable path forward to ensuring crewed missions prevent harmful contamination at Mars 

and not cause adverse effects to Earth’s biosphere. 
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NASA Policy Directives (NPDs)

• Documents Agency policy statements 

• Describe what is required by NASA management to 

achieve NASA’s vision, mission, and external mandates

NPD 8700.1F

NASA Policy for Safety and 

Mission Success

Effective Date July 28, 2022

Expiration Date: July 28, 2028

NPR 8715.24

Planetary Protection Provisions for 

Robotic Extraterrestrial Missions

Effective Date September 24, 2021

Expiration Date: September 24, 2026

NASA-HDBK-20240016475

NASA Planetary Protection Handbook

Effective Date: January 24, 2025

NID 8715.129 (“Mars NID”)

Biological Planetary Protection for 

Human Missions to Mars

Effective Date: July 9, 2020

Expiration Date: Sept 30, 2025

NASA-STD-8719.27

Implementing Planetary Protection 

Requirements for Space Flight

Effective Date: August 30, 2022

All published documents found in NODIS: https://nodis3.gsfc.nasa.gov/ or

 the OPP website: https://sma.nasa.gov/sma-disciplines/planetary-

protection#PolicyGuidance

NASA Procedural Requirements (NPRs)

• Provide detailed procedural 

requirements to implement policy

• Guide how policy directives are 

implemented in the context of specific 

missions

NASA Standards

• Provide technical 

requirements

• Each NASA Technical 

Standard is assigned to a 

Technical Discipline

NASA Handbooks

• Companion documents to NPRs 

and NASA Standards 

• Provide supporting material such 

as guidelines, lessons learned, 

procedures, and 

recommendations

NASA Interim Directives (NIDs)

• Documents an immediate, short-

term statement of the Agency’s 

policies, requirements, and 

identifies responsibilities for 

implementation

• Temporarily modify policy 

directives or implementation 

requirements

= Document being updated

Link to NASA 

Planetary Protection 

policy and guidance 

documents at 

www.sma.nasa.gov

OPP Document Tree
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NEW!!

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

– Next steps 

• 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. 

In Progress; March – May 

Completed; March 2025 
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Crewed Mars Policy Planetary Protection Background

1990

*Workshop reports captured based on 

date of workshop NOT publication date

20051992 20022001 2008 2011
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COSPAR Policy Trace Crew to Mars – 2005 to Present  

PAGE 6

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

SAME text kept during administrative policy update 2024

+
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COSPAR 4.6 – Crewed Missions to Mars

PAGE 7

Exact 

Language 

§1.1 Overview

“workshop 
starting 

assumptions”

ADDED - Updated Reference 

*Wording verbatim to workshop report 

*
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COSPAR 6.6 Crewed Mars Missions sans quarantine  

PAGE 8

§3.1 Policy #2

Rephrased - “working conclusion”

§3.1 Policy #4 

“working conclusion”

§3.2 Special regions #3 

“working conclusion”

§3.3 Operations and crew #1

“working conclusion”

§3.3 Operations and crew #2

“working conclusion”

§3.3 Operations and crew #3

“working conclusion”

§3.1 Policy #3

“working conclusion”
^ Rephrased from workshop report 

* Wording verbatim to workshop report 

*

*

*

*

*

^

*
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COSPAR 6.6 Crewed Mars Missions Quarantine  

PAGE 9

§2.3.2 Ops and backward 

contamination 
considerations  

“subgroup deliberation 

and findings”

^Rephrased from workshop report 

^
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Priority Mars Architecture Key Decisions  

Mars Decision-10 (MD-10) Forward Contamination PP Risk Posture

Mars Decision-11 (MD-11) Backward Contamination PP Risk Posture
NASA’s Architecture 
Definition Document



Architecture Products

February 2025 Moon to Mars Architecture Workshops 11

2024 Moon to Mars Architecture Concept Review 1

2024 
Moon to Mars 

Architecture

Introduction

Lunar Mobility
Drivers and Needs

NASA’s new campaign of lunar exploration will see astronauts visiting sites of scientific

 

or strategic 
interest across the lunar surface, with a particular focus on the lunar South Pole region.[1] After landing 
crew and cargo at these destinations, local mobility around landing sites will be key to movement of 
cargo, logistics, science payloads, and more to maximize exploration returns. 

NASA’s Moon to Mars Architecture Defini tion Document (ADD)[2] articulates the work needed to achieve 
the agency’s human lunar exploration objectives by decomposing needs into use cases and functions. 
Ongoing analysis of lunar exploration needs reveals demands that will drive future concepts and elements. 

Recent analysis of integrated surface operations has shown that the transportation of cargo on the 
surface from points of delivery to points of use will be particularly important. Exploration systems will 
often need to support deployment of cargo in close proximity to other surface infrastructure. This cargo 
can range from the crew logistics and consumables described in the 2023 “Lunar Logistics Drivers and 
Needs” white paper,[3] to science and technology demonstrations, to large-scale infrastructure that 
requires precision relocation. 

The current defin

e

d mobility elements — the Lunar Terrain Vehicle (LTV) and Pressurized Rover (PR) — 
are primarily for crew transportation, with limited cargo mobility functions. Conversely, planned near-
term robotic missions — such as those being delivered through the Commercial Lunar Payload Services 
(CLPS) program — provide only small-scale mobility. This paper describes the integrated cargo mobility 
drivers for consideration in future architecture and system studies, with a focus on the human lunar 
exploration architecture. Scientific

 
and uncrewed, robotic missions could necessitate additional mobility 

needs beyond those discussed here. 

The cadence, mass, and number of cargo lander deliveries will be timed to meet the operational needs of 
NASA’s lunar architecture, based on factors including science objectives, lighting conditions, and safety 
considerations. In many cases, cargo offlo ading and manipulation will need to be conducted before 
the crew arrives at each landing location (point of origin) and then again at local lunar exploration and 
habitation sites (point of use). These exploration and habitation sites will likely be located away from each 
landing location. This would require mobility capabilities to transport cargo of varying size and mass for 
full utilization within the architecture.    

Current capabilities planned for lunar surface operations are limited to transporting approximately 1,500 
kg of cargo. However, fulfilling other key exploration objectives could require cargo of sizes and masses 
beyond of these planned capabilities, creating the need for additional mobility capabilities. 

Mobility Needs

One of the largest drivers of mobility needs on the lunar surface is moving cargo from its landing site to 
its point of use. Numerous factors drive cargo point of use, many of which necessitate separation from 
landing sites (e.g., darkness caused by a lander’s shadow, point of use contamination by landers, or blast 
ejecta from lander plume surface interactions). These relocation distances can include the following 
factors: 
• Separation from lander shadowing (tens of meters)
• Lander blast ejecta constraints (>1,000 m) due either to separation between the lander and existing 

infrastructure or lander ascent
• Support for aggregation of elements in ideal habitation zones from available regional landing areas 

(up to 5,000 m)
For more insight into lunar lighting considerations, see the 2022 Moon to Mars Architecture “Lunar Site 
Selection” white paper.[4]

2024 Moon to Mars Architecture Concept Review 1

2024 
Moon to Mars 

Architecture

Introduction

Lunar Surface
Cargo

The exploration of the lunar surface, as described in NASA’s Moon to Mars Architecture Defini tion 
Document (ADD), will require a wide variety of landed systems, including scientific

 

instruments, habitats, 
mobility systems, infrastructure, and more. Given diverse cargo needs of varying size, mass, cadence, 
and operational needs, access to a range of cargo lander capabilities offer s strategic benefit. 

While current cargo lander development activities will contribute to meeting some cargo delivery 
demands, a substantial gap in lander capability remains. This paper characterizes lunar surface cargo 
delivery needs, compares those needs with current cargo lander capabilities, and outlines strategic 
considerations for fulfilling this architectural capability gap.

Note: Cargo deliveries to Gateway are already instantiated in the Moon to Mars Architecture 
through the Gateway Logistics Element (GLE). GLE flig ht s will supply Gateway with critical 
deliveries that maximize the length of crew stays on Gateway. While use of the Gateway as a 
logistics cache for lunar exploration could be considered, this paper does not attempt to 
speculate on concepts of operation. Instead, it specifically addresses architectural gaps for 
cargo deliveries to the lunar surface. The specific

 

functions fulfilled by GLE may be found in Table 
3-6 of ADD Revision A.[1] 

Cargo Lander Architecture

Lunar surface exploration will require the delivery of assets, equipment, and supplies to the lunar  
surface.[1] While some limited supplies and equipment may be delivered alongside crew on NASA’s 
Human Landing System (HLS), the breadth and scale of logistical needs for deep space exploration 
require additional surface cargo lander capabilities.

NASA has developed a conceptual reference mission for cargo lander delivery that will be added to the 
ADD in revision B. This reference mission:
• Delivers non-offlo aded and/or offlo aded cargo to the lunar surface.
• Provides all services necessary to maintain cargo from in-space transit through landing on the lunar 

surface until the cargo is either offlo aded from the lander or in an operational state where these 
services from the lander are no longer needed, in accordance with cargo lander provider agreements.

• Ensures successful landing at an accessible and useable location on the lunar surface with suffic i ent  
precision.

• Establishes safe conditions on the lunar surface for the crew to approach the lander.
• Verifies health and functionality of non-offlo aded and/or offlo aded cargo. 
• Performs any lander end-of-life operations — including potential relocation — ensuring that the cargo 

or other surface assets are not adversely affec t ed by the lander after landing operations.

As noted above, cargo deliveries will need support service interfaces to ensure safe delivery of cargo 
to the surface. Service interfaces may support the offlo ading of cargo, compatibility to surface mobility 
system interactions, and/or providing resources to the cargo, such as power, communications, data, 
and/or thermal dissipation. Services may be needed from landing to until the cargo is fully operational, 
including before or after the cargo is offlo aded to the surface.

Landers and cargo may also need additional, crew-focused lander interfaces such as extravehicular 
activity (EVA) touch interfaces to support crew interactions. Lastly, given potential crew interaction at or 
near a lander, landers must have the ability to safe itself after landing so that crew are protected while in 
a landers’ vicinity.

NASA’s Architecture 
Definition Document

Architecture 
White Papers

Executive
Overview

13
Revision B
Published
December 13

NASA documents its roadmap for deep 
space exploration in the Architecture 

Definition Document. 
The agency updates the document yearly 

and publishes it alongside other public-
facing products including white papers 

on relevant topics and an executive 
overview of the architecture. 

NASA’s Moon to Mars
Architecture Website
nasa.gov/architecture

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



Architecting from the Right

February 2025 Moon to Mars Architecture Workshops 12

NASA’s Moon to Mars
Architecture Website

www.nasa.gov/architecture

Applies rigorous systems 
engineering approaches to 
identify the architecture needs, 
understand relationships and 
gaps between systems, and 
underpin analysis to identify the 
most effective and efficient 
solutions.

Architecture process provides 
a transparency in development 
not previously available

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



NASA’s Moon to Mars Architecture

February 2025 Moon to Mars Architecture Workshops 13

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

PROCESS & PRODUCTS
Clear communication and 
review integration paths for 
stakeholders

ARCHITECTURE FRAMEWORK
Organizational construct to ensure 
system/element relationships are 
understood and gaps can be identified

TRACEABILITY
Decomposition of Blueprint 
Objectives to executing 
Architecture elements

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

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

exposed to Mars materials…safeguarding Earth from potential back 

contamination is the highest planetary protection priority”

Outcome 

“a combination of quantitative and qualitative measures, which may include a 

minimum acceptable probability value determined based on candidate initial 

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.

Priority Mars Decisions: Planetary Protection Risk Posture

Image Credit: NASA’s Architecture Definition Document, ESDMD-001, Rev. B

A “risk posture” is an expression of the agreed-

upon limits of risk an organization’s leadership 

team is willing to accept in order to achieve one 

or more of its objectives. 



• NASEM Committee on A Science Strategy for 

the Human Exploration of Mars 

• Commissioned a National Academies study to 

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

• 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

2024 – 2044EXPANDING THE HORIZONS OF MARS SCIENCE

Progress
Planning for Human 

Exploration of Mars

4/10/202

5
15

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



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

2024 – 2044EXPANDING THE HORIZONS OF MARS SCIENCE

Progress
Identifying Priority Science 

in Advance of Humans

4/10/202

5
16

This document has been reviewed and determined not to contain CUI.
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Resources Available Through The OPP Website
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Protection: An 

Introduction

Forward and 

Backward PP 

Overview

Just How Small is a 
Spore?

Behind the Spacecraft 

Perseverance

Mission Design and 

PP Categorization

Ocean WorldsProbability of Impact End of Mission 

Disposition

How to Build a Clean 
Spacecraft

What Are Spores? Cleanroom Gowning 
or How to Dress in 

the Cleanroom

Ground Support 
Equipment

Protecting the Planet: 

Planetary Protection 

vs. Planetary Defense

OSIRIS REx Sample 
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Risk to Earth’s 
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s Mission Reports

NASEM Study Reports

Organic Inventory 
Workshop

PP Crewed 
Knowledge Gaps

Bioburden 
Accounting Tool 

Release 

https://sma.nasa.gov/sma-disciplines/planetary-protection

COSPAR PP Policy 
Update

Updated Handbook 
Release

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
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Questions? 
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