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Presentation Topics Requested

 NASA's exploration plans and the build-up to Mars

« HEO exploration and strategic approach related to the role of BPS research
across HEO mission opportunities (e.g. ISS, Commercial LEO, and Deep Space
exploration) and what is enabling exploration

 How HEO has organized Science & Technology utilization interfaces to SMD
and STMD organizations



Send first women and first person of
color to the lunar surface and safely
return them to Earth

Establish sustained human lunar
presence at the Moon by the end
of the decade

Leverage lunar missions to prepare for
a human mission to Mars in the 2030s




Artemis: Landing Humans 'Onf“t'h‘e' Moon

Lunar Reconnaissance
_ Orbiter: Continued
surface and landing

site investigation

% Noartemis I: First Artemis II: First humans )egins science operations Artemis lll-V: Deep space crew missions;
an spacecraft to orbitthe Moonand ~ with'launch of Power and Propulsion cislunar buildup and initial crew
to the Moon in the rendezvous in deep space Element and Habitation and e demonstration landing with Human

21st century _ Iin the 21st Century ngistic’s Outpost ' -ILa'nding System

Commercial Lunar Payload Services provfders
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Artemis Base Camp Buildup

robotic system added to

| Iy Sustainable operations with crew landing .Pre'_ssurized rover délivered for - Surface Jjabifét delivered, allowing up to
e » - services; Gateway enhancements with- greater exploration range on : four crew on the surface for longer periods
Et%l;? aG;fgxch ;:;g?: :Ilon refueling capability, additional - ‘the surface; Gateway enables of time leveraging extracted resources.
b AR Y communications, and viewing capabilities . longer missions . - Mars mission simulations continue with

orbital and surface assets.
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SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFACE EXPLORATION

MULTIPLE SCIENCE AND CARGO PAYLOADS | U.S. GOVERNMENT, INDUSTRY, AND INTERNATIONAL PARTNERSHIP OPPORTUNITIES | TECHNOLOGY AND OPERATIONS DEMONSTRATIONS FOR MARS
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FIRST HUMAN MARS MISSION CONCEPT OVERVIEW

rate > Q

Current analysis includes 4 crew

Landing and Surface  Mars Ascent and
Exploration Earth Return

Some could potentially remain in Mars

orbit while others explore surface Mars Transit

Cislunar, Deep Space Mars Surface As earlyas  Crew away from  ~30 sols Science, Exploration,
and Mars orbit Earth ~2 years on Mars and U.S. leadership
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‘ Pre-Deployed Cargo Phase ‘ Crewed Surface Exploration Phase




Getting There: Mars Transit Habitat

- Some Key Technologies Under

Consideration

* Inflatable to minimize launched
volume

* Lightweight materials and
structures

 High availability subsystems
such as Life Support with
reduced spares mass and
increase reliability

* Low mass, low-power, long term
food storage

* Long duration, semi-
autonomous medical monitoring
and care systems

* Lightweight, low power exercise
equipment




MOON AND MARS EXPLORATION

Operations on and around the Moon will help prepare for the first human mission to Mars

Long Durations in Zero Gravity ® TRANSIT HABITAT
AND MARS TRANSIT
Crew Size ] 0:‘:\\\
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Mobile Expedition Duration - o Y

Mobile Exploration Range
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In-Situ Resource Utilization
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HEOMD Human Exploration Perspectives
Research enabling human exploration
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Hazards of

O

Space
Radiation

Invisible to the human
eye, radiation increases
cancer risk, damages the
central nervous system,
and can alter cognitive
function, reduce motor
function and prompt
behavioral changes.
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Isolation and
Confinement

Sleep loss, circadian
desynchronization,

and work overload may
lead to performance
reductions, adverse
health outcomes, and
compromised mission
objectives.
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Distance
from Earth

Planning and
self-sufficiency are
essential keys to a
successful mission.
Communication delays,
the possibility of
equipment failures and
medical emergencies
are some situations the
astronauts must be
capable of confronting.

* May not be

relevant to BPS
portfolio

" @

Gravity
(or lack thereof)

Astronauts encounter a
variance of gravity during
missions. On Mars,
astronauts would need
to live and work in
three-eighths of Earth’s
gravitational pull for up
to two years.

)

Hqstile/CIosed
Environments

The ecosystem inside a
vehicle plays a big role in
everyday astronaut life.
Important habitability
factors include
temperature, pressure,
lighting, noise, and
quantity of space. It's
essential that astronauts
stay healthy and happy in

such an environment.



GraV|ty Levels:
~ Microgravity, Partial Grawty and |\/|ISSIOn duratlons

m Transit Time mMars Surface Time = Return Transit Time ™ Lunar Surface
Time
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6 days 6 days 30 days 60 days 6 months 12 months 12 months 22 months 22 months 30 months 42 months
Gateway (4 +2 Days) Gateway (30 + 30) LEO/ISS LEO/ISS Gateway Mars orbital ~ (12+1+9) (6+18+6) (12+18+12)
Apollo (extended) Artemis Mars landing Mars landing Slower
Artemis (extended) Transit

Duration and Mission
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; Radlatlon Astronaut Mlssmn Exposures
~including vehicle shleldlng (mGy)
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6 days 6 days 30 days 60days 6 months 12 months 12 months 22 months 22 months 30 months 42 months
Gateway (4 +2 Days) Gateway (30+30) LEO/ISS LEO/ISS Gateway Mars (12+1+9) (6+18+6) (12+18+12)
Apollo  (extended) Artemis orbital ETE] ETE] Mars Slower
Artemis (extended) landing landing Transit

Duration and Mission

Notes: (1-) Assumes Shielding for Solar Particle Events (2) ISS Exposures are roughly from 50% protons/SAA and 50% GCR, so total exposure may not reflect impact ona given system. ' 13



. Hostile Closed Environment:

8 'AnalOg.Compariso'ns by Different Hazér_ds

of the C

osed Environment

A 4
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30 days 60 days 4-12 months 22 months 22-30 months
6 days Gateway (30 surface) ISS \ETES (1-18 surface)
Artemis 3 (extended) Artemis (extended) LEO orbital Mars landing
Exploration : Y : . ) .
Atmosphere Low Pressure (8.2 psi / 34% O,, other options possible)* Eart;]'zl':( 0 %4)'7ps' Low Press;gfi O(S fp‘;i's/i;:;f’ Oy, other
*TBR/TBD 2
CO, Current ECLSS ( 2-4 mm Hg) New ECLSS ; Current ECLSS
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Environment &
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Strategy for Integrated Research and Testlng for Mars

Mission Readrness i 2 Reraet el R
o R s -SystemsTesting/VaIidatiQn' . V&V -

Rlsk I\/Irtlgatlon Research

’Smgle Hazards Wa Integrated Hazards ;

~ Research & Development Effort
- Exploration Science & Technology Demonstration

ISS Transition Comercial LEO
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Mitigating Human Systems RISkS for _ N
Leveraging Increasing Mission Duratlons on ISS and atthe |

Current
Expenence
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., Cross platform Strategy for Exploratlon reIated Blologlcal Smences

\ . LUNAR i MARS
- EARTH  GATEWAY - SURFACE DRM*.

. Research and develop

Research and develcp. technology for
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Cross platform Strategy for Exploratlon related Physmal Solences

. .- LUNAR <. MARS
‘ EARTH ° : ’ﬁ 1SS 0% GATEWAY - SURFACE ‘ DRM*.

—. MIC;?S(;?evétilo(:?r?tc:-tlon—' N | Luha_rdus_t g3 tion__—_ Mars dust mitigation 3
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fire safety
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Cross platform Strategy for Exploratlon related Physmal SClences

N - _ LUNAR .. MARS
% GATEWAY | - SURFACE ~ A% DRM*

go] :
c . ; . ,
c © § S SR LT EI el Cement formation, metal, o< 1/6 G Extraction & _ :
= c® analysis, simulation of gl & water ice extraction  p——)  solidification ~ mmmp °0 G Construction
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- 8 . _ ; | :
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-% 3 % studies atomic oxygen and and thermal reS|dual thermal, and primary performance on Mar_s
E- g = T : " vacuum exposure dust [ dust
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Enabling measurements and samples:
« Dust samples | -
* - Regolith samples
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Analog Strategy for Human Systems Across Platforms

~ Artemis 0 ~ Artemis . . <= MARS
®8 Initial MR ¥ Extended i 4% DRM
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ECLSS_-CH‘P‘_:SCLT Capa_biiity Areas

FIRE SAFETY
* Detection
* Protection
* Suppression

Cleanup

RADIATION EXPLORATION

* Models & Forecasting MEDICAL

* Monitoring + Diagnostic

» Shielding * Treatment
* Imaging

Déﬁ | P“&
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- ECLSS Capability Gaps P

| s ra— . .3 | ECLSS-compatible fire - _
FUTURE: ' - = Ny el . ' suppression ‘ :
. : : . | _ . ) capability _

| Goal
: > Common fire safety strategy &

equipment across architectures

Tested partial gravity
flammability

: >‘Gaps.

o ) ISS-specific fire detection and
TODAY-'_ supporession incompatible with
International 2 o future architectures
Space - L SOA .

. : _ > _ Only depress/repress
Station f 'KPPs clean-Up
' Limited understanding of
partial gravity flammability
CAPABILITY‘ FIRE S.AFETY
AREAS . e
'_ ' + Detection 4
CAPAB- * Protection
» Suppression

ILITIES

Cleanup




CHP Capablllty Gaps

Storm Shelter Materlals ; In-flight diagnostics &
(Integration with Vehicles) treatment

FUTURE:
Deep

Active Shielding, GCR Autonomous medical skill
Thick Shielding _ & decision support i

Accurate predlctlon of systems
radiation event duration ’ -.-

and intensity

TODAY:

) Limited Radiation - '
International Shielding Needed at ISS Real-time Ground
Space Station . : Support, Resupply and

GCR Models, Evacuation Capability -
Vehicle Models ’ [r—
Active and | ISS Medical Kit
_ 5 passive monitors ) l
CAPABILITY. . ' ~  EXPLORATION
_AREAS RADIATION SR MEDICAL
: . _ "+ Models & Forecasting ~ * Diagnostic
- CAPAB- + Monitoring + Treatment
~» Shielding * Imaging
ILITIES - + Pharmacy
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ECLSS-CHP SCLT ROADMAP

Microbial Monitoring - Slide 1 (siide 2 not shown)

POC(s): Sarah Wallace
Revised: 01/19/2020

FY20

FY21

FY22

FY23

FY24

FY25

FY26

FY27

FY28 FY29 FY30 FY31 FY32

Gateway Microbial Monitoring

| B

oinformatic + Da

ta Analysis Dev,

[ Technology Watch (SBIRs, Challenge CompqtitionsQ

| Mi

—

niON 2.0

ISS Demo
MiniON 2.0

'ﬁ—m_

iniON vs. Culture
(Fungal & Quantification)
: Req20 | -
Surface Sample |ISS Demo Surf.| Data Interp.,
Dev. Sampling Reqt. Wmting
| . | _
MiniON EHS On Orbit Sampling Surfaces and Water
(BioMole)
| —
Water e &
Sampling | Potable | Potable
Dev. Water Watero |
: | Sample | Sample
Concent- | Gate ()
rator Dev
- = ISS Demo
Air Monitoring Method Dev. Air Analysis
1
ISS Demo

Data Analysis

Ground Activity M Lunar Surface

ISS / LEO M Mars Transit
Orion Mars Surface
Gateway @ Events/Milestones

@ Decision Point

HLS = Human Landing System
EHC = Expanded Habitation Capability
HALO = Habitation and Logistics Outpost

FY33+

1. Gateway potable water and surface sampling
system baselined
2. Downselect between Gateway baselined

Gateway 2.0 MiniON Systems and new tech
3. Gateway 2.0 microbial monitoring enhanced,
standalone system baselined

Objectives: Roadmap beyond 2025 under formulation. Quantify and identify microbial species in-flight
without sample return. Common core technologies with evolving planetary protection needs. Reduced
crew time through integration and automation. >3 year shelf life consumables and calibration.
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Planetary Protection Strategic Roadmap Coordination Activity for HEOMD (Artemis, Moon to Mars) POC {S} An d}l’ Sprnyette Siegel

Develop Planetary Protection Capability for Crewed Missions to Mars (Slide 2 of 2) Revised: 03/26/2021

FY20 FY21 FY22 FY26

FY33+

' Study of Microbial Growth and Biofilms
| in Spacecraft Systems

_ Study of Microbial Growth and Biofilms

Microbial Mitigation
{Sterilization Testing/
Validation)

Microbial Mitigation
(Remediation Testing/
Validation)

»

Output from Microbial Monitoring Roadmap

Output from Human Research Program

Survival Study for

Temestrial Organisms in
Space Environmenis

Test and validate Waste
Materials Handling

sirategies

Input from ECLSS Waste
Management Approach

Ground Activity ™ Lunar Surface # Decizion Point

1SS/ LED I Marz Transit HLS = Human Landing System
Orion Mars Surface EHC = Expanded Habitation Capability
Gateway @ Eventz/Milestones  HALO = Habitation and Logistics Outpost

Terrestrial Organisms in
Space Environments

> Output from
Mars Weather
’ Modeling

Cutput from

Mars Sample
Return

(1) Determine Acceptable Levels of Microbial/Organic Releases from Humans and Support Systems

Working Document under ongoing review
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SCIENCE THAT ENABLES EXPLORATION




HEOMD Organization to support Science
& Technology Utilization across human
spaceflight platforms
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HUMAN EXPLORATION AND OPERATIONS
MISSION DIRECTORATE

SENIOR ADVISOR TO HEO ASSOCIATE ADMINISTRATOR

—Dr. Paul McConnaughey—
SENIOR ADVISOR TO HEO ASSOCIATE ADMINISTRATOR

—Jim Norman—

SPECIAL ASSISTANT TO HED ASSOCIATE
ADMINISTRAATOR

—Patrick “Pat™ Forrester—

DIRECTOR, STRATEGIC INTEGRATION &
MANAGEMENT DIVISION

—Dr. Alotta Taylor—

DEPUTY DIRECTOR, STRATEGIC INTEGRATION &
MANAGEMENT DIVISION

—Tonya McNair—

DEPUTY ASSOCIATE ADMINISTRATOR EXFLORATION SYSTEMS
DEVELOPMENT DIVISION

—Tom Whitmeyer—
ASSISTANT DEPUTY ASSOCIATE ADMINISTRATOR
—Amit Kshatriya (Acting)—
PRINCIPAL ADVISOR FOR SPACE TRANSPORTATION
—Janet Karika—

ESD SAFETY MISSION &
ASSURANCE MGR:

—Thomas Hartline—

DIRECTOR C3l:
—Wayne Jermstad (Acting)—
ARTEMIS MISSION MANAGER:
—Mike Sarafin—

SPACE LAUNCH EXPLORATION
SYSTEM GROUND SYSTEMS
PROGRAM PROGRAM
J. Honeyeutt M Bolger

MSFC KsC

ASSOCIATE ADMINISTRATOR FOR
HUMAN EXPLORATION AND OPERATIONS

—HKathryn Lueders—
DEPUTY ASSOCIATE ADMINISTRATOR
—Ken Bowersox—
DEPUTY ASSOCIATE ADMINISTRATOR FOR MANAGEMENT
—Toni Mumford—

DIRECTOR, RESOURCES
MANAGEMENT OFFICE

—Brian Dewhurst—

DEPUTY DIRECTOR,
RESOURCES MANAGEMENT
OFFICE

—Elaine Slaugh—

DEPUTY ASSOCIATE
ADMINISTRATOR ADVANCED
EXPLORATION SYSTEMS DIVISION

—Mark Kirasich—

ASSISTANT DEPUTY ASSOCIATE
ADMINISTRATOR

—Steve Creech—

MANAGER, AES SE&I
—Erika Alvarez (Acting)—

HUMAN LANDING
SYSTEM PROGRAM
L. Watson-Morgan

MSFC

COMMERCIAL
CREW PROGRAM

ISS NAT'L LAB

Interface managed by
ISSNL Prog Exec
at HQ and CATO at

DEPUTY ASSOCIATE ADMINISTRATOR,
HEO SYSTEMS ENGINEERING AND INTEGRATION

—Marshall Smith—
ASSISTANT DEPUTY ASSOCIATE ADMINISTRATOR
—Dr. Greg Chavers—

SPECIAL ASSISTANT
—Sam Scimemi—

—Dr. Julie Robinson—

DEPUTY ASSOCIATE ADMINISTRATOR, SPACE
COMMUNICATIONS & NAVIGATION

—Badri Younes—

ASSISTANT DEPUTY ASSOCIATE ADMINISTRATOR, SENIOR
SPECTRUM ADVISOR

—Victor Sparrow—

DIRECTOR, NETWORK SENIOR TECH LEAD COMM &
SERVICES NAV

—Sue Chang— —Jason Mitchell—

DIRECTOR, COMMERCIAL
SPACEFLIGHT

DEVELOPMENT DIVISION
—Phil McAlister—

DIRECTOR, INTERNATIONAL
SPACE STATION DIVISION
—Robyn Gatens—

.
COMMERCIAL 188

LEQ DEV PROGRAM PROGRAM

8. Stich A, Hart J. Montalbane

ROCKET PROPULSION
TEST PROGRAM
C. Powell [Acting)

35C

SENIOR CAPABILITIES LEADER, ECLSS

—Vacant—
STRATEGIC & ARCHITECTURE MGR
—Vacant—

DIRECTOR, LAUNCH
SERVICES OFFICE

—Bradley Smith (Acting)—

DIRECTOR, HUMAN
SPACEFLIGHT
CAPABILITIES DIVISION

—Benjamin Neumann—

HUMAN RESEARCH
PROGRAM
D. Baumann (Acting)

LAUNCH SERVICES
PROGRAM
A. Mitskevich




- HEO SE&I Functional Descriptions

Systems Engineering & Integration Deputy Associate Administrator

Responsible for ensuring the overall HEO strategy is reflected in program requirements;

leads architecture, formulation mission planning and prov
activities (Moon, Mars and other human missions)

Strategy and Architecture Capability Integration

ides technical direction for HEO

Science and Technology Utilization

Translates Agency vision into an integrated Articulates capability needs for lunar and Mars Integrates science and technology goals from

HEO portfolio that supports national missions, identifies integration and overlap
exploration goals through development of between mission needs, and develops

mission directorates and international partners to
develop HEO utilization goals, objectives and

campaigns and architectures and strategies for advancing key capabilities that requirements for Artemis missions, and the cross-

performing formulation activities support those needs

Technical Integration

Focused on ensuring agency strategies are achieved through HEO
systems and programs, establishes and maintains HEO top-level
requirements, and allocates to the various campaign elements and
initiatives

platform research strategy to prepare for human
missions to Mars

Portfolio Integration

Provides cross-cutting support to HEO systems
and programs coordinating activities, boards,
schedules and driving issue resolution




| H_EO_Science & Technology Utilizatioh

HEOMD Deputy Associate Administrator for SE&lI
Marshall Smith (HQ FTE)

HEOMD SE&lI Assistant Deputy Associate Administrator
Greg Chavers (HQ FTE)

Science and Technology Utilization

Manager (Acting): Julie Robinson
Chief Exploration Scientist: Jacob Bleacher
Technology Integration Lead: Dionne Hernandez-Lugo (GRC)
Program Executive: Bette Siegel
Integrator: Michael Waid (JSC)

Multicenter Support Team solar Systerp Explorat.ion / Planetary Protection
Lead Integrator: Cindy Evans (JSC) Research (‘;;22:/?)' Institute Office HEO Integration
John Gruener (JSC) Paul Niles (JSC) Greg Schmidt (ARC) Coordination with OPB, SMD, STMD
Joseph Hamilton (JSC) Noah Petro (GSFC) Christina Gibbs (ARC)
Sam Lawrence (JSC)  Sharmi Watkins (JSC) Coordination with SMD
Tim Lewis (LaRC) Kelsey Young (GSFC)

Torin McCoy (J5C) Last revision: 21 July 2021



* Utilization Coordination and Integration G"OUP(UCIG)* |

Mission Directorate “Level 0”
« Three Mission Directorate co-chairs

« SMD, STMD and HEOMD evaluate, define and own their own utilization objectives and selections
« HEO integrates and determine what utilization objectives can be accommodated in mission capabilities
* Documentation in HEO-006 Utilization Plan

Mission Directorate HEO Representatives Observers
Representatives that fund « Science & Technology * Office of the Chief Scientist
utilization Utilization (SE&l) « Office of the Chief Technologist
e Other SE&I Orgs * Office of International and
 SMD/ESSIO Interagency Relations
« SMD/BPSD Implementing Divisions e Technical Authorities
* SMD/DAA Programs * ESD Implementing Programs
e« STMD * AES * Gateway
« HEOMD/HRP * HSFCD  HLS
« HEOMD/AES Enabling Capabilities  * 155 o LTV
* Office of Planetary Protection * CSDD e ISS

SCaN



- Science and Technology Ut|I|zat|on Processes

Transmon from Strategy to Executlon

HEO Level

HEO Science & Technology
Utilization Office

Jointly With SMD and STMD

Works with users and AES to integrate high-level
Goals, Objectives, Cornerstone Utilization Capabilities
and strategic plans

“Utilization Coordination and Integration Group
(UCIG)” co-chaired with SMD (ESSIO) and STMD
Integrates HEO-006 Utilization Plan

Mission Phased Objectives as a realistic subset (

)

Phasing and S
f Objectiv.

Artemis Division Level

Advanced Exploration Systems,

with Exploration Systems
Development

Works with users, programs and HEO S&TU on
detailed mission objectives, approach to
implementation, and payload manifest

“Artemis Utilization Coordination Panel (AUCP)’ for
AES, “Payload ITT” for ESD

Tactical research plans with increased level of detail

( )



Science & Technology Utilization Products

HEO-006 Utilization Plan, Baselined Content Planned by Sept 2021

Main Body Annexes

1.0 INTRODUCTION Annex 1 — Cornerstone Utilization

2.0 APPLICABLE AND REFERENCE Capabilities that Enable Multiple
DOCUMENTS Objectives (Use Cases)

3.0 Human Exploration Utilization Goals
and Objectives (ISS, Commercial LEO,

Artemis)

3.1 SMD Annex 4 — Integrated Artemis Mission
3.2 STMD Utilization Objectives

3.3 HEOMD 4.1 Artemis First Crewed Landing

3.4 NASA Multi-directorate

4.0 Introduction to Annexes

Appendices — Acronyms, Definitions, Open
Work, Forward Work



HEO 006 Annex 1 Cornerstone Utilization Capabilities NASA
(Use Cases, First Priority for Baselining. Others to Follow as Needed ) '

1.1 Model Traverse Approaches: Access to and operations in new terrain including traverse use cases to inform crew and rover
mobility, communications.

1.2 End-to-End Sampling Strategy: Sampling, curation, and transport strategy including core tube samples, stratigraphy, identification
and collection of rocks, biological samples, cold sample curation, documentation tools both geological and biological sample.

1.3 Integrated Planetary Protection Strategy: Planetary protection strategy and microbial monitoring across PPO, PSD, BPSD, and HRP,
and ECLSS SCLT research.

1.4 Extended Missions: Extended duration orbit/surface missions for experiments and technology development (applies to both ISS
and Artemis)

1.5 Integrated Crew Research: Integrating/coordinating access to human test subjects pre- and post-flight

1.6 Robotic Utilization for HEO Assets: Uncrewed/robotic operations for utilization of HEO assets (use cases, characterization of local
environment, instrument deployment)

1.7 Integrated Instrumentation Strategy: In situ instrumentation and measurements (external instruments, real time EVA and
shirtsleeve measurements)

1.8 PSR Operations: Complex operations in permanently shadowed regions/cold regions (sampling, measurements, ISRU)

Impact: Development these documents led to modifications of 10 Top-level Artemis Requirements
Future Work: Expect to begin ~3 more use cases in September 2021
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~ Acronyms

* AES- Advanced Exploration Systems (HEOMD) * HLS — Human Landing System

* AUCP - Artemis Utilization Coordination Panel * |SS - International Space Station (HEOMD)

« BPSD - Biological and Physical Sciences Division * ITT - Integration Task Team
(SMD) * LTV — Lunar Terrain Vehicle

« CSDD - Commercial Spaceflight Development Division - SCaN - Space Communications and Navigation
(HEOMD) (HEOMD)

* DAADeputy Associate Administrator « SE&l - Systems Engineering and Integration (HEOMD)

« ESD - Exploration Systems Division (HEOMD) « SMD — Science Mission Directorate

+ ESSIO — Exploration Science Strategy and Integration . STMD - Space Technology Mission Directorate

Office (SMD)

« HEO - Human Exploration and Operations (Mission
Directorate)

 HRP — Human Research Program (HEOMD)

« HSFCD — Human Spaceflight Capabilities Division
(HEOMD)

« UCIG - Utilization Coordination Integration Group
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