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KIGAM'’s new direction

Introduction to KIGAM

— National Institute (Geological and Mineral Resources)
— Established in 1918 (https://www.kigam.re.kr)

Previous Planetary Research

Current Building of New Research
Important in ISRU Work
International Collaboration



https://www.kigam.re.kr/

Planetary Surface Investigations «gam

» Moon : Chang’e-3 & 4, Surveyor5-7, SELENE-R, Chandrayaan-2, KLE

Mars: Viking, , Mars Pathfinder, Mars Exploration Rover

>
> Venus: Ventra
> Asteroids & Comet: Rossetta

Ventra 10(G) Ventra 13

Surveyor 5-7 Viking1 Ventra 9 (G)

Pathfinder
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NASA’s Future Plan to visit Mars «gam

‘After 2030 ;
2020s ) - Leaving the Earth-Moon System
i ' Operating in the Lunar and Reaching Mars Orbit
Now , ; . Vicinity (proving ground) ;

Using the . :
International Space Station : b G ' . . : ’

Phase 0 ‘Phase1 . v * Phase 2 Phases 3 and 4

Continue research and - Begin missions in "' Complete Deep Begin sustained
testing on ISS to solve cislunar space. Build Space Transport crew expeditions
exploration challenges.  Deep Space Gateway. and conduct SN to Martian system
Evaluate potential for Initiate assembly of . : yearlong Mars and-surface of

lunar resources. - Deep Space Transport. _ - simulation mission, ETES
Develop standards. : -




G ATEW A A spaceport for human and robotic
exploration to the Moon and beyond

HUMAN ACCESS TO & FROM LUNAR SURFACE
Astronaut support and teleoperations of surface assets.

U.S. AND INTERNATIONAL SIX DAYS
CARGO RESUPPLY { TO ORBIT THE MOON

Expanding the space economy The orbit keeps thg crew in
with supplies delivered aboard ~ §  constant communication
partner ships that also provide i ~ With Earth and out of the

interim spacecraft volume for :  Moon’s shadow.
additional utilization.
INTERNATIONAL CREW ¥ A HUB FOR FARTHER
SAMPLE RETURN International crew expeditions for up DESTINATIONS
Pristine Moon or Mars samples robotically {0 30 days as early as 2024. Longer % From this orbit,
delivered to the Gateway for safe eXpedmOﬂS as new elements are .'-‘ vehicles can embark
processing and return to Earth. delivered to the Gateway. to multiple
& SCIENCE AND TECH DEMOS destinations: The
Support payloads inside, affixed outside, free- Moon, Mars and
COMMUNICATIONS RELAY . R flying nearby, or on the lunar surface. beyond. .
Data transfer for surface and orbital robotic missions Experiments and investigations continue operating -
and high-rate communications to and from Earth. autonomously when crew is not present.
GATEWAY SPECS ACCESS
iiii 4 Crew ...l 30-90 Day 125 m? Up o 75mt with 9} 384,000 km from Earth
Members “Cl-) Crew Missions Pressurized Orion docked Accessible via NASA’s SLS as well as
20180613 Volume international and commercial ships.
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Artemis Moon Program K1Gam
Achieving 2024 — A Parallel Path to Success

Artemis will see government and commercial systems moving in parallel to complete the architecture and deli

NASA Programs SLS and Orion _

-

Artemis 1 Artemis 2 Artemis 3

First flight test First flight of crew First crew to t’he

of SLS and Orion to the Moon aboard lunar surface;

as an integrated SLS and Orion Logistics Qellyered for 202
system surface mission

Between now and 2024, U.S. industry delivers the launches and human landing system necessary for a faster return to the Moon

and sustainability through Gateway.

PPE Crew Module Transfer Descent Ascent

Power _ Small Transfers Descends Ascends

Propulsion pressurized lander from From from lunar

Elgment crew module Gateway to Transfer surface to
) arrives at launches to low lunar vehicle to Gateway
;. NRHO via Gateway on orbit lunar surface

commercial acommercial

' '
MW rocket rocket Up to three commercial rocket launches, depending on

distribution of the Transfer, Descent, and Ascent functions.

- https://www.spaceflightinsider.com/wp-content/uploads/2018485/D7RRRzUW4AERN20.jpg



ISRU Work History at KIGAM

> ISRU Prospecting History
v' KPLO gamma-ray spectrometer FM development in 2019
v Lunar gamma-ray spectrometer, neutron spectrometer EM developed 2018
v' PM model of Active X-ray Spectrometer developed in 2012
v Nuclear science payload development since 2010

> ISRU Extraction History

v" Mining, reprocessing & refining materials (Earth surface and sea floor/sea water)
v Planetary resources research since 2009

» Participating in Planetary Missions & International Collaborations
v' Mars Odyssey(GRS), SELENE-1(GRS), SELENE-2 pre-project (AXS), KPLO (GRS)
v' NASA SSERVI (FINESSE, RESOURCE) 2013-2025, NASA MDAP 2018-2022
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Payload Development at KIGAM

Korea Lunar Pathfinder Orbiter GRS

2018

Lunar Exploration (2016-2020)
v' KPLO GRS (KGRS)
Space Core Technology Program (2015-2018)
v GRS (HPGe)
v NS
Internal Program at KIGAM (2012-2014)
v" GRS
v" XRS

Payload Development for Planetary Exploration
(2010-2017)

v’ Active X-ray Spectrometer (KARI’s Consigned
Project) (2010-2012)

v" EU of XRS by KIGAM’s Internal Project (2017)




Elemental maps for previous lunar orbiters

KIGAM
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Apollo 15 & 16

Apollo Gamma-ray Spectrometer
Thorium Abundance
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Comparison of lunar GRS Instruments ;g

X-ray & Low y |
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Future ISRU Investigation on

e GRS from an Orbit

— Apollo 15/16, Lunar Prospector, Kaguya,
Chang’e 1 & 2, KPLO

— Global Elemental Mapping

— Geology & Resources (new discovery desirable)
GRS from the Surface (PGNAA)

— In-Situ GRS

— A neutron source and compact GRS required

— Elemental mapping for a local area

Py
GRS/NS ﬁ

[

Current various applications
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Lunar ISRU & Landing Site, Moon «gam
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Massive underground tunnels on the Moon KIGAM
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https://phys.org/news/2015-03-theoretical-huge-lava-tubes-moon.html

The Marius Hills pit, spotted in 2009 by scientists at the Japan Aerospace Exploration Agency (JAXA). The pit stretches 65 meters across and could be a
skylight leading down to a lava tube, the scientists say. Credit: NASA/GSFC/Arizona State University




Comparison of Lunar Pit & Manjang Cave,

Entrance of
Manjang Cave, Jeju

https://images.app.goo.gl/iz1W
4WbS3Ydu5dbr8

Manjang Cave

Pl B B
Image of a possible skylight pit in the Marius Hills, taken by the
Lunar Reconnaissance Orbiter Camera. (NASA/Goddard Space Flight

Center/Arizona State University)
https://www.newsmax. com/theW|re/moon-cave home-lunar-



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjAsoP50P_jAhVXUd4KHT2-C9UQjRx6BAgBEAQ&url=https://saveig.com/tags/%EB%AA%AC%ED%83%80%EB%82%98%EC%A1%B4%EC%8A%A4/&psig=AOvVaw1XxeZXIhz2dhGdO3ZjwCp-&ust=1565778183448484
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjAsoP50P_jAhVXUd4KHT2-C9UQjRx6BAgBEAQ&url=https://saveig.com/tags/%EB%AA%AC%ED%83%80%EB%82%98%EC%A1%B4%EC%8A%A4/&psig=AOvVaw1XxeZXIhz2dhGdO3ZjwCp-&ust=1565778183448484

Proposed Areas of ISRU at KIGAM KIGAM

» ISRU Prospecting: Instruments

> To detect/identify major & minor elements including water, volatile, REE, gases

Gamma-ray spectrometer
Neutron spectrometer
AXS(AXPS)

Mini-LIBS

Mass Spectrometer
Micro Spectrometer
Spectral Imager

Surface profiler (GPR)

> ISRU Resource Extraction
v Gas extraction
v’ Volatiles
v’ Other gases
v' Remaining materials
v" Mineral Extraction
v Material construction




IBS Underground Facility KIGam
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https://www.ibs.re.kr/cop/bbs/BBSMSTR 000000000511/selectBoardArtiele®de2miktid=16992& kind=&mno=sitenapaR2&pagelndex=1&searc
hCnd=&searchWrd=
Horizon 2061 2019



Suggested Research Activities KIGAm

» Growing vegetables and grains underground
» Check health & behavior of mice underground

» Check radiation safety underground from the
natural radioactivity

» Examine living condition underground
» Living in subterranean environment (adaptation)

20,000 people
15% BCE

Derinkuyu



https://www.engadget.com/2017/04/28/nasas-inflatable-greenhouse-mars-moon/
https://www.engadget.com/2017/04/28/nasas-inflatable-greenhouse-mars-moon/
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi33feTzP_jAhVTFYgKHScgB5sQjRx6BAgBEAQ&url=/url?sa%3Di%26rct%3Dj%26q%3D%26esrc%3Ds%26source%3Dimages%26cd%3D%26ved%3D%26url%3Dhttps://mymodernmet.com/derinkuyu-underground-city/%26psig%3DAOvVaw0LBHS-2rTzxSjhDj9VXKnx%26ust%3D1565777000455847&psig=AOvVaw0LBHS-2rTzxSjhDj9VXKnx&ust=1565777000455847
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi33feTzP_jAhVTFYgKHScgB5sQjRx6BAgBEAQ&url=/url?sa%3Di%26rct%3Dj%26q%3D%26esrc%3Ds%26source%3Dimages%26cd%3D%26ved%3D%26url%3Dhttps://mymodernmet.com/derinkuyu-underground-city/%26psig%3DAOvVaw0LBHS-2rTzxSjhDj9VXKnx%26ust%3D1565777000455847&psig=AOvVaw0LBHS-2rTzxSjhDj9VXKnx&ust=1565777000455847

EARTH-MOON-MARS ECONOMY KiGAM

SETTLERS, HEAVY EQUIPMENT |

BUILDING
MATERIALS

HELIUM-3
SOLAR
ENERGY

OXYGEN, WATER,
FOOD, FURNISHINGS
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Korea’s Plans & Prospective Lunar and Planetary Explorations y; zam

Korea Pathfinder lunar Orbiter (July, 2022)

Korean Lunar Exploration, Lander (Before 2030)

Asteroid Mission (2035)

CLPS (Commercial Lander Payload Service) (2024), SMD & KASI collaboration KASI/NASA

;
:
:

Moon Race (~2024) Airbus/ KARI, KICT

NASA LaRC/JSC ISRU
Lunar Orbital Platform-Gateway, ISRU International Collaboration
NASA ARC




KIGAM'’s Research Areas in Planetary Geology and Resources KIGAM

KIGAM Internal ]
> Planet Geo Planet. Geo Basic Study Remote Sensing KIGAM’s Planetary
T T Geology and
5| P. Resource Planet. Resource & Respurce Utilization S HESEEEs
. Exploration Basic Study
R & D Planning <—| Tech. Development Planning
National R & D
1 Planetary Geology and
Geology and Resources Core Tech & Science > Resource Research demanding
Development by International community
‘ | and the Nation
—‘ ESA/Europe
Korean Moon/ NASA LOP-G, Lunar
Asteroid ISRU _ CLPS Cooperative
Exploration Collaboration Program ???

Geology and Resources Outcome




Korea’s Potential International Collaboration in Planetary Exploration

2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 2028 2029 2030 | 2031 2032 | 2033 | 2034 | 2035

KIGAM Planetary Geology and Resources Utilization

KOREA KPLO (orbiter) Lunar Lander Asteroid Mission
NASA NASA (LOP-G) and ISRU

NASA/| ,——————J————-

KASI CLPS C__ ___@aps N
AirBus/ Moon Race

ESA

¢ - Lunar Base Construction - N)
Nl-—_l___l___l__q__*’




Researchers for ISRU Team at KIGAM

Research Field

Major

Position

Research Areas

. : Senior Planetary resources, Analog Study, Planetary
B0 EE (R MIITEIE Oy Researcher Material , Soil Study
Takao Kobayashi Geophysics =le)y Cave study for Moon and Mars
Researcher
Planetary Geology —
Hvncheol Kim Petrolog Principal Planetary resources, Analog Study, Planetary
y y Researcher Material , Soil Study
Remote Principal GIS based Planetary Mapping System, Remote
Sung-soon Lee . : .
Sensing Researcher Sensing Data Processing
GIS Mapping VEHITER NSEE Co_m puter ATzl Planetary Geoinformatics and DATA Base
Yeong engineering Researcher
Kyeong Ja Kim Cosmo- Principal Planetary Remote Sensing, Pa_lyload Development,
Geology Researcher Cosomochemistry
Payload Yire Choi Geophysical Senior Planetary Remote Sensing, Payload Development,
Development Exploration Researcher Cosomochemistry
Jung-Hun Park Nuc!ear Principal Planetary Remote Sepsmg,.Paonad Development,
Experiment Researcher Simulation
Geophysllcal Gil-Jae Lee Mine Senior Planetary Mlneralogy,TgrrestrlaI Resource
Exploration Researcher Exploration
: . Senior :
Electronics Woong Kang Electronics Researcher Planetary Exploration, Payload Development
Resource . Mineral Principal Resource Recovery and Reprocessing, Material
. Sujeong Lee :
Extraction processing Researcher Development
R?‘?"“TCG Jihyeok Choi I\./Ietal' =l Resource Utilization and Material Development
Utilization Engineering Researcher







