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“Increment 64 Crew Overview

Increment Highlights: -
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Additional Crew on
ISS (5 USOS)

« With the arrival of SpaceX Crew-1, ISS
occupancy is up to 7 total and 5 USOS.

« Significantly increased time dedicated
to utilization and research.

 Astronaut Mike Hopkins will be utilizing
Dragon as a sleeping location for
duration of Crew-1 stay or until
additional sleeping equipment arrives.
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First CRS-2 flight
CRS-21 Cargo Dragon Undock 1/11/21

First time 2 Bishop Airlock
Dragon’s docked '
Crew-1 Dragon 4

Crew-1 relo to
Zenith to free

port for = o ~ -
Boeing OFT-2, B ) - Progress 75
Crew-2 Cygnus-14 /f | ‘ \

Undock 1/6/21 Soyuz MS-17 Progress 76

Saffire V

Sharksat 64S arrival 4/10/21, 63S departure 4/17/21



‘Up'gcom‘i.ng Spacewalks (EVA)

I Astronauts Michael Hopkrns & Victor Glover wrll conduct the first pair of spacewalks in January, the
233rd and 234th in support of ISS assembly, marntenance and upgrades '

Columbus Upgrades

o- Cable and antenna setup for the “Bartolomeo soience s
~ payloads platform. s

. O Confrgure Ka-band termrnal to enable an independent, .
- high- bandW|dth communication link to European ground
stations. _

- o Grapple fixture bracket’ removal in prep for future power '
-~ .system upgrades :

Ka-Band Terminal -

oo ISS Upgrades i

o Installation of a frnal lithium-ion battery adapter pIate
(finalizes battery upgrade initiative)

"o Replace an external camera on the starboard truss
o Install new high- -definition camera on the Destlny Iaboratory |

o Replace components for the Japanese roboticarm’s A < s s _
‘camera system outsrde the KIbO module. e = gt ta e

: Bartolomeo




Upcomlng Spacewalks (EVA)

. IROSA Prep

Loy Though functioning well, the current soIar arrays are showmg S|gns of
degradation, as expected. :

o To ensure sufficient power is maintained for exploration technology
demonstrations for Artemis and beyond as well as. utilization and
A commerC|aI|zat|on SiX of e|ght existing power channels will be
- _updated. .

o The new ISS Roll Out Solar Array (IROSA) wings will be dellvered n -
. palrs on the SpaceX Dragon cargo spacecraft durlng three resupply
“missions startlng in 2021.

g o Each array installation will require two spacewalks one to prep,
“another to install. Th|s EVA s the flrst to begin preparlng the worksite.

e ISS Upgrades III e
0 EarIy Ammonla SerV|cer (EAS) Jumper Vent|ng
o Mod Kit Completlon '

o -Equipment Removal & Replacement (A|rIock Magnet PIP P|n
- 'WETA) = :

o Camera Port Cable Routlng :

9= m.--w-/. I

N\
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Atmosphere Leak R '_ | . N "

. Slnoe September 2019, ISS has been traoklng a sllght increase above o
~the previous sustained cabin air leak rate. -

« The leak: presents no |mmed|ate danger to the Crew or the space stat|on
“at its current state. - .

“+ A small crack was found in the aft segment of the RUSS|an Service -
‘Module (SM). The crew applied a patch kit, slightly reduolng the Ieak In

~ the near term, that part of SM has been |soIated (6] m|n|m|ze

consumable losS. |

-« Teams across the partnershlp have been worklng together to identify
- additional leak source(s) and provide further leak mitigation / resolution.

- There is sufficient gas currently on-orbit, and planned to be launched, to
sustain appropriate levels of atmospherlc pressure until the issue is
resolved ,

. 10




Total Consumables

Total Consumables

. T1: CC 21-Jun
* [CECI  T2: T1 + SpX-21 (24 rations) 25-Jun | |
T1: CC 11-Oct
KTO T2: T1 + SpX-21 (0 KTOs 11-Oct
T1: CC
Filter Insert T2: T1 + SpX-21 (0 Inserts)
T1: CC 26-Oct |
ACY Insert T2: T1 + SpX-21 (0 Packages) 26-Oct |
SIE : T1: CC 28-Oct
E EDV(UPA Up) T2: T1 + SpX-21 (0 EDVs) 28-Oct .
T1: CC 25-.
Pretreat T2: T1 + SpX-21 (0 Tanks) 25-,
T1: CC
Water (Nominal) T2: T1 + SpX-21 (0 Liters
Consumables Based on System Failure
T1: CC 9-Apr
EDV (UPA Failed) T2: T1 + SpX-21 (0 EDVs) 9-Ap
T1: CC 22-M.
Water (WPA Failed) T2: T1 + SpX-21 (0 Liters 22-M.
T1: CC 21-Mar
02 if Elektron supporting 3 crew & no OGA T2: T1 + SpX-21 {0 kes 21-Mar
: Ti: CC 26-Jan
. 02 if neither Elektron or OGA IRPRIRE 22001 Ll 26-Jan
> > & 8.1" > > & & o\,w‘ ‘.-»‘ Q.w* b:x‘
o 3 « L » N » o o ..
\b“'p K N N \9‘\9 N \b“:’ N ¥ N N N

™ Reserve = Zero  SpX-21 e = 11 R
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EXpIor.ati'on Cfapabilities. D‘_e'velolpment Technology

“Demonstrations: Recently Arrived on the Space Station

- Atmosphere

- Right: Spacecraft
Atmosphere Monitor
. (S.A.M.) TD-1

%] Left: Thermal

Amine scrubber

- Upgraded Distillation %!

~ Waste Management and Water Recovery

s T

: FZ J — W
Left: Installation of [F58
the Urine Processor
Assembly (UPA) [

ox

~Above: Universal Waste .
‘I_\'/Ianaggmeht System (UWMS)

_ Bottorn: Double
Toilet Stall - L3
: . ‘ ~ Right: upgraded WPA catalytic

~ reactor flew on SpX-21
: 13



Featured Technology: UWMS

Universal Waste ManagementSystem -

'Closrng capabllrty gaps— advantages of UWl\/IS

| “Unrversal” Fit
-+ Regenerative system's' (ISS, G'ateway)

* Orion (Artemis 1l vehicle install upcoming) |
. 65%. mass reduction and 40% volume reduction
Through‘pretreatmeh't, contributes to"reaching ,

- exploration goal of 98% water recovery- (current
- recovery on the space station ~90%)

. Lower marntenance time requrred due to .
simplified systems, corrosion resistant parts

 Improved cleanliness.and crew comfort




) EXpIor.atiion Cfapabilities, D‘_e'velolpment Technology

- Demonstrations: Recently Arrived on the Space Station |

Monitoring and Logistics Management

Left: RFID Enabled
Autonomous -
Logistics
Management
(REALM) installed

Bottom: MinION
- DNA Sequencer

[ |

' Right: Air

Fire Safety

Experiments (Saffire-V) will be
deployed when Cygnus leaves
ISS s '

The fifth Spacecraft Fire Safety

borne Particle Monitor '

-
=g

a’

e

S
=

N

 4-Bed COZScru'bber ~ Brine Processor Assembly (BPA)

15



I\Iletrics_ — Agency PriOrity. Goel (APG)‘

S 5 '

: Inltlate at Ieast five technology demonstratlons on the Internatlonal Space Statlon to advance deep space exploration.

Status: GREEN

M FY20 Initiated (final)

Spacecraft Fire Safety (Saffire) IV

Advanced air filters _ finished .
initialization in U.S. modules
Urine Transfer Svysterr\

Biomole /-Microbial Monitoring

Water Processor Assembly (WPA) Multl-
Filter (MF) Slngle Bed Operation :

Urine Processor Assembly (UPA)
‘Upgraded-Distillation Assembly

- Spacesuit Evaporation Rejection Flight -
‘Experiment (SERFE) (Initiation began -

FY21, Q1)

Universal Waste Management System
(UWMS) (Installation in progress)

RFID-Enabled Autonomous Logistics

‘Management- -2 (REALM 2)-(awaiting

initiation)

Spacecraft Eire'Safety (Saffire) V,
initiation following NG-14 departure from
1SS 4 :

Water Processor (WPA) Upgraded
Catalytic Reactor .

Airborne Particulate Monitor (Initiation
began FY21) '

FY21 DeIivered FY21 To Be Delivered

Brine Processor Assembly (BPA)

4-.Bed COZ Scrubber

Spacecraft Atmosphere Monltor (SAM)

Unit 2

Urine Processor Assembly (UPA)
Upgraded Purge Pump'& Separator

Exposed Root On-Orbit Test System
(XROOTS)



Annual Highlights of Results from the ISS

.. j_ateét highlights of research resfults’ from October ANNUAL HIGHLIGHTS
1st, 2019 to October 1_ , 2020 have been'publlshed of RESULTS from the

at R AT AP T I A INTERNATIONAL

SPACE STATION
https /lwww.nasa. qov/m|SS|on paqes/statlon/research

/results cateqgory

October 1, 2019 — October 1, 2020

~+ Results are a collaborative effort of the ISS
partnership and represent the research of |
scientists around the world for investigations
sponsored by NASA, the ROSCOSMOS State
Corporation for Space Activities, the Japanese .
Aerospace Exploration Agency (JAXA), the. .

European Space Agency (ESA) and the Canadlan |
- Space Agency (CSA) |

17


https://www.nasa.gov/mission_pages/station/research/results_category

MARROW Study (Bone Marrow Adlpose
" Reactlon Red or Wh|te‘?)

Anemia is a kngwn issue when astronauts return from
space, investigation sought to characterlze problem and
find cause

Used more than 5 decades of astronaut data to

20‘20_Utili.zation Highligh‘ts B '.

Nanopartlcles based Countermeasures for Treatment of

determine that space anemia occurs after landing back

" on earth and the red blood cell loss is proportional to

spending time in space, recovery taking 1-3 months -

depending on mission duration

Mlcrograwty-lnduced Osteoporosis (NATO)

PrOJect studied a type of nanopartlcle that could. heIp counteract

bone density loss, a S|gn|f|cant problem for long term spacefllght

missions

Results from the experiment conducted in 2015 showed that the new

drug delivery system has beneficial effects on ceIIs responS|bIe for

“bone formation .

Rese'arch reSuIts can be. used to develop treatments for both
astronauts and osteoporosis patients on Earth . - 18




2020 Utlllzatlon nghllghts =rm

Cold Atom Lab (CAL) -~ Organs-On-Chips

T Mlcrograwty

‘allowed ,

- observation of
Bose-Einstein
~condensate (BEC)
using ultracold =~
‘atoms that are -
normally prevented
by Earth’s Gravity

® CanuseBECto . * Platform for studying effects of microgravity on
- performtests.of . human physiology and how cellular changes occur
underlying - | on' a chip that models human organs and tissue
principles of K
General Relativity ~~ »- Offers solutions for modellng human phyS|oIogy
| L and dlsease '- -

= A9



12020 Utilization Highlights

- Arésecond Space TeIesCope‘-Enainng '
" Research in Astrophysics (ASTERIA)

Small Satellite.deployed from ISS in 2017 designed to

. demonstrate'new teehnologies for astrophysical 'observations

" ASTERIA is responS|bIe for the first detectlon of an exoplanet. |

tranS|t by a smaII satelllte

Named 55 Cancr| the exoplanet is a known transrtlng super-,
Earth orbiting a Sun like star 3

I’nvestigati_o’n tests the functionality of a perm'anent meleeular.
biology capability that allows scientists to sequence DNAin

'space real time making crew members more independent in
their decision making and problem-.solving strategies '

Sequencer could |dent|fy mlcrobes dlagnose dlseases and .

5 understand crew member health

- 20



12020 Utilization Highlights

Flber Optlcs Manufacturmg

" _ZBLAN optlcal
fibers exhibit .

by more than an

~ zero gravity due to
‘ .suppressmn of
sedlmentatlon
processes

. reduced attenuation | |

order of magnitude
when fabricated in

EarthKAM -

"'Thousandsof students can remotely
~ control a digital camera mounted on
~ the ISS to take pictures of Earth .

21



2020_Uti|ization Highligh_t‘s ‘

NASA s:gns Memorandum o] Understandlng Wlth the USDA and the NSF to contlnue collaborat/on
“NASAandNSF - NASA and USDA "

NASA and NSF INCLUDES

“Building MSl-Led Coalitions to Strengthen
Broadening Parficipation in Engineering.”

Explore broadening participation strategies and partnership

opportunities to reach underrepresented populations nationwide

R~

NASA and NSF will continue to engage in research aboardthe NASA and USDA will explore research gaps of importance to
International Space Station (“ISS”) addressing biological and ~ the agricultural community that could be addressed through
physical research in microgravity, plasma physics-and joint -~ innovative Earth observation systems and technologiés
solicitations in transport phenomena, tissue engineering, and =~ developed over the next decade. The cqlléboration'also will
mechanobiology through ISS National Laboratory (ISSNL”)’s - address recommendations made in the 2017 National

- manager, Center for the Advancement of Science in Space. Academies’ Earth Science Decadal Survey. ”



Increment 64 Research nghllghts

Three-dlmensmnal Mlcroblal Monltorlng
~ (3DMM) of ISS Environment

*® Investigation uses DNA sequencing and other SERERS - e
. | _ | & ol 1 = 24 s 8
analyses to construct a 3D map of bacteria == E==EEC
~ and bacterial products throughout the station 12 ;lE = (Y o [ f{:.’_mi.,_.
* 3DMM addresses specific questions by o == 8 B . _f_ — f" {g
~ characterizing the microbial species and their CEEE e ey s e
natural products expressed under multiple " DEEE = /Q e, = /@
stimuli encountered in spaceflight ?f‘“—-:} ‘;,""_ = | . 3-@:_: i:.!, G
environments (altered gravity, atmosphere - ’::_'53@5 E_% }g -'-'-I%&"ff'- ;!i. g
compositian) - - b - -t =it -

............

* The main objective is to determine how
alterations in gravity affect microbial growth,
 geno- and phenotype, and natural product
characteristics _ el a

HNEm -

23



Increment 64 Research nghllghts

Assessment of Nutr|t|onal Value and Growth Parameters of Space grown PIants (PIant Habitat-02) -

‘ Investlgatlon grows radishes WhICh is conS|dered a model plant that is nutritious, and edible, has a short cultlvatlon time,
| and is genetically similar to. Arab:dopsrs a pIant frequently studied in mlcrograwty gt

3 Developing the capablllty for food production in space requwes understanding cultlvaflon conditions such as |ntenS|ty ,
and spectral composmon of Ilght and the effects of the culture medium or son Pt : A

b Th|s research could heIp optimize plant growth in the unlque enwronment of space as weII as evaluatlon of nutrltlon and
-taste of the plants - - A

24 .



20 Yéa_rs of Resea'r(:hl Growth

A) 2000 - 2010 . . B) 2011 - 2020
dynamies ther’ﬂsion
ti
- - mixglures phase
macromolecul#p trystallization model : crystab
weightigssness ‘ ! "‘tion‘irectiqn‘ solidification
apo.osns Mm N ‘c"'s. \ ® fluidsfiow
) internationalkspace-station . systéms liguidg o
». )\komstlo , ® * 2
dlﬂvrl.hm
her‘a -coli
> - modeleg microgravity
bedérest ! _bacteria
X
cardiac@trophy ’ 2 Uid N‘ ngnwodes
g ght > L
PR -.-’_"““ —
arterialipressure \ g SSNG .
\ ra on i
hu‘ nsopstoln.rrvlm 2 ‘ o l.ight‘shes
_ beard  ©
adaptation - ! "‘ NN :
- as uts
bedfest " ‘ envirgpment dos.et;y
‘“ expesure spegtra
|
blood-lymphocytes ow-eagorgit
biologicalidosimetry

Fi_guresf.rom:https://Www.nasa..gov/sites/defauIt/fiIes/atom's/files/np—202_0—11—021—jsc;iss_éﬁngjél_resul'ts_highIigh_ts;2020—121720;c.pdf oo - z _25



International Participation on ISS

ISS Results Publications through September 2019

.omnnl

Il Bwlogy ona Batechnoiogy

B arh and Spoce Scence
Educasonal Actiies and Outreach

Il Humon Beseasch

B Physcal Scence

[ Technology Development and
Damonatration

Not Shown. 156 pubications
frorm non-techicl soulces

Paoers

z%

International Collaboratlon Percentage by
Investigation Categorles

6%
B Bioclogy
[ carth and Space

Education
. Research and Education

@ New Entries

B Human Research

I Physical Science

108 highlighted countries and areas have participated in ISS Research and Education Activities . Technology

Global Involvement in Utilization

26



-

‘ 20 Yea,r's of Collaboration

A) 2000 - 2007 | . C) 2014 -2020

et

nosway

dengpark

north ireland TSC /

27
L Figures from: https:/ AR nasa.gov/sites/default/files/atoms/files/np-2020-11-021-jsc_iss_annual_results_highlights_2020-121720_c.pdf



. |SS Research Statistics

Estimated Number of Investigations Expedition 0-64: 3156*

Current Investigations for 64: 228 1 Expedition 64

* 148 NASA/U.S.-led investigations Research and Technology Investigations

« 80 International-led investigations 100%

* 45 New Investigations 20%
- O0CSA
: :73 EEQ A :: ™ Biology & Biotechnology
- 35 NASA/US wEarth & Space Science

TROSCOSMOS Awaiting Data 60%

u Educational & Cultural Activities

50%
m Human Research

MCB Approved Statistics Exp.

0'60 40% m Physical Science
« 2948 Investigations 30% u Technology Development &
* 4269 Investigators Represented Demonstration

« 108 Countries/Areas with ISS Research 20% w Awaiting Data

and Education Participation 10%
 QOver 2162 Scientific Results
Publications (Dec 1998 — Sept 2020) % A con XA NASALS. ROSCOSMOS
5 30 45 148 Awaiting Data

*Pending Post Increment Adjustments



‘Increment 63 (Apnl ’20 0ct ‘20)
Crew Time by Sponsor

O Enablers

- Additional capability and crew t|me by extendlng Demo 2 :
- " duration

B Operatlonally reedy reserve complement

Actual Ho_'urs -325

> Challenges

~+» Extended period with 1 USOS crew until Crew-1 arnval

_* Loss of research requwements from Increment due to slip ofi
NG-14 flight

-+ COVID-19 impacts to payload readlness G T NL, 147, 45%

8BS, 73,22%

- ,_Planned Hours - 268
' : HRP, 37, 12%

HRP, 43, 16%

TDO, 68, 21%

NL, 134, 50%

TDO, 68, 25%

.- *Hatched wedges.indicate increase from plan
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ISS 20 Years of Human Presence ;JfSé@*P

© 20 Years on the International Space Stgtion

. Nov 2 2020 marked 20 years of contlnuous ‘human presence on the Internatlonal Space Statlon

. A 20- day countdown celebratlon (October 22 - November 2) featured varlous onI|ne actrvrtles I|ke

Videos A | Documentary Release

'EZ Science- eblsode with Drs. Ellen Stofan and - 20 Years of Science: 'NASA Explorers 84 Bonus

‘Thomias Zurbuchen about the 20th anniversary . - Video on the @NASA YouTube Channel -

nasa qov/statlon | #SpaceStatlonZOth



https://www.nasa.gov/mission_pages/station/main/index.html
https://www.youtube.com/watch?v=-pJcbKr7iA4
https://www.youtube.com/watch?v=0K61rP6t0L8

ISS 20 Years of Human Presence %f@\”

* 20 Years on the International Space Stgtion

: ﬁ?hc New ork Times

20 Years Aboard the " o b ’ A: pr—r A 1
International Space Station Y TEN G > a s \ PODCAST §

1

By Eleanor Lutz Nov. 2, 2020

Twenty years ago today, three astronauts stepped aboard the
International Space Station. Since then, the L.S.S. has hosted

/&

hundreds of residents from many countries. This is a history of our i ‘ = : ,_"-é“ \ - 4 V/ & N, I :
T  Social Media Engagement
g Kerbal Space

e | s S o Rl
oo S oo cor ame s s | ‘4‘;\\\ £ & AMA EP 1 . INTERNATIONAL
R e e h e St <&h i | » .SPACE'STATION
asterisk * after their name. - L S5 1 : :
- e = : . -
R = S, P

l R % dl l""‘"i“'“ > )< i - } nasa_qov/_stauon |
""" e e — N - #SpaceStation20th -
T e ’ ' USA. Isirﬂg:mn Shepherd* : e . % : .

e


https://www.nasa.gov/mission_pages/station/main/index.html

ISS Future and Transition Plannin_g

2020 National Space Policy: “Continue the operation of the International Space Station in
§ cooperation with international partners for scientific, technological, commercial, diplomatic,
1 and educational purposes while developing separate commercial platforms to sustain
continuous US presence in and utilization of low Earth orbit and to transition beyond ISS

3 operations”

| Key ISS Mlssmn Goals: : 4 _
X Enabllng Exploration - close all technology capabrllty gaps and human research risk reductlon
activities requiring ISS as a testbed - T

- ‘Research to Benefit Humanity - continue groundbreaklng baS|c and appI|ed government
~academic, and commercial research-requiring unique environment of space with goal of
sustained demand to support future platforms

* International Partnershlp continue to lead partnership and expand opportunltles for global |
participation . :

.« Enable Commercial LEO Economy work closely with Commercial LEO Office to enable new
. commercial |n|t|at|ves and ensure no gap in LEO after ISS transmon '

. 33




National Aeronautics and
Space Administration

#

Learn more about the space station at
NASA.GOV/STATION
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