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Presentation

"Where is NASA going?

"Why is water critical to NASA’s mission?
" Recovering water from wastewater
"Water quality for humans and hardware
"Technology needs for exploration
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Acronym Primer

"ISS = International Space Station
"WRS = Water recovery system
"EVA = Extravehicular activity

Separation Science and Technology as a Convergence Platform
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So what is NASA really doing? **

HUMAN EXPLORATION

NASA's Path to Mars

MARS READY

RETURN TO EARTH: DAYS RETURN TO EARTH: MONTHS

Learning fundamentais
aboard the
/ International Space Station

Expanding capabdities
U.S. companies Dy visiting an asteroud in a lunar
provide access o distant retrograde orbit
low-Earth orbit

Traveing beyond iow -Earth orbit \Of’ E.}p!og”)q Mars. its moons
with th‘f S;)«!C’: LHU: ch Sy') em ;")d o”\(\( occp soacc

)

fOC ket and 0”0" SaCeCrs l" C(.St:p_:’zons
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Recovery of water from
wastewater is an enabling
technology to explore beyond
low Earth orbit



Human life supportrequirements= s

Open-loop life support system resupply mass
12,000 kg/person-year
(26,500 Ibs/person-year)

10,680 kg
(23,545 Ibs)

(2827 gallons) — Water 89%
/ Oxygen 2.5%

«— Food (dry) 2.2%

T Crew Supplies 2.1%

\ Gases lost to space 2.1%
ystems Maintenance 2.1%

Separation Science and Technology as a Convergence Platform
for SusChEM
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Human mass balance

SOLID

LIQUID

GAS

REGULATION (Metric)
Temp & Humidity
~18°C - ~ 27°C HEAT
~25 %- ~75% H20

Atmospheric Composition
51711Pa <P tot < 103421Pa
128mm Hg < ppO2 < 178mm Hg
< 5mm Hg ppCO2

8/12/14

FOOD . FECAL
~0.620kg/p/day ~0.110kg/p/day
URINE/SWEAT/
WATER
———> RESPIRATION LIQUID
~3.530k
d.530kaipday ~3.870kg/p/day
OXYGEN : 5 CO2+02 GAS
~0.830kg/p/day ~1.130kg/p/day

REGULATION (English)
Temp & Humidity

5 HEAT ~64°F - ~ 81°C
Output
~25 %- ~75% H20

Input

Atmospheric Composition
7.5psia < P tot < 15.0psia
2.48psia< pp0O2 =< 3.44psia
<.096 Hg ppCO2

Separation Science and Technology as a Convergence Platform
for SusChEM



Water requirements_chamge as mission
matures
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-Wastewater on ISS
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Wastewater on a pla
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RECOVERING WATER FROM
WASTEWATER

Separation Science and Technology as a Convergence Platform
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International Space Station

" Recycle urine and
humidity condensate

® Distillation
® Adsorption

® [on exchange

® Catalytic oxidation

® Disinfection

S130E006844

humidity
condensate
50%

Separation Science and Technology as a Convergence Platform
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|SS Life Support Systems =

OXYGEN GENERATION SYSTEM WATER RECOVERY SYSTEM

" HUMIDITY
URINE BRINE CONDENSATE

v

HYDROGEN

Separation Science and Technology as a Convergence Platform
for SusChEM
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Primary/
Secondary
Treatment Post
Processing
Brine
Water
Recovery
Disinfection
Wastewater Potable
Storage Water
Storage
Lavatory waste i Disinfection

36%

% 2 “;’E

Separation Sci¢
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WATER QUALITY FOR HUMANS
AND HARDWARE

Separation Science and Technology as a Convergence Platform
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Drinking;\Wéier Quﬁy on ISS

1SS WPA Product Water TOC
In-Flight TOCA and Archive Data
4000 *«WPATOC
i Archive TOC
3500 +PWD TOC
2000 - LS. Segment Specification for TOC = 3000 pg/L +WPAPFU2
"N MF RE&R “

2500 : o \ 4+ | Makeup
2000 A A I¥ Bed R&R PFU2 Calib. N H20

TOC, ugiL

e
. :l TOCAR&R \ \g g’
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MakeupH20

1000 O a AN
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Date
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Contaminant identification

Dimethylsilanediol Mita' silicate coating
(DSMD)
trimethylsilanol *?ﬂi":.v
dimethylsulfone

Polydimethylsiloxane

T (PDMS)
‘- oy

Trace
Contaminant
Control
Subassembly

Products

Overboarc
Venting

\ \ Processed
\ Urine

Potable
Water
Processing

Product
Crew Systems Water

al

Potable Hand
Water  Wash/ Water
Dispenser Shaving

product Water

Separation Science and Technology as a Convergence Platform

8/12/14 for SusChEM

20



— —

B -

Urine and solubility =

L EAS [ —
FiILLLED DO Vv

BOTTLES HWEWRE)
C VgAY vyoony\)
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NASA

'T stabilize™

What happens when you DON
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Tear Down and Inspection

Silicate

- oded Braze -

NASA Sensitive But Unclassified (SBU)
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Conclusions

®Water impacts human health and safety in space

®Hardware developers need help defining WHAT water
qguality is required for their hardware

" Water recovery enables American’s future space
exploration

Separation Science and Technology as a Convergence Platform
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Thank you

QUES®
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