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State of th e art ECLSS ignores solid waste.
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Wetland Removal Processes

Natural Wetland

ontaminants
and sediment
are filtered
Provides
critical wildlife
habitat

. Cleaner water
outflow

Groundwater
flow

Bacteria
break down
contaminants

How wetlands work

Ma et al., 2018

Artificial/Constructed Wetland

. l Aeration pipe

| | /
Distribution \\ / ﬂ}‘nﬁ ‘\Vl |¢

Aquatic plants (macrophytes) ’

pipes Gravel

| Sand (40-80cm)

Inlet ==

Drainage pipes

Impermeable liner

Vymazal 2010
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Investigate alternative -
e My feeding schemes to reduce the
A e L - required footprint of the
} | g L i system. '
- Compare the performance
coe et of thesame contrueted T L c o s oy
o wetland builtwith -

A - ' conventional sand versus
. lunar regolith for the i

reactor bed.

Compare performance
of the same constructed

wetland in Earth : g Sratins s . b5
gravity and in lunar ik
gravity. : '




Hydrodynamic Modelling -
Configuration

Air pockets

Soil
grains

100 cm
Substrate bed

A A A

Saturated soils Dry soils Unsaturated soils

Figure 1 - lllustration of microstructure for fully saturated, dry and unsaturated soils

e E—— |

50 cm 50 cm

a) 3D Conceptual Model b) 2D Finite Element Mesh Model

2D modeling of variably saturated flow through porous bed



Hydrodynamic Modelling -
Infiltration

Infiltration rate of water into the lunar regolith simulant
bed (L/day)
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8 10 12 14 Sand Regolith
Time (days)

——-Volume (L/day) in Earth Gravity ——Volume (L/day) in Partial Gravity « Reduced water infiltration rates over

time in partial gravity conditions in lunar
regolith simulant
« Not observed using sand




Hydrodynamic Modelling -
Runoff

Accumulation and seepage in lunar regolith simulant bed in Accumulation and seepage in lunar regolith simulant bed in
earth gravity partial gravity
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Accumulation faster than seepage causes

No increase in surface accumulation. ,
runoff of untreated sewage. Gross!



Optlmlzatlon of water clynamlcs in
partlal grawty usmg Iunar regollth ‘

‘No surface runoff!

Solution found? Not quite.;




Contaminant Removal Modelling -

COD Removdl

Simulation results of contaminant removal in continuous feeding strategy (t <1day)

Comparison of COD Concentration in Effluent at 30" day i i
Contaminant removal requirement not met

in lunar regolith under any gravity!

Regolith Simulant - Earth Gravity

Sand - Partial Gravity
m Readily Biodegradable COD

= Slowly Biodegradable COD Earth Sand works in all scenarios, though.
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Contaminant Removal Modelling -
Effluent Composition

Components Modelled

Simulation results of contaminant removal in continuous feeding strategy (t <1day) Dissolved oxygen (DO)
issolved oxy

' _ Readily biodegradable COD
Effluent Contaminant Concentrations at 30th day

m Sand - Earth Gravity
m Sand - Partial Gravity

Lunar Regolith Simulant - Earth Gravity
®m Lunar Regolith Simulant - Partial Gravity Inert COD

Slowly biodegradable COD

Ammonium ion (NH,*)

Nitrite ion (NOz)

I I I I Nitrate ion (NOs-)
I I =B
DO

NO2~ NO3~ N, gas Inorganic Dinitrogen gas (N2)
Phosphorus
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Inorganic phosphorus

Lack of oxygen penetration into lunar regolith
prevents aerobic metabolism (i.e. nitrification)




Contaminant Removal Modelling -
Intermittent Feeding Alternative

Simulation results of contaminant removal in
intermittent feeding strategy (t = 10 days)

« Higher COD removal compared to
continuous strategy

Percentage removal of contaminants using lunar regolith e Increase the downtime of the system
simulant at 60" day

to 10 days
« Unfortunately also removes Nitrates
99.2 99.3 99.2 98 0 o7 1 98.5 and Phosphorus - still primarily

£ o0 anaerobic!
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Total COD Nitriteion (NO2-) Nitrateion (NO3-) Phosphorus
(mg/L) (mg/L) (inorganic) (mg/L)
Component

B %age removal in Earth Gravity  m %age removal in Partial gravity




~ Conclusion

Water movement is
significantly slower in
lunar G, but it helps
improve microbial
performance.

A CW can treat 4
astronauts’ daily
wastewater, though
it would require
support
infrastructure.



Design and Operation
Recommendations

Septic Tank halves initial COD High freeboard to protect against surface accumulation Parallel beds with alternating rest periods

Distributer

Influent
Maecerated Entry A

Wastewater

Sieve regolith to larger particle size (1-2mm)

- Headspace

Passive Asrators Passive oxygen injection via pipes

Retention Tank
B
50cm
Process feedback control loop for

Treated water automation of the system

Sludge Removal

Level Control
Valve

The Marshian




Treatment Filter /
Reactor Bed

Passive Aeration
Pipes

Substrate
Retention Filter

Sampling Port

Post-Treatment
Reservoir

“Bench” scale protoypes
for simulation validation

Current Status

Wastewater
Distribution
Manifold

Passive Aeration
Pipes
Treatment Filter /
Reactor Bed

Substrate
Retention Filter

Sampling Port

Post-Treatment
Reservoir

Full scale model TBD
(To be deployed)
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imulation framework for water dynamics

* van Genuchten model for hydraulic properties

Parameter Interpretation

8r (Residual Water Content) Minimum water content laft in the bed after

[-] drainage

Bs (Saturated Water Content) Maximum water content when the soil is fully

-1 saturated

a (Air Entry Suction Pressure) | Determines the pressure at which air enters the

[1/cm] s0il pores

n (Pore-size Distribution

Parameter) Describes how uniform the pore sizes are

Ks (Saturated Hydraulic
The rate at which water moves through fully
Conductivity)
saturated soil

[cmi/day]

| {Pore Connectivity Parameter) Empirical parameter influencing hydraulic

[-] conductivity under unsaturated conditions




Simulation framework for water dynamics

Water dynamics through porous wetland bed in partial gravity conditions
Farlicle _Si_::

coaria

Richard’s equation:

Q=—-K(@)Vh+Vz)

Size Distribution
lower ——= highear

Total height = (Vh + Vz)

e 52
Hydraulic conductivity = K(8)

(Bonan et al., 2019) —_—

low&r = higher

Hydroulie Conduciivity

Hydraulic Conductivily

Estimation of hydraulic conductivity for partial gravity conditions

2 =9.81 m/s? for Earth

g =1.62 m/s? for Moon
Where k is permeability (m?), g is gravitational acceleration (m/s?), n is dynamic

viscosity (kg/ms), and p is the liquid density (kg/m?)




Simulation results of water dynamics using 40 L/day

VFCW water storage capacity comparison for 40 L/day loading

* |nherent difference in water storage capacity Higher saturation time

due to substrate nature

* Higher saturation time in partial gravity

conditions

Volume (L)

Lower saturation time

Continuous feeding

ﬂ Influent

Feeding interval <1 day B

Time {days)

—~—5and Bed at Earth Gravity (L) ——Lunar regolith simulant at Earth Gravity (L)

Sand Bed at Partial Gravity (L) ——Lunar regolith simulant at Partial Gravity (L)




Simulation results of contaminant removal in continuous feeding (t <1 day)

Dissolved oxygen profile in lunar Dissolved oxygen profile in sand
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Possible Causes

* Higher entry suction pressure of lunar regolith simulant







