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Introduction: Six Apollo surface sortie architec-

tures were carried out completely with single use sys-

tems (Fig. 1). Dust contamination assessment internal 

to the vehicle has been partially quantified, but external 

and plasma-dust exospheric contamination is largely 

unknown. Landing plume material redistribution, an-

thropogenic splattering, photoelectric levitation, lofting 

and meteoroid displacement and settling, and general 

electrostatic adhesion to outer surfaces remains un-

quantified [1]. 

The Gateway station is concerned with lunar dust 

transported on the exterior of the crewed ascent vehicle 

which docks with Gateway. Such dust could be re-

moved by docking loads and travel to Gateway affect-

ing optical devices and coatings, radiators, etc. and, 

hence, cause performance or lifespan degradation. Re-

peated transfer of dust, across all grain sizes, to lunar 

orbit and to orbiting assets, such as Gateway, remain 

unknown. Analysis and modeling efforts are currently 

in work. 

 
Fig. 1. Apollo 16 and 17 LM ascent vehicle prior to 

CM docking with unknown external dust loading. 

Gateway Orbit: The Gateway station is expected 

to follow a highly eccentric, Near-Rectilinear Halo 

Orbit (NRHO), with an average perilune altitude above 

surface of roughly 1629 km (Fig. 2). Understanding the 

natural and induced environments is imperative to re-

duce risk, including dust characterization, transport and 

mitigation strategies for Gateway remain open work. 

 
Fig. 2. Gateway NRHO orbit schematic. 

Environments, Observations and Dust Loading: 

Natural and induced, surface and exospheric dust quan-

tities and characteristics are expected to be composi-

tionally and location dependent [2,3]. Near horizontal 

surfaces of landed spacecraft would be expected to 

attract and hold dust as length of surface stay increases 

assuming no disturbances. Adhesion of surface dust, 

especially glass spherules, onto painted and metallic 

surfaces was determined to be ~104 dynes/cm2 and 2 to 

3 × 103 dynes/cm2 respectively, from Surveyor 3 [4,5]. 

Horizon-glow observations across programs, both 

by astronauts and instruments, attributed to an exo-

sphere comprised of levitated material as observed by 

forward-scattering of sun light (~10 µm in size and ~50 

grains/cm2) [6]. Intense electrostatic fields (estimated 

at >500 V/cm) occur near the terminator boundaries, 

moving in a westward procession at ~15 km/hr, induc-

ing dust levitation and lofting via photoelectric charge 

differentials. Levitated dust within the first few meters 

of the lunar surface, having insufficient velocity, balis-

tically returns to the surface over short distances. Loft-

ed dust, <300 nm in size, attaining sufficient velocity to 

overcome lunar gravity (i.e. qE > mgl) is observed in 

sunlight backscattering as a permanent yet variable 

exosphere, being either impact or dynamic fountain 

generated, and rising to over 100 km in altitude 

[7,8,9,10]. 

Natural dust deposition rates that contribute to 

hardware surface loading have been determined from 

meteoroid impacts assessments, Apollo surface detec-

tors, and the Chang’E 3 mission with results ranging 

from 10 to 21.4 to 100 μg/cm2/yr [11,12,13]. 

Contributions to the orbital dust environment in-

clude surface material ejected above lunar escape ve-

locities during lunar lander thruster surface pluming 

[14]. This potentially induces an additional collision 

hazard (i.e. beyond micrometeoroids) in certain orbits 

and may potentially add material to the already transi-

ent lunar exosphere. Landing plume induced dust has 

also been shown to “sand-blast” nearby objects [15] 

through the landing process, and surface material may 

also settle back on vehicle surfaces once on the surface. 

Figure 3 provides an example of induced dust move-

ment and settling on vehicle surfaces during the land-

ing process with the Mars Science Laboratory (MSL) 

[16]. 
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Fig. 3. Debris splattered MSL deck plate (MSL/JPL). 

Hardware Hazards: Likely contamination affects 

in lunar orbit due to natural exospheric or transported 

dust include: 

1) Ascent vehicle docking ring seals, surfaces and 

connectors. Experiments with JSC-1A simulant 

demonstrated seal leakage rates of 350 times ex-

perimental baseline in the presence of as little as 

3.3x10-4 lbm material, and baseline rates were not 

reacquired post cleaning [17,18]. Contributing fac-

tors include seal grease and materials properties. 

2) Electrostatically sensitive/attractive surfaces of 

Gateway (e.g., solar panels, electrical wiring, sur-

face structures). 

3) Gateway EVA exposure to dust adhering to exter-

nal surfaces. 

4) Dust adhesion and/or effective micrometeoroid 

impingement from dust ejected from thruster land-

ing plums. 

Conclusions: Dust will only continue to be a grow-

ing issue for human activities to and from the Moon. 

The following list highlights ongoing and needed anal-

ysis addressing all the presumed risks discussed previ-

ously: 

1) Ascent vehicle release of dust through the docking 

phase need to be modeled for worst case transport. 

2) Quantify and understand all surface dust loading 

environments. 

3) Quantify and understand induced orbital contribu-

tions due landing plume dust ejecta. 

4) Implement operational countermeasures to monitor 

and protect seals (e.g. docking and hatch) and oth-

er components from dust impingement. 

5) Assure Gateway surfaces are unaffected by poten-

tial dust impingement. 

6) Operationally control risk to Gateway EVA entry 

and doffing operations to account for potentially 

very fine grained dust (<1 µm) accumulation on 

station exterior. 

7) Will lengthy south pole surface operations near 

deeply contrasting light-shadow regions produce 

greater amounts of lofted/levitated dust? 

8) Will South Pole highlands regolith have a higher 

incidence of induced dust excavation and loading? 
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