
Enhancing Return from Lunar Surface Missions via the Deep Space Gateway.  D. G. Chavers1, R. J. 
Whitley2, T. K. Percy1, D. H. Needham1, T. T. Polsgrove1; 1Marshall Space Flight Center, Huntsville, AL; 
2Johnson Space Center, Houston, TX. 

Science Objective: NASA has recently been 
directed to “return humans to the surface of the 
Moon for long-term exploration and utilization” 
(National Space Policy, December, 2017).  Access 
to and exploration of the lunar surface through both 
robotic and crewed missions are required to address 
the seven highest priority objectives identified for 
lunar science [1].  These high priority science ob-
jectives require either the deployment of long-lived 
surface instrumentation, or the collection of samples 
returned to Earth from many locations on the lunar 
surface (e.g., [2], also see results from the Lunar 
Science for Landed Missions Workshop, 01/2018). 

Although missions to the lunar surface from 
Earth may be most efficient without a stop at the 
Deep Space Gateway (DSG), the DSG can substan-
tially enhance the return from both robotic and 
crewed round-trip lunar surface missions.  

Robotic Surface Missions: Current landers un-
der development through the Lunar Catalyst pro-
gram and other commercial endeavors are designed 
for direct access to the lunar surface from Earth, 
conducting one-off missions of complexity that 
evolves with time.  With the DSG in place, these 
landers could evolve further, developing into reusa-
ble platforms that deliver permanent surface instru-
ments distributed across the Moon and return sur-
face samples to the DSG from multiple locations. 

In particular, robotic missions such as the Lunar 
Geophysical Network [3] that require deployment 
of multiple permanent surface instruments require a 
method to robotically transport and release landers 
at set intervals.  Although LGN does not require 
DSG for deployment, DSG could greatly reduce 
cost and risk to LGN mission success by employing 
a single lander that is reused to deploy multiple 
suites of long-lived instrument suites on the lunar 
surface.  The lander could be refueled and re-outfit-
ted with new instrument suites delivered by Logis-
tics Modules to the DSG prior to each deployment. 

Additionally, the DSG facilitates sample return 
by reducing complexity requirements of sample re-
turn vehicles, which would otherwise need to in-
clude heat shields (etc.) for Earth reentry.  Crew will 
transfer samples from a lunar return vehicle to a ve-
hicle already designed for Earth reentry (e.g., Orion 
or international/industry-provided crew capsule) 

through human-assisted sample return procedures. 
Furthermore, the DSG could facilitate return of cry-
ogenic samples via Orion or international/industry-
provided return capsules by providing access to cold 
storage facilities onboard. Such facilities would en-
able investigations that would promote the develop-
ment of in situ resource utilization procedures as 
well as human research in deep space. 

Crewed Surface Missions: The DSG also bene-
fits crewed surface missions through providing a 
communications relay for farside and south polar 
operations and by providing a safe haven for surface 
crews in the event of a surface mission anomaly.   

DSG Requirements: Lander and ascent vehi-
cles are separate architectures that are beyond the 
scope of this paper.  However, these elements di-
rectly affect design requirements of the DSG. To fa-
cilitate deployment and return of lander and ascent 
vehicles, the DSG must have 1) a science airlock 
(e.g., ~0.2–0.5 m diameter) for a sample canister, 2) 
a docking port for a crew return vehicle, and 3) a 
way to refuel vehicles to enable reusability.   

The science airlock would benefit from having 
a robotic arm that can be manipulated from inside 
the DSG or from Mission Control to transfer a sam-
ple canister from the return vehicle to the DSG inte-
rior.  This science airlock could be co-located with 
the crew airlock to reduce risk.  Crew must stow re-
turned samples inside the DSG because Orion does 
not have external capacity dedicated for stowage. 

The docking port is required to grant crew ac-
cess to the DSG from the lunar ascent vehicle.  Ide-
ally, this port would be independent of the Orion 
docking port to allow both vehicles to be present 
simultaneously.  This would serve as safety redun-
dancy for crew, providing two vehicles in case the 
DSG and one vehicle are both compromised. 

A refueling capability would greatly improve 
the ability to reuse the surface transport assets.  This 
would facilitate robotic sample return missions to 
multiple locations without the need for replacing as-
sets, improving the return-on-investment from not 
only the lander and ascent vehicles, but also on sur-
face assets such as rovers that could be operated 
tele-robotically from crew on the DSG. 

Orbit Requirements: One significant impact on 
lunar surface access is the DSG orbit (Table 1).  
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DSG location affects both the ΔV required to de-
liver payload from the DSG to the lunar surface as 
well as the time required to complete the landing 
(Table 2).  Minimizing ΔV requirements for surface 
access is desired for both crewed and robotic mis-
sions in order to minimize propellant mass required 
for descent as well as to maximize the mass allow-
ance for delivery to and, critically for sample return, 
return from the lunar surface.  For crewed surface 
missions, time of descent (transfer time) is a con-
cern for crew safety – shorter descent durations are 
preferred.  For robotic surface missions, transfer 
time is a concern if instruments require activation 
prior to descent; otherwise, descent time is less of a 
concern. If the transfer time is permitted to increase, 
the ΔV from NRHO, EM L2 and DRO could be re-
duced by ~100 m/s each way. 

The current reference orbit for DSG is the 
Earth-Moon L2 Near-Rectilinear Halo Orbit 
(NRHO) as it appears to best balance competing 
constraints and requirements. The NRHO meets 
Orion’s performance and thermal requirements and 
trades well for habitat design, especially in the areas 
of orbit maintenance, thermal design, lunar polar 
surface access, accessibility to smaller launch vehi-
cles and south pole/far side communication cover-
age [4].  For science, the NRHO offers >60% com-
munication coverage at ~20oN up to 86% commu-
nication coverage at the lunar south pole; coverage 
is <10% north of ~30oN on the farside and north of 
~10oS on the nearside (Figure 1).  (If a North family 
NRHO was selected, relative coverages would be 
swapped between poles.) Additionally, the NRHO 
Table 1: Orbit Characteristics 

From [4]. LLO – Low Lunar Orbit; NRHO – Near Rectilinear 
Halo Orbit; EM-L2 – Earth Moon Lagrangian Point 2; DRO – 
Distant Retrograde Orbit. 

Table 2: One-Way Surface Costs from Various Orbits 

can facilitate near-global access to the lunar surface 
with 0.5-day transfers from the DSG, though ΔV 
costs increase near the equatorial regions (Table 2). 

Table 3: Total Costs from Earth Back to Earth 
Vehicle Phase LLO NRHO 

Launch 
Vehicle 
Costs 

LEO to TLI 3.2 km/s 3.2 km/s 

Subtotal LV 3.2 km/s 3.2 km/s 

Crew 
Vehicle 
Costs 

TLI to Lunar Orbit 0.9 km/s 0.45 km/s 

Lunar Orbit to EI 0.9 km/s 0.45 km/s 

Subtotal Crew 1.8 km/s 0.9 km/s 

Robotic 
Vehicle 
Costs 

BLT to Orbit 0.63 km/s 0.01 km/s 

Orbit to Surface 2.0 km/s 2.75 km/s 

Surface to Orbit 2.0 km/s 2.75 km/s 

Subtotal Robotic 4.63 km/s 5.51 km/s 

 Total 9.63 km/s 9.61 km/s 

Notes: LEO – Low Earth Orbit; TLI – Trans Lunar Injection; 
EI – Earth Interface; BLT – Ballistic Lunar Transfer (slow 
transfer to Moon) 

It is important to note that the NRHO is on an 
efficient path from Earth to the lunar surface, and a 
choice between NRHO and LLO does not change 
the total cost when all spacecraft are considered to-
gether. The orbit determines how cost is divided be-
tween each spacecraft (Table 3). If the DSG is in an 
NRHO, more ΔV must be done by the lander, and if 
the DSG could get to LLO (which is not accessible 
by Orion) more ΔV must be done by the DSG and 
crew vehicle, requiring an additional propulsion el-
ement (Table 3).  

In summary, the DSG will facilitate access to 
and communication with the lunar surface, which 
will be a boon for science ops in cislunar space. 
References: [1] National Research Council, 2007. [2] Steenstra, E.S. et 
al., Adv. Space Res., 58(6), 1050, 2016. [3] Weber et al., this confer-
ence. [4] Whitley, R. and Martinez, R., Options for Staging Orbits in 
Cislunar Space, 2015

Orbit Period Amplitude 
Range (km) 

Earth-Moon 
Orientation 

LLO 2 hrs 100  Any inclination 
NRHO 7 days 2,000x75,000  ~Polar 
EM-L2 14 days 60,000  Varies 
DRO 14 days 70,000  Equatorial 

Orbit ΔV (m/s) ΔT 
LLO (0o plane change) 2000 <1 hr 
LLO (30o plane change) 2846 <1 hr 
NRHO (Polar site) 2730 0.5 days 
NRHO (Equatorial site) 2898 0.5 days 
EM-L2 (Polar site) 2800 3 days 
EM-L2 (Equatorial site) 2750 3 days 
DRO (Polar site) 2830 4 days 

Figure 1: Communication coverage from NRHO, from [4]. 
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