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    Goddard’s Human Exploration Virtual Institute:  
In 2012, NASA/Goddard Spaceflight Center formed an 
intramural focus group called Human Exploration Vir-
tual Institute (HEVI) to examine the mutually-enabling 
capabilities that exists between science and human ex-
ploration. In essence, the focus group is to examine the 
SMD-HEOMD connection. HEVI consists of ~20 
Goddard scientists who specialize in the space envi-
ronment at Moon and small bodies, geologists who are 
familiar with the terrain at the Moon, along with explo-
ration operations experts. The team leverages heavily 
from existing expertise in groups like Heliophysics’ 
Community-Coordinated Modeling Center, (CCMC), 
The Lunar Science Institute’s DREAM Center, 
Heliophysics’ Virtual Energetic Particle Observatory 
(VEPO), and members of the former ESMD’s Optimiz-
ing Science & Exploration Working Group (OSEWG) 
and Integrated Lunar Information Architecture for De-
cision Support (ILIADS).  
     The HEVI objective is to provide critical science 
knowledge to internal and external exploration assess-
ment teams examining mission concepts to the Moon 
and asteroids. The group’s driving question is “How 
does the space environment affect human-built systems 
during missions to the Moon, NEOs, or Cis-Lunar lo-
cations, and can these environmental effects by reme-
diated?” Topical areas covered by HEVI are consistent 
with HEOMD's strategic knowledge gaps including 
areas of radiation, plasma, dust, regolith, vola-
tiles/resources, and operations.  
     EML2 Mission. In late 2012, NASA’s HEOMD 
began the formulation of a potential ‘gateway’ Earth-
Moon L2 mission placing the Multi-Purpose Crew Ve-
hicle (MPCV), the former Orion capsule,  at the quasi-
stable L2 point located  ~ 65,000 km from the farside-
facing lunar surface along the Earth-Moon line (see Fig 
1) . Burns et al., [2012] proposed that during the mis-
sion, there could be simultaneous tele-operations to a 
rover located in the South Pole Aitken Basin (SPA). 
This roving platform would then engage in preliminary 
sample analysis (for return) and could deploy observa-
tional platforms like a low frequency radio astronomy 
array for dark ages/early universe sensing. The mission 
could be considered a test-bed for future tele-robotic 
operations at Mars from its own moons.  

     Lunar Pit Study. Along with possible sample re-
turn and radio astronomy array development, the HEVI 
team proposes that the 
tele-robotic surface 
operations during the 
EML2 mission could 
occur near one of the 
recently discovered lava 
tubes/pits that exist in 
SPA [Robinson et al., 
2012]. These buried 
locations may represent 
a possible safe haven 
from the harsh space 
environment (radiation, micro-meteoroid impacts, etc). 
A tele-robotic study of these unusual pit features is 
a feed-forward investment in protection for future 
long-duration human stays on the Moon. A candi-
date location could be ~100-m wide, ~50-m deep pit 
located in Mare Ingenii, but a search for other SPA-
located pits is underway by the HEVI team.  
     Any landed rover near a pit could include ground 
penetrating radar (GPR) along with a deployable pack-
age to send into the pit with the primary objective to 
understand whether these locations could be potential 
safe havens from radia-
tion. High energy radia-
tion is considered one 
of the top hazards for 
any future long-term 
human presence at the 
Moon. While LRO can 
obtain the vertical 
depth of pits from 
shadowing and a mini-
mum estimate of over-
hanging roof [Robinson et al., 2012], there is no 
knowledge on their areal extension underground. The 
pits themselves may be isolated openings in a more 
extended horizontal tube structure (Fig 2) or could 
merely represent pits with no or minimal lateral open-
ings. Given substantial regolith and rock overtop, tubes 
may represent potential havens to protect against the 
harsh radiation environment during solar storms and 
from galactic cosmic rays.   
     The HEVI team formulated a set of questions in-
cluding: 1) How many pits are there? 2) What is the 
covered extent of pits/tubes? 3) Is the covered area 

 
Fig 1. Orion capsule near 
EML2 (from Space.com) 

 
Fig 2- Rover, GPR, and, tube 
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adequate to shield from harsh GCRs and energetic par-
ticles from solar storms? 4) Given a landed asset like a 
rover, what is an operational scenario for examining 
the pits via GPR? 6) How are rover operations affected 
by the change in plasma environments from a dayside 
conductive to nightside vacuum/insulating environ-
ment? 6) Can an instrumented ‘drop package’ be de-
vised to send into the pits? In essence, do the pits and 
their unseen underground extensions provide a place to 
hide during extreme space weather, and protect against 
the ever-constant harsh radiation and micro-meteoroid 
environment? HEVI is in the process of answering the-
se questions, and this presentation will detail some of 
the results.  
     GPR and the pits. Ground penetrating radar has 
the capability to examine the sub-surface features of 
the pits from the surface. Such radar could operate be-
tween 30-500 MHz (providing a vertical resolution 
from 1 to10-m). A key variable is the attenuation of the 
overlying regolith due to its intrinsic conductivity that 
may act to reduce signal strength. Carrier et al. [1991] 
indicates that ground conductivity is a strong function 
of temperature, with sample conductivity near 10-6 S/m 
on the warm dayside but dropping to below 10-13 S/m 
on the cold nightside.  Preliminary calculations indicate 
that these conductivity values are low and should allow 
the propagation of signals to structures within 100’s of 
meters of the surface.  
     Figure 3 from Zimmerman et al. [2012] shows re-
sults from a full wave EM code that examines wave 
propagation in the subsurface region containing a tube 
at ~100-m depth. Shown is the GRP return as a func-
tion of rover distance as it passes over the buried struc-
ture. There are reflections from both the top 
(rock/vacuum) and bottom (vacuum/rock) interfaces. 

The reflected sig-
nals on a distance-
vs.-depth echo-
gram (Figure 3) 
make a well-
known nested in-
verted-V signature 
as the rover ap-
proaches, passes 
overtop, and re-
cedes from the 
tube.  
     Tele-robotic 

Operations Scenario. Thus one scenario is for astro-
nauts located at EML2 is to perform a GPR sounding 
tele-robotic study of a candidate lunar pit located in 
SPA from the orbital platform. This operational scenar-
io is ideal practice for a future Mars tele-robotic study 
of a bio-geological site (methane vent, etc) which will 
likely also have a roving GPR to examine the sub-

surface, a drop package into a vent, and other environ-
mental sensors to map out plume dynamics. In the 
Moon/pit study, we suggest the rover is remotely pi-
loted in a circular/spiral fashion about the pit. As the 
rover spirals way from the pit, the radar reflection from 
the vertical walls of the pit becomes increasingly time 
delayed in the GPR return, and is thus clearly identified 
as ‘clutter’ relative to the horizontal tube itself. Plotting 
reflections as a function of radar location will allow an 
identification of tube extensions. A ‘drop’ package into 
the pit is also being formulated and will be described in 
this presentation.  
     Rover charging during operations. The lunar 
dayside is effectively a conductive environment since 
the rover is immersed in the photoelectric sheath and 
ground conductivities are relatively high. In contrast, 
the lunar nightside is effectively an insulator with no 
photoelectric sheath, and vastly reduced solar wind 
plasma (<<1%) due to being in the lunar wake. As 
such, a rover tire moving over the regolith will 
tribocharge, and dissipate its excess charge quickly on 
the dayside. However, there is concern that any charge 
build-up will dissipate slowly on the nightside. This 
electrical dissipation effect is being examined by the 
HEVI team for integration into operational scenarios.  
     Radiation. Given a depth to a tube, is the overlying 
regolith thick enough to shield from the harshest radia-
tion? HEVI team members are using VEPO resources 
to examine energetic protons and electrons propagation 
into lunar regolith. Preliminary results from GEANT 
coding indicate that beyond 5-m, the overlying material 
should provide some safe haven from protons at 20 
GeV and below. These results will be further dis-
cussed.  
     Conclude. We propose that the tele-robotic compo-
nent of the EML2 mission could perform a targeted, 
systematic study of the sub-surface extent of a candi-
date lunar pit/lava tube in the SPA basin. In this way, 
modern HEO assets are used to scope out future pro-
tected locations for long term occupation of the Moon. 
One scenario: a landed tele-operated  lunar rover for a 
pit study could be part of a future SMD/Discovery pro-
posal which is timed with an HEOMD EML2 mission.  
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Fig 3 - Simulated 30 MHz radar 
return from a rover passing over a 
model lava tube at 100 km depth.  
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