
THE VOLATILES INVESTIGATING POLAR EXPLORATION ROVER PAYLOAD. K. Ennico-Smith1, A. 
Colaprete1, R. Elphic1, J. Captain2, J. Quinn2, and K. Zachny3, 1NASA Ames Research Center, Moffett Field, CA 
(Kimberly.Ennico@nasa.gov), 2NASA Kennedy Space Center, FL, 3Honeybee Robotics, Exploration Technology 
Group, Pasadena, CA. 

 
Introduction:  The Moon is now known to host all 

three forms of Solar System water (endogenic, 
sequestered external and in-situ) [1]. However, we do 
not yet understand the concentration, evolution and 
interrelated dynamics of these varied sources of water. 
“Prospecting” for lunar water at poles is the next step in 
understanding the resource potential and addressing key 
theories about water emplacement and retention. 

The Volatiles Investigating Polar Exploration Rover 
(VIPER) mission is a prospecting mission for volatiles 
being developed through NASA’s Lunar Discovery and 
Exploration Program (LDEP) with launch in late 2022-
2023 [2]. A critical goal to both science and exploration 
is to understand the form and location of lunar polar 
volatiles, including water. The lateral and vertical 
distributions of these volatiles inform us of the 
processes that control the emplacement and retention of 
these volatiles, as well as helping to formulate in-situ 
resource utilization (ISRU) architectures. While 
significant progress has been made from orbital 
observations [3-7], measurements at a range of scales 
from centimeters to kilometers across the lunar surface 
are needed to generate adequate “volatile mineral 
models” for use in evaluating the resource potential of 
volatiles at the Moon.  

The VIPER mission includes a rover-borne payload 
that (1) can locate surface and near-subsurface volatiles, 
(2) excavate and analyze samples of the volatile-bearing 
regolith, and (3) demonstrate the form, extractability 
and usefulness of the materials. With a nominal 90 day 
mission at the lunar surface, VIPER will explore a range 
of regions where ice is not expected, where it is 
expected at shallow (<1 m) to deep (~1m) depths or at 
the surface in permanently shadowed regions. 

Observations by VIPER will ground-truth our 
understanding of the distribution and retention of lunar 
volatiles. 

Payload Description:  The VIPER payload includes 
three “prospecting instruments” – a neutron 
spectrometer, a near infrared spectrometer and thermal 
radiometer, and a mass spectrometer – all of which will 
be continuously functioning during rover driving 
operations. VIPER also has a 1-meter drill with the 
ability to excavate  in 10 cm section “bites” for 
examination by the near infrared and mass 
spectrometers. The location of these instruments on the 
VIPER rover are shown in Figure 1. 

NSS: As has been demonstrated at multiple solar 
system targets, neutron spectroscopy can provide key 
information about planetary bulk composition and 
hydrogenous volatile abundance. The VIPER Neutron 
Spectrometer System (NSS), derives heritage from the 
successful Lunar Prospector Neutron Spectrometer. 
NSS will provide (1) estimated hydrogen abundance via 
epithermal neutron flux, and (2) bulk regolith chemical 
information by way of the thermal-to-epithermal 
neutron flux. The poles appear to be dominated by 
anorthositic highlands lithologies, as inferred from 
gamma ray and NIR spectral reflectance data, and in this 
case the thermal and epithermal neutron flux 
measurements can be used to infer both burial depth and 
abundance of water-equivalent hydrogen. Thus, a map 
of these parameters can be made during VIPER rover 
traverses. Prior field tests have demonstrated the use of 
the NSS in a roving capability [8]. 

NSS uses two gas proportional counters containing 
pressurized helium-3 gas; these detect the cosmic-ray-
generated neutron flux coming out of the lunar soil in 
two energy ranges. One counter, with a cadmium foil 
cladding, measures only epithermal neutrons by 
excluding all thermal neutrons, and is used to map bulk 
water-equivalent hydrogen during VIPER’s traverses. 
The other counter is sensitive to neutron energies from 
the thermal through the epithermal energy range – the 
difference between the two measurements can provide 
an estimate of burial depth of hydrogen-rich material as 
deep as 1 meter. VIPER’s NSS thus serves as a 
“bloodhound”, tracking the traces of buried ice. 

NIRVSS: The Near InfraRed Volatiles 
Spectrometer System is a multi-component instrument 
enabling observations that characterize lunar surface 
composition, morphology, and thermophysical 
properties. NIRVSS views the surface under the rover 
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and operates continuously while roving. During a 
drilling activity, NIRVSS directly views the drill 
cuttings as they deposited on the surface. 

NIRVSS has two physical components, a bracket 
assembly and spectrometer box, coupled together by 38 
fiber optic bundle. The bracket assembly includes the 
entrance aperture for the spectrometer fiber optic 
bundle, a panchromatic, 4 Mega Pixel camera, seven 
different colored LEDs that range in wavelength from 
340 to 940 nm for context imaging, and a four channel 
thermal radiometer, used for thermal emission 
correction of spectra and measuring surface 
temperatures. The spectrometer box contains two 
commercially modified spectrometers from Brimrose 
Corporation of America. The two separate modules will 
measure reflectance between 1300-2400 nm and 2200-
4000 nm at spectral resolutions of <20 and <50 nm, 
respectively. The bracket assembly also includes an 
infrared lamp for illuminating the surface. The system 
is at TRL 6 and has been utilized in prior field studies 
[9]. 

MSolo: The Mass Spectrometer observing lunar 
operations (MSolo) instrument is a modified 
commercial off-the-shelf (COTS) instrument based on 
Inficon’s Transpector® MPH high performance 
quadrupole mass spectrometer. MSolo can detect and 
differentiate low molecular-weight volatiles between 
atomic mass units (amu) 1 – 100 amu. This allows for 
the identification of volatile species (including water), 
their relative intensities, and isotopic ratios. The COTS 
unit was readied for lunar application with the addition 
of vibration ruggedization and thermal management 
modifications to its electronics board. When paired with 
the TRIDENT drill, MSolo detects volatiles sublimating 
from the drill cuttings when delivered to the soil surface. 

Thermal vacuum testing with TRIDENT provided 
initial proof of concept data correlating the water 
concentration with soil depth to the water signal 
measured. The cross-beam ion source provides an 
enhanced sensitivity to volatile signals emanating from 
the regolith sample delivered to the surface. The water 
signals changed proportionally to the known water 
content of the soil at each depth. This testing 
demonstrated that the water signal measured with the 
cross-beam ion source MSolo can be used to quantify 
the relative water content of the soil as the sample is 
brought to the surface. 

TRIDENT: The Regolith and Ice Drill for 
exploration of New Terrains (TRIDENT) is a 4th 
generation rotary-percussive drill that Honeybee has 
developed over the past decade [10,11]. The TRIDENT 
consist of following subsystems: (1) rotary-percussive 
drill head, (2) sampling auger, (3) brushing station, (4) 
deployment stage, and (5) feed stage. The drill head has 

been designed with rotation and percussion decoupled. 
This allows the use of more energy intensive percussive 
system only when required (e.g., to penetrate harder 
formations). To reduce sample handling complexity, the 
drill auger was designed to capture cuttings and soils as 
opposed to cores. High sampling efficiencies are 
possible through a dual design of the auger.  The lower 
section of the auger has deep and low pitch flutes. This 
geometry creates natural cavities ideal for retaining 
granular materials (cuttings and soil). The upper section 
of the auger has been designed to efficiently move the 
cuttings out of the hole.  

The drill uses a “bite” sampling approach where 
samples are captured in ~10 cm intervals. After drilling 
10 cm, the auger with the sample is pulled out of the 
hole, and the sample is brushed off onto the ground. This 
particular approach has many advantages. Drilling 
power can be kept to minimum since parasitic losses 
driven by auger convening samples from the depth to 
the surface are eliminated. Upon retracing, the mission 
can take time analyzing the sample while the drill is 
above the hole – in its safe location. Periodically lifting 
the drill out of the hole allows the hole to cool down (if 
drilling generates a lot of heat). Since drill bit has an 
integrated temperature sensor to monitor bit 
temperature during drilling, the same sensor could be 
used to capture thermal data of the hole every time the 
drill is lowered back into the hole. 

TRIDENT is currently at TRL6 and has been 
undergoing various tests at NASA GRC VF13 (lunar 
chamber) facilities [12]. The TRIDENT drill is capable 
of providing subsurface temperature vs depth as well as 
strength of regolith vs depth. The latter information can 
be used to infer whether the regolith is an ice-cemented 
ground or a mixture of regolith and ice particles. The 
strength information can also be used to determine the 
ice content if the formation is ice-cemented.  
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