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Designing a Subsurface Probe for Enceladus in an Afternoon
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Our Hypothetical Mission

Composite map of Enceladus's SPR 

showing cracks dubbed 'tiger 

stripes' where the geysers are located 

(NASA/JPL/Space Science Institute).

NASA/JPL-Caltech

Selected Landing Zone !

Jets of ice emanating from fractures in the 
SPR of Enceladus in an image from the 
Cassini Saturn Orbiter. 
(NASA/JPL/Space Science Institute).

Your Mission: Given the provided 
mission elements, identify design 
features and approaches that help 
maximize data return using the 
advantages of Additive Manufacturing 
(extra points for coming up with a 
great mission name acronym).

Background: A radar sounding survey mission to Enceladus has shown stable subsurface “lens 

lakes” of water exist in the South Polar Region (SPR) at depths of three km, though location 

resolution is poor (5 km). These lakes are extremely interesting for their life hosting potential.
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Previous JPL work in ice covered lake exploration
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ESA ongoing work on Enceladus exploration

The Saturnian moon Enceladus with its extensive water bodies underneath a thick ice sheet 

cover is a potential candidate for extraterrestrial life. Direct exploration of such extraterrestrial 

aquatic ecosystems requires advanced access and sampling technologies with a high level of 

autonomy. An innovative exploration concept has been developed as part of the research 

consortium Enceladus Explorer (2012-14). It is based upon the minimally invasive melting 

probe IceMole, which enables to travel along a curved trajectory and allows obstacle 

avoidance as well as target selection maneuvers. These maneuvers, however, necessitate a 

sophisticated on-board navigation system capable of autonomous operations including in-ice 

attitude determination, localization, and forefield exploration, which are integrated through a 

high-level sensor fusion. The Enceladus Explorer Initiative (EnEx), established by the DLR 

Space Administration in 2015, addresses these challenges and contributes to developing key 

technologies for a future exploration mission to Enceladus.

http://www.dlr.de/rd/enex
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Requirements for our hypothetical probe:

Mission Performance Requirements: 
❑ Land on Enceladus SPR (assume success, hurrah!) 
❑ Identify target lake location using crawler and radar sounder 
❑ Travel up to 5 km to get within drill range
❑ Set up surface base with stable communication to relay satellite
❑ Thermally drill down through up to 3000 m of ice
❑ Enter lake environment, travel up to 100 km
❑ Release array of independent explorer drones (RTG power, 50W each)

Required Data Products (both surface and subsurface): 

o Environment physical properties, water and ice constituents
- mass spec, temp & pressure sensors (small, low power, many signal lines)

o Video feed 
- multiple cameras (3 on surface, min. of 2 per drone, low power, high data rate)

o Sonic Sensors (Subsurface only) 
- small, low power, includes both sonar emit and receive

o Multispectral imaging 
- hypothetical technology level, medium size, medium power, very high data rates

o Seismic sensing (Low power, wireless, need to place 12 surface sensors during travel, add’l 12 sensors to be 
placed in subsurface lake environment, data relayed to surface by subsurface probe

o Radar sounder (Surface only) (large, high power)
o Magnetometer (small, low power, needs to be min of 3 m from any magnetic material
o In-situ biological activity analysis (medium size, high data rate, medium power draw)

o Communications, Surface: High Gain Antenna (very large, high power) and Laser Communications Module 
(medium size, medium power)

o Communications, Subsurface: Probe to Surface: Trailing fiber optic cable; stationary receiver at bottom of bore 
hole, probe to receiver: short range: laser, medium range: long wave radio, long range: sonic pulse

Falcon Heavy Launch = 

11000 kg to Enceladus

-3000 kg deorbit burn module,

-3000 kg relay orbiter mass

-1500 kg landing module mass

= 3500 kg probe mass budget

SpaceX, Inc
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