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Introduction: Europa is a primary target in the 

search for past or present life because it is potentially 

geologically active, and likely possesses a deep global 

ocean in contact with a rocky core underneath its outer 

ice shell [1].  

Challenges of Penetrating Europa Crust: The 

surface of Europa is dominated by the scars of tectonic 

activity, as well as pits, domes, and chaos terrains that 

seemingly erase past surfaces. These processes renew 

the icy surface over a 40-90 Myr time scale [2]. As 

Europa orbits Jupiter every 3.5 Earth days, diurnal tidal 

stresses cycle between tension and compression as the 

ice shell rises and falls by 30 m. These motions induce 

stresses with a magnitude of 150 kPa at the equator, 

and 20-50 kPa at the poles [3]. Additionally, the cold, 

brittle near-surface ice may have significant porosity 

(>20%)  from impacts and fracturing [4] and potential-

ly high concentrations of salts or acids [5].  

Figure 1 shows challenges of Europa environment 

and mitigation schemes. To reach a baseline 15 km 

depth, the probe will “Start” the hole in vacuum, 

“Cruise” through the 15 km of Europa subsurface, and 

finally “Enter” the ocean (or a lake) in a controlled 

manner.  

 
Figure 1. Challenges posed by Europa environment 

Thermo-Mechanical Drill: To reach the subsur-

face ocean, a probe would need to penetrate the icy 

formation while moving the excavated material behind 

it. The Search for Life Using Submersible Heated 

(SLUSH) drill is a hybrid thermo-mechanical probe 

system that combines the most efficient aspects of 

these two techniques [6].  

SLUSH is 5 m long, 57 cm diameter probe with a 

heated drill bit in front, antitorque cutters on the side, 

and several deployable tether bays on top (Figure 2). 

The probe is partially flooded–only critical subsystems 

are inside a pressure vessel; this allows the probe to 

sink rather than float.  

SLUSH utilizes a mechanical drill to break the 

formation, and heat from the power supply to partially 

melt the fragments to enable the efficient transport of 

material behind the probe. The resulting slush behaves 

like liquid despite being partially frozen, enabling a 

significant reduction of the power required for melting 

the full volume of ice. Further, because a mechanical 

approach generates higher penetration rates, SLUSH 

can reach the ocean in a much shorter time than a pure 

melt probe. Once SLUSH passes through the hazardous 

cryogenic ice, it could use a purely thermal approach to 

melt through the warmer ice without the need for me-

chanical cutting.  

SLUSH incorporates the Kilopower reactor for 

both thermal and electrical needs. The fission reactor 

can be turned on/off and is self-moderating, significant-

ly simplifying thermal management.  

The nominal SLUSH design is comprised of two 

sections. The upper (“cold”) section will house science 

instruments for on-board analysis, the battery pack, 

electronics, spools, and tether. We assume that the in-

struments, electronics, and batteries are operable at 

100°C. The lower (“hot”) section will house the drill 

bit, motors, and reactor. For drilling, we will use Hon-

eybee’s Venus motor that can operate at ~525 °C. To 

reduce the exposure to radiation from the onboard re-

actor, radiation sensitive subsystems (electronics and 

instruments) will be housed in the upper section (be-

hind motors and batteries).  

The drill bit needs to work only in the brittle, cryo-

genic ice, and whenever encountering salts. Once the 

ice becomes warmer and weaker at depth, the mechani-

cal system can be switched off and the probe can melt 

through the remaining ice shell. The drill bit therefore 

needs to act as a thermal probe in warm ice; hence, the 

frontal surface needs to have low Shape Factor, SF. 

The current bit design has a SF of ~0.6, which is con-

sidered acceptable (IceDiver has SF of ~0.4). Consid-
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ering the mechanical drill is percussive, the ice in front 

of the probe will be warmer, and the rotating auger will 

provides a “corkscrewing” effect, pushing the probe 

down and should generating sufficient Weight on Bit to 

penetrate ice.  

 
Figure 2. Conceptual design of SLUSH 

There are three architectures to facilitate communica-

tion between the probe and surface lander: tether, wire-

less (RF for ice and acoustic for ocean/lake), and hy-

brid.  

RF communication through salty cryogenic ice of 

various porosities have yet to be demonstrated. Propa-

gation through kilometers of icy formation with various 

types of inclusions (salt, lakes, cracks, porous and non-

porous ice) is uncertain.  

The tether approach provides high bandwidth and 

the exact depth of the probe. Fiberoptic tether can also 

be used to measure the thermal gradient, stress, and 

pressure. If fiber breaks, the broken microfilaments can 

be used as an antenna (so called “Tunable Tether”).  

SLUSH, will therefore be physically connected to a 

surface lander by a communications tether, housed in 

several deployable spool bays that are left behind in the 

ice once the spool is depleted. This allows each tether 

section to be purpose-designed. For example, the top 

section, which may see 150 kPa shear stresses on a 

diurnal cycle, will be reinforced with Kevlar. Leaving 

the spools behind also shortens the probe length as it 

descends, making penetration more efficient. The 

spools will also have an RF comm system embedded 

with an RHU for power (Figure 3). If the tether does 

break, broken sections can be used as “Tunable Teth-

er” for communication. However, there exist a few 

arguments that could retire this risk, depending on 

whether or not there are pre-existing cracks.  

1. No preexisting cracks: 150 kPa is too low to 

shear pristine ice. However, lightly compacted snow 

fails at 150 kPa when compacted to ~0.6 g/cc (equiva-

lent to 30% porosity) [7]. If Europa’s top layer is un-

consolidated, it may simply crush and compact around 

the stronger tether in response to the diurnal environ-

ment. 

2. Pre-existing cracks: There is also a worry that 

the tether will be subjected to cyclic stresses and fa-

tigue with time due to diurnal shifting within the ice. 

However, the relatively low diurnal stresses may be 

insufficient to break the refrozen column of ice behind 

the probe, shielding the tether from cyclic loading. 

3. The shear strength of Kevlar is of the order of 

100 MPa [8]. As such, fiberoptic cable reinforced with 

Kevlar should be more than sufficient not just to with-

stand 150 kPa stresses, but the 29 MPa stresses due to 

large faults, as well. 

 
Figure 3. Designed of the SLUSH Spooler 
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