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Antarctic Subglacial Lakes

145+ Antarctic
subglacial lakes

100s to 1000s of
meters beneath ice

Ing ice sheet

Influenc
» Biotic ecosystems
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Why Subglacial Lakes?

Subglacial lakes originally thought to
exist as isolated, water trapped in deep
depressions carved in bedrock by
moving Ice.

However, more recent discoveries
determined these lakes are pumping
water in and out on time scales of
months to years, demonstrating these
lakes are part of an interconnected
system of water drainage.
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WISSARD Expedition

Whillans Ice Stream
Subglacial Access Research
Drilling

=GeomicroBiology of
Antarctic Subglacial
Environments (GBASE

»"Robotics Access to
Grounding-zones for | ISSARD -
Exploration and Science . G
(RAGES)

»| ake and Ice Stream ¢
Subglacial Access Research ;

Drilling (LISSARD):
- 8” borehole for MSLED
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Whillans Ice Stream

Sub ice-shelf cavity

Grounding zone wedge
Subglacial Lake Whillans

East Antarctica

hillans
Stream

Ross
D Ice Shelf
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Why Subglacial Lakes?

Engelbardt

&

Ridge

0. 10 20 30
Kilometers

Subglacial drainage

divides (Fricker et al., 2007)
Grounding line

(Scambos et. al, 2007)
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Lissard Objective

Focusing on subglacial lakes to

determine how fast the West Antarctic
ice sheet loses mass to the global ocean
and influences global sea level changes
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MSLED Objectives

* |nvestigate water-ice interface

= Determine vertical and horizontal
structure of water column
® Physical: pressure and temperature
e Chemical: salinity and pH
¢ Visual inspection

= Visually investigate lake floor for
geologic and sedimentary processes
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System Requirements

Sensors: high resolution
video, temperature,

salinity and pressure

Operational range of 1
km

Operating at depth up
to 1.5 km

Maximum 8 cm
diameter and 70 cm
length

Remotely operated
from surface

Localization of

Operate for minimum 2 h

Two-way communication
with surface in real-tim

Return to the borehole
retrieval

Operate in temperatures
from -10°C to 50°C

Utilization of commercial-
off-the-shelf components

Withstand decontamination
for clean access
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Comparable Vehicles

max 0.08 m

Hydroid Remus 100
0.19 m diameter, max 100 m depth

Theseus

Bluefin 9 1.27mx10.7 m

0.24 m diameter 8600 kg
max 200 m depth max 2000 m depth
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Angstrom Space Technology
Center, Uppsala, Sweden
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Size: 5cm x 20 cm

Range: >5 km

nstruments: CTD, Camera
+ 1 mission specific instrumen

plications
Europa
Ice Shelves
Acidic Lakes
Alkaline Lakes
Sub-Glacial Lakes

Hydrothermal Vents
Submerged Volcanoes
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Micro-Sub Vehicle Concep

FIN MOTOR

MAIN MOTOR
FIBER SPOOL
=

FIBER PROTECTION ELECTRONICS BOX
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MSLED Concept
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Lake Exploration Device

System Diagram

Wersion 2

(June-August 201
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System Prototype

Surface Operator _ | & Data < > F'h‘"‘i
Ground ransceiver

Handling ﬁ,
Station n 2 ) 1

Tripod Deployment

Tether Spoal Platform
Ice Cipen Hot Wat g
) _ en Hot Water i
Sheet — Elecirical Signals Drill Calumn .

—» Optical Signals

Water
Subglacial Lake

Ice Borehole
Probe

Fiber

Camera
Transceiver

Fiber Spool

Buoyancy

g 5
Command | | Engine
& Data Main Motor
Handling

2 W

Positioning Power Fin :ﬂ :tu rs

Background image: Flickr, WoaH




lce Borehole Probe

Stainless Steel
Pressure Housing

12 cm dia
63.5 cm long

2 Quartz windows
on side for one
camera & one
halogen lamp

1 Quartz window
on bottom for one
camera and two
lamps

4 Fiber optic lines
2 for video

signals, 1 for IR
ontrol, 1 spare
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Concept

Background image: Flickr, WoaH

Fiber Optic Communicati
to Surf

Fiber Optic
Communication
to Ice Borehole

Probe

N |

Docking
Station

[of<]
Borehole
Probe




System: Main Challenges

= Form factor constraints (borehole, mission

= High pressures (environment)
= | ow temperature (environment
= High bandwidth communication with

surface (payload
» Interface constraints (Ice Borehole Probe)
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Europa Cryobot

® Proposed ice-penetrating
Cryobot and Hydrobot to
explore the ice-covered ocean
on Jupiter's large satellite,
Europa

® Cryobot would melt through
the ice cover and deploy a
hydrobot, a self-propelled
underwater vehicle to analyze
the chemical composition of the
ice/water in a search for signs
of life
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