
Problems and lessons 
learned drilling into 

Subglacial Lake Whillans
. 
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Presentation Notes
Hot water drilling has been used since the beginningRegions, in the beginning a single heater capable of 37 kwh to make small 50 meter Rodriguez well Hot water drilling has been going on in the  for water  progressing  to very large drill systems like the IceCube drill that was used at the South pole and capable 5mwh  thermal energy and could drill 2500 meter holes in 46 hours



Brief History Ice Drilling of Hot water 
drilling in the Polar regions

• Early drills were small units with limited 
output that did lost water drilling only.

• Once drills of larger capacity started being 
developed shoveling was no longer an option 
so return water pumps were used down the 
bore hole for makeup water



Using big  power for making melt water on 
500Kw drill



Small 37 KWH power washers 
adapted into drills
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Usually used for portable shallow holes but as science requirements changed they would start manifolding multiple units together for larger capacity 



500 KWH total output 
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Drills gradually progressed in size and sophistication as scientists needs grew



Up to a very large 5 MWH drill like the IceCube
drill
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Which is setup in one location for a the season and usually drills multiple deep holes.  This large drill has its added safety concerns since there is so much setup labor, and the use of heavy equipment working around the drill site at all times.  



WISSARD drill

• WISSARD drill was the first attempt by the 
USAP(United States Antarctic Program) to 
build a mid sized hot water drill that was able 
to meet clean access guide  lines.

• The WISSARD drill falls into the mid-sized drill 
category with an output of 227 LPM with an 
average thermal output of  1 MWH

• Is towable to remote locations
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WISSARD Drill being transported to Lake Whillians



WISSARD drill and LARS deck



Problems of designing clean access 
drill

• Adapting exiting drills was not an option as either 
most or all parts were not able to be adapted for 
clean access drilling.

• Large diameter high pressure, food grade  drill 
hose, 1000 meters long did not exist, we had to 
convince  hose manufactures to custom build one 

• Finding components for that can take being 
towed for across Antarctica.
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Existing drills were mostly carbon steel plumbing, with non food grade hose. With the large hose University of Nebraska had some risk the hose manufacture that it might come in several sections not one section of hose.  Hose core was a PA-11 nylon Cold and vibration of moving the drill is always a concern.



Components that had to be changed 
for making a clean access drill

• All plumbing components  are stainless steel 
• High pressure hydraulic hose that is food 

grade inner tube and non leaching outer cover
• Stainless steel, tanks and pumps
• Stainless Steel Filtration system housings
• Stainless Steel UV system
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Custom built drill hose 1000 meters long x 1.25 inches inner core of PA11 thermoplastic, Kevlar type knit, outer cover of non pigmented urethane. 



Stainless steel snow melt 
tank
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Used for starting the drill and supplying makeup water also the time when we get the most contamination into the drill system



Cleaning Drill Water

• Pre filter with a 2 micron cartridge 
• Primary filter with a .2 micron cartridge
• Two, 6 bulb UV Sterilizing unit, one utilizing 

185nm bulbs the other equipped with 254nm 
bulbs

• Filter  and UV are capable of cleaning 265 lpm
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175,000  microwatts



Filtration and UV  sterilization 
system
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All Stainless plumbing and hoses
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One of the largest portable UV systems  40,000 micro watts







Drilling Techniques for Clean access to 
Sub-Glacial Lakes 

Main bore access drilling 

• Drilling techniques are similar to non clean 
access until you do the break through.

• Important to develop a Rodwell at the top of 
the bore hole to allow a cleaner source of 
make up water.
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Main bore access drilling    Clean access drilling into Lake Whillans required a slightly different approach over standard hot water drilling.  With standard hot water drilling the drill is taken down at 1 meter a minute assuring a hole that is as big enough for the drill head.  As for the reaming process it is done while coming out of the hole and plays a more important role in final drill hole diameter.  With clean access drilling the hole diameter needs to be developed on the initial downward drilling.  If Standard up hole reaming is used while coming up after entering the sub-glacial lake, the chance of contamination with drill water is greatly increased   along with the loss of thermal energy into the sub-glacial area while at the lower depths of the drill hole.



Techniques for breaking through into 
Sub-Glacial Lakes

• Pump the bore hole out of  equilibrium so the 
water from Lake Whillians will rise up the bore 
hole containing the drill above the lake.

• Make your diameter the size you need when 
you achieve penetration into the lake other 
wise the dilution of lake water with drill water 
makes it hard to ream the hole and is putting 
drill water into the lake.



Good Sensors are the key  to 
make sub-glacial drilling more 

successful



The Main sensors where

• Drill tower sensor, without this there is no way 
to know if the drill head had bottomed out 
and started drilling at an angle 



Pressure Sensor on Return Water 
Pump

• The return water pump pressure sensor is the 
main sensor for alerting the drill operator to 
when the drill breaks through to the lake and 
lake water floods up the bore hole.



Drill hose encoder

• The drill hose encoder, plus marks on the hose 
are the only way to know the drills depth with 
any accuracy 



What is Needed on the Next 
Generation Clean access drill?

• Drill head instrumentation to more accurately 
know depth and hole diameter

• Top hole instrumentation to allow better 
monitoring of the drill water and return water

• Above all, a good drill team.









Thanks
Any Questions?
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