
JOllrnal 01 Glaciolow, Vol. 10, No. 60,1971 

INSTRUMENTS AND METHODS 

A NEW VERSION OF A STEAM-OPERATED I CE DRILL 

By STEVE M. HODGE 

(Geophysics Program, University of Washington , Seattle, Washington g8 loS, U.S.A. ) 

ABSTRACT. A further d evelopment of the H oworka steam-operated ice drill is g iven. It is mounted on a 
pack frame for easy transportation in rugged terrain. A propane flame is used to vaporize water in a single­
pass fire-tube boiler. The steam is delivered to the ice through a double-walled flexible hose a nd a stra ight 
guide tube with a n exchangeable nozzle at the end. One hole, 25 mm in d iameter and 8 m d eep, can be 
drilled in I S mini four such holes can be drilled with one tank of wa ter and 10 with one ta nk of propane. 
H oles deeper tha n 16 m a re impractica l as heat losses in the hose become too large. Sturdy construction has 
been used and the d rill has been tcsted a nd found 10 work sat isfacto ril y under both temperate a nd arc tic 
conditions. 

RESUME. Une nOllveile version de la sOllde a glace a vapeur. On donne un nouveau perfectionnement de la 
sonde a va peur pour glace de Howorka. Elle est montee dans un emballage a a rma ture en vue d 'un 
transport facile en terrain accidente. Un feu a u propane es t utilise pour vaporiser l'eau dans un tube a 
feu bouilleur en un seul passage. La vapeur est acheminee vers la g lace par un tuyau flexible it double 
paroi et un tube guide rectiligne avec un nez echangeable it I'extremite. n trou de 25 mm de diametre 
et de 8 m d e profondeur peut e tre for e en 15 min; quatre trous semblables peuvent etre fores avec un 
seul reservoir d'eau e t dix avec un seul r eservoir de propane. D es trous plus profonds que 16 m sont 
impraticables car les pen es de cha leur d a ns le tuyau deviennent trop g randes. La construction es t robuste 
et la sonde a ete entierement contr6lee et trouvee apte a trava iller de maniere lres saLisfaisanlc aussi bien 
dans les conditions arctiques que temp6·ees. 

ZUSAMMENFASSUNG . • Veue Version eines D ampfbohrers fllr Eis. Einc Weiterentwicklung des Howorka­
D ampfbohrers wird beschrieben. Sie ist auf einem Traggestell montiert, das ihren Transport in schwierigem 
Terrain erIeichtert. Im Kessel wird mit einer Propa nflamme durch ein Feuerrohr mit einfachem Durcha ng 
W asser zum Verdampfen gebracht. D el' Da mpfwird durch einen d oppelwandigen Schlauch und ein starres 
Filh.rungsrohr, an d essen Ende eine a uswechsel bare Oilse angebracht ist, ins Eis geleitet. Ein Loch von 
25 mm Durchmesser und 8 m Tiefe kann in etwa 15 Minuten gebohrt werden. Eine Filllung des Dampf­
kessels reicht filr vier, eine Propanflasche filr 10 solche Locher. Locher tiefer a ls 16 m sind nicht p rak tika bel , 
da der Wa rmeverIust im Seh la uch zu gross wird. Der 130hrer besitzt eine sehr robuste Konstruktion: 
seine Erprobung erwies seine Brauchbarkeit sowoh l unter gemassigten wie arktischen Bed ingungen. 

I NTRODUCTION 

In I g67 the Glacier Project Office of the Water Resources Division, U .S. Geological 
Survey, Tacoma, \tVash ington, obtained a steam-operated ice drill from Norges Vassdrags­
og Elektrisitetsvesen for the purpose of installing ab lation stakes on the Soulh Cascade 
Glacier, Washington. The drill was loaned to the author during pans of the summer of Ig68 
for placing movement stakes on the Nisqually G lacier, lVIt Rainier National Park, ' '''ashing­
ton. The drill was based on the Austrian ice drill of H o work a (Howorka, [g6S; unpublished), 
and differed from the Austrian one in that it used propane instead of butane and no provision 
was m ade for adding snow as well as wa ter. In practi ce, it was found that the No rwegia n 
drill was too fragile for use in rough terra in and was too bulky for easy back-packing. Never­
theless its superiority over hand drills was evident and so it was dec ided to bu ild a stronger 
drill , p ermanentl y mounted on a pack frame and conta ining a tube boil er for greater effic iency, 
having a large opening for snow and a number of other minor improvements, some of which 
were suggested by H oworka ( I g6S) . 

DESlGl OF T H E BOILER 

The basic working principle is the same as in H oworka's design, except that propane is 
used for the energy source . One kg of propane can suppl y 5.0 X 107 J of heat energy; assuming 
no heat losses, this is capable of raising the te mperature of J 8-4 kg of water from O°C to the 
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Fig. I. Schematic diagram of sleam-o/Jeraled ice drill as seen from the front. The safety valves and small venl on the lift side 
(visible in Figure 2) are not shown. 
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boiling poin t, vaporizing it a nd then raising the steam's tempera ture to 14 1°C (the tempera­
ture at th e drill 's working pt·essure) . I n turn, th is steam is capa ble of m elting 150.6 kg of ice 
(a t o°C ) . T his is equiva lenL to a hole 25.4 mm in d iameter and 324 m deep . Propa ne was 
chosen beca use i t is more read ily avail abl e and ha a higher vapor p ressure at low tem pera­
tures than b utane. 

T h e basic featu res of the drill are shown in Figure 1 and 2 (engineeri ng drawings are 
ava ilable from th e a u thor on request) . T he materia l used is T -6 6061 aluminum a ll oy, 
excep t where stainl ess steel was used to withstand the h igh tem peratures of the propane Rame. 

Fig. 2 . T he ice drill in lIse on the B lue Glacier. T he adjustable vent 011 the lift side is necessary Jor /Ho/)er exhausting DJ the 
burner gases. T he water-leveltllbe on theJront is protected b,y a plexiglass ( po/ymelh)'llIIethacl),late) window; below this 
i all opening JOT lighting the burner. T he com/)Iete /Ho/;alle tank ellclosure is showlI ill use, although it is 1I0t necessary ill 
temperate conditions. 

T he boiler is a single-pass horizontal fire-tube type, rectangula r in hap e with di mensions 
267 mm long, 260 m m high, a nd 152 m m deep . I t con La ins 24 tu bes, each 19 mm in d iam eter, 
and will ho ld a pproximaLely 6.9 I of waler , of which about 6 I ca n be used up sa fely. The 
100 mm d iameter openi ng at the top is covered with a lid held down by six bolts a nd wing 
nuts a nd sea led with a sili cone O -ring. A n extendab le chi mney helps im prove the d raft 
th rough the tubes. Gases ca n a lso p ass over Lh e front and back surfaces of the boi ler to 
increase fur ther the heat exchange. The LOp o[ Lhe boil er is fi tted with a qu ick-release coupli ng 
for the steam hose, a p ress ure gauge, a nd Lwo safety valves, one of which is set to release a t 
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3.5 x 105 N m - 2 overpressure (slightly above norma l operating pressure) and the other to 
release at 5.2 X 10- 5 N m - 2 overpres ure (the pressure to which the boiler was tes ted ) . The 
safety valves exit horizontally and do not endanger the operator when they open. All openings 
in the boiler are in the top so that the depth of the boiler can be kept to a minimum and so that 
the drill can be used upright ; the top pla te is reinforced to offset weaknesses caused by these 
openings. 

The boiler is surrounded on all four sides by a double-walled wind screen wi th 25 mm of 
high-temperature insulation between the walls. A hinged top is provided for protection 
during transportation and a verti cal glass tube on the front of the boiler provides a water­
level indicator. The boiler is bolted to a contoured aluminum pack fra me and a sturdy shelf 
is fastened to the bottom of the fram e to allow the unit to stand uprigh t on a level surface. 
Teeth are provided on the front edge of this shelf to grip the ice when the drill is used on a 
sloping surface. The shelf also provides support for a comm ercially-available steel propane 
tank. The propane burner is fixed inside the unit and is connected to a valve on the outside. 
A flexible hose connec ts the valve to the propane tank ; this a llows the tank to be easily 
removed and refill ed. The propane tank can be enclosed if the dr ill is to be used a t tempera­
tures well below o°C and it becomes necessary to increase the vapor pressure of the propane. 

The overall dimensions of the unit (excluding pack fram e) a re 432 m m wid e, 794 m m 
high, and 210 mm deep. The basic weight with propane tank enclosure and pack fram e is 
20.4 kg. The propane tank weighs an additional 4.5 kg a nd can hold 1.8 kg of propane. 
Completely full of propane and water the uni t weighs 33 .5 kg but it is seldom transported 
very far with a full boiler. VYeight has not been sacrificed at the expense of strength and the 
result is a drill which wi ll stand much abuse. Finally, the entire drill has been constructed so 
that any part can be easily replaced . Thus only the boiler proper is heli-arc welded ; the rest 
is bol ted together. 

DESIGN OF THE HOSE AND DRILL TIP 

The H oworka d esign for the hose and drill tip was found nearly adequate and only minor 
changes were made. The steam hose is m ade in 8 m lengths with an outside diameter of 
25.4 mm , and consists of an outer rubber hose and a n inner tefl on hose, with an a ir gap 
between. This double-walled hose is connected to a guide tube with the same outside diameter. 
The guide tube, 1.8 m long, consists of an outer fiberglass tube and an inner tefl on tube. The 
bottom end of the guide tube is brass; the teflon tube passes through the brass and feeds the 
steam into a replaceable nozzle. The condensed steam and melt water travel up to the 
surface between the outer hose and the ice. Experiments with blocks of clear ice showed that 
the spray pa ttern of the nozzle was very importan t. The optimum drilling ra te occurs when 
ice is melted uniformly over the entire cross-section of the hole. This requires som e radia l 
holes as well as a central forward hole. Four nozzles with different hole configurations were 
tes ted ; the one which gives the fastes t drilling rate has a 1 . 18 mm cen tra l hole and six 1 . 18 mm 
holes radiating at an angle of 30° from the central hole. The use of more radial holes than in 
the original design caused an increase in drill rate by about 10 % . 

U SE OF T HE DRILLS 

Two drills have been built at the University of Washington. One drill was used by the 
U .S. Geologica l Survey on the South Cascade Glacier during the summers of 1969 and 1970 
and on Gulkana and VYolverine glaciers, Alaska, in March and April 1970. The o ther dri ll 
was used by the author on the Nisqually Glacier in 1969, on the sea ice a t Barrow, Alaska, in 
March 1970 and on the Blue Glacier, Washington , in September 1970. When the drills were 
first used , inadequate exhausting of the burner gases caused the burner to go out, especially 
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if any breeze was present. This has been a ll eviated with the addition of a small vent on one 
side of the boiler a nd both drill s are now working sa tisfactorily . They have been used for 
installing ablation and movem ent stakes, thawing out sti lling wells in gauging stations, 
heating tea , a nd installing supports for a g lac ier weather station. Although the drill is 
considerably heavier than the Norwegian version it is less tiring to carry a round , largely 
because it is d esigned to fit flat against the back. Sufficient space is maintained between the 
boiler and the bearer's back 0 that the drill can be immediately ca rri ed without waiting for 
it to cool d own. Pressure decreases slowly so that the drill can be in use within a m inute or so 
of arriving at the nex t drilling site, provided water does not have to be added. Unintentional 
field tests have shown that there is no danger of scalding if one fall ; furthermore, there is 
adequate peripheral shielding around the boiler to protect the operator should a break 
develop. 

FIELD TESTS UNDE R TEMPERATE CONDITIONS 

T ests were made with one of the drills on the Blue Glacier in Septem ber 1970. The time 
necessary to bring a full tank of water from ooe to the boiling point a nd then to a normal 
working overpressure of3.2 X !05 N m - 2 is about 12 min. An add itiona l 12 min are necessary 
if snow must be melted first . In Figure 3 the depth of a hole 25.4 mm in diameter is plotted 
against tim e for various lengths of hose. With one length of hose an 8 m hole can be dri ll ed 
in ice in 14- 15 min ; this is a drill rate of 0.55 m min- I, whi ch is more than twice as fast as the 
H oworka drill rate (H oworka's drill is 2 1 mm in diameter; this one is 25 .4 mm) . In firn the 
drill rate increases to 0.90 m min- I. About fou r 8 m holes can be dri lled in ice with one tank 
of water. One tank of propane las ts a pproximately 180- 190 min ; th is is suffi cient to bring 
a full boiler to the boiling point three times and to drill about ten 8 m holes in ice. Wh en 
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Fig . 3. Drillillg curves in ice alld jimfor both I in (25.4 mm) and 2 in (50 .8 mm ) holes. The C1/rve for the I ill hole ill ice 
is also shown for various lmgths of hose. 
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compared with the theoreti cal limit of 324 m for I kg of propane this implies an overall 
efficiency of abo ut 14% . About 70% of the avail a ble energy is lost between the propane 
and the steam; the portion of the remaining 30% which is lost by the hose is give n in Table I 
for the various lengths of hose used. From this it is apparent that 16 m is the practical limit 
to the depth of a hole since the heat losses in the hose become too large when more than two 
sections of hose are used. In fact, two of the curves in F ig ure 3 show a n abrupt decrease in 
drill rate in the lower half of the hole. This might be caused by steam starting to condense 
before i t reaches the nozzle rather than outside the nozzle . Any improvements in drill !"ate or 
depth of hole will have to com e either through increasing the operating team press ure or 
through using a hose wi th better heat insulation properties . The heat losses through the hose 
completely dominate the performa nce of a steam drill , b ut the author seriously doubts if 
improvem ents can be made here. 

TABLE I. DRfLLl NG RATES AND PERCENTAGE OF THE THERMAL ENERGY OF THE STEAM LOST IN VARIOUS LENGTHS OF 

HOSE. ""rHESE VA LUES ARE FOR THE NOZZLE W1TH THE OPTIMUM SPRAY PATT ERN AND FOR A STEAM QVERPRESSURE 

OF 2.8 X 10 5 N m- Z (40 Ib in- Z) . SE OF MORE TH AN TWO SECTIONS OF HOSE IS 1 ~1PRACTICAL AS TOO MUCH HEAT 

IS LOST 

Total D rilling rate (m min- I ) Heat lost by hose (%) 
No. of sections length of 

qf hose used hose (m) at sll1face at Bm at slliface at Bm 

I 8 0·55 0·55 50 50 
2 16 0-47 0.32 57 71 
3 24 0·34 0. 16 6g 85 
4 32 0.27 0 .1 1 76 go 

A nozzle 50.8 mm in diameter was a lso tested . The drilling curves for this nozz le in both 
ice and firn are included in Figure 3. In ice the drill rate is abou t 0. 15 m min- I , or a bout 
9 m h - I . T his is to be compared with 6 m h - I for a 2 k'I\f electric hot point drill of the same 
diameter. 

The drill is thus extremely useful for drilling holes up to 16 m deep. Once set up the 
drilling is effortl ess and the drill tip cannot be damaged by hit ting rocks in the ice. Like the 
H oworka drill , this one d rills a hole true to size near the bottom , which then slowly widens to 
about 35- 40 mm at the top of an 8 m hole. Work on the N isqually G lacier has shown that 
the drill can be used even in ice containing many small rocks, pebbles or sand. The drill rate 
may decrease by as much as a factor of 10, but a hole can never theless be drilled ; in fact, use 
of a steam drill enabled the author to place stakes in a reas which would have been impossible 
with a hand drill . Furthermore, drilling through a snow-slush-ice sequence, normally a 
difficult procedure by hand , presents no problems with a steam drill. 

FIELD TESTS UNDER ARCTIC CONDITIONS 

Tests were also performed on the sea ice at Barrow, Alaska, to see if the drill would work 
under Arctic conditions as well as temperate ones. Air temperature varied between - 35°C 
and - 40°C. T he only problem encountered was when the hose was allowed to cool down to 
the ambient a ir temperature; when the hose was connected to the boiler the steam condensed 
and froze before reaching the drill tip . This plug of ice would not move and the drill could 
not be used. However, if steam was run through the hose indoors then the hose would take 
20- 25 min to cool down outside. Thus if the drill was used at least this often there were no 
problems. The drilling rate was abo ut 0.50 m min- ' and approximately fifteen 2 m holes 
(25.4 mm in diame ter) could be drill ed through the sea ice with one tank of water . The 
propane tank was enclo ed on the ides and bottom (except for air in take holes) but was open 
to the burner at the top. This kept the propane well vaporized and the burner worked as 
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well as it does under temperate conditions. T he hole drill ed in the ice was very true to size 
over its entire length and the water would not start to refreeze until several minute after the 
drill was removed. 

The advantage of using a steam drill over a ha nd drill is certain ly questionable for a few 
short holes, but it would defini tely be superior for drilling deeper holes or a great number of 
holes. The purpose of these test was simply to see if the d r ill would work under very cold 
conditions a nd apart from the preheating limitation imposed by the hose no problems were 
encountered . Moreover, this limitation could probably be circumvented by in tailing a valve 
in the steam hose so that wh ile holes were not being drilled team could be a llowed to fl ow 
slowly through the hose at a rate j ust sufficient to prevent freez ing. 
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