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A N TI F R E EZ E — T H E R MOD R I L L I N G  FOR
CORE THROUGH THE CENTRAL PART
OF THE ROSS ICE S H E LF (J-9 CAMP),
ANTAR CTICA.

Igor A. Zotikov

INTRODUCTION generated by mec hanic al cutting of the ice , fric-
tion of rotating pipe columns and the need to

In December 1978 , core dril ling throu gh more remove ice chip s from the hole create many dif-
tha n 400 m of the Ross Ice Shelf was performed facult ies when conventional rotary drilling
as part of the Ross Ice Shelf Protec t (RISP) methods are used Most important of these ds ff i-
A bou t 400 m of core with a diameter of abou t g cu lt ies is the possibility of the pipes and chips
cm was recovered, including a core from the becoming f rozen in the hole In the U S.S.R.. this
very bottom of the ice shelf This drilling was problem was recognized as early as 1957 after a
performed using portable equipment spec ially 56Gm-deep hole had been drilled through the
designed by the Arct ic and Antarctic Research Antarctic ice sheet 5 km to the south of Mimy
Institute in Leningrad (U S S RI in cooperation Station. using conventional drilling equipment
with the Institute of Geography. U S S R Acad The low melting point of ice has encouraged
emy of Sciences in Moscow the use of thermal methods of drilling holes in

This equipment differed appreciably from ice by melting This kind of drilling does not re-
other equipment used for this kind of ice drilling quire the use of rotating pipes
The history of development of this equipment The first and simplest thermodrilling equip
and other thermodrilhng equipment in the ment used by the Soviet Antarctic F ~pedition
U S S R is not generally known Therefore. des- was made in Antarcti ca (during the winter of
cription and history of development of this 1958-59) by V S lgnatOv at Vostok Station. l . A
equipment will help to eiiplain the philosophy of Zotikov at Mirny and komsomolskaya Stations
this new method of drilling which has proved so and F K Kruchinin at Lazarev Station This drill-
successful ing equipment consisted of electrically heated,

cylindrical, solid drilling heads (lgnatov 1960)
I speriments have shown that this equipment

HISTORY Of TI$IRMODRIUSNG usually drills holes in the Antarctic ice cover
IN THI u.s.s.i. about SO m deep without any difficulties but

that drilling stops at this depth, which has been
The history of drillIng in Ice shows that th. shown to always be close to the transition be-

drilling is not as simple as it mIght appear. Heat tween fern and ice When drilling through snow

‘
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end fun, the meltwater created by thermodrill- glaciers Equipment for this work has to be port.
ing passes directly into the pores of the perme- able and lig ht
able firn and the hole remains water-free Below Taking into consideration that many mountain
abou t 5Gm-depth , this water cannot permeate glaciers are temp erate ones (ice temperature is
through the w alls of the hole and the water re- at or close to the ice melting temp erature) . V A
mains in the hole The heat source of the thermo . Mores designe d thermal drilling equipment
drill in th is case was located within the pool of which did not require the remov al of any water
melted water Mos t of the heat was espended in from the hole, t he drill consisted only of a t Iter-
warming up the water and increasing the diam. mal drilli ng head, core container pipe, and a
eter of the hole , instead of being used on core catc hing device With this drill , melted
downward drilling water was left in the hole. T his equipment was

This esperimenta l drilling showed that drilling tested on temp erate glaciers of the polar Ural
a hole downward in solid ace by melting is pos- and Pansir Mountains and perform ed sat isfac-
sibl e by two met hods tori ly

Con stantl y taking all melted water from
the hole

2 Dist ributing heat sources w ithin the the,’ PHILOSOPHY OF ANTIFR EEZE
modril ling head in su. h a way that the melt wa te r THEIMODRILL ING
layer between the heated walls of the solid ther .
modri lling head and the walls of the hole is small Distinct differences es ist between the thermo-
enough to prevent strong thermal convection of drilling equipment designed to remove water
the w ater and the subsequently large heat losses from the hole and the equipment without spe-
to warm the liquid column above cial devices for removing water The drilling col-

Therm odr il ling equipment using the fir st umn in the second case is only half as long and
method (dry hole) was designed and made in the much lig hter t han the column fitted with a de-
Leningrad Institute of Mining by 13 B Kudri - vice to remove meltwate r from the hole The
ashov and others (Kovotkevic h sd Kudr ias hov cable for the thermal drill is much smaller in
1974) Using this equipment, a re hole more diameter because it is possible to use a singl e
t han 900 m deep was drilled at ,sto k Station conductor armored cable All these improve-

Equipment using the second method was de- ments make the drilling winch and the mast
signed and fabricated in the Arctic and An ta rcti smaller , simpler , lighter , and much safer
Research Institute . Leningr ad .under contract Once the drill for coring in glaciers was
with the Ins titut e of Geography. Moscow . by V developed the nest step was to design simple
I More-v (Mores 19661 With this equipment it equipmen t capable of drilling through cold or
has been possible to drill in a liqu id-filled hole temperate ice sheets while using all the advan ’
withou t dramaticall y inc reasing the diameter of tages of leaving the melt -water within the hole
the hole It had been hypothesized by analogy wi th

To obtain a c ore of the ice by either method, core drilling in temp erate glaciers that it should
the heated thermodnlling head and the drilling be possible to drill holes in cold ice , leavin g
column have used an annular shaped section melted water within the hole if some ant ifreeze
long enough to house the core To pump melted liquid could be added to this water such that the
water from the hole and to store it . pa rt of the f reezing temp erature of the solut ion of anti -
dril ling column must include a pumping device freeze and water was made equal to the temper-
and water container ature of the glacier ice. Isperiments conducted

The need to pump melted water from the hot- by V A. Mores and I A. Zotiko v at the arct ic
tom of the hole , to collect this water and the drifting ice island , Severny Polus (“North Pole”).
core, and to control t he quantit y of the water have proven this hypothesis. It was shown too
pumped out from the hole, etc - has resulted in a that the antifreeze should be added to the water
complicated and heavy drilling device. Still, it at or close to the bottom of the hole . Many anti -
has proven satisfacto ry for drilling holes in polar f reeze liquids were tested , incl uding ethylene
ice shee-ts (Ueda and Garf ield 1969. Kudr iashov glycol, isopropyl alcohol, and ethyl alcohol
et al 1973) Best results were obtained using ethyl alcohol in

In 1965. design of a new drill was initiated that Ice which is not too cold.
would drill holes and take cores from mountain In 1972, V. A. Mores (Mores 1972) desIgned
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and built new dr illing equipment us ing this
method of adding ethyl alco~aol to the bottom of II
the drilled hole each time the ci~ilIing column
was sent to the bottom of the hole for the nest /
round of drilling T his method of drilling, in , /
which melted water is left in the hole avid pre- / /
vented from freezing by adding ethyl akohol to 9 ‘ “~
the water , has proven t o be a satisfactor y one ,A.!9)
Using this technique many core holes have been
drilled through mountain. artt n . and antarcti c
glaciers The deepest i~ore hole using this
method was drilled to a depth of 800 m in 1977
near Noso laza revskaya Station , Ant ar ct i c a
(Mores and kaikovsky 1979) The same tech-
nique was also used to core -drill throug h the ,,,,,_,,,®
w hole thickness of the Ross Ice Shelf in Dec em
ber 1978 t~
THE DRILLING EQUIPMENT t

T he equipment used for the drilling throug h .

the Ross Ic-c Shelf con s ist s of two main parts 1) a
thcrmal d’illing column, and 2) .i wiinh with a
mast and cable for supporting the column

Thermodrilling column
The thcrmodrilling co lumn (Fi g 1) was design 

I

and bu ilt by ~ A Mores in t he Arctic and I
Ant~us ti Researc h Institut e tcn ingr ad . under .1
contract wit h the Institute of Geography. A a d
erny ~‘if Scienc es of ~he U S S R , Moscow Ihe i
main part of the body of the drilling a olumn dc L~

)
p.c-ted in Figure 1 consists of a cylindrical pipe - 

I
(1) made of stainless steel It supports an
tr i( a lly heated ring ~1i w hich forms the lowest
part of the column The heated ring is c onnected
t o the pipe (1) with bolts and c -an easil y be
replaced The ring consists of two copper cy l in I

L ders Pwrmet~c -a lIv welded together at the upper
and lower ends of the ring Between these cylin- 2 S
ders is located the hig h res istivit y wire used for
heating the ring Special electri cal insulation is
put between the wire and walls of ~he copper \
cylinders E lectrical power for heating is simp le
one c onductor is an insulated wire and the se-
c ond conductor con sis ts of the body of the drill-
ingc o lumn , the armor of t hecab le .nd the body Fig ure 7. Cross section of antifreeze-
of the drilling winch An inner pipe (3) with an thermodrilling tool (1. stainless steel outer pipe.
open lower end is used both as a c ore barrel and 2 elecfncally heated ring, 3. inner pipe (cove con-
as a ontainer for the ethyl alcohol (antifreeze tam er or ethyl alcohol barrel), 4. p.uon. 5. pIpe
liquid) It is possible to use the same pipe for fo r filling inner pipe with akohol, 6. compression
these two purposes because there is a pIston (4) rings. 7 holes, 8. core cutters, 9. electrical con-
within the pipe which can be moved easily up ductor. 10. spnng.loaded devlct 77 . SW~VeI

and down device.)
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When the co lumn is ready to be lowered into the Institute of Geography. U S S R Academy of
the hole for drilling, the piston is set in its lowest Sciences. Moscow The winch was made from
position The inn er pipe (3) is filled completely aluminum alloys. The use of the one—conductor
wit h the alcoho l-water solution that ente rs armor cable permitted the use of a smaller diam-
through a tube (5) To prevent any leaking of eter cable, and because of this , the size of the
akohol through the space betw een the walls of winch was also made smaller The winch with
piston and the inner pipe, the piston is fitted with 600 m of cable attached, plus the mast and the
compression sings (6) After the column is low- drilling column, weighed less than 600 kg
ered to the bottom at the hole the electrically
heated ring (2) starts to melt into the ice, produc’
ing a core at the same time DRILLING PROCEDURE

As the drilling proceeds, the cor e passes up
into the inner pipe and pushes the piston up As Part of the drilling procedure is already des’
the pist on moves , it pushes the alcohol out of cribed above This inc luded filling of the inner
the inne r pipe The on ly route for the akohol is pipe with alcohol solution until it was complete-
by w ay of the holes (7) throug h the space be- ly filled and the piston depressed to its lowest
tw et ’n t he outer and inner pipes and down to the position This solution was left in the bottom of
lower part of the drilling column to the bottom the hole after each drilling trip When calculat-
of the hole When the piston reaches its upper ing the t heoretical oncenuation of the alcohol
position , t he inner pipe will be full of it t’ c ore in the alcoho l w ate r solution , account was ta ken
and it serve s as a t ore container This position of the fact that at eac h horizon the concentra
corresponds to the end of a drilling run The drill- tion of the solution at the bottom of the ice hole
m g  co lumn with the ice core is lifted to the cur had to be fust strong enough to prevent f reezing
face T he c ore is taken out of the inner pipe and of this solution w hen the temp erature was equal
a new charge of the alcohol-water solution is to t he temp erature of the undisturbed ice For
pumped into the inner pipe until the pressure of this calculation we used the temp erature-depth
the ak oho pushes the piston into its lowest profile as measured by Clou gh and Hansen
position again At this moment the inner pipe (1979) Actual concentration s, recorded in Ap-
serves as the alcohol ( ontainer again antI th~ pendis A , were not always equal to these calcu-
drilling :olumn is ready to be lowered to the bot lated values When slush in the solution within
torn of the hole to start another drilling run the hole started to form , the c onc entration was

In order to break off the ice cores and to pre. increased When there were indications that the
vent the ice core from f alling out of the core core and walls of the hole had started to dis-
container as the drilling column is being lifted to solve , the concentration was decreased It
the surface , four core (utters (8) are located be should be mentioned that the concentration of
tween the lower part of the inner pipe (3 ) and the alt oho l in this particular hole was always kept
dr illing ring (2) The upper part of the outer pipe higher than the calculated values A total of
(1) carries a spring-loaded device (10) to keep tht about 2000 liters of ethyl alcohol was needed to
column in the center of the hole during drilling drill completely through the Ross Ice Shelf

A swivel device (11) fasten s the co lumn to the It should be noted that the concentration of
cable (9) supporting the drilling equipment and alcohol steadily decreased with depth in the
c onducts el~ tri al power to the thermodrilling hole because of the increased ice sheet tempera-
rung ture with increasing depth (Fig 2) This kind of

The drilling column is relatively small and temperature distribution within the thickness of
light, the diameter of the drilling column used the ice favors the use of alcohol to prevent
foe drilling through the Ross Ice Shelf is 103 mm freezing of water in the hole, because the den-
and the e*ternal diameter of the heated drilling sity of the solution increases with the depth and
ring is 108 mm The int erna~ diameter of the ring the column of alcohol-water solution in the hole
is 80 mm. arid the length of the core container is stable If the temperature of the ice decreases
pipe (3) is 260 cm The overall length of the drill, with depth, it us possible that the use of the alco-
ing column ii 3 16 m hol as an antifreeze will create some complica-

The winch and t he mast of the drilling rig used tions because the density of the upper part of
for drilling the hole through the Ross Ice Shelf the solution column will be higher than that of
were designed and made by V S Zagorod nov of the lower part of the column It is reasonab le to
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~~~~ . ice When drilling in bubbly impermeable it ‘ , .ill

mel twater is retained in the hole T his situation
required the c onc entration of the ak ohol in the

I water-a lcohol solution in the drilling ol umn to
oo~ hi’ increased to prevent freezing of this solution

as it mised with freshly melted ice Bec ause u t
t his condition, t he concentration of the ~lt ohol

ci in the water-alcohol misture was inc reased to
70% (see App A) In spite of this, the nest run
after 14.) m brought back the first full length
core —measurin g 2 57 m, near ly as long as the

-
~ 

length of the core container Drilling to a depth
of about SO m proceeded smoothly Ap prusu

I mately 2 5 m of core was recovered from each
drilling run

4OO~ ‘ -1 When drilling was resumed on S Dec ember j
- 

j 1978 , dif f ic ulties were ern,ountered The diam-
o~~~~ ’ Ok ‘0 eter of the hole had dec reased to near is th e

Ss.cu’ c Giavuis. SOkj ii~ i same diameter as the drilling column, making
for a tight hole When dropped down freely, the

Figur e 2 Ice tern perature ~~~~~~ ~~~~~~~~~~ ~~~~~ ,~~ ,,, ~~~ 
drilling column descended at a speed of about 1

temperature of the water-afrohol solution ~ 
c m s  In order to increase the diameter of the

tunUson of drsllsng depth in the Ross Ice ’ SPiel! ,~ hole, t he concentration of alc ohol was increased
i i ,  “5% Drilling stopped for the night at a depth
u t  ‘i) ,9 m t hi’ nest clay (4, Dec ember), rt’sump-
tio f l  of drilling j ls i v ’~~s i’d d,f fs i ult bet ause mu?

rspec t ve rt ical  c onset tion w ithin t he column the present e of slush that had formed during the
under these conditions and the formation of night lb.’ t oni entration of alt ohol h,,d to be di’
~lu~h within the hole reawd to h2% be ,tLJS.- of the inc rease u. ’ ice

The drilling rig was installed at 19 Camp. Ross temperatu re ( u r u n g  proc ceded smoothly Drill’
Ice Shelf , at the end of November 1978 The rig ing stopped t i r  the night at a depth of
was located within a lightweight shelter , Figure .3 91 13 m
shows this rig when the drilling column, with a At t he beginning of drilling on 7 Dec ember . it
core , had just been lifted to the surface Drilling w as disc overed that the df ill hole contained a
began on 1 December The f irst JO m of the ice larg i- amount ot slush When the drilling column ,
s helf were drilled in two days All the meltwater filled with purl- alcohc;l . w a s  dropped f reely
in the top 10 m was allowed to disperse through down the bolt’ it took more than one and a half
the permeable wa lls of the hole and t heoreti- hours to t r a c t ’l  from a depth of SO m to the bot
cally it would have been possible to drill a dry torn of the hole even with the electric al power
hole without akohol under these c onditions turned on to help penetrate the slush Much of
However , alcoh ol was used to prevent possible the slush was found in the t ore .~ ontainer when it
complication s in this part of the ice shelf The was raised to the surfac e As a precaution, the
concentrat ion of the alcohol-water misture put conc entration of alcohol was kept at 65% Drill .
into the drilling column container was about ing was stopped for the night at a depth of
30% . lus t enoug h to keep this solution from 119 76m
freezing at the temperature of the undisturbed At this stage , it was dec ided to drill around the
ice Apart from some alcohol-soaked pieces , c lock to avoid problems associated with the
pract icall y no core was recovered from this part nighttime stops prior to 8 December Iwo drill’
of the hole ing teams were formed The day shift was led by

Conditions changed below 30 m I irs i . s igns of Vuriy Raikovsky (Institute of Geography. Mo;-
a heavy slush formation appeared This was in cow ) arid included two more assistants provided
terpreted as indicating the level at which the by RISP The night shift was led by Victor Zagor-
porous, permeable tim transforms into bubbly odnov (Institute of Geography. Moscow) arid
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1 ,i r ( ’ ’ m ’ i ’ . .’ Cu ‘ci’ ~‘t  j t / ‘I ‘ t i c ,  ‘‘~~‘ —
, r’nas t . 4 winc h

J ls o included t wo addt~ •ut .i , iss ,st , in ts  pros ud,’d .,lso t ontauned m t  lusions of opaque brownish
b~ RI’sF ’ niatq’ru.a l

l ) t t i u  idt ’’’ ssi ’ r i ’  en u un t i ’ rm - u l  at ~Pn ’ hu ’~~ r u A t  .i depth ot 414i 04 i-n, or 6 n-i below t he
ning ot drilling on ~ ()e ember h.’’ ssee n i) m tipper boundary i t  the brine mm u ’ a spec ial mon
and 10’4 m hut h,’lc,s~ u’° ro t he drilling olumn itoring di’s ice showed that the drilling column
des. rn,li-d rot m c i ’ tri’ ,’l~ The drilling j’u mit .‘‘‘drd w ,i~ no longer lying on tht’ bottom of the bolt’
nonstop until 1 I ()ec em ber T b,’ mint ,-ntr ,,t ‘‘n The abk’ w a~ released an estra 2 n-i hut the drill
ot ak ohol fu ~ t hus tim.’ h,icf been sti’adil~ di’ ing column duct not ent ounter the bottom of the
c reasing to about 40% at a depth ( m? 44X) m At hoic It was now c lear that the drilling column
44)9 97 m .i short t i m  u t  04 utr r i -d near where had penetrated the hottois, ot the Ross Ice Shelf
the t’lt’ ti - ic .iI ondw Inc w as onoet ted to the ‘s%’hcn the dril ling nlurnn was lifted to the cur-
heating ring At the same time t hi’ l.’~ .‘l mt the fat e, i t contained an ice ( Ott ’ , t he bottom of
alcoho l-wat er solution within thi’ hole rose whic h ontrasted sharply in structure to those of
dram atu ally irom f-~ m t i m  42 m t r u i m  the stir previous c ores The bottom of this c~ore was f lat
fac e with a waffle- like app earance and it formed

A new drilling c olumn with a 1 7-rn long ~ ,re sharp angles with the ylindrical side walls of
container was att ac hed to the drilling c able and the c ore T his surface clear iy represented the
drilling proceeded arrfu lly On the oe~t trip, ice bottom of the Ross Ice Shelf at 1-9 (see cover
of c ornpk’telsu different struc tur e w a s  recovered photograph)
This i e  tasted salty and possessed structural ligure 4 shows data on speed of drilling, the
features typic al of old sea ic- c All suhsequent electrical power supplied and the daily depth
c ore possessed the same properties , some core log for the entiredrilling at 1-9
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— I ig ti re D is t r ibu t i on  of core c a / u n i t ’, in the ho ’

torn 14.) rn of the Ross Ut’ Shelf at 1-9 Vertical data
Figur e 4 Power t ons urnpt i on / r i ng s peed line represents length o f t  t in ’ sampled, hori,ontal
pene tration ra te and daul ’, depth ~i~~’ im m r the ent i r e lines ur’u ds c ate sprea d of sd/m it ’, ca / u t ’s  to, sec era!
dri l l ing operari c) n at q incu s udual m. ’j surement ’,

PRIIlMlP’4AI~ DISCRIPTION Of IHI CORt (eflt inui ’ tu ‘ s  th it it ons msts ot pOrous slush’, i( i’

It us hydraulic all’, onnu’ c ted to the sea fu ,’ lc ,w
A s isual stuul ’ ,  of !he mc i’ t m u t t ’ s  mndmc . i t i ’ s ‘h1’ t he I..’, er mt old sea m m ’  and the ( hange of water

esict ~ nc t’ mt  a three-lay.’ ‘t;u( tur,’ t m  the Ross l,’~ .‘l in th.’ hole when thc drilling olur’nn p.’n.’
Ice  Shelf at I ‘-4 T b,’ f i r s t  - ,u~ i~r -, c- (n’n)u i si ’~ f of t r .ite d this ion.’ is an indic ation u t  this fa
sm ‘cc arid tu rn  and ,‘st ends to .1 depth m ’ about 44) The .‘r’, bottom I,i~ i-u mi t  old sea ui ’  iS  (‘ (ifl ’i

m Keloss this layer i ’ c m s t s  a homogeneou s huh- posed of se r t i  al i .‘ m r ’,  s t a l s  of about 1 c- rn in
bI’, icelayer estendingto4l o-mdrpth length and S mm in diameter T he ends of the

The h- rn thic k bottom I.,’, i-n i i?  mc , ’ has all the t ’ ,  s t a i c  protrude doss-nw ard into the sea wa t e r ,
feature s ot old sea it i’ formed hs freezing at t he giving rise to a waff le-l ike surfac e s i - i ’  ( over
bottom of ~h.’ i t .’  shelf It contains t ’ r t ic  al brine photograph) The sharp ends of the crystals pro
channels and some brownish inc lu i s i m tns  I hi’ trude about ~ mm into the water
salinity at ross t he whole layer is about 2’ _, The ice crystals of this bottom layer display a
wh. h is many orders of magnitude salt i,’r than distinc t alignment of brine plates within the hon
the glac ier ice located directly above this hn, zonta l p lane T his alignment appears to be di’
torn layer F igure S s hows the core s ,t l inut’ , m r  veloped within the w hole of the lower 6.rn layer
the bottom 10 m measured at CRR II hs t)r A l  Suc h alignment is nrmsist i’nt w i th  observations
Cow of strong azimuthal orientations of crystal ‘ -ases

T hough the boundary betwee n the glac ial and made on arct ic sea ice I’.’, Cherapar,ov (1Q71) and
sea ice layers is quite sharp, t here does m ’ s i s t  a Weeks and (.ocs (1978) Studies of the 1-9 Camp
thin and soft transitional zone between the two u e cores are continuing at several institutions in
layers This transitional layer , whic h is only a few the USA and USSR
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APPENDI* A• LOG OF CORE DRILLING THROUGH THE ROSS ICE SHELF (CAMP 1-9).
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