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TECHNICAL  ASPECTS  OF  DEEP  ICE  DR.ILLING  ON  LAW  DOME
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 Abstract: The  Dome  Summit  South (DSS) ice dri11ing preject was  desLgned to obtain  a

fu]1 depth ice corc  for high resolutien  studies  of  the Holocene and  the transition frem the

last glacial rnaximum.

 The  project used  a  new'  cleetromechanical  drill based on  the  Danish ISTUK  design, 
The

main  differences from the original  ISTUK  wcre  an  enclosed  roLler  scre-' seetion  and  the

use  ofa  submersible  brushless motor  operating  at ambient  pressure in the drilling fluid.

 The tield werk  started  in 198R when  a  270 mm  diametcr hole was  drilled to 84 rn and

cased  with  fiberglass reinforced  plastic tube. The hole was  continued  te 96 m  with  a

smaller  thermal  drill to makc  a suitablc  pilot hojc for the mechanicai  dri1!ing, In 1989 thc

stcel  arch  drilling shelter  was  set  up  overthe  borehole and  the  drill winch  and  tower  sct  up

in thc shelter,

 Most ofthe  EM  drilling was  done in the l991i92 and  1992t93  seasons  and  in February

l993  drilling reached  silty icc containing  small  rock  fragmcnts at a  dcpth of  1200 m.  This

is ctose  te the ice thickness measured  by radio  eche  sounding.

 Down  te 391 m  in-ficld measurernents  were  madc  ef  electrical  eonductivity,  crystal

fabrics and  peroxide concentrations  and  samplcs  -,ere  cut  for later measurement  of  
'"Be

and  for finc detail dcterminations ofperoxide  and  oxygen  isotope ratios.

 The cere  below  390 m  bccame  incrcasingly more  brittle and  dieneult to handlc. Only the

last 6.4 m  (which was  not  brittle) was  brought back to Australia. the rest being lefi in the

driI[ing shelter  for collection  next  year after  stresses  have ciissipated.

1. Introduction

   The  aim  of  the project 
LDeep

 Ice Drilling on  Law  Dome' was  to obtain  a  high quality

ice core  over  the fu11 thickness  (1200 m)  of  the ice sheet  near  the summit  of  Law  Dome,

East Antarctica for high resolution  studies  of  the Holocene and  the transition from the last

glacial maximum,  Previous drilling on  Law  Dome  with  a CRREL  thermal  drill had reached

depths to 475 m  (the length of  the thennal  drill cable)  but this was  also about  the lirnit of

dry hole drilling. The  new  work  was  to be done with  an electromechanical  dri11 in a  fluid

filled hole, and  to avoid  
`re-inventing

 the wheel'  it was  decided to make  a  drill based on

the design of  thc Danish 
'ISTUK'

 drill which  had been used  successfu11y  in Greenland at

Dye  3 and  suited  the scale of  our  operation.

    The  field work  started  in 1988 when  thc large diameter thermal  drill was  used  to make

a  270 mm  diameter hole to 84 m,  A  sealed  hole to the surface  was  created  by casing  with

glassfibTe reinforced  plastic tube. Thermal dri11ing was  then  continued  to 96 m  with  a 140

mm  cliameter drill to make  a  suitable  pilot hole for the mechanical  drill. Over the fo11owing

season  the drilling shelter  was  set up  over  a  3 m  deep trench cut  around  the borehele casing

and  the drill winch  and  support  equipment  were  installed, The  electromechanical  drill was

eompleted  and  tested over  the next  twe  years, EM  drilling to a  depth of  553 m  was  done in

1992 and  the remainder  of  the drilling to 1200 m  was  completed  in January and  February

of1993,

                                  78

NII-Electronic  



National Institute of Polar Research

NII-Electronic Library Service

NationalInstitute  ofPolar  Research

                               V.
 
MoRGAN

 et  aL  79

                            2. Thermal  Drilling

     
The

 
special

 
large

 diameter thermal drill has a  machined  copper  head with  a brazed on
 
4000

 W  heating element.  The construction  ofboth  the core barrel and  the meltwater  tank is

 
based

 
on

 
203

 mm  ID glassfibre reinforced  plastic tube. This tube is the same  material  
as

 is

 
used.

 
for.

 
the

 bor.ehole casing. The tep section  of  the drill incorporates the usual  cable
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                               3. Casing

     
It
 
is
 
desirable

 to case the part of  the borehole that penetrates the porous firn so  it can
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produces a  smooth  inside wall,  and  the O-ring seals  ensure  the casing  does not  leak fluid,
 Fitting the casing  into the borehole took 6 hours.

                            4. Drilling Shelter
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casing.

 A  square  tower, 10 m  high and  2,4 m  across,  at one  end  of  the shelter

bouses a spiral  staircase  whjch  gives access  to the shelter.  A warmed,  insulated module
mside  the
        

shelter
 houses the drill computer  and  is also  used  as  a  workshop.

                      5. Electromechanical  Drill Rig
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hydraulic

 controls  fbr the winch  and  tower, one  by the drill tower and  one  in the warm
module

 (Fig. 1). The winch  is directly driven by a low speed  wheel  motor  located inside
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  Fig. I EIectromechanical drill rig-eleetricat  systems T7ie hydraulic controi  panei IVo, 1 is iocated

       beside the winch  and  is used  vvhen  lowering the drill into the borehole and  tilting  the tower, 71Te

       second  control  panel inside the  warmed  ventilated  room  (drili contrel  modute)  is used  
when

       drilting and  hauling in the borehole,

produced by lowering the top sheave  on  the drill tower  by an  hydraulic ram.  Feed speed  
is

controlled  by bleeding fluid frorn the ram  through an  electric  proportional valve,  
This

system,  which  is also  used  fbr the therrnal driil, allows  very  fine control  of  the feed. A



National Institute of Polar Research

NII-Electronic Library Service

ResearohPolarof工nstituteNational

81V ，MORGAN 　et　aL

、
ミ

§
ミ

宅
ミ
嶋

1

む幅
§
」、
冨

、
逼

ミ
螽
軸

ミ

N

蝕
k

　

　

四
」

OOO

Σ

匡

Obo
り

切
2
畷
儒

ト

　

　

　

配

四

養

　

　

　

JOE

巨
OO

＝

四 
50

臥

儒

O
戸

O
＝

　

　

　

邑
6一

宀
Z
昌

OO

卜

回

砺
円

囓

→
◇
居
U
ト
く
凵

＝

＝

O宀
篝
ト騙
＝
コ
店

O
卜

　

　

　

塞
四
〇

〇

詈

ロ
＝

《

麗

O
切

oo
囚

OO

匡
驫

O
匡

O＝
壽

　

　

　

　

の

9

ぞ

§P5
》
匡

0
の

弱

四

居

コ

の
0…■
駈
螺

凵

奪
O
日

＝囎
《
ド

《
O
冨

の

』

（
（

06

ゆ卩
ゴ甲
屠

◎

器
切

凵

鑑

，

沼
凵

『

α

匡

四
匹

軋
コ

囚
り

く
」
匡
四
hZ

卿
α
O
ω
Z
凵

ω

　

　

　

　

h

皇
　

　

　

　

」

《
h85

0
ト

四

コ

OO

凵

qZ

《

　

　

　

O

彑

　

　
》
」
α
住

9
ω

四

〇
《

卜

JO

》 
5QJ

　

　

　

　
回

Ω「

ρ
2
凵
鷹

居
，

O
σ
Z
β

く四
τ
凵

σ
＝

｛

工

巳

　

　

…
0

悪
h

国
JO

畷

Oサ
ト

O｝
」

（
贈

自一
；
0
ε

80
｛》

ぱ

O
 
Z
田

ω．
臥

罷
凵
戸

御

O「
＝

080

頃

O
｛響

哩
O
の

弱，
色
艶

囗
ト

　

　

　

8”
哩

O
属
n

　

　

　

　

》」
ロ

＝…
磊
ω

く

に

脚

卜

四

詈

O
匡
四」
回

OO

く

冫
“尸，
　

　

冫めPや

に

9
詈
O
匡
」〕

ド

コ

O
く
ト

く
O

ビ
 

」

　

＝
O
ト

く

一

⊃

σ
凵
匡

凵

O
く

レ

」

O
》

＝

O昂
＝

　

　

　

　

ヌ】一

居
四

＝
居

O
」

撃
く

匡

　

　

　

◎
Z

コ
巳
コ

OO

囚
」

唱
（

O

◎
ゴ
左
O

ServioeLibraryN 工工
一Eleotronio

一幽…「



National Institute of Polar Research

NII-Electronic Library Service

NationalInstitute  ofPolar  Research

82 Technical Aspccts ofDeep  Lce Drilling en  Law  Dome

pressure gauge on  the ram  indicates cable  tension  which  is usefu1  if the tension  is outsidp

the range  of  the transducer on  the drill. Relief valves  on  the winch  and  feed ram  
limit

cable  tension to about  !13 ofthe  cable  breaking strain.

    The  drill itselfis based on  the Danish ISTUK  (GuNDEsTRup et al., 1984 ) but with  a

number  of  di fferences mainly  to the motor  section,  the bearing section  and  the method  of

using  a roller  screw  to move  the pistons in the chip  collection  sgction,.The  dr.ill 
comprises:

    1) The  top section with  cable  termination, hammer  and  anti-rotation  springs,

    2) The electronics  section  (power regulation,  modem,  micro  controller, sensors

interface, motor  driver and  battery pack) in a fluid proof chamber,  A  1200 baud modem

provides communication  with  the surface  drill computer  (Fig, 2).

    3) The  motor  and  gearbox section.  The motor  is a 3 phase electronically  commutated

brushless motor  which  operates  immersed  in the borehole fluid with  a  simple  mesh  screen

to keep out  ice chips.  The planetary reduction  gear has a ratio  of45:1.  SeMe.n pr.eset 
speeds

are  controlled  by a  feedback system  in the motor  driver electronics.  Drilling is normally

done at speed  5 (barrel speed  30 RPM)  and  rewind  at speed  6 (50 RPM).

    4) The  bearing section.  This separates  the rotating  part of  the drill from the top

section, The drill rorates on  two  large ro]ler  bearings. Sliprings between the bearings pass

electrical  signals  from limit switches  on  the roller  screw  to the electronics  section.  A  form

of  planetary gearing below the bearings giyes 
an  almost  stationary  inner gear which

connects  to the rollerscrew  nut  in the next  section.  The output  and  planet gears can  easily

 be changed  to altcr  the output  shaft  speed,  This varies  the number  of  drill turns fbr the fu11

 piston movernent  and  therefore allows  tuning  the drill for best perfbrmance.

     5) The  rollerscrew  and  chip  chamber  section.  The roller  screw  is attached  directly to

 the piston rod  and  rotates  with  thc outer  barrel. The  roller  nut  is held stationary  
by

 
a
 
sh.aft

 from the bearing section,  When  the drill rotates,  the roller  screw  moves  upwards  pulling

 the piston rod  and  the moving  pistons and  so  expanding  the chip  chambers.  Fluid and  
chi?s

 are  therefbre  sucked  away  from  the cutters  via  the  chip  channels  and  into the ch]p

 chambers.

     6) The  core  barrel and  cutter  head. The core  barrel is a  plain tube which  is belted to

 the chip  chamber  section.  This, together with  the removable  chip  channels  allow  the drill to

 be dismantled into sections less than  6 m  long for transport. The  drill head is wire cut  from

 tool steel,

     7) The  cutters  and  shoes.  The cutters  are  conventional  with  a  straight  horizontal

 cutting  edge,  a  clearance  angle  of  150 on  the bottom face and  a 45d angle  on  
the

 
cutting

 face, The  cutter  shoes  (which control  the depth of  cut)  are  brass and  are  filed by hand to set

 the amount  ofcut.

                             6. DrillingFluid

    The  fluid is a  mixture  of  kerosene (Jet A1) and  perchlorethylene, This was  known to

be satisfactory  - it was  used  in Greenland and  similar  chemicals  had been used  previously

in Antarctica. Perchlorethylene fits most  of  the requirements  ofa  drilling fluid additive  i.e.

the density of  the mixture  can  be adjusted  to be a little more  than ice, it has a freezing point

well  below  -30" and  a boiling point above  50", it has a low viscosity,  is electrically non-

conducting,  it does not  react  with  or  dissolve ice and  the cost  is reasonable.  Perchlorethylene
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                              7. Core  Quality

, 
Cgre

 quality down to 400 m  was  generally good. Below 400  m  the cores  became
increasingly

 
brittle

 so  that by about  800 m  most  cores  had some  broken sections  and  
a
 few

     
were

 
totqlly

 
fragmented.

 The brittleness only  disappeared in the last few cores  near
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 position and  therefore facilitate later ana]ysis.

                       8. Core  Processing and  Analysis

    
DriIling

 
fl,uid

 was  remeved  from the cores  by placing them  in a  drying cabinet  which
was

 4ushed 
with

 c,lean cold  air from the ventilation  system,  After drying, the cores  were
exammed

 for stratigraphy  and  electrical conductivity  measu
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of seasonal  cycles  ofany  of  the measurements).

. 
Crystal

 
fabrics

 were  measured  at the dri]ling site on  recently  drilled core  at about  5 m
intervals  over  the ful) ice thickness.
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                            9. Field Station

    The field camp  is comprjsed  of  a number  of  modules  based on
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 is dismantled and  returned  to Casey  Station (120 k
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                              10. 0peration
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 DSS drilling was  generally done by four people in two  teams which  allowed  
about

14
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of  drilling per day. Both teams worked  on  the afternoon  shift to allow  time for
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was  required  to complete  one  fu11 drill cycle-  the constancy  of  the time arising  .from. 
the

usual  effect  of  increased operator  skills being compensated  by the increased haul                                                              mg  tlme,

For the 1992f93 season  the cable  tension  indicator was  modified  to have two  
ranges;

 
a

sensitive  one  fbr head load when  drilling and  a larger one  which  covered  O-600 kg, The

large range  allowed  lowering at -zero tension and  raising  at 
-500

 kg which  gave speeds  
of

about  1.5 m!s  in the borehole.
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