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Abstract: Ice drilling technologies for the polar regions are the crucial means of obtaining the ice core to investigate the
interaction of the polar ice sheet, ice shelf, and ocean; and obtaining subglacial bedrock core and water sample to explore
the subglacial environment. At present, the difficulties and frontiers of polar ice drilling technology mainly include deep ice
core drilling, ice shelf hot water drilling, subglacial bedrock drilling and subglacial environment sampling, observation
technology. In view of the above four key technologies of polar ice drilling, this paper summarizes and sorts out the research

progress and project development of related technologies in China and abroad. In general, the research on polar drilling
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technology started late in China, but the research on the key technologies and equipment of polar ice drilling in China is

moving towards surpassing the polar drilling powers in the world, as China’s polar strategy continues to advance. And it

will certainly provide a strong technical support for China’s polar scientific research.

Key words: polar regions; deep ice core drilling; hot water drilling; subglacial bedrock drilling; subglacial environment
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Table 1 Implementation of major international deep ice core drilling projectst!'—29]

i [a] FLIE/m i & ML #g/m H Hi BRI
1966—1968 2164 R REFEXIREE TRIRE CRREL
1979—1981 2037 Dye 3 ¥ K& IE 22 vk 3R ISTUK
1983—1989 2546 RIr vk 2 W7 36 AR 8 1 S b 2 BE KEMS132
1989—1992 3029 & Bz 22 THL U & Bz 22 vk 36 7H R (GRIP) ISTUK
1989—1993 3053 i g > Th U 3 AR b vKGE B R (GISP2) PICO
1994—1996 2504 K& F H 2% [ 5 A b 1F 5% i JARE
1997 —2003 3085 dbAs B > JeA% B 2= vkt %) NGRIP HANS TAUSEN
1999—2005 3270 KE C WU e A K )2 B 3R (EPICA) HANS TAUSEN
2001—2006 2774 BRI WU T AR K 2 BLC 3R CEPICA) HANS TAUSEN
2002—2007 3035 K& F H 2% [ 5K % b 0F 5% JARE
1990—2015 3769 IR7 2 7 2 AT 18 1 S Ml 24 B KEMS132
2006—2012 3405 WAIS 45 vk iy P4 R A DK 5 43 UK U KGR B R R DISC
2007 —2012 2540 etk s = JEHE 15 22 Eemian VKB & 832 (NEEMD HANS TAUSEN
2015—2020 2550 " AR > ARME B 22 R VK 3R (EGRIP) HANS TAUSEN

. * 8 EGRIP #3H4L% .
*2 ERLEFRFREMNERBHAIXEDNHBEREEESHI )
Table 2 Typical armored cable electric mechanical drills and main parameterst!*—27]
S L KB/ Fim/  BIFHEE/, B Hiid/ ‘»JV],‘E’IJJEL Bk WAME/ SRR NELLEN CREGE A
m kg (remin ') F/kW (m-+h 1) ¥& mm A% /mm AhE /mm KJE/m [ %
CRREL 26.5 1200 225.0 12.8 0~7 8 114.3/155. 6 No/146 117.6/No FH
ISTUK 11.5 180 37.5 0.6 22 3 102.35/129. 5 e 104/110 2.20 FFE
KEMS 13.0 240 230.0 2.2 12~20 3 107/132,135 g 117/127 2.57 P
PICO-5.2in 27.0 730 100. 0 2.2 60 3 137/177.5 157.1/171.3 137/143. 34 B
JARE 12.3 187 66.0 0.6 6~20 3 94/135 115/122  97.4/101.6  3.67 HA
HT 11.0 150 50~60 0.3 15 3 98/129.6,132,134  113/118 100/104 2.80 FF#E
DISC 14.5 404 80. 0 1.8 28 4 122/170 4 137/157 2.49 %R
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Fig.2 Schematic diagram of main deep ice core drilling tools abroadt?]
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Table 3 Main technical parameters of CHINARE deep ice core drilling system!"’
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Fig.4 Schematic diagram of the hot water drilling system(*]
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Table 4 Summary of some hot water drilling projects in the polar regionst®’ 2]

o LI/ m fL#%/cm i i Bl /5 H W%/ H br
1971—1979 420 91. 4 Rose k22 RISP KR IR BE 5 A
1982 50 23 Ellesmere £ 7k 22 JIE-SN e
1978—1979 15~60 +7.6 KE C PICO 7
1987—1988 390 g2 FH# UKk 3C
1987—1988 370,450 26 Crary VK[#E PN AT LN R 2 VKEESh
1988—1989 1200~1330 12~18 Jakobshavns 7K JI| ER: DN KN 3 g
1995—1996 825 20~30 Ronne 7K%2 BAS WV
2000—2001 380 30 Amery UKZ2 AMISOR g 2
1990—2003 420 50 Filchner— Ronne 7K [ T2
1990—1992 541,562 0.2~0.25 Ronne 7K 4 BAS VKSR FE 1 A 55
2003 70,144 50 B2 UK ANDRILL TG i A it S 5
2011 300~320 30 Larsen C ¥KZ2 George VI 7K42 BAS NERESE 3
1991—1998 1400~ 2400 60 [ Amanda PR 5= 7 i
2004—2011 2500 60 R Icecube PR 5= T
2011—2012 398,431 Langhovde vkJ1| B[RS KN 3h
2012—2013 300 36 Ellsworth 7K T il SLE VKT IR DI 5 BORE
2013 800 30 Whillans vk~ #l WISSARD VKR W 5 R
2014—2015 770 +30 Filchner — Ronne 7k 42 W/ BAS Ve
2018—2019 1067 30 Mercer vK T i) SALSA VKT R I 5 BORE

7 : RISP, Ross K221 %] (Rose Ice Shelf Project) ; PICO, #% #l1 7K its 75 2 % (Polar Ice Coring Office) ; AMISOR, Amery ¥K 48 i ¥ #F 5% i1 &1
(Amery Ice Shelf Oceanographic Research Project) ; ANDRILL, 5 % #b i 45 £ ( Antarctic Geological Drilling) ; AMANDA ., 5§ H A 7 F1 3% 7 4%
1 46 B ( Antarctic Muon And Neutrino Detector Array) ; Icecube, 37. 7 F K fi 1 #£ W (cubic-kilometer neutrino detector) ; SLE, Ellsworth #K T
1 € (Exploration of Subglacial Lake Ellsworth) ; WISSARD, Whillans 7K it 2K F 3 U #F 57 45 45 31 %] (Whillans Ice Stream Subglacial Access
Research Drilling Project) ; SALSA , B # 7K F i Bl 2 4% (Subglacial Antarctic Lakes Scientific Access) ,
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Table 5 Summary of the parameters and applications of the main hot water drilling systems abroad in recent years(?’ °2]

vt Bt R BRSO BRI AR A MK B K

w2 N %.i%L ”ﬁ"li] HERE/ WOREE/ e/ EE R ?J ([iﬂ‘i P Eﬁ%ﬂ W M S %
/) HfE/ B/ (me (m » (L i/ B/ R/ 5z Hfr
m cm cm min ') min ') min ') MPa C kW pm
HWDS 1000 40 3.18 >270 12.3 90 450 2.0, UV(40 W,85 UNL  Whillans 7K F#), 2012—2013, WIS
0.2 nm; 175 W, Mercer 7K T i 2018—2019 SARD.
245 nm) SALSA
CHWDs 3500 36 3.20 2.0 10 210 150 90 1500 0.2 UV (200 W. BAS Ellsworth 7K F#  2012—2013  SLE
254 nm) , [ [%
ARH(90 C)H
EHWD 2500 60 6.40 2.2 10 760 7.6 88 5000 T T UW-  mfls 2004—2012  IceCube
Madison
NHWD 500, 30 2.54 0.9 9 90,120 21,80, % X I BAS Larsen C, George 2011—2012, 7K %23
1000 6.9 90 500 VI 7K %, Filchner 2014—2015 %
— Ronne 7KZ2
SHWD 25~ 10 5 & & IDDO  Beardmore yKJI  2012—2013  Hb 52 i
30 AL

T HWDS, # K 45 2 48 (Hot-Water Drill System) ; SHWD, /NI #UK 45 (Small Hot Water Drill) ; UV, % 42k 8 5 (Ultraviolet) ; IDDO, #K it
BT 5 58 (Tce Drilling Design and Operation) 3 UNL, P 4 £ 8 il K 2% MK H 43 8 (University of Nebraska Lincoln) ; UW — Madison , J& i i
S K2R A7 3 31 43 4% (University of Wisconsin-Madison) .
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Fig.5 Layout of the hot water drill system test site
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Fig.6 Hot water drill drilling test in the simulated ice hole (low

temperature ice well) and the drilled ice borehole
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for subglacial bedrock in the polar regions(®']
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