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Abstract: Soviet and Russian drilling activity in ice began in 1955 while
conducting temperature surveys on a glacier in Franz-Josef Land in the
Arctic and continued to 1960 on the glaciers of the polar Ural and the
northern Tien Shen mountain ranges. In 1956 the first Complex Antarctic
Expedition (CAE) was formed and the first Antarctic drilling was con-
ducted in October of 1956 near Mirny Station. Later, the expeditions were
referred to as Soviet Antarctic Expeditions (SAE) and Russian Antarctic
Expeditions (RAE). Early efforts were conducted with hand drilling
equipment followed by mechanical rotary and percussion drilling tech-
niques. Thermal (flame and thermal electric) boring drills and later ther-
mal coring drills eventually culminated in drills of the TELGA type for
thermal drilling deep, dry holes. One such hole reached a depth of over
900 m at Vostok. Use of TBZS type thermal drills for drilling in fluid-filled
holes were also developed, as was a technique using anti-freeze to dissolve
the melt water formed, the dilute solution then remaining in the hole to
provide the necessary hydrostatic balance. An electro-mechanical drill
KEMS was first introduced on Vavilov Glacier, Severnaya Zemlya (Russian
Arctic) in 1984 and then in 1989 at Vostok Station. Five major holes have
been drilled at Vostok, the last one stopped in 2006 (RAE 51) at a depth of
3650 m, 100 m above Lake Vostok. This report chronologically summa-
rizes the Soviet and Russian efforts over the last 50 years.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.
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ERDC/CRREL TR-07-20

Contents

Preface Xi
Abbreviations of Institutes xii
1 Antarctica 1
LN goTo 1U o3 o PP RT 1
1955-56, First CAE (Complex Antarctic Expedition): Mirny......ccccceceeiecveenscseensseeenssseeesnnns 3
1956-57, SECONT CAE: MIINY ..eeeieeiieeeceeeecceeeeeeeee s e e e ee e e e e s e e e s s ssne e s e seeesesaneeesesnneeeennneennans 3
1957 =58, THird CAE...iieieieeieeeiiee et stes sttt ssae s st se s ss s s ae s st e sne e sab e e s ne e saseesneesaseesnennnes 4
1958-59, Fourth CAE (renamed SAE, Soviet Antarctic Expedition):......ccccevevvcenicceeniiieennnne 4
101 o ST SURRRRP 4
Shackleton Ice Shelf (66 B6’S, 101 20 E)...eueeceeeeeeeeeeeeesieeeeee et 5

Drigal’skiy 1SIand (@pPr. 66 °S; 92 OF) uuuuuieeeeeceeeeeeieeseeste et st ne s snnssseesne s 5

Lazarev Station (69 °58 7S, 12 055 ). iieeeceeeeeeeeettee ettt e sttt e ettt e e s st e e st n e et aa e nnaeas 5

1959-60, Fifth SAE ...eee ittt sttt st a et sa e e ae e s n e e ae e e s ne e ne e e naneenne 5

L= 213 ] = 1 [0 o N 5

Arctic and Antarctic RESEAICH INSTITULE .......oeveeeeeiee ettt 6

1960-61, SiXth SAE: MY .ciiiuiiiiiiiiieesieisiseeseessssesstessssesssesssessssesssesssse s ssessssesssessssessssesnnen 6
1961-62, SEVENTN SAE .....oiiieee ettt e sttt e et e et e s a e e et e e s n e e et e e e neeeareeeneannes 7
1962-63, Eighth SAE: MIINY ...ceiiieieeeeieeeee sttt e e s s s e e s e e s se s ese e s e e nneesans 7
1963-64, NINTN SAE ....eiiiieiieee sttt se e s se s sae e e bt e e s e e e st e e nanesnseeannnennns 7
Traverse Vostok-Pole of Relative Inaccessibility (78° S, 20° E)-Molodyezhnaya................ 7
1964 -65, TENTN SAE ...eeeiiiiceeectee ettt st e et r e s se e s ne s e e e nanennee 7
1965-66, Eleventh SAE: IMITNY ... cecceiieee s ceee e e e e e secnne e e e e s s e s snsee e e e s s e s nnnneeeesseeannnns 7
1966-67, Twelfth SAE: Novolazarev Ice Shelf ...... .t 8
1967 -68, Thirteenth SAE: MIINY ....ueeiieeiee et eeee st e e e e s e ene e e s e sae e e s e e e e e e ne e e senneeennns 8
1968-69, FOUrteenth SAE: MIINY ...t e e e e e r e e e s e e s nnr e e s e e e nnnnees 8
1969-70, Fifteenth SAE: VOSTOK...ccccueiiieeceecctieeescstee ettt et s st s e s e 9
1970-71, SIXtEENTN SAE: VOSTOK...uuersseririrsiirasararasassssssssssssssssssssssssssssssssssssssssssssssssssssssssnnes 14
1971 -T2, SEVENTEENTN SAE .....eveteiieieiteieretererererererarererersrersrarerare ettt 16

Vostok




iv ERDC/CRREL TR-07-20

1975-T6, TWENLY-FIFST SAE ... eeee ettt s s e s ene e e s aneeeeas 22
L1 0 O 22
101 0 O RSN 23
L=z L= (o= 1= 23

1976-77, TWeNty-SECONA SAE ..o ettt e et e e e e e e e e e nneeean 23
L0} 0 SN
1010
Novolazarevskaya Station

1977-T8, TWENLY-TNIFA SAE ...t s e e e e e e nneeeas
1010
Base Salut (65 B27S, 9B B0 E) .ttt as et nesne e enean 24

1978-T79, TWENtY-TOUITh SAE ... . ettt e e e s e e e e e e e e e s e e nnn e e e e s seennnns 25
IMHIETYY ettt ettt ettt ettt et e et e e s st e e st e e e s e e e s s e e et e e e e Rt e e e r A e nenanneeaante e e st e e e anenannrannenne 25
Pionerskaya (69 44’S, 95 B0’E, 375-km mark on the Mirny-Vostok route)...........cc.ce..... 25
ROSS ICE SNEIf (J-O CAIMP) ..ottt nne e e ennennnes 25

1979-80, TWENtY-Fifth SAE ... . eeeeeeiee e ar e e e eas
0] 0 N
IMHIETYY ettt ettt et e e st e e st e e e st e e s st e e s eana e e e nte e e nen e s annn e e e nae e e neeeennnnanannnnenne
Pionerskaya

1980-81, Twenty-sixth SAE
0] 0 SN
Komsomolskaya Station (74 0V6’S; 94 30’E, 870 km south of Mirny)
LA L V2SR
Traverse Mirny—Pionerskaya-DOME C......cocceeoeeeoeeeeeeeeeeeeeee st ese s s s ssne e snenas 29

1981-82, TWenty-SeVENTN SAE ... e 30

Komsomolskaya Station
1982-83, Twenty-eighth SAE
0] 0 N
KOMSOMOISKY@ SETION ...ttt e e s nnennnes
Base Druzhnaya (77 34’S; 40°13"W, Filchner Ic€ SNelf) ....couueeveeeeeieieccesesseeesceeeessiesesnes 32
1983-84, Twenty-ninth SAE
VOSEOK et
Base Druzhnaya
1984 -85, ThIrtieth SAE......co et e e s e e s sneesneeeas
L0 XS] 0 SN
[ Tl B V4 L= ) - LSRN
Dome B (77°04'S, 95°55'E, elevation 3850 m)
1985-86, Thirty-firST SAE ...ce ittt s s e e s nne s
Vostok

LTI B 074 g g - ) -
1986-87, Thirty-S€CONA SAE ... . it n e s ne e ne e



ERDC/CRREL TR-07-20

2

1987 -88, Thirty-third SAE ......cceeeieiiieictes et e e e e s anee s 37
1013 o S 37

Base Druzhnaya-4 (69 44’S; 72 “42’E; Oasis near Emery Ice Shelf)......oueceveeecvvveciveaenas 38
1988-89, Thirty-FOUIth SAE ......ooiiii et s e e ne e s e e e e e e eas 38

Vostok

LA LSRR
1989-90, Thirty-fifth SAE

Vostok

Dome B
1992-93, Thirty-€ighth RAE: VOSTOK.....ccicieiiiereieciiee e cseeseeesseessse e ssreessne s ssseeesae s sneeeneeens 42
1993-94, Thirty-ninth RAE: VOSTOK....iicceeeeiieee ettt e s e s s 43
1994 -95, FOrtieth RAE: VOSTOK.....uiiiiiiiiiiiiiiterarararasarasasasasasssssssssssssasssssssssssssssssssssssnsnsnns 43
1995-96, Forty-first RAE: VOSTOK.....coiiieieeeeiteeeee ettt s 43
1996-97, Forty-second RAE: VOSTOK ..ccueeeirieeeeeceee ettt e e e e 44
1997 -98, Forty-third RAE: VOSTOK.....uuiiiiiieeeiiiiee e ccereeee s e e e e s e rnn e e e e s e nnne e e e s 44
1998-99, Forty-fourth RAE: VOSTOK ....cceeieeeiiieeee ettt 44
1999-00, FOrty-fifth RAE ...co ettt 45
2000-01, FOrty-SiXth RAE......ciiceieieriiiisee st s see s ee s see s sse s s sse s s s sne s se s s nessseessanennnes 45
2001-02, Forty-seventh RAE ... s 46
2002-03, Forty-eighth RAE: VOSTOK......cceieieeereeeieecieeeeeeseeeesseeeseseeeesssseeesssseeesesnneessnaneeenas 46
2003-04, Forty-ninth RAE: VOSTOK ..ot cectee e cre e e e s s e sn e e e s e e nneees 46
2004 -05, Fiftieth RAE: VOSTOK....ciccteiiieeceeciieeseecsiessseeseesssesssseessaessse e sssessseessnessssessnesnnes 46
2005-06, Fifty-first RAE: VOSTOK....cciiieieeeecieeecceie s cseee e et eseseee s e s e e s e e e sne e s enne e s saneeeenas 46
SUIMIMIAIY ettee ettt e et e s e e e e e e e s s e e e e e e se e e e e ne e e e enneeesasseeeeaneeesanseeeeeneeeseanneessansnenanas 47
Soviet and Russian Drilling Activity in the Arctic and Non-Polar Regions...........cccccceuiunnacua. 49
gL uo o 18 o3 4 o] o [PPSR PSR 49
1955-1960: Franz-Josef Land, Novaya Zemlya, Polar Urals, Tien Shan........ccccccceeeenennnne 58
1963: Elbrus (Central Caucasus, drilling SIt€ #C1) ...cccccviiveeeiriiieeiscressseeeessseee s ssneees 61
1964: Tuiuksu Glacier (Zailiiskii Alatau, Northern Tien Shan, drilling site #CA1) .............. 63
S 11 TSRS 65

NoredenskiOld Glacier (SPItSDEIEEN) ....euueeeeeeeeeeeeeeeeete sttt eseseseenne s 65

Karabatkak Glacier (Terskei Alatau, Internal Tien Shan, drilling site #CA2) ....ccecceveevvcerennen. 65
1966: Bezengi Glacier (West Caucasus, drilling Site #C2) ....cccccverrcvrierincensienssensseessennns 66
1967: Marukh Glacier (West Caucasus, drilling Site€ #C3))....cevverirvceririieieninieesssseeessseeenns 66
BB e e e e e e At e e Re e e At e e ReeeeRee e aRee e st e s neeeanee s reenreanas 67

Marukh Glacier (West Caucasus, drilling Sit€ #C3).....cccmeroeroeeereeseeereeece e nneas 67

Tuiuksu Glacier (Zailiiskii Alatau, Northern Tien Shan, drilling Site #CAL) .cceecveevcevecvevcenrrenns 67
1970, 1971: Jankuat Glacier (Central Caucasus, drilling site #C4 ) .ceccveeveecceereccceereceeenn. 68

1971: Abramov Glacier (Alai Ridge, Pamirs, drilling Site #CA3).....ccveerrerreerieeneeneeeeeeee 69



vi

ERDC/CRREL TR-07-20

S PR 70
Abramov Glacier (Alai Ridge, Pamirs, drilling Sit€ #CA3)....cccveeeeremerirecereseessieeseseseneseesiaenas 70
Jankuat Glacier (Central Caucasus, Arilling Sit€ #C4 )..ueumroeeeeeeeeeere e 70
Drifting station Severnyi Polyus-19 (ice island in the Arctic OCean) .....c.cceeeevevveercvercresssenreen. 70
Abramov Glacier (Alai Ridge, Pamirs, drilling Sit€ #CA3)....oeeueeceereeeeeeeeeeeereeeeeeeee e 71
Jankuat Glacier (Central Caucasus, Arilling Sit€ H#C4 )...uuevveereereeeeereeiesceseee et 71

S G T K PP PP RTT PR 71
ObrucheV GIacier (POIGE UF@IS) ........eeeueeeeeeeeeeeeieee et sneeeneeean 71
Vavilov Glacier (SEVEINAYa ZEMIYA) ....c.uueeeevueeesiirisisieissseiesssstesesisesssssesssssssessssesssssenssssssnsssssnses 72
Abramov Glacier (Alai Ridge, Pamirs, drilling site #CA3)... e 73

RS T K PSPPI 73

Vavilov Glacier (SEVEINAYa ZEMIYA) ....c.uueveeeueeessirisisisissseiessssiesesisisssasesssssssessssesssssenssssssssssssnses 73
Ice-divide area between East Grénfjord and Fridtjof glaciers (Spitsbergen, drilling

site #S1)

Kozel'skii Glacier (KAmMCNATKE).......cceeeeereeeeeeee et ene e sne s 77

Lomonosov Plateau (Spitsbergen, drilling Sit€ #S53) ...cccveveereeeeiiesrereer e 77
S A e RS 4 SRR STRT TP 79

Vavilov Glacier (SEVErNaya ZEMIYA) ......ccoeeeeereeeeeeeeeeeeeeeeeeeeeeseeeseessseseee s e essees s sseesaneeenneeas 79

Fridtjof glacier (Spitsbergen, Arilling Sit€ #S4 ) ..u..ueeeeeeeeeeeeeeeeeeeser et 81
TOB0 ctiieee ettt e e a e e R e e e eae e e R e e e eRee s ReeeeneesaReeeanee s neeeaneenareenreanas 82

Vavilov Glacier (SEVErNaya ZEMIYA) ......cceeeeereueeeeeeeeeeeereeeeeeeesee e eesssesesee s e esseesasessseessnesenneens 82

Bertil Glacier (drilling site #S5), Bogger Glacier (drilling site #S6), and Amundsen
Plateau (drilling site #S7), Spitsbergen

JOBL e
Vestfonna (Nordaustlandet, Spitsbergen, drilling Sit€ #S8) .....covevoereeeerrreeereeeeeeeeeee e 84
Vavilov Glacier (SEVEINAYa ZEMIYA) .....uueeeeeueeeecerisisirissseiessssiesesisesssasesssssssessssesssssensssssssssssenses 84
dO 8 ettt e R e e e eae e e R e e e At e e Ree e Rt e e aReeeanee s neeeanee s neenreenas 85
Vavilov Glacier (SEVErNaya ZEMIYA) ......cceeeoeereueeeeeeseeseeeeeeeeesee e eeseseseee s e es e sasessseesanesenneeas 85
Lomonosov Plateau (Spitsbergen, drilling Sit€ #S9) ....cccvevoeereeeeeesrereercee e 85
S 1 T PRSP OPVRPTSPTRI 86
Vavilov Glacier (SEVErNaya ZEMIYA) ......cceeeoeereeeeeeeeeeeeseeeceeeeee e eseessseseee s seesseessseesseessneeenneeas 86
Dzhantuganskoye Firn Plateau (Central Caucasus, drilling Site #C5)...ecceeevvvveercercreesceneeen. 86
1984: Vavilov Glacier (Severnaya ZemMIYa)......cuecceeeceeeeeerreeeereeseeesescseeeessseeesssseeesssseesssssnens 87
S 1S 1< TP PTT
Vavilov Glacier (Severnaya Zemlya)
Austfonna (Nordaustlandet, Spitsbergen, drilling Sit€ #S10)...cuuvcoeveevevereseeriiercreecieeeseeseens 90
Davydov Glacier (Akshirak, Internal Tien Shan, drilling Sit€ #CA4 ) ....eeceereeeeeeeeeeereeeeeeeeienes 91
S TS G PR 93
Vavilov Glacier (SEVEINAYa ZEMIYA) ......uueeecueeeeieeeeiieeeeitieseiieeesisesessseeesssstesessesesasensssssssssansnns 93

Akademiya Nauk Glacier (80 <30’N and 94 50’E, Severnaya Zemlya, drilling site



ERDC/CRREL TR-07-20 vii

S T T 94
Vavilov Glacier (SEVEINAYa ZEMIYA) ......uueeecueeeeieeeeirieeecitieseiieeesiseseseesesssstesessesesesenssassseasassnes 94
Akademiya Nauk Glacier (80 <30’N and 94 50’E, Severnaya Zemlya, drilling site
YV N 94
Austfonna (Nordaustlandet, Spitsbergen, drilling Sit€ #S11)...ccuvvereeeeeerescrerierceecee e 95
Garabashi Glacier (Elbrus, Central Caucasus, drilling site #C6) ...96

S TG TP 97
Vavilov Glacier (SEVEINAYa ZEMIYA) .....uuueecvueeesiirisisirissstiessssiesesisesssasesssssssessssesssssenssssssnssssanses 97
Garabashi Glacier (Elbrus, Central Caucasus, drilling Sit€ #C6) .......cccuevrrvvemrvmrsrerssenriiersennns 97

1989-1990: South Inylchek Glacier (Central Tien Shan, drilling site #CA5) ....cccvvvevrceenns 98

IS 1 O PR 99
Grigor’ev Glacier (Terskei Alatau, Internal Tien Shan, drilling site #CAB).......ccceeveeeevervenrcennns 99
Bolshoi Azau Glacier (Elbrus, Central Caucuses, drilling Sit€ #C7) .ceecoeeveeeeereeceercereeeceeenen 99

S 1 10 Tt K 1 i T
Loonyi Glacier (Zemlya Aleksandry Island, Franz Josef Land) .
South-eastern Tibet and Northern Slope of HIMalayas ..........cceeeeeereevrerseesieeeceesseesseeeeeens 100

1994 Franz JOSES LANG ....uuiiiieeeeiciiieieccetes ettt s e s e e s e s e e s s nne e s s e 100

1996: Gorshkov Glacier (Ushkovskii Volcano, Kamchatka)........cceeeceevecceeeeccceeesecceee e 100

1997: Windy Glacier (Graham Bell Island, Vetrennyi Ice Cap, Franz Josef Land) 101

1998: Gorshkov Glacier (Ushkovskii Volcano, 3901 m a.s.l.,, Kamchatka) ........ccccceeuu..ee 102

SIS e 0 1 PSPPI 103
Akademiya Nauk Glacier (80.52 °N and 94.8 °E, Severnaya Zemlya, drilling site
7Y AN 52 N 103
Rvanniy Glacier, South Inylchek (Central Tien SNAN)........cccccveeeecemeseriesesiisesisenessseessssenens 105

2000 =2007 .. eeeeeeeee et r e aa e e e be e e ane e e re e e ane e e reesneenreenneenan 105
Eastern Plateau of Mt. Belukha (Altai MOUNEAINS) ..c.c.eevouerereeeeeeeieesieeeeeesee e 105
Sofiyskiy Glacier, Altai Mountains (49°47'10”N, 87°43'43”E, 3450 m a.s.l.)...... 106

2003: Western Plateau of Mt. Belukha (Altai MouNntains) .....ccccceeeceeeveceeececeee e e 106

10T 0] =T o VAPPSR 107

References 109

Report Documentation Page.........ccoiiiiiiciimscssnsscsssssssssssssssssssmsssssssssssssssssssssssssssssssmssssssnsnssns 131




viii ERDC/CRREL TR-07-20

Figures and Tables

Figures
Figure 1. Main locations of Soviet and Russian drilling activity in Antarctica........ccccceervrrncuneens 2
Figure 2. First experience of thermal drilling at Vostok Station during the 4t CAE. .................... 4
Figure 3. Thermal drills of SPSMI 10
Figure 4. Schematic diagram of the electro-thermal drilling equipment at Vostok

Station 13
Figure 5. Schematic of deep holes at Vostok Station drilled by SPSMI. 14
Figure 6. Drill building at Vostok station in the summer season of the 17t SAE......................... 15
Figure 7. Microbiological drilling building at Vostok Station. 19
Figure 8. a—ETB-1 electro-thermal core drill. b—ETB-3 electro-thermal core drill....................... 21
Figure 9. Schematic diagram of the ETB-5 electro-thermal core drill 27
Figure 10. Schematic of drilling complex at base Pobeda 28
Figure 11. Drilling complex at Vostok Station used for drilling of 4G and 5G holes. ................... 31
Figure 12. Drilling shelter at Druzhnaya w32
Figure 13. Core auger used at Druznaya Station for drilling in firn. 34
Figure 14. Drilling structures visible at Vostok .37
Figure 15. KEMS-132 electro-mechanical drill 40
Figure 16. Drilling shelter above hole (5G) constructed during the 27th and 28th SAE............. 41
Figure 17. History of hole (5G). 45
Figure 18. Vostok, 2006. 47
Figure 19. Core barrel of Tsykin’s hand ice drill .59
Figure 20. Drilling operations on Churlyenis Glacier, Franz Josef Land, 1958-1959................. 61
Figure 21. Caucuses and locations of drilling sites. 62

Figure 22. Drive tube of the cable-percussion drilling rig 63




ERDC/CRREL TR-07-20

Figure 23. Central Asia and location of drilling sites.

64

Figure 24. Jet-fire drill

64

Figure 25. Jet-fire drilling on Tuiuksu Glacier, Northern Tien Shan

68

Figure 26. Thermo-electric points

69

72

Figure 27. Device for recording penetration rate

Figure 28. Severnaya Zemlya archipelago, showing location of glaciological station
Kupol Vavilova and drilling sites

74

Figure 29. Spitsbergen archipelago and locations of drilling sites.

78

87

Figure 30. Lightweight thermal drilling rig of LMI:

89

Figure 31. KEMS-112 electro-mechanical core drill

Figure 32. Drilling complex on Austfonna, Spitshergen

92

Figure 33. Calibration of directional survey tool

93

Figure 34. Drilling shelter construction at glaciological station Kupol Vavilova,
Severnaya Zemlya

95

Figure 35. Plan of drilling shelter at glaciological station Kupol Vavilova, Severnaya
Zemlya

96

Figure 36. Sub-glacial core from 461.6-m-deep hole at Kupol Vavilova, Severnaya
Zemlya

Figure 37. Drill m-ATED

Tables

Table 1. Main characteristics of thermal drills.

Table 2 Deep Drilling At Vostok Station.

Table 3. LMI drilling on the Mirny-Vostok Route.

w11

16

Table 4. AARI and IGRAS drilling with anti-freeze thermal electric drills

22

Table 5. LMI Drilling At Base Druzhnaya.

Table 6. Main characteristics of electro-mechanical drills.

33

39

Table 7. Soviet Drilling activity In the Arctic and non-polar regions.

50




ERDC/CRREL TR-07-20

Table 8. Main characteristics of thermal points and drills. 53

Table 9. AARI, IGAS and LMI (SPSMI) drilling on Severnaya Zemlya. 54

Table 10. IGAS thermal drilling on Spitsbergen. 57




ERDC/CRREL TR-07-20

Preface

This report was prepared by Herbert T. Ueda (USACRREL retired) and Pavel
G. Talalay of the St. Petersburg State Mining Institute, Russia. The report is
dedicated to those hardy souls of the various Soviet and Russian Polar Expedi-
tions who tirelessly spent so many years and expended so much effort to fur-
ther the cause of glaciology. From the first drilling attempts in 1955, to the
termination of the last hole above Lake Vostok by the 51st Russian Antarctic
Expedition, their accomplishments have been substantial.

The authors thank Assoc. Prof. N. Vassiliev (Department of Drilling Tech-
nique and Technology, St. Petersburg State Mining Institute, Russia), Prof.
V. Aizen (Department of Geography, College of Science, University of
Idaho, USA), and Managing Director A. Takahashi (Geo Tecs Co., Japan)
for their critical remarks and fruitful discussion, as well as E. Talalay for
help in preparing the figures, and D. Garfield (USACRREL retired) and F.
Wilhelms (Alfred-Wegener Institut fuer Polar und Meeresforschung) for
reviewing the paper.

This report was prepared under the general supervision of Thomas Tan-
tillo, Chief, Engineering Resources Branch; Dr. Lance Hansen, Acting
Deputy Director; and Dr. Robert Davis, Director, CRREL. The Commander
and Executive Director of the Engineer Research and Development Center
is COL Richard B. Jenkins. The Director is Dr. James R. Houston.



xii ERDC/CRREL TR-07-20

Abbreviations of Institutes

AARI—Arctic and Antarctic Research Institute

IGAS, IGRAS,—Institute of Geography USSR Academy of Sciences or In-
stitute of Geography Russian Academy of Science

LMI, SPSMI—Leningrad Mining Institute or since 1991 St. Petersburg
State Mining Institute

MIRGEM—Moscow Institute of Radioelectronics and Mining Electrome-
chanics

MMI—Moscow Mining Institute

SARNIGMI—Middle-East Regional Research Hydro-Meteorological Insti-
tute, Tashkent



ERDC/CRREL TR-07-20

1 Antarctica

Introduction

Modern Soviet involvement in the Antarctic began in 1955—56 shortly be-
fore the International Geophysical Year. On 13 November 1955, the Ob’,
the first of two ships left Russia, followed on 14 December 1955 by the
Lena. The Ob' reached Antarctica on 5 January 1956 via the Davis Sea and
by 15 January 1956 arrived at the present site of Mirny (66°33' S, 93°01'
E), which was opened on 13 February 1956 (Korotkevich 1966). On 18 No-
vember 1955, the first program of the Complex Antarctic Expedition (CAE)
was approved by the Presidium of Academy of Sciences of the USSR. In
1959 CAE was renamed Soviet Antarctic Expedition (SAE), and since 77
August 1992, according to Edict N2 824 of the President of the Russian
Federation, SAE became Russian Antarctic Expedition (RAE).

The first drilling occurred during the first (CAE) in October of 1956. Since
then, drilling and coring of some kind has taken place almost annually, ex-
cept for the years 1999—2005. Early efforts were concentrated on develop-
ing thermal devices that drilled dry holes and reached significant depths.
Next, thermal drills for use in fluid-filled holes were developed.

During the 1970s the design of thermal drilling equipment became some-
what of a competition between a group led by V.A. Morev from the Arctic
and Antarctic Research Institute (AARI) and a group led by B.B. Kudrya-
shov from the Leningrad Mining Institute (LMI, since 1991 St Petersburg
State Mining Institute—SPSMI). The work of both groups had their suc-
cesses and problems, some of which were carefully hidden and sometimes
the reasons for accidents were not published. This report has tried to ob-
tain data from available publications and in some instances from personal
communications with some of the people who were involved in the drilling
projects.

The technology of Morev’s thermal drills was based on the use of ethanol
to dissolve the melted ice. The melt water—ethanol solution is then left
down hole, where it provides the necessary hydrostatic pressure compen-
sation. Ethanol has a low toxicity, a relatively low cost, a low environ-
mental hazard potential, and other desirable characteristics. However,
these characteristics are negated by the fact that the solution, under cer-
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tain temperature conditions, also dissolves ice from the borehole wall, re-
sulting in the formation of slush.

For drilling deep holes in cold (less than —30°C) ice, and assuming that
the borehole may be required to stay accessible for many years, experience
has shown that only the use of hydrophobic fluids are suitable. Such drill-
ing fluids were investigated and introduced by the technology of Kudrya-
shov’s group (Talalay and Gundestrup 2002). In the mid 1980s, electro-
mechanical drills for use in fluid-filled holes were developed by the
SPSMI, which succeeded in reaching record depths of 3000 m or more.

The main locations of Soviet and Russian drilling activity in the Antarctic
are shown in Figure 1. This report is a chronological history of the past 50
years of Soviet and Russian drilling activity in the Antarctic.

ALTITUDE
(meters)

Figure 1. Main locations of Soviet and Russian drilling activity in Antarctica.
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1955-56, First CAE (Complex Antarctic Expedition): Mirny

The first drilling experience in Antarctica was carried out in October of
1956 just outside Mirny (Kapitsa 1958; Model 1959). Two holes to depths
of 23.5 and 86.5 m were drilled using a conventional GP-1 type drilling rig.
The outer diameter of the drill head was 60 mm, no cores were retrieved,
and the penetration rate was 9.5 m/h. The cuttings were removed by the
circulation of air provided by a PKS-6 portable air compressor.

1956-57, Second CAE: Mirny

During this expedition two drilling projects were conducted. The first pro-
ject was carried out by a conventional, KAM-500 mechanical drilling rig
without any special devices for lifting the cuttings (Treshnikov 1960;
Shumskyi 1960). It is not clear how the cuttings were removed. Several
(16) types of cutting bits were used, along with several core barrels and
various rotational speeds but nothing resulted in improved cores. The
cores were broken up into pieces 5—15 cm in length. The first 20—30 cm of
penetration on each run went well but excessive cutter loading was re-
quired thereafter. It was possible to obtain a 0.8—1.2 m drill run. Three
holes were drilled:

e 66.7 m deep at Mirny (7 July—10 September 1957): the hole penetrated
2.2 m into sub-glacial rock using shot drilling. This was a technique
used in hard material prior to diamond bit drilling in which steel or
cast iron pellets are fed beneath a rotating bit. During rotation the pel-
lets break into small, sharp pieces, which erode the rock.

e 371 m deep, 7 km south of Mirny (September—24 December 1957): at a
depth of 220 m, fluid circulation using kerosene was tested but the ex-
periment failed. After pumping out the kerosene, dry hole drilling was
continued.

e 100 m deep, 45 km south of Mirny (17—21 January 1958).

The second project was conducted within a 225-km radius of Mirny using
a conventional UShB-1 auger rig (Treshnikov 1960; Kartashov 1960).
From February 1957 to January1958, 98 holes with a total length of 1632
m without core were drilled. The deepest was 102 m, 50 km from Mirny.
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1957-58, Third CAE

Vostok Station was established on 16 December 1957, 1410 km south of
Mirny at the South Geomagnetic Pole (78°28'S,106°48' E), at an eleva-
tion of 3488 m (Aver’yanov 1968).

1958-59, Fourth CAE (renamed SAE, Soviet Antarctic Expedition):
Vostok

AARI (Arctic and Antarctic Research Institute) drilled four boreholes with
a hot point thermal drill to a maximum depth of 52 m (Figure 2). Nine
thermal drill types were tested. One device built by D.A. Nizaev allowed
the study of the rate of penetration of a thermal drill with depth to solid ice
through the various densities of the firn (Ignatov 1960a,b; Ignatov 1962).
The penetration rate decreased from 1.3—1.6 m/h in snow to 0.25 m/h in
ice.

Figure 2. First experience of thermal drilling at Vostok Station during
the 4t CAE (from Ignatov 1962).

Mirny

A drilling project was conducted in conjunction with seismic investiga-

tions. The type URB-1 auger rig, weighing 485 kg, was specially built by
Gyproneftemash and mounted on a sled with a shelter. Near Mirny sta-
tion, several holes with depths from 30 to 70 m were drilled with a total
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length of 380 m. The drill was rotated at 75—85 rpm and the hole diame-
ters were 120 mm. The rate of penetration decreased with depth from 180
(sic) to 3.6 m/h (Dralkin 1963; Korotkevich 1965). Zotikov (1979) dis-
cussed additional experiments with a thermal drill at Mirny and Komso-
molskaya Stations, but there were no further detailed publications of this
drilling.

Shackleton Ice Shelf (66°36’ S, 101°20' E)

Drilling was conducted down to 32 m (Dralkin 1963). The type of drill was
not reported.

Drigal’skiy Island (appr. 66° S; 92° E)

Thermal drilling to a depth of 44 m was conducted by A.P. Kapista and
A.V. Krasnushkin in the central part of Drigal’skiy Island. The drill was es-
sentially a cable-suspended electric hot point used successfully in firn
(Korotkevich 1965; Zotikov et al. 1974).

Lazarev Station (69°58’' S, 12°55' E)

Yu.A. Kruchinin drilled two holes using a thermal drill with a 60-mm-
diameter head. The first hole was drilled to a depth of 27 m in May 1959
and the second hole to a depth of 37 m in August 1959. During drilling of
the second hole, salt water appeared in the hole, resulting in a short circuit
within the electrical system of the drill (Dubrovin 1960; Kruchinin 1965).

1959-60, Fifth SAE
Lazarev Station

L.A. Dubrovin used a thermal drill similar to one used in SAE-4 to an un-
known depth. (Zotikov et al. 1974).

A.I. Morozov, a mechanic at Lazarev Station, manufactured two types of
thermal drills. The first one was made from a 110-mm-diameter container
with two thermal heaters (the power of each heater was 0.5 kW), with elec-
tric contacts hermetically sealed. During March—June 1960, with this sim-
ple device, four holes with depths from 42 to 44 m were drilled, with a
mean penetration rate of 0.43—0.58 m/h. The melt water was removed in
a special container (Dubrovin 1960; Korotkevich 1965).
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The second thermal drill was made from a steel fuel drum. The diameter of
the thermal drill was 700 mm, and the total power of the heaters was 1.8
kW. The drill was used for deepening of a 9-m hole down to 36 m. The un-
interrupted drilling of this hole took almost one month (30 July—28 Au-
gust 1960), with a mean penetration rate of 0.05 m/h (Korotkevich 1965).
Lazarev Station operated from 10 March 1959 to 26 February 1961 and was
closed because of the danger of the ice shelf breaking up (Savatyugin and
Preobrazhenskaya 1999).

Arctic and Antarctic Research Institute

N.I. Barkov of AARI proposed developing a cable-suspended, electric-
powered thermal drill with an annular heating head capable of producing
a core and having a pumping system to remove the melt water and store it
in a chamber within the drill (Barkov 1963).

1960-61, Sixth SAE: Mirny

V.A. Morev tested the main principles of thermal drilling during August—
November 1961 (Barkov 1963). Three types of heating heads were tested.
They included a conical, an end-plate, and an annular heating element.

The conical heater, intended for drilling a borehole with no core, was a
copper vessel with a spherical point containing six tubular electric heaters
imbedded in lead with a total rating of 6 kW. A penetration rate of 1.03
m/hr was achieved in a dry hole. When an asymmetric connection of the
heating elements was tried, it was noted that the hole deflected in the di-
rection of the more intensely heated side of the hot point.

The end-plate heater, also intended for drilling a hole with no core, con-
sisted of two 3-kW tubular heaters coiled into a spiral and embedded in
lead in a steel cylinder. The tubular heaters protruded a third of their di-
ameter. A penetration rate of 3.6 m/h was achieved in a dry hole.

The annular heater intended for drilling a borehole and retrieving a core
consisted of two turns of a single 3-kW tubular electric heater. The drill
was tested in a dry and a diesel-fuel-filled hole. The drill produced a 15 cm
diameter hole and a 7.5-cm diameter core at a penetration rate of 7.5 m/h
in the dry hole and a 15-cm diameter hole with a 7-cm diameter core at a
penetration rate of 7.0 m/h in the fluid-filled hole (Morev 1966).
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1961-62, Seventh SAE

Vostok Station was closed from January 1962 to January 1963 under or-
ders from the headquarters of the Main Administration of the Northern
Sea Route (Aver’yanov 1968).

1962-63, Eighth SAE: Mirny

A prototype thermal device, similar to one proposed by N.I. Barkov, pro-
duced a 25-m-deep bore hole without core in solid ice in early December
1963. It consisted of an end plate heater, a BTsN-1 pump, and a 22-L water
collection tank. The power consumed by the drill was 4.5 kW. The diame-
ter of the hole was 150 mm, the rate of penetration 2.2 m/h; and the length
of a run 1.3 m. Drilling was discontinued because of a breakdown of the
hydraulic winch. (Morev 1966).

1963-64, Ninth SAE

Development work started by MMI (Moscow Mining Institute) and
MIRGEM (Moscow Institute of Radioelectronics and Mining Electrome-
chanics) on a thermal coring drill for drilling in dry holes (Sekurov 1967;
Kudryashov et al. 1983).

Traverse Vostok-Pole of Relative Inaccessibility (78° S, 20° E)-
Molodyezhnaya

Six holes from 37 up to 49 m were drilled from December 1963 to March
1964 (Zotikov et al. 1965). The method of drilling wasn’t reported.

1964-65, Tenth SAE

Development work continued by MMI and MIRGEM on a thermal coring
drill (Sekurov 1967; Kudryashov et al. 1983).

1965-66, Eleventh SAE: Mirny

In the summer season of 1966, the ETBLK-1M thermal coring drill, de-
signed and built by the MMI and the MIRGEM, were tested at the Mirny
observatory. The drill had a heated ring with an outside diameter
(OD)/inside diameter (ID) measuring 146 mm/100 mm. It was about 5.25
m long, weighed about 140 kg, and had provisions for pumping the melt
water into a container within the drill. Three dry holes were drilled, with
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the deepest reaching moraine at the bottom of the ice at 77 m. Hole diame-
ters were approximately 150 mm and core diameters approximately 9o
mm. A total of 101 m was drilled (Sekurov 1967; Kudryashov et al. 1973a;
Kudryashov et al. 1983; Zotikov et al. 1974).

1966-67, Twelfth SAE: Novolazarev Ice Shelf

The first penetration of an ice shelf was accomplished with a thermal drill
(Korotkevitch 1978). No details of the operation were discussed.

The drawbacks in the design of the thermal drilling system used in the
previous season were identified and improvements made under a new co-
operative venture between the AARI and the LMI (Kudryashov et al.
1973b; Kudryashov et al. 1983).

1967-68, Thirteenth SAE: Mirny

A new type of thermal drill was tested and further developed during the
winter at Mirny. Morev (1972) reported that six holes with a total length of
374.5 m were drilled by an improved thermal drill referred to as TELGA-2
(Russian abbreviation for “Electrothermal drill constructed by the LMI
and the AARI,” the number 2 is the modernization number). The TELGA-2
thermal drill worked with the heated head immersed in a water layer. The
water filled the bottom part of the hole to a height of 8—14 cm above the
thermal head from where it was pumped into a storage tank. The drill had
a heated ring with an OD/ID measuring 150/90 mm. The power of the
thermal drill head was 3.04 kW. The deepest hole was 212.5 m and was
drilled at the 26 km mark on the Mirny—Vostok route, August—September
1968. The rate of penetration was 1.37 m/h at a depth of 117 m and 1.65
m/h at a depth of 190 m. A total of 386.5 m of ice was drilled at Mirny Sta-
tion and along the Mirny—Vostok route (Morev and Shamont'yev 1972;
Kudryashov et al. 1994).

1968-69, Fourteenth SAE: Mirny

Two test holes were drilled, one at the Mirny meteorological grounds (34.5
m deep) and one near the runway (34.5 m deep) with a TELGA-3 thermal
drill. Later this thermal drill was renamed TELGA-14 (the number 14
meaning that the drill was modified by members of the 14th Soviet Antarc-
tic Expedition). After the modification the letter “M” was added, and it be-
came TELGA-14M) (Fig. 3a, Table 1). The leader of the drilling team was
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V.F. Fisenko. The thermal drill head OD/ID dimensions were 178/130
mm. The drill length and weight were 8 m and 200 kg respectively. The
drill consumed 3 to 3.5 kW of power, produced a 180—185 mm diameter
hole, a 120—125 mm diameter core, and was suspended from an 18-mm-
diameter cable. Melt water was removed by a vacuum system and collected
in a tank. The TELGA drill developed by the LMI was in principle based on
Barkov’s design (Barkov et al. 1973; Korotkevich and Kudryashov 1976).
The penetration rate in ice was 1.6—1.8 m/h with 10—11 L of melt water re-
covered per meter. In October—November of 1969, a dry test hole 250 m
deep was drilled at the 50-km mark of the Mirny-Vostok traverse in 36
days (Kudryashov et al. 1973a; Kudryashov et al. 1983b).

Table 1. Main characteristics of thermal drills.

Maximum OD/ID of Power of Length of Length of Weight of

depth drill head drill head core barrel | drill drill
Type drilled (m) | (mm) (kW) (m) (m) (kg)
TELGA-14M 952 178/130 3.5 2.5 8.0 200
TBZS-152M 2502 152/114 35 3.2 7.5 180
TBZS-132 2755 132/95 3.0 3.0 7.2 120
TBS-112VCh 2202 112/92 4.5 2.0 9.0 180
ETB-3 812 108/84 1-4 1.5-2.7 1.83.2 25-60
ETB-5 871.5 100/82 1.5-3.0 3 4 60

1969-70, Fifteenth SAE: Vostok

The TELGA-14 drill was brought to Vostok in January 1970. A drill build-
ing was constructed on two steel sleds and provided a work area measur-
ing 15 x 2.9 x 2.5 m (Fig. 4). A 9.7-m round tower, measured from the top
of the hole, was constructed in the center of the work area and was
wrapped in rubberized cloth for protection. The armored cable was a
KTGN-10 with six conductors. (Barkov et al. 1973). The first attempt at
deep-hole drilling at Vostok was started in April, 1970. A dry hole named
Hole (1), reached a depth of 423 m by 1 August, 503 m by the end of Au-
gust and 506.9 m by September 1970 (Fig. 5, Table 2). In total, 293 drilling
runs were completed (Barkov 1970; Barkov et al. 1973; Kudryashov et al.
1973a; Kudryashov et al. 1973b; Dmitriev et al. 1979; Kudryashov et al.,
1983b).
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Figure 3. Thermal drills of LMI. a— TELGA-14M Thermal drill: (1) cable, (2) centering springs, (3) vacuum
pump, (4) central water suction tube, (5) water tank, (6) valve, (7) water suction tubes, (8) core barrel, (9)
core catcher,(10) thermal head. b— TBZS-152M Thermal drill: (1) cable, (2) cable termination, (3) pump,
(4) water tank, (5) central water suction tube, (6) connector, (7) water suction tubes, (8) core barrel, (9)
core catcher, (10) thermal head. c— TBS-112VCh Thermal drill: (1) cable, (2) cable termination, (3) pump,
(4) electrical transformers, (5) removable water tank, (6) core barrel, (7) core catcher, (8) thermal head,
(9) electrical lines, (10) water suction tubes.

The most serious difficulty encountered during drilling was contamination
of the hole by the impregnated graphite escaping from beneath the cable
armor. The graphite settled to the bottom of the hole and impaired the
heat transfer from the heating head to the ice reducing the penetration
rate by 20—-30%. A special 3-kW heating head with a conical shape was
used to melt a depression at the bottom of the hole into which the graphite
settled. After the melt water had frozen, the ice containing the contami-
nant was removed as part of a core. This procedure was repeated at depths
of 276, 346, 419, and 498 m. The contaminant also coated the walls of the
water suction tubes and impaired the operation of the pump both of which
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had to be periodically cleaned. Drilling progressed slowly without any
other serious complications except for two mishaps.

Table 2 Deep Drilling At Vostok Station.

Expedition | Leader of the Hole # Interval of Type of drill Mean rate of | Mean length of
# (Year) drilling team drilling, (m) penetration, |run(m)
(m/h)
Hole 1
15 N.l.Barkov 0-506.9 1.34 1.73
(1970) L . . .
16 1 506.9-560 TELGA-14
(1971) N.l.Slyusarev 518-534.4 1.3 1.6
471-625.2
17 VK Chistvak 625.2-952.4 10 53
.K.Chistyakov . .
(1972) 1-bis 30-774
TELGA-14M
18 V.LKovalenk 774-780.2 15 05
.I.Kovalenko . .
(1973) 1-2bis  [307-905
Expedition # Leader of the Hole # Interval of Type of drill | Mean rate | Mean length of
(Year) drilling team drilling, (m) of penetra- | run (m)
tion, (m/h)
Hole 2
16 N.L.Slyusarev 0-108 TELGA-14M | 1.3 1.6
(1971) 1.Sly . .
19 B.S.Moiseev 2 108-142
(1974) e
0 TBZS-152
(1975) R.N.Vostretsov 142-450.4 2.6 1.55
21 V.N.Bakhtyukov | 2-bis 224-? TBZS-152 |- -
(1975) LBary '
Hole 3G
25 ] 0-112 TELGA-14M | - -
V.K.Chistyakov
(1980) 3G 112-1351
TBZS-152M | 2.0 2.0
26 1351-1500
(1981) E.A.Zagrivny 1500-1580
3G-1 15502004 4.2 1.65
27
B.S.Moiseev 2004-2083
(1982) TBS-
29 _ 112VCh
(1984) A.V.Krasilev 3G-2 1968.5-2040 3.9 1.45
30 A.A.Zemtsov 3G-2 2040-2201.7 3.7 1.55
(1985) A. . . .
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Expedition # Leader of the Hole # Interval of Type of drill | Mean rate | Mean length of
(Year) drilling team drilling, (m) of penetra- | run (m)

tion, (m/h)
Hole 4G
28 0-120 TELGA-14M | 2.0 -
A.M.Shkurko
(1983) 4G 120-279 TBZS-152M | 1.9 2.18
29
A.V.Krasil - - - -
(1984) rasilev
30 AA Zemt 120-167 TELGA-14M | - -
.A.Zemtsov
(1985) 4G-1 167-692 1.3 1.8
TBZS-152M
692-752 1.3 2.3
31 V:P.Lobanov, 159-201 TELGA-14M
(1986) B.S.Moiseev _ _ _ _
201-779 1.2 2.05
32 .
A.V.Krasilev 779-1502 2.05 2.25
(1987)
= 4G-2 TBZS-152M
(1988) S.L.Mitin 1502-2383 2.1 3.0
34 2383-2428.5 2.3 2.9
(1989) N.l.Vasiliev 2428.5-
5546.4 KEMS-112 |12.5 2.5
Hole 5G
35 AAZemt 0-120 TELGA-14M | 1.8 1.9
A.Zemtsov
(1990) 5G 120-1279.8 2.1 2.9
36 ) 1279.8- TBZS-152
(1991) A.V.Krasilev 25027 2.3 3.0
37 2232-2249.5 2.0 1.0
(1992) B.S.Moiseev 2249 .5-
5270.7 TBZS-132 | 2.0 2.0
38 . 2270.7-
(1993) V.K.Chistyakov 5755.3 1.8 2.5
40 N.l.Vasiliev 5G-1 2755.3-3109 8.0 2.5
(1995) L - . . .
AL N.l.Vasiliev 3109-3350 KEMS-132 | 8.0 2.2
(1995/96) " ) ' '
KEMS-135
az2x N.l.Vasiliev 3350-3523 8.0 21
(1997/98) o ’ |
43 N.l.Vasiliev 3523-3623 8.0 1.8
(1997/98) o ' '
o1 N.J.Vasiliev 3623-3650.2 | KEMS-135
2005/06 o )

*The drilling was conducted during the Austral summer only.
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The first occurred at a depth of 15.7 m while replacing a pump. The drill
was partially lowered into the hole and held with clamps. Problems with
the clamps resulted in a section of drill dropping to the bottom of the hole.
The section was retrieved by using an adapter on the end of a column of
rods, which was threaded into the broken section. The operation took
about six hours.
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Figure 4. Schematic diagram of the electro-thermal drilling equipment at
Vostok Station. (1) electrical switchboard, (2) control panel, (3) window
aperture, (4) oil furnace, (5) auxiliary hoist, (6) rig, (7) tower rings, (8)
installation of the drill over the hole, (9) supporting framework, (10) bench
and instruments, (11) fire prevention apparatus, (12) steel sled, (13) hoist
motor, (14) two-speed gear reducer, (15) main hoist, (16) cable, (17)
generator-motor system, (18) lathe, (19) collapsible balance block, (20) drill
in the hole, (21) conductor (from Korotkevich and Kudryashov 1976).
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Figure 5. Schematic of deep holes at Vostok Station drilled by LMI, SPSMI.

At a depth of 497.4 m, a 20-cm steel rod was accidentally dropped to the
bottom of the hole. A special heater assembly was used to melt a small
central hole, which repositioned the rod from an inclined to a more verti-
cal position. In this position the rod would fit within the annular heating
head of the TELGA drill. It was then recovered atop the next core. The op-
eration took 14 days. (Barkov et al. 1973; Fisenko et al. 1974).

1970-71, Sixteenth SAE: Vostok

Drilling of Hole (1) continued. At the beginning of winter, owing to the
carelessness of the drillers, the TELGA-14 drill unattached to a cable was
dropped to the bottom of the hole. Using special grips, the drill was recov-
ered (Fisenko et al. 1974). Later, at a depth of 560 m, as the drill was being
hoisted, it became stuck near the bottom of the hole, probably because of
the inadequate removal of melt water. A whip-stock with a length of 4.5 m
was set at a depth of 505 m and directional drilling began using a short
thermal drill (total length of 2 m) with a conical drill head. A new off-set
hole was started from a depth of 518 m. To ensure the free passage of the
longer thermal drill, the deviated interval of the hole was enlarged, but un-
fortunately the old hole was reopened in the process. From that time on,
the drill sometimes entered the new hole and sometimes the old one. At a
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depth of 534.4 m the drilling of the off-set hole was stopped. The interval
near-the bottom of the hole was filled with ice up to a depth of 471 m and a
new directional drilling effort was started without using a whip-stock. The
deviation was accomplished using a thermal drill with a special asymmet-
rical thermal head. This technique was tried by Morev, (1966) while test-
ing thermal drills at Mirny during the 6th SAE. By the end of winter the
depth of Hole (1) reached 625.2 m.

During the summer season the drill building was reconstructed and ex-
tended to a length of nearly 30 m (Fig. 6). A special square tower with a
height of 17.7 m was built in the central part of the extended building.
From this new setup, an experimental Hole (2) was drilled to 108 m using
a TELGA-14 thermal drill for the main purpose of testing a new electro-
mechanical drill, KEMS-152 (KEMS is the Russian abbreviation for “elec-
tro-mechanical core drill”) designed by G.K. Stepanov. The experiments
were to be conducted by N.I. Slyusarev but were not carried out because of
imperfections in the new drill (Kudryashov et al. 1973b; Kudryashov et al.
1991; Talalay, personal recollections).

- et

Figure 6. Drill building at Vostok station in the summer season of
the 17t SAE (photograph by N.E. Bobin).
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1971-72, Seventeenth SAE

Vostok

Drilling of Hole (1) was continued from the depth of 625.2 m using the
modified TELGA-14M drill. From the depth of 920 m, drilling was con-
ducted using a spliced cable because the necessary length of cable was not
available at the station. The lowering and hoisting was accompanied by
repetitive jerking and sticking in the narrow parts of the hole (occurring
30 times during one run). Nevertheless, the hole reached 952.4 m in May
1972, the deepest dry hole in ice (Korotkevich and Kudryashov 1976;
Kudryashov 1989). The final run occurred while the drill was being low-
ered to the bottom of the hole when the winch brake mechanism failed.
The drill dropped to the bottom of the hole followed by the cable, which
eventually became detached from the clamp holding it to the winch drum
and was thrown into the hole. The drill and all of the cable were eventually
left in the hole.(V.K.Chistyakov, leader of the Vostok drilling team in the
17th SAE, personal communication, 2004). A new offset hole was started. A
cylindrical piece of ice was dropped from the surface into the hole, but un-

fortunately it got stuck at a depth of 30 m and efforts to dislodge it failed
(Fisenko et al. 1974). From this depth a new off-set hole named Hole (1-
bis) was started and eventually reached a depth of 774 m (Kudryashov et

al. 1975; Kudryashov et al. 1977).

Mirny

A traverse on the Mirny—Vostok route was conducted during the summer
by LMI with a TELGA-14M thermal coring drill mounted in a new mobile
drilling shelter. The unit drilled down to 50.5 m at the 57-km mark and

56.6 m at the 153-km mark (Table 3). Drilling rates varied from 2.0—3.75
m/h and core diameters were 123—125 mm.

Table 3. LMI drilling on the Mirny-Vostok Route.

Expedition # Leader of the

(Season years) Site drilling team Depth (m) Type of drill

17 57 km i 50.5 TELGA-14M
N.E.Bobin

(1971-1972) 153 km 56.5 TELGA-14M

18

(1972-1973) 353 km L.K.Gorshkov 76 TELGA-14M

20 Vostok-1

(1974-1975) (647 km) B.B.Kudryashov 105.3 TELGA-14M
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Byl Leader of the
(Season years) Site drilling team Depth (m) Type of drill
21 Vostok-1
(1975-1976) (647 km) V.l.Kovalenko 0-181 TELGA-14M
22 Vostok-1 _
(1976-1977) (647 km) N.E.Bobin 181-304 TELGA-14M
23 Vostok-1 _
(1977-1978) (647 km) B.S.Moiseev 304-430 TELGA-14M
oax Base G 0-430.3 TELGA-14M
ase Gornaya .
(1978) (73 km) N.E.Bobin 430.3-721 TBZS-152M
500-750 TBZS-152M
24 Pionerskaya
B.B.K h 137. TELGA-14M
(1978-1979) (375 km) udryashov 375 G
25 Pionerskaya .
(1978-1979) (375 km) B.S.Moiseev 375 TELGA-14M
26 1045 km on the Mirny-
(1978-1979) rpéz?:rSKGYa—Dome C V.N.Vasiliev 306 TELGA-14M
> 105 k V.N.Vasili 0-527 TELGA-14M
m .N.Vasiliev
(1987-1988) 527-740 TBZS-152M
34 60 km 150.5 TELGA-14M
V.N.Vasili }
(1988.1989) 140 km asiliev 150 TELGA-14M
200 km 150.8 TELGA-14M
35 260 km 150 TELGA-14M
B.S.Moi }
(1989-1990) 325 km S.Moiseev 150 TELGA-14M
400 km 150 TELGA-14M

*Drilling was conducted during the winter.

In addition, tests were made on electric needles designed by AARI for the
drilling of holes 80 mm in diameter for seismic purposes. Thirty four holes
from 6 to 26.5 m deep (a total of 358.4 m) were drilled at a penetration

rate of 7-10 m/hr (Kudryashov et al. 1973b; Bobin et al. 1974).

1972-73, Eighteenth SAE

Vostok

Kudrayshov et al. (1991) reported the drilling depth in Hole (1-bis) as 774—
780.2 m when the hole became inaccessible owing to an accident during
hoisting. The thermal head was stuck near the bottom and separated from
the drill at a depth of 762 m. The drill itself had been stuck at a depth of
308 m (Vartykyan et al. 1977). V.K. Chistyakov (personal communication,

2004) recalls that the main reason for the accident was the inexperience of
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the new team, who did not recognize problems with the pumping of melt
water at the bottom of the hole. Ultimately, this led to the drill becoming
stuck during hoisting (the drill profile “swelled” because of refrozen water
on its surface) during one of the first runs carried out by the new drilling
team of the 18th SAE.

A new off-set Hole (1-2bis) was started at a depth of 307 m in the original
hole and reached a depth of 905 m (Kudryashov et al. 1977; Kudryashov et
al. 1991). Further drilling was stopped owing to the high risk of getting the
drill stuck.

The first thermal coring drill for use in a fluid-filled hole, TBZS-152 (Fig.
3b, Table 1), was developed by LMI (Leningrad Mining Institute) in 1973.
TBZS-152 is the Russian abbreviation for a “thermal drill for fluid-filled
holes,” the number 152 signifies the outer diameter of the drill head in mil-
limeters. After modifications, the name of the TBZS-152 drill was followed
by the letter “M.” The drill head OD/ID dimensions were 152/114 mm. It
contained a pump and a tank to store the collected melt water. The drill
length and weight were 7.5 m and 180 kg respectively. Power consumption
was 2.5 to 5 kW (Kudryashov 1989).

Mirny

A traverse to the 353-km mark on the Mirny—Vostok route was conducted
during the summer, where a TELGA-14M drilled a 76-m hole in 7 days
(Kudryashov et al. 1991).

1973-74, Nineteenth SAE: Vostok

A casing was set into place in Hole (2), which had been drilled during the
16th SAE to a depth of 108 m for experiments. The casing was made from
steel tubing with an OD/ID of 168/154 mm. The main problem was sealing
the lower part of the casing to the ice (B.S. Moiseev, Leader of the Vostok
drilling team in the 19th SAE, personal communication, 2004). Water was
poured into the hole from the surface. Hardly any of it reached the bottom
because most of it froze on the inner surface of the casing. After the casing
was cleaned, the hole was filled with a water—ethanol solution. It is not
known whether the casing was sealed to the ice.

The first attempts to drill in a deep fluid filled hole using a TBZS-152
thermal drill and a water—ethanol solution as the hole fluid encountered
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many problems (Kudryashov 1983; Kudryashov 1989). Owing to the disso-
lution of ice from the bore-hole walls, the concentration of the water—
ethanol solution decreased and formed an icy slush. This may have been
attributable to an overly rich concentration dissolving the ice and the sub-
sequent precipitation of the ice as the solution cooled to equilibrium tem-
peratures. This hindered drill penetration. In total the interval of 108—142
m was drilled with a mean ethanol consumption of 50 L/m (sic) (Kudrya-
shov et al. 1983b; Kudryashov et al. 1991) because of the low ice tempera-
tures inexperience in the use of water—ethanol solutions.

1974-75, Twentieth SAE

Vostok

The drilling liquid in Hole (2) was changed to a kerosene type of aircraft
fuel, TS-1. During drilling, the liquid level was kept at a depth of 130-150
m. Drilling continued with the TBZS-152 thermal drill down to 450.4 m,
where the drill became stuck owing to the inadequate removal of melt wa-
ter at the bottom of the hole (Zagrivny et al. 1981; Kudryashov et al.
1983b). During the attempt to free the drill, the cable was ruptured.

In the interval from 142—450.4 m, 199 drilling runs were completed with
the following mean parameters: core length 1.55 m and penetration rate
2.6 m/h. The power of the copper drill head was 6 kW, and the power of
the aluminum drill head was 5.3 kW. The power of the heating elements in
the water suction tubes was 120 W/m, the power of the heating elements
in the water tank was 1.5 kW/m of water column (Zagrivny et al. 1980).

Figure 7. Microbiological drilling building at Vostok Station
(photograph by N.E. Bobin).



20

ERDC/CRREL TR-07-20

In November 1974, a special microbiological drilling building (measuring
9 x 3.7 x 2.5 m and mounted on a metal sled, Fig. 7) with an A-shaped, 7-m
mast was transported from Mirny to Vostok. Besides the drilling facilities,
it contained a laboratory section for the microbiological sampling of ice
cores. In February, 1975 the special hole MB-1 for microbiological investi-
gations was drilled at a site 400 m to the west of Vostok Station. The hole
MB-1 was drilled to the depth of 105 m by a TELGA-14M thermal drill that
was sterilized before each run (Kudryashov et al. 1978).

The 905-m dry Hole (1-2bis) was made available and scientific observa-
tions of the temperature, deviation from the vertical, and wall deformation
of the hole began (Korotkevich et al. 1976, Dmitriev et al. 1978).

Vostok-1 (72°08' S, 96°35' E, 647 km mark on the Mirny-Vostok route)

From 2 February to 8 March 1975, a traverse to Vostok-1 was conducted.
Vostok-1 operated as a wintering station during the 15t CAE. Then it was
used as a temporary base on the route from Mirny to Vostok. A 105.3-m
hole was drilled in 7 days during the summer season with a TELGA-14M
drill (Kudryashov et al. 1991).

Mirny

The first experiments using a thermal drill in an ethanol-water solution
where the melt water goes into solution and remains in the hole, took
place on the edge of the Antarctic ice sheet in the region of Mirny Station
(Moreyv et al., 1989), probably using an ETB-1 drill (Fig. 8a). ETB-1 is the
abbreviation for electro-thermal drill and 1 is a modification number.

Lazarev Ice Shelf*

A glacier shelf was penetrated with a thermal drill in a fluid-filled hole.
The site (70°22.8' S, 12°21.4' E) was situated approximately 50 km to the
north of Schirmacher Oasis. A 374-m-deep hole was drilled to bedrock
from 10 July to 6 August 1975 using a ETB-3 thermal coring drill (Fig. 8b,
Table 4). The hole was drilled using an alcohol-water solution that dis-
solved the melt water and remained in the hole providing the necessary
hydrostatic pressure compensation. The mean rate of penetration was
nearly 5 m/h. The drill head OD/ID dimensions were 108/84 mm

* In some references this shelf is referred to as Novolazarev Ice Shelf.
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(Kudryashov et al. 1983b). Later, the drill was called an AFTD (Anti-Freeze
Thermal Drill, also referred to as ATED, Anti-Freeze Thermal Electric
Drill). The hole and core diameters were 110—112, and 78—80 mm respec-
tively. The drill was suspended from a single conductor cable with double
braided steel outer armor.

From 18 Octber to 15 November, a second hole, 25 km northwest of the
first hole, was drilled to a depth of 357 m that penetrated to the sea at
(70°13.2' S, 11°53.3"' E) (Morev 1976; Korotkevitch et al. 1978; Morev et al.

1989).

PITISIITY

Figure 8. a—ETB-1 electro-thermal core drill. (1) heater shoe, (2)
core barrel, (3) core grippers, (4) end cap assembly, (5) cable
termination unit, (6) spring, (7) electro-mechanical cable. (from
Morev et al. 1984). b—ETB-3 electro-thermal core drill. (1) heater
shoe, (2) nichrome heater wire winding, (3) outer barrel, (4) inner
core barrel, (5) core grippers, (6) sliding piston, (7) inlet for injecting
anti-freeze into the core barrel, (8) spring loaded cable termination
assembly, (9) electro-mechanical cable (from Bogorodsky and
Morev 1984).
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Table 4. AARI and IGRAS drilling with anti-freeze thermal electric drills.
Expedition # Leader of the drilling
(Year) Site team Depth, m Type of drill
20 L.M.Savatyugin 374
(1975) Lazarev Ice Shelf L.N.Manevsky 357 ETB-3
21
(1976) Lazarev Ice Shelf V.D.Utyanov 447 ETB-3
22 40 km from
L.N.M k 12 ETB-
(1977) Novolazarevskaya Station anevsky 8 3
23
(1977- Shackleton Ice Shelf L.M.Savatyugin 195.7 ETB-3
1978)
1978* Ross Ice Shelf I.A.Zotikov 416 ETB-3
25 Base Pobeda .
(1980) (43 km from Mirny) L.M.Savatyugin 387 ETB-5
Komsomolskaya Station .
26 (870 km from Mirny) L.M.Savatyugin 73 ETB-5
(1980-
5 holes ETB-140
1981 i N. )
) Mirny L.N.Manevsky from 161036 m | ETB-5
27
L.N.M ,
(1981- anevsky, 0-800.6
. V.M.Yakovlev
1982) Komsomolskaya Station ETB-140. ETB-5
28 (870 km from Mirny) ’
(1982- L.N.Manevsky 800.6-871.5
1983)
31
(1985- Dome B A.G.Nikiforov 92** ggigg'
1986 )* i
33
(1987- Dome B L.N.Manevsky 780** ETB-130
1988)
33
(1988- Emery Ice Shelf Yu.V.Raikovsky 252 ETB-3
1989)

*The drilling was performed as part of the Ross Ice Shelf Project (RISP) funded
by NSF (USA).
**Holes drilled with dry hole thermal drills.

1975-76, Twenty-first SAE

Vostok

A new off-set Hole (2-bis) was started at a depth of 224 m in the original
Hole (2) but the drill became stuck again. The final depth of Hole (2-bis)
was not reported.
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In January—Februay 1976 the microbiological hole MB-1 drilled during the
20th SAE (400 m to the west of Vostok Station) was deepened by a TELGA-
14M thermal drill from 105 to 207 m with a mean rate of penetration of
1.19 m/h. The mean core length was 1.3 m and the core diameter was 125
mm (Kudryashov et al. 1978; Sedov 1981).

Vostok-1

From 25 January to 6 March 1976, a traverse Mirny—Vostok-1—Mirny was
conducted. At Vostok-1 from 12 to 20 February, a 181-m hole was drilled
with a TELGA-14M drill with the following parameters: mean penetration
rate 1.67 m/h; core length 1.5 m down to the depth of 130 m and then 1.3
m in deeper ice. A total of 129 runs were carried out (Kovalenko et al.
1981).

Lazarev Ice Shelf

From 12 June to 22 August 1976, a third hole to the south of the second
hole was drilled with an AFTD ETB-3 thermal drill and reached the sea at
a depth of 447 m at 70° 23.6' S, 11° 39.6' E (Korotkevich et al. 1978; Morev
and Raikovsky 1979; Bardin 1982).

1976-77, Twenty-second SAE
Vostok

Experiments with a TBZS-152 thermal drill were continued. Two holes
with depths of 171 and 300 m were drilled. Drilling was difficult, and a few
serious accidents occurred (Savatyugin and Preobrazhenskaya 2000).

In February, 1977 the microbiological hole MB-1 drilled during the 20th
and 215t SAE was deepened with a TELGA-14M thermal drill from 207 to
312 m (Kudryashov et al. 1978).

Vostok-1

In February 1977 the hole drilled during the 215t SAE was continued with a
TELGA-14M drill from a depth of 181 m to 304 m in 12 days (Kudryashov
et al. 1991).
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Novolazarevskaya Station

At the beginning of June 1977, to study the stability of the holes that were
drilled on the Lazarev Ice Shelf during the 20th SAE, an attempt was made
to find Hole-1, but it was not successful.

An AFTD core drilled 812 m, including 62 m of firn, at a site 40 km to the
south of Novolazarezkaya Station (70°58’ S, 11°22' E). The thickness of the
ice measured by echo soundings was near 1000 m. The drilling took place
from 23 July to 19 October 1977. A special thermal head for dry drilling in
firn was used down to 30 m. From this depth, the drill was filled with a
20% ethanol—water solution. At a depth of 50 m, the temperature in the
hole was measured and the concentration of ethanol was corrected accord-
ingly. At a depth of 812 m, the thermal head burned out, and at the same
time the electric contact within the winch drive motor was broken. The
non-working drill was left at the bottom of the hole for 5—7 minutes, which
was long enough for the drill to become frozen in and stuck. Attempting to
pull up on the cable resulted in the cable being separated from the drill,
and further drilling ceased. The drilling operation consisted of three men
working one shift. They achieved a 14.3-m/day (100-m/week) average ice
core production rate. The mean core length was close to 2 m, and the core
diameters varied from 78 to 81 mm (Morev and Raikovsky 1979; Kislov et
al. 1983; Morev et al. 1989).

1977-78, Twenty-third SAE
Vostok-1

The hole drilled during the 21st and 22rd SAE was continued with a
TELGA-14M drill from 304 to 430 m in 15 days or 8.4 m/day (Kudryashov
et al. 1991).

Base Salut (65°32’ S, 96°30' E)

Base Salut operated from 1 February to 277 April 19778 in the central part of
the Shackleton Shelf Glacier, 50 km to the south of its edge (Savatyugin
and Preobrazhenskaya 2000). An AFTD (ETB-3 thermal drill) core drilled
195.7 m, including 65 m of firn, from 11 March to 21 April 1978 and
reached the sea (Savatyugin 1980). Morev et al. (1989) reported the final
depth of 202 m. The drilling down to 43.5 m was carried out using a spe-
cial firn thermal head. This interval was then cased with aluminum tubing
(inner diameter 115 mm), and the drilling was continued with an ETB-3
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drill using an ethanol-water solution. The drill head power was reported
as 1.2 kW, which must have been in the firn. The maximum core length
was 2.05 m. The rate of penetration varied from 3.5 to 4 m/h. The mean
ice core production rate was 4.9 m/day.

1978-79, Twenty-fourth SAE
Mirny

During the winter, a temporary base, Gornaya (67°12’ S; 93°17' E), at the
73-km mark of the Mirny—Vostok route was established. The base con-
sisted of three tractors with drilling and dwelling shelters. The new mobile
PBU-2 drilling shelter measured 3.5 x 9 m, had an A-shaped mast 8 m
high, and was built for autonomous operations outside of the Antarctic
permanent stations.

A dry hole was drilled down to 430.3 m using a TELGA-14M thermal drill,
with a mean penetration rate of 1.55 m/h. Then the hole was filled with
aircraft fuel (TS-1) and the drilling was continued with a TBZS-152M ther-
mal drill. When the hole reached 721 m, the drill head was changed. The
outer diameter of the new head was 0.7 mm larger than the old one. Dur-
ing the enlarging or reaming process, a new off-set hole was accidentally
started at the depth of 500 m. After the deviation, the new hole was drilled
to 750 m. The rate of penetration of the TBZS-152M drill was 1.75 m/h, the
mean length of core was 1.9 m, and the power of the drill head was 2.5 kW
(Bobin et al. 1986; Kudryashov et al. 1991).

Pionerskaya (69°44’ S, 95°30’' E, 375-km mark on the Mirny-Vostok route)

Pionerskaya operated as an all-winter station from 27 March 1956 to 15
January 1959 (Savatyugin and Preobrazhenskaya 1999). Then it was used
as a temporary base on the Mirny—Vostok route. A traverse to Pionerskaya
was conducted during the summer season, bringing a TELGA-14M drill
(Kudryashov et al. 1991). A 137.5-m hole was drilled in 14 days in February
1979. The drill building was left in place for the next season.

Ross Ice Shelf (J-9 Camp)

From 1—13 December 1978, an AFTD of the ETB-3 type core drilled 416 m
through the ice shelf. It included 50 m of firn. Funding for the drilling pro-
ject was provided by the National Science Foundation (USA). The concen-
tration of ethanol steadily decreased from 75% at the top to 40% at a depth
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of 400 m. The mean length of run was near 2.5 m. The penetration rate
varied from 3.5—4.6 m/h. A total of about 2000 L of ethanol was needed to
drill completely through the ice shelf (Zotikov 1979; Zotikov et al. 1981;
Morev et al. 1989).

1979-80, Twenty-fifth SAE

Vostok

The PBU-2 mobile drilling shelter utilized for drilling at base Gornaya was
towed to Vostok and used for drilling of a new deep hole at Vostok Station.
The first 112 m of the new Hole (3G) (the letter G is the first letter of the
Russian word “glubokaya”—“deep”) was drilled as an uncased, dry hole
using a TELGA-14M thermal drill. Tests had revealed that the use of steel
casing contaminated the hole with oxidation products, so no casing was
used in the approximately 100 m of firn. Below the firn—ice transition
from a depth of 112 m, the TBZS-152M thermal drill was used in a fluid-
filled hole consisting of TS-1 aviation fuel plus CFC11. The hole was ex-
tended to 1351 m by 17 December 1980 and to 1415 m by the end of the
season (Kudryashov et al. 1983, 1983a,b; Kudryashov et al. 1984; Kudrya-
shov 1989; Kudryashov et al. 1984a,b; Kudryashov et al. 1991).

During the summer season (December 1979—February 1980) the microbi-
ological hole MB-1 drilled during the 20th and 22rd SAE was deepened to
320 m using a TELGA-14M thermal drill (Savatyugin and Preobrazhen-
skaya 2000).

Mirny

On 9 May 1980, a temporary base Pobeda, was established at the 43-km
mark of the Mirny—Vostok route. The main purpose of the drilling opera-
tion was to test a new version of an AFTD, named ETB-5 (Fig. 9). The spe-
cial mobile drilling building was built utilizing the winch and mast from
the drilling operations at base Salut (Fig. 10). From 13 May to 277 June, the
hole was drilled down to 387 m, with an ice core production rate of 8.8
m/day (Kudryashov et al. 1983b; Savatyugin and Preobrazhenskaya
2000). Morev et al. (1990) reported the drilling of a 220-m hole; Zagorod-
nov et al. (1998) reported the drilling of a 320-m hole. On 3 July the base
Pobeda was closed and the drilling staff returned to Mirny.
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Pionerskaya

The traverse from Mirny—Pionerskaya—Mirny was carried out from 17
January to 14 March 1980 (Savatyugin and Preobrazhenskaya 2000). An-
other hole, 375-m deep, was drilled during 21 days with an ice core pro-
duction rate of 8.8 m/day at Pionerskaya with a TELGA-14M drill (Smir-
nov 1983; Kudryashov et al. 1991).

Figure 9. Schematic diagram of the ETB-5 electro-thermal core drill. (1) heater shoe, (2) lower
double tubes, (3) core grippers, (4) piston with rings, (5) lower fluid filling inlets, (6) upper
double tubes, (7) upper piston with rings, (8) upper fluid filling inlets, (9) inlet pressure valves,
(10) fluid discharge openings, (11) connecting rod, (12) end cap assembly, (13) spring and
cable termination assembly (from Bogorodsky et al. 1984).
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Figure 10. Schematic of drilling complex at Pobeda base (25t SAE). (1) sledge, (2) building walls, (3) frame, (4)
winch frame, (5) mast, (6) winch, (7) MT-111-6 electric motor, (8) RTsD-250 gear reducer, (9) electric brake,
(10) drill, (11) wheel, (12) electrical desk, (13) 2E-16A diesel-generator, (14) main electrical desk, (15) barrel,
(16) STK-140 accumulators, (17) barrels with drilling fluid, (18) shelving, (19) workbench, (20) grinding lathe
(from Savatyugin and Preobrazhenskaya 2000).

1980-81, Twenty-sixth SAE

Vostok

The drilling of Hole (3G) hole was continued with a TBZS-152M drill in the
interval from 1415—-1500 m. Beyond this depth, the TBS-112VCh thermal
coring drill (Fig. 3c, Table 1) was used. TBS-112VCh is the Russian abbre-
viation for “thermal drill with a high frequency supply,” and the number
112 is the outer diameter of the drill head. The drill head OD/ID dimen-
sions were 112/92 mm, the drill length was 9 m, and it weighed 180 kg.
This drill used a high frequency power supply 2500 Hz of which reduced
the size of the downhole transformer. The voltage at the surface was 800—
1000 V, which dropped to 700—900 V at the drill, where it was reduced to
20 to 25 V for operating the drill. The water tank wasn’t heated. The melt
water was collected in a tank and frozen inside. At the surface the tank was
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removed and replaced by an empty one. The core barrel was made from a
thick-walled tube, with the water suction tubes and the electrical lines
hidden within the wall.

The drilling rate was doubled to 3.5—4 m/hr over the TBZS-152M with 5
kW of power (Kudryashov et al. 1984a). After reaching a depth of 1580 m,
owing to problems with the melt water removal system, the drill became
stuck near the bottom of the hole. A new off-set hole was started by an-
other TBS-112VCh thermal drill with a length of 7.1 m at a depth of 1500
m, and in the interval of 1550—1560 m, a full diameter core was recovered
(Zagrivny and Moiseev 1988; Savatyugin 2001). The new off-set hole was
named Hole (3G-1). A depth of 1810 m was reached by 8 January 1982 and
2004 m was reached by the end of the season (Kudryashov et al. 1983a,
1984, 1991; Zagrivny et al. 1985; Savatyugin and Preobrazhenskaya 2000).

Komsomolskaya Station (74°06' S; 94°30' E, 870 km south of Mirny)

Komsomolskaya Station_operated as an all-winter station from 6 Novem-
ber 1957 to 9 March 1959 (Savatyugin and Preobrazhenskaya 1999). Then
it was used as a temporary base on the Mirny—Vostok route. In early 1981
a drilling site was established and a drilling operation started using an
AFTD ETB-5. The drilling wasn’t very successful and at 73 m, the drill (as-
sumed to be the ETB-5) became stuck and was lost (Kudryashov et al.
1983b).

Mirny

During March—October 1981, testing of the AFTD ETB-5 drill continued
and a new drill for dry holes, ETB-140, was also tested. Five holes from 16
to 36 m were drilled near the runway at Mirny (Dyurgerov et al. 1987;
Savatyugin and Preobrazhenskaya 2000).

Traverse Mirny-Pionerskaya-Dome C

The traverse took place from 19 January to 19 March 1981. At the 1045-km
mark on the Mirny—Pionerskaya—Dome C route, a 306-m hole was drilled
with a TELGA-14M. Drilling took 14 days, with a mean ice core production
rate of 21.9 m/day. On the way back on 16 March, the drilling shelter was

destroyed by fire, and, tragically, one crew member died (Kudryashov et al.

1991; Savatyugin and Preobrazhenskaya 2000).
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1981-82, Twenty-seventh SAE

Vostok

In early 1982, Hole (3G-1) was advanced to 2083 m with a TBS-112VCh
thermal drill (Zagrivny et al. 1985). A tragic generator-room fire on 12
April 1982 took the life of the chief mechanic and curtailed further drilling
(Kudryashov et al. 1991). The construction of a new stationary drilling
complex was started for a new Hole (4G). It was built on two steel sleds
with a 15-m mast, and 4000 m of a KG-95-180 type, seven-conductor ar-
mored cable (Kudryashov 1989; Kudryashov et al. 1998).

Komsomolskaya Station

During November 1981 to February 1982, an 800.6-m hole was drilled at
Komsomolskaya Station by the AARI drilling group. A thermal drill of the
ETB-140 type for dry holes was used for drilling in the snow—firn zone
down to 120 m. In this interval, 191 runs were carried out with the follow-
ing parameters: core length 0.62—0.71 m; core diameter 75—80 mm;
power consumption 1.9—2 kW; with the penetration rate decreasing from
2.6 m/h in firn to 1.8—2 m/h in ice. Additional drilling was continued us-
ing an AFTD ETB-5 with the following mean parameters: core length 0.67
m; core diameter 79 mm; power consumption 2.5 kW; and penetration
rate 3.6—3.8 m/h. In total nearly 1200 runs were carried out by the ETB-5
drill, with a mean core production of 10 m/day. Drilling was stopped on 21
February 1982 at a depth of 800.6 m. After finishing the drilling, ther-
mometer and inclinometer measurements were completed. The tempera-
ture in the hole increased from —53.5°C at a depth of 5 m to —49.8°C at
800 m. The hole was then filled with an ethanol-water solution to a depth
of 230 m, and the drilling site was secured and prepared for the next
summer season (Manevsky et al. 1983; Morev et al. 1989).

1982-83, Twenty-eighth SAE

Vostok

On 26 December 1982, a fire destroyed the PBU-2 drilling shelter, which
housed the drilling complex for Hole (3G) and drilling was suspended
(Savatyugin and Preobrazhenskaya 2000). The construction of a new drill-
ing complex was finished by 29 May 1983 (Fig. 11) and a new Hole (4G)
was started on 3 July. The 178-mm-diameter hole reached 120 m with a
TELGA-14M thermal drill. After the hole was filled with liquid, a TBZS-
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152M thermal drill was used to advance it to 279 m by the end of the sea-
son, 12 February 1984 (Kudryashov et al. 1991).
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Figure 11. Drilling complex at Vostok Station used for drilling of 4G and
5G holes. (1) drilling building, (2) tower, (3) winch, (4) cable, (5) control
desk, (6) drill, (7) drill handling device, (8) DC generator, (9) electric
motor, (10) worm reducer, (11) pulley, (12) pulley, (13) geophysical
winch (from Kudryashov et al. 2002).

Komsomolskya Station

The base was reopened on 13 December 1982 during a traverse from
Mirny. The main drilling staff arrived at the base by plane on 6 January
1983. The drilling with an AFTD (ETB-5), which was terminated in Febru-
ary 1982, continued after 11 months with no apparent difficulties. It
reached 871.5 m by January 1983 where, because of an electrical failure
within the drill, the drill quickly froze to the ice and became stuck. The
16.5-mm cable ruptured near the surface during the recovery attempt and
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an 870-m length of cable was left in the hole at a depth of 110 m (Kornilov,
ed. 1987; Morev et al. 1989).

Base Druzhnaya (77°34’ S; 40°13’' W, Filchner Ice Shelf)

The seasonal Base Druzhnaya (later when a few bases with the same name
appeared it was renamed Druzhnaya-1) was constructed by the seaside of
the Filchner Ice Shelf in 1975. During the summer seasons from 1982 to
1985, several holes were drilled by specialists from LMI (Table 5). The
drilling was done with a conventional rig of the SKB-4 type, with a
MRUGU-18/20 type mast (Fig. 12), and SSK-59 type “wire-line” drilling
equipment. The first hole (#1) was drilled to 172.3 m with 100% core re-
covery. The rotational speed was 155 or 280 rpm. The rate of penetration
was 60 m/h. Aviation fuel TS-1 was used as a drilling fluid (the flow rate of
the NB-3 pump was 40 L/min.). The drilling was stopped because of a leak
in the protective casing —an intolerable condition in a wire line system—
and the subsequent loss of fluid circulation (Kudryashov et al. 1983c 1988;
Bychenkov and Egorov 1986; Bobin et al. 1988).

Figure 12. Drilling shelter at Druzhnaya (28t SAE) (from Kudryashov et al. 1983c).
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Table 5. LMI Drilling At Base Druzhnaya.
Expedition # Leader of the Mean speed of
(Year) Hole # drilling team Depth, m Type of drill penetration, m/h
28
1 K. -172. K-
(1982-1983) G.K.Stepanov 0 3 SSK-59 60
29 047 Three-spiral auger 15
2 G.K.Stepanov
(1983-1984) P 47-230 SSK-59 26-100
0-60 Two-spiral auger 36
30 3 S.P.Zhigalev P g
(1984-1985) 60-310 SSK-59 53-66
4 0-55 Two-spiral auger 55
31 5 0-44.6 Two-spiral auger 50
(1985-1986) V.M.Zubkov
6 0-40 Two-spiral auger 55
40-300.5 SSK-59 40-56

1983-84, Twenty-ninth SAE

Vostok

Problems with the winch (the bolts of the winch drive shaft coupling
failed) used for Hole (4G) resulted in the loss of the TBZS-152M drill at the
previous season’s depth of 279 m (Kudryashov 1989). Further drilling op-
erations in Hole (4G) were curtailed.

The mobile drilling complex PBU-3, which was transported from Mirny
during the 28th SAE, was installed above the mouth of Hole (3G), replacing
the PBU-2 that had been destroyed by fire. The drilling operations in Hole
(3G-1) were resumed with a TBS-112VCh thermal drill, but the lower part
of the hole had closed in during the long period of inactivity. During the
enlarging or reaming process, a new off-set hole was accidentally started.
at a depth of 1968.5 m. It was named Hole (3G-2) and was advanced to

2040 m (Kudryashov et al. 1991).

Base Druzhnaya

During the summer season a second hole (#2) was drilled to 230 m with-
out core recovery. The upper interval down to 47 m was drilled using a
three-spiral coring auger with an OD of 98 mm and a flight pitch of 135
mm (Fig. 13). Then the same drilling equipment from the 28th SAE was
used, except for a special drill head used for full-diameter (no core) drill-



34 ERDC/CRREL TR-07-20

ing. The core was recovered from five intervals only (each interval of
length nearly 2 m). The rotational speed was 155 or 280 rpm. The rate of
penetration varied from 26 to 100 m/h. TS-1 aviation fuel was used as a
drilling fluid. The flow rate of the NB-3 pump was 40 L/min. The drilling
was stopped because of a similar problem previously encountered, a leak
in the protective casing and the subsequent loss of fluid circulation
(Kudryashov et al. 1983c, 1988; Bychenkov and Egorov 1986; Zhigalev and
Shkurko 1988; Bobin et al. 1988).

Figure 13. Core auger used at Druznaya Station for drilling in firn. (1) drill head, (2) core, (3)
moveable barrier, (4) window, (5) cable termination, (6) auger, (7) ice chips (from Kudryashov
et al. 1988).

1984 -85, Thirtieth SAE
Vostok

Drilling in Hole (3G-2) was resumed. A TBS-112VCh thermal drill reached
2201.7 m in August 1985 for a new ice core drilling depth record (Kudrya-
shov 1989).

The lost drill in Hole (4G) was bypassed with an offset Hole (4G-1) started
at 120 m by a TELGA-14M thermal drill and was continued to a depth of
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167 m and then to 692 m with a TBZS-152M thermal drill (Kudryashov et
al. 1991).

Base Druzhnaya

A third hole (#3) was drilled down to 310 m in February 1985. The upper
interval down to 63 m was drilled using a two-spiral coring auger with an
OD of 98 mm and reduced flight pitch of 80 mm. The casing was fabri-
cated from steel tubing with an OD of 89 mm and sealed the upper snow—
firn interval. The lower part of the casing was immersed in hot water
pumped directly to the bottom. After freezing, the new bottom rose to 33.4
m. Then the wire-line drilling equipment of type SSK-59 was used with
special drill heads for full-diameter drilling. The outer diameter of the drill
heads was 64 mm. The rotational speed was 280 rpm. The rate of penetra-
tion varied from 53 to 66 m/h. The cuttings were removed by the circula-
tion of compressed air produced by a 2VU-1-2, 2/13 compressor with a
pressure of 0.25—0.45 MPa. At 310 m the drill reached sub-glacial water
and salt water entered the hole. During hoisting, the drill was stuck near
160 m (Kudryashov et al. 1983c, 1988; Bychenkov and Egorov 1986; Zhi-
galev and Shkurko 1988; Bobin et al. 1988).

While drilling, hole (#3) temperature measurements were taken (Dyur-
gerov et al. 1988). In the upper part of the hole temperatures decreased
from —24.6/-24.8°C at the boundary of the active layer to —25.4°C at 160
m. In the interval from 160—200 m, hole temperatures remained nearly
constant. Deeper temperatures rapidly increased, reaching the pressure
melting point at the bottom. Even at a depth of 280 m, the temperature
was still very low at —17.7°C.

Dome B (77°04'S, 95°55' E, elevation 3850 m)

From 23 January to 22 March 1985, a Mirny—Dome B traverse was com-
pleted to establish a seasonal drilling base. The drilling equipment and
fuel were transported to the site, and a 5- x 3- x 2-m core storage shelter
was constructed (Savatyugin and Preobrazhenskaya 2000).

1985-86, Thirty-first SAE
Vostok

The TBS-112VCh thermal drill was stuck in Hole (3G-2) during enlarging
operations in the interval of 1935-1943 m from the previously attained
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depth of 2202 m (Kudryashov et al. 1991). Further activity in Hole (3G-2)
was stopped.

Hole (4G-1) was advanced to 752 m with the TBZS-152M thermal drill. The
old Hole (4G) was accidentally reopened owing to a faulty ice plug in-
stalled during SAE 30. This made it impossible to return to Hole (4G-1), so
a new offset hole was started from Hole (4G) at 159 m and called (4G-2). A
depth of 779 m was reached by 26 December 1986 (Kudryashov et al. 1991;
Savatyugin 2001). Owing to inadequately centering of the drill, the inclina-
tion of Hole (4G-2) reached 18° in the interval of 500-600 m. To reduce
the inclination, a shortened version of the TBZS-152M thermal drill was
used (Kudryashov 1989).

Dome B

From 25 January to 1 March, drilling with an ETB-140 and an ETB-130
thermal drill for dry holes was carried out. On 1 March, at a depth of 92 m,
the dwelling facilities and power station were closed down temporarily
(Savatyugin 2001).

Base Druzhnaya

During the summer season three bore holes #4, #5, and #6 were drilled:
55.5, 44.6 and 300.5 m deep, respectively Drilling of the first two holes
was stopped because of sticking of the two-spiral coring augers (V.M. Zub-
kov, personal communication, 2004). The third hole was drilled to 40 m,
also with a coring auger. The mean length of run was 0.5 m and the mean
rate of penetration was 36 m/h (Zhigalev and Shkurko 1988). Then drill-
ing was continued with a SSK-59 type wire-line drill with an air chip re-
moval system. At a depth of 280 m, 3 m3 of a special emulsion (*60% die-
sel fuel of arctic blend, plus ~a 40% water solution of CaCl. plus, and a
small amount of stabilizer) was dumped into the hole. The drilling was
continued with shortened runs using bottom circulation of the drilling
fluid. At 300.5 m the hole reached sub-glacial water. The drill was hoisted
to the surface without any complications (Bobin et al. 1988).

1986-87, Thirty-second SAE
Vostok

Drilling in Hole (4G-2) continued with a TBZS-152M drill to 1502 m
(Kudryashov et al. 1991).
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Base Druzhnaya

In May 1986 the edge of the Filchner Ice Shelf with an area of over 13,000
km2 (60—-80 x 230 km) broke off and was carried away in the form of three
huge icebergs. Base Druzhnaya was located on one of these icebergs, and
in January 1987 the Captain Kondrat'ev found the new position of the
base. From 30 January to 9 February, the main facilities of the base were
loaded aboard the ship and the base was closed (Savatyugin and Preobraz-
henskaya 2000).

1987-88, Thirty-third SAE
Vostok

The continuation of drilling in Hole (4G-2) with the TBZS-152M drill
reached 2213 m by 1 November 1988, which exceeded the old record, even-
tually reaching 2383 m by the end of the season. The hole inclination did
not exceed 4° (Kudryashov 1989; Savatyugin 2001). Figure 14 shows the
array of drilling structures visible at Vostok.

L

Figure 14. Drilling structures visible at Vostok (331 SAE).
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Mirny

A traverse to the 105-km mark on the Mirny—Vostok route was conducted
from 15 January to 2 April 1988. The upper 527 m of a hole was drilled
with a TELGA-14M drill. Then the hole was filled with a kerosene type
(TS-1) aircraft fuel and drilling was continued with a TBZS-152 drill to a
depth of 740 m. The drilling operations were finished on 23 March 1988 at
740 m (Kudryashov et al. 1991; Savatyugin 2001).

Dome B

Another traverse was done on the route Mirny—Komsomolskaya—Dome
B—Mirny. The temporary base Dome B was opened and a borehole from
the surface down to 780 m was drilled using an ETB-130 thermal drill for
dry holes. The drilling was finished on 11 February 1988. The hole was
then filled with an ethanol anti-freeze solution to 120-m which was below
the ice—firn transition depth. The minimum borehole temperature was
-58°C. Temperature measurements in the 92-m hole drilled during the
315t SAE were also taken (Morev et al. 1989; Savatyugin 2001).

Base Druzhnaya-4 (69°44’' S; 72°42' E; Oasis near Emery Ice Shelf)

Druzhnaya-4 was established as a temporary summer station in January
1987 and closed in April 1995 (Savatyugin 2001). During 1987-1989 spe-
cialists of the IGAS Institute of Geography of Russian Academy of Sciences
carried out glaciological investigations in the region, including the drilling
of a 252-m hole using an ATED ETB-3 drill. The measured temperature at
75 m was —16.3°C. The thickness of the firn zone was nearly 40 m
(Raikovsky et al. 1990).

1988-89, Thirty-fourth SAE

Vostok

Deep drilling of Hole (4G-2) by the TBZS-152M thermal drill was stopped
at 2428.5 m in April 1989 owing to hole closure caused by a deficiency in
fluid pressurization. Attempts to increase the density of the hole fluid with
a high density additive were not fully successful.

In June 1989, drilling resumed with an electro-mechanical drill inter-
changeably referred to as KEMS-112 or KEMS-132 (Fig. 15, Table 6), which
represented the second and third attempts at designing an electro-
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mechanical drill. The first design, KEMS-152, had been planned for the
16th SAE but was never used. The next version was lighter and simpler and
was called KEMS-112. It was designed under the leadership of N.I. Vasiliev
at the LMI in the early 80s. The next redesign was referred to as KEMS-
132 or also as KEMS-135. The drive motor for either design was 3-phase,
220 V, with a power rating of 2.2 kW. A two stage gear reducer lowered the
speed from 2800 rpm to 230 rpm. Testing had been conducted in the Arc-
tic prior to the drilling at Vostok.

Table 6. Main characteristics of electro-mechanical drills.

Cutter outer | Cutter inner

diameter diameter Core barrel | Core barrel | Overall Weight
Type (mm) (mm) OD/ID (mm) | length (m) | length (m) | (kg)
KEMS-112 | 112 -116 |85 -89 108/99 1.5-3 7.5 120
KEMS-132 | 132 -135 106 -107 127/117 1.5-3 7-12 180 -240
KEMS-135 | 137-139

In the first 20 runs the length per run was less than 0.1 m. The drill was
stuck at 2431.7 and 2437.5 m, but freed in 5 days and 2 hours, respectively.
After every 10—15 m, the hole was enlarged with a 135-mm cutting head. At
a depth of 2546.4 m, drilling was interrupted for 16 days and a new 4000-
m long cable was installed. The drill became stuck on the first run, 1 m
above the bottom. The operation was left for a year with tension on the ca-
ble (Kudryashov et al. 1994; Vasil’yev et. al. 1993; Talalay, personal recol-
lections).

Mirny

In accordance with the International Antarctic Glaciological Project
(IAGP) 19809, a traverse on the Mirny—Pionerskaya—Mirny route was con-
ducted from 31 January to 29 March (Savatyugin 2001). Along the way
three holes were drilled with a TELGA-14M drill (Kudryashov et al. 1991):

) 60 km from Mirny, a 150.5-m hole in 10 days.
. 140 km from Mirny, a 150-m hole in 8 days.
. 200 km from Mirny, a 150.8-m hole in 11 days.
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Figure 15. KEMS-132 electro-mechanical drill. (1) drill head, (2) core barrel, (3) chip chamber
including chip filter, (4) reducer, (5) electric drive motor, (6) pump, (7) anti-torque system, (8)
hammer block, (9) electric chamber, (10) cable suspension clip, (11) cable (from Kudryashov
et al. 2002).

1989-90, Thirty-fifth SAE
Vostok

The drill in Hole (4G) was still stuck. During a recovery attempt, the cable
failed near the surface in November 1990 (Kudryashov et al. 1994). After
the drilling complex was moved 25 m to the west in January 1990, a new
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Hole (5G) was started on 20 February 1990, using a TELGA-14M thermal
drill to a depth of 120 m in 62 runs. Beyond this depth, another thermal
drill, TBZS-152M, was used. A depth of 1279.8 m was achieved in 398 runs
with the TBZS-152M drill by the end of the season, 29 January 1991
(Tchistiakov et al. 1994; Kudryashov et al., 1998a,b, 2002; Savatyugin,
2001). Figure 16 shows the drilling shelter as it appeared in SAE-35.

During the summer season, two shallow holes BH-1 and BH-2 down to 178
and 138 m were also drilled at Vostok using a TELGA-14M drill (Kudrya-
shov et al. 1991).

Figure 16. Drilling shelter above hole (5G) constructed during the
27th and 28th SAE (photograph by P.G.Talalay, 35t SAE).

Mirny

From 19 January to 18 March 1990, a traverse on the Mirny—Pionerskaya—
Vostok-1—Mirny route was conducted (Savatyugin 2001). Along the way
three holes were drilled with a TELGA-14M drill (Kudryashov et al. 1991):

e 260 km from Mirny, a 150-m hole in 7 days.
e 325 km from Mirny, a 150-m hole in 77 days.
e 400 km from Mirny, a 150-m hole in 7 days.

1990-91, Thirty-sixth SAE: Vostok

Drilling in Hole (5G) reached 2502.7 m in December 1991, with the TBZS-
152M thermal drill completing 408 runs. The round trip time to the bot-
tom of the hole and back increased until it consumed 2.6 and 1.8 hours re-
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spectively at the 2500-m depth. The inclination varied from 0.2—0.6° at
2000 m and increased gradually from 0.4 to 1.8° at 2250 m. At the end of
December, the drill became stuck during a trip up hole at 2259 m. The
problem was caused by hole closure from insufficient fluid pressurization.
All attempts at recovery failed and the cable was pulled out of the top of
the drill (Tchistiakov et al. 1994; Dmitriev et al. 1995; Kudryashov et al.
1998a,b, 2002).

1991-92, Thirty-seventh RAE*

Vostok

Densifier (HCFC F-141b) was added to Hole (5G), which increased the
fluid density to 900 kg/m3. About 35 m of artificial core was dropped on
top of the stuck drill, creating a new hole bottom at 2232 m. A shortened
version of the TBZS-132 thermal drill, with a length of 6 m, was used to
drill a new offset Hole (5G-1). From the depth of 2249.5 m, drilling was
continued with a normal TBZS-132 drill with a normal length of 8 m, to a
depth of 2270.7 m by the end of the winter and to 2341.8 m by the end of
the season. The main difference between the TBZS-132 and TBZS-152
thermal drills was the outer diameter of the drill head and the tubing used
for the core barrel and water tank (Kudryashov et al. 1998a,b; Savatyugin
2001).

Dome B

From 8 January to 2 March 1992, a traverse on the route Mirny—
Komsomolskaya—Dome B—Mirny was conducted. The main purpose of the
traverse was to study the behavior of the 780-m holed drilled 4 years ear-
lier at Dome B and to carry out temperature and inclinometer measure-
ments (Savatyugin 2001).

1992-93, Thirty-eighth RAE: Vostok

Hole (5G-1) reached a depth of 2755.3 m with the TBZS-132 drill. The
depth was a new record for thermal drilling in ice. From 18 September
1993, drilling ceased because the supply of drilling fluid was exhausted.
From August 1993, ice coring and core research at Vostok Station was
conducted by a joint Russian—French—USA project. The Russians main-
tained the station and conducted the drilling operations, the French pro-

* Expeditions are now referred to as Russian Antarctic Expeditions.
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vided the technical equipment, and the USA provided the logistical sup-
port. Since that time, the core was divided into three equal parts between
treaty members (Kudryashov et al., 1998a,b, 2000, 2002).

1993-94, Thirty-ninth RAE: Vostok

During the summer season, the upper part of Hole (5G-1) was enlarged
from 180 to 220 mm using an electro-mechanical reaming technique. The
hole was cased with fiberglass tubing and, using a thermal device at the
bottom of the casing, it was sealed at a depth of 120 m so that hole fluid
could be retained throughout the permeable zone. The OD/ID of the cas-
ing tubes was 179/165 mm. The outer diameter of the connecting cou-
plings of the 6 m long sections was 215 mm. It was discovered, however,
that fluid could only be maintained at a depth of 66—104 m from the sur-
face owing to a leak at an uncertain location (Kudryashov et al. 2000,
2002). On the 10 February 1994, Vostok station was temporarily closed for
the winter for logistical and economic reasons (Kudryashov et al. 1998b;
Savatyugin 2001).

1994-95, Fortieth RAE: Vostok

On 22 November 1994, the traverse from Mirny reached Vostok and on 27
November the station was fully reopened (Savatyugin 2001). Drilling op-
erations in Hole (5G-1) were resumed. First, to compensate for the ice
overburden pressure, the density of the drilling fluid in the hole was in-
creased. Then, the hole was enlarged between 2200 and 2755 m from 134
to 139 mm in diameter with an electro-mechanical reamer to facilitate low-
ering and raising the drill. Drilling began with the KEMS-132 electro-
mechanical drill in February 1995 and reached 3109 m in September 1995,
when the drilling was stopped because all of the densifier supply had been
consumed. An average drilling run of 2.8 m was achieved, but beyond
2930 m, the length of the drilling runs decreased dramatically because of
sticking and jamming of the drill (Kudryashov et al. 1998,b, 2000, 2002).

1995-96, Forty-first RAE: Vostok

A traverse consisting of 16 vehicles started from Mirny to Vostok on 12
November 1995 but considerable mechanical problems with the vehicles,
forced a decision to cancel the traverse at the 645-km mark and return to
Mirny. For the first time in Soviet and Russian Antarctic expeditions, a
traverse failed to reach Vostok Station. A later traverse succeeded. On 24
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January 1996, Vostok Station was closed down again (Savatyugin 2001).
Future drilling operations would be reduced to short Antarctic seasons.

A supply of the densifier (HCFC F-141b) was delivered to the station by C-
130 aircraft from U.S. McMurdo Station, and a large amount of densifier
was added to Hole (5G-1) to raise the fluid density. Drilling was continued,
and reached 3350 m by January 1996 using the KEMS-132 drill with a cut-
ter diameter of 135 mm. The hole was enlarged to 137 mm every 25—30 m.
Increasing difficulties with chip collection in the warmer (—10°C) ice after
3000 m resulted in shorter cores and the eventual stoppage of drilling
(Kudryashov et al. 1998ab, 2000, 2002).

1996-97, Forty-second RAE: Vostok

Vostok Station was reopened and the drilling of Hole (5G-1) was resumed
with the KEMS-132 electro-mechanical drill. After some drill design modi-
fications, Hole (5G-1) reached 3523 m by January 1997. By the end of the
season, the same chip collection problems reoccurred, again completely
stopping drilling (Kudryashov et al. 2002).

1997-98, Forty-third RAE: Vostok

Continuing difficulties at the beginning of the season resulted in a radical
redesign of the cutter geometry before drilling in Hole (5G-1) resumed.
Drilling was stopped at 3623 m in January 1998, 130—150 m above Lake
Vostok. The hole is vertical down to 2200 m and deviates 6—8° below this
(Fig. 17). The average density of the hole fluid was 928 kg/m? (Kudryashov
et al. 2002a; Verkulich et al. 2002).

1998-99, Forty-fourth RAE: Vostok

During the summer season, geophysical investigations (thermometry and
hole diameter measurements) were carried out in Hole (5G-1). Hole (5G-1)
had the following final diameters:

e 139.0 mm in the interval from 2200-3095 m.
e 138.4 mm in the interval from 3095-3321 m.
e 137.9 mm in the interval from 3321—3500 m.
e 136.2 mm in the interval from 3500—3570 m.
e 135.0 mm in the interval from 3570-3623 m.
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Figure 17. History of hole (5G) (from Kudryashov et al. 2002).

1999-00, Forty-fifth RAE

A technique for the continued penetration of Hole (5G-1) to Lake Vostok
was being studied (Verkulich et al. 2002).

2000-01, Forty-sixth RAE

Project Basis and Design of an Environmentally Sensitive Penetration to
Lake Vostok, Antarctica prepared by SPSMI and AARI was approved by
the Ministry of Nature Resources of Russian Federation (Order N2 257, 26

March 2001).
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2001-02, Forty-seventh RAE

The design and fabrication of a system and technique for the penetration
to Lake Vostok was continued.

2002-03, Forty-eighth RAE: Vostok

Vostok Station was closed again for the winter. The XXVI Antarctic Con-
sultive Treaty Meeting, Madrid 2003, adopted the Russian Project for the
penetration to Lake Vostok.

2003-04, Forty-ninth RAE: Vostok

Vostok Station was reopened and seasonal operations were organized. Two
specialists from SPSMI carried out geophysical investigations and pre-
pared for the summer season of the 50t RAE when the continuation of
drilling is planned.

2004-05, Fiftieth RAE: Vostok

During the summer season, geophysical investigations (hole diameter and
hydrostatic pressure measurements) were carried out in Hole (5G-1).

2005-06, Fifty-first RAE: Vostok

After 8 years Hole (5G-1) was reopened for drilling again. At the beginning
of the summer season, the drilling equipment and the hole itself were care-
fully inspected. On 31 October 2005, the first productive run was made by
the electro-mechanical drill KEMS-135 and 1.5 m of new core was recov-
ered. The new geometry of cutters for drilling of “warm ice” was tested and
it gave stabilization to the drilling process. As a result, Hole (5G-1) was
deepened to 3650.2 m (Fig. 18), with an average core length of 0.7-0.8 m
per run. On 25 January 2006, the seasonal operations at Vostok ceased.
Next season, additional drilling of the hole to a depth of near 3720 m is
planned, leaving about a 30-m-thick ice layer to prevent contamination of
the sub-glacial lake by drilling fluid.
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Figure 18. Vostok, 2006. Drilling team of the
2005-2006 season with record core from the
depth of 3650 m. From left to right: A. Krasilev, A.
Ekaikin, V. Zubkov, A. Dmitriev, and N. Vasiliev
(photograph by RAE 51).

Summary

During the past 50 years there have been over 40 boreholes—mostly with
core retrieval—drilled in Antarctica by the various Soviet—Russian Antarc-
tic Expeditions. Most of the drilling has been accomplished by the AARI,
LMI (SPSMI). Of the more than 23 km of ice drilled, the majority was
done with thermal drills. The KEMS cable suspended electro-mechanical
drills were developed in the early 1980s by the SPSMI and used success-
fully in Hole 4-G during SAE-34 and Hole 5-G during RAE-40—43 and
RAE 51. The deepest holes were drilled at Vostok Station but several holes
of significant depth have been drilled on the ice shelves and in and along
the Mirny—Vostok route.

The deepest dry hole was 952 m (Vostok, Hole-1), made with a TELGA-
14M thermal drill during SAE-17. The deepest fluid-filled hole (Vostok,
Hole 5G-1), made with a TBZS-132 thermal drill, reached 2755 m during
RAE-38. The deepest fluid-filled hole was made with a KEMS-132 electro-
mechanical drill (Vostok, Hole 5G-1) and was stopped above Lake Vostok
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during RAE-43 in 1998 at a depth of 3623 m; it was continued to a depth
of 3650 m during RAE-51 in 2006 with a KEMS-135 drill.

Seventeen holes were drilled with an AFTD or ATED drill invented by V.A.
Morev in 1972. The drill used an alcohol-water solution for dissolving the
melt water, the dilute solution then remaining in the hole to provide the
necessary hydrostatic pressure. An 812-m hole at Novolazarezkaya Station
during SAE-22 and a 872-m hole at Komsomolskya Station in SAE-28
were drilled with this type of drill.

All of the deep holes at Vostok have undergone at least one offset drilling
operation because of problems with lost drills. These deviations were
made successfully with a thermal drilling technique.
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2 Soviet and Russian Drilling Activity in the
Arctic and Non-Polar Regions

Introduction

Various kinds of glaciers have a widespread occurrence in the territory of
the former USSR. The glaciated area was estimated to be 78,300 km® or
nearly a half percent of the total area of the former USSR (Dolgushin and
Osipova 1989). The largest and thickest glaciers are situated in the Arctic
area on the archipelagoes of Novaya Zemlya, Severnaya Zemlya, and Zem-
lya Frantsa-Iosifa (Franz-Josef Land). The total area of glaciers in the Rus-
sian Arctic is estimated to be 56,200 km®. The non-polar or Alpine glaciers
are widespread in the so-called South Mountain Surround of the former
USSR, which includes multi-branched orogenic systems of the Caucasus,
Tien Shan, and Pamirs.

The systematic investigations of Arctic and non-polar glaciers were started
in the 1950’s in anticipation of and in conjunction with the International
Geophysical Year (1957—1958). For thermal and dynamic studies of gla-
ciers, the lightweight hand drilling equipment of E.N. Tsykin’s design was
used. More than 100 holes were drilled, with a maximum depth of 52.6 m.
We have decided to include this drilling experience in our review as well as
subsequent manual drilling of boreholes with depths of not less than 15—
20 m. Eventually, special thermal and electro-mechanical drilling equip-
ment was designed and applied in glaciological investigations (Tables 7
and 8). In some instances, the Arctic drilling programs were conducted as
pilot projects in preparation for drilling in Antarctica and were considered
field drilling tests. The last ice coring programs were focused on the cli-
matic record variations over the last 2000 years, which have witnessed the
most extreme conditions of the entire Holocene.

The first attempt to compile information on Soviet and Russian drilling
activity in the Arctic was carried out by S.M. Arkhipov of the Institute of
Geography Russian Academy of Science (IGRAS or IGAS), who created a
computer database Deep Drilling of Glaciers: Soviet and Russian Projects
in the Arctic, 1975—1990 (Arkhipov 1999). Unfortunately this database was
published only in fragments and with an emphasis on core analysis and
bore hole measurements rather than on drilling technology. It contains
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data from 12 cored boreholes deeper than 100 m, which included 8 holes
on Spitsbergen and 4 holes on Severnaya Zemlya. It should be noted that
this list is incomplete. It is known that at least 15 cored boreholes with
depths of 100—761 m were drilled on Severnaya Zemlya (Table 9).

Table 7. Soviet Drilling activity In the Arctic and non-polar regions.*

Site Location No. of holes, depths | Type of drilling
Year (Site Number**) | Organization or total depth, m equipment References
ARCTIC
1955- | Franz Josef Land | IGAS 20 holes Hand ice drills of Tsykin, 1962; 1963a;
1959 E.N.Tsykin 1963b; 1963c
1958- | Polar Urals 23 holes
1960
1958- | Novaya Zemlya 16 holes
1959
1958- | Churlyenis Gla- IGAS A few holes with Self-propelled drill- | Bazanov, 1961
1959 cier (Franz Josef depths from 20 to 82 | ing rig SBU-150-ZIV
Land) m
1965 Noredenskiold IGAS A few holes with Hand ice drills Koryakin, 1981
Glacier (Spits- maximum depth of
bergen) 25 m
1972 Drifting station AARI Dozens of holes (total | Thermo-electric Morev, 1976
Severnyi Polyus- depth of near 300 m | point “Elektroigla
19 with maximum depth | ETI-1”
(Arctic Ocean) of 34 m)
A few holes with total | ATED
depth 45 m (maxi-
mum depth of 34 m)
1973, | Obruchev Glacier | IGAS 28 holes with total Thermo-electric Morev, 1976;
1974 (Polar Urals) depth of 1426 m point “Elektroigla Zagorodnov et al.,
(max 137 m) ETI-1” 1976
86 ATED
1990- | Loonnyi Glacier |IGAS 53.6; Drilling method Macheret et al., 1993
1991 (Franz Josef 50 wasn’t reported
Land)
1994 Franz Josef Land | IGRAS, 10; 6; 24; 24 Hand coring auger | Mikhalenko et al.,
Byrd Polar Re- 1996
search Center
1997 Windy Glacier IGRAS, 36.4; m-ATED Zagorodnov et al.,
(Franz Josef Byrd Polar Re- 314.8 1998;

Land) search Center Arkhipov et al., 2001
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Site Location

No. of holes, depths

Type of drilling

Year (Site Number**) | Organization or total depth, m equipment References
CENTRAL ASIA
1956- | Terskei Alatau IGAS, Geography | 24 holes Hand ice drills of Tsykin, 1962; 1963a;
1957 (Internal Tien Department of E.N.Tsykin 1963b; 1963c¢;
Shan) Academy of Sci- Vilesov and Shabanov,
ences of Kazakh . [
1957- | Zailiiskii Alatau | g 30 holes oot Teyiena and
1959 (Northern Tien ’
Shan)
1964 Tuiuksu Glacier Kazakh Poly- 33;23 Jetfire drill Brichkin et al., 1967
(Zailiiskii Alatau, | technic Institute,
Northern Tien Geography De-
Shan), # CA1 partment of
Academy of Sci-
ences of Kazakh
SSR
1965 Karabatkak Gla- | IGAS 49 Cable-percussion Tsykin, 1966
cier (Terskei drilling rig
Alatau, Internal
Tien Shan), #
CA2
1969 Tuiuksu Glacier Kazakh Poly- 28; Jet-fire drill Mikheev, 1971;
(Zailiiskii Alatau, | technic Institute, | 53.5: Makarevich et al.,
Northern Tien Geography De- 79 1984
Shan), #CA1 partment of 53’
Academy of Sci-
ences of Kazakh
SSR
1971 Abramov Glacier | AARI, 2 holes Thermo-electric Ruymin et al., 1974
(Alai Ridge, Pa- SARNIGMI point “Elektroigla
mirs), #CA3 ETI-1”
1972 A few holes with total | Thermo-electric Sukhanov et al., 1974
depth of 375 m (max | point “Elektroigla
175 m) ETI-1”
113 Thermal drill
LKTBM-1
1973 50.7 Thermal Coring drill | Kislov and Nos-
dryukhin, 1975
1974 105.8 Thermal Coring drill | Kislov,