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Experimental results on improved JARE deep ice core drill
—Experiments in Rikubetsu, Hokkaido in 2002—

Takao Kameda', Yoshiyuki Fujii?, Akiyoshi Takahashi®, Yoichi Tanaka*, Hideki Narita®,
Kunio Shinbori’, Nobuhiko Azuma®, Teruo Furukawa?’, Takayasu Yoshimoto’,
Morihiro Miyahara®’, Makoto Igarashi?, Mika Kohno?, Sumito Matoba?,

Yoko Toyama®, Kazuhide Satow®, Shuhei Takahashi' and Okitsugu Watanabe’

Abstract:  Deep ice coring to bedrock (3028 m in depth) at Dome Fuji Station is
planned during three successive summer seasons starting from 2003/2004. An im-
proved JARE deep ice core drill (12.2m in length and 3.8 m in maximum core length)
was developed in December 2001 for the ice coring at Dome Fuji. In January/
February of 2002, we performed experiments on drill performance using artificial ice
blocks in Rikubetsu, Hokkaido. In this paper, we outline the experiment and report
the results. It was found through the experiment that an ice core of 3.8 m length was
smoothly obtained by the improved drill with three screws in the chip chamber and
cutting pitch of 5 mm/cycle. About 45000 small holes 1.2 mm in diameter were made
on the surface of the chip chamber. These small holes enabled liquid to circulate
between cutters and outside of the drill through the chip chamber in the drill. The dry
density of the chips was 440 to 500 kg/m® and the chip recovery rate during ice coring
was 65 t0 91%. A check valve installed at the bottom of the chip chamber to prevent
outflow of chips from the drill was not tested enough, but more durability is needed for
the valve. The newly developed motor system and core catchers of the drill worked
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perfectly. The average coring speed was 24.5 cm/min with cutting pitch of 5mm/
cycle. The average power consumption during ice coring was 171 W.

FES: 2003/2004 FE 513, F N — 43 CBRIETE & LT, 3028 m DIKER
K & TORBRAINS FESNTWS, TOFTEOIHIC, e d#HiiicduRivk
RIEEREHEI R ) ov (2K 122m, RKIREZ 7R 3.8m) 2L, 200241 HK
5 2 Hich i THbigERERRTIc B U TR AIRHISERZFEM L 7. KR Tk
DEBROWE L ERE RN, EROKERE, 35027 ) 2 — (HRE 112mm, £&
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171W’C‘5’)f:.

1. 3L ®»I

FERR KR T D FEBIEHID 729, 1988 G O ENIMHITZTAT 4 duls & L OKKIEREHAT ~ )
WOBRFED T SN T &7 (BEH S, 1990; Tanaka et al., 1994; B 5, 1995; &t 5, 1996).
O LcRRR 2 RICEES NI F ) VAW, 1995 FE0 5 96 FEITh ¢, F—
4.5 CEILSIC T, 2503 m & TOHEHIICAKY) L (Dome-F Deep Ice Coring Group, 1999;
RS, 1999), BRHUL 700K 2 7 OREHTIC & 0k 32 JTHFRIO KUREBREAE I S s S 1
7o (| Z ¥, Watanabe et al., 1999; Hondoh et al., 1999; Fujii et al., 1999 73 &), —F4, 74 &
L— & — BN ;5&%~A$Lﬁ@&é®ﬁﬁiw%mfﬁb(%En#,ﬂr KK
K E oD 523 m OHEHIIC L DR ES FHEL Lic#l2 a7 A2#RWNT 522 &0 TE 5
(B, 2002).

Z 2T, COKRKIESE TOXKERILL, 82 80 L FIC# 2 Bk O SIRERE L &)
ZHOSMICT 2HEEZHNE ST S BN — o35 CBRGEHE] ArEasni, TITH,
2003/4 70 5 2005/6 - 3 HFT 3028 m O IKRIEKI £ THEHIT 2 C EgtHis iz

¥, ERLD GIEREHGE S, (SO SRR > 2 7 A OBRFESSLE S - 72,

MRHLERE 2 B 5 7coicid, —RloHITE2 3 7REES T4 2L, HEHFLhTO R Y
WD EF NI REEZRL T 5 ENEETHS (FlA(E, Suzuki and Shiraishi, 1982; EHE
1996 72 &), Fiz, EEMENEL, MAMOH 2EH Y 27 L A2BFT 5oy, F—
F— 3 UBHGETE TR & A 7oKBRIEET F Vv (UF, TSE—UDKEIEEI F ) ov] SB89)
D4 OfTER (BEH S, 1999) 2B 208N H L, CNoOEA2EEL, WEADKEK
BRIEHEHI K ) v oBAR & #E % (Takahashiet al., 2002), 2001 4F 12 I 3EWEMTE T L. &
OWBEREHI N Vv (B 122m, &SRR 7&K 3.8m) OEHEMHELEZE T 5729



KERAVKIRZEBIEHI 1) L DR S EERHE 379

2002 5E 1 ARD 5 2 AIIch i, JbisERERIET TR ARHIER % EHs L /.
EBOBKNE, UTNOHEHO»ICT2HETH 5.

DR EFYLTE, 37 NVLERRD 22m D5 4m (BRIAT 3.84m) TR L 7243,
COF LWV EF Y AT3I8mED a7 EREAIFED.

2) aTEMSELSBZEREVYHEIF v 7 QUT, Fv 7EBT) HECHHEN S, C
DF v FHENBENCTF v 7EE THEET 2 LDORBERA Y 7V 27 LA ST 5,

3) RE55mDF » 7ET38m 3 THHIRKO F » THUIAAIREN S L, F ) LRETAD
F v TR A S ic g 5.

4) F o TEEHKT 5751 71 45000 ElO/NML (BF 1.2mm) 2837, ZhickbF o7
FEDOANKIHBHED 7 4 vy —HRESREENCIE R L 7c, COMBEAHRT 5.

5) SH—HIREIREITEIRAITIC N Y VAN L 72 F o THOREIFL BRI L 7o e, 70 7
BUREENIEZ, HEWEFEDROE R 2BV, CophIEEE LT, HEB N VTR
oA F o TR IE A 2 TNV ILDTEEIC D . T ONRAEET S,

6) U VOEREN2 = 5 b (E— ¥ — LEEER) BRERDER 7 7 v L 2 BD Sk ABARE
ME—F —ICAE L. ZOFE— 5 — O & @(E v 2 7 24 5 R84 R
9T 5.

7 FBIaTF vy F v — OUREEREET 5.

8) HEL7KaT7DE (75 yv 7EMA-TORWLSN) 2HFNE,

AfHETE, ECOBHROHICER L A EROME L ER AR5,

2. EBRBREBLUOEBMNE

PREIGEER (3, PERIETHTEGEENS ((Frf: JudsE R FERER BT EFEAR 335 &HiD 12T, 2002
F1A27B»S2H48ETitbhk, 1H2THPS30BE TR, HHI Y ALY A v F
VAT LR EDERBMOREFOEREREITV, 31 Hh S 2 H 2 HE THRAIERZT- 7.
1 ICREIEBROYE L ZhzhofBE2 T Lo, 218 () &, ABERE LT,
KB A — DS & LCEUEMEIC AR L 7o, EEBRIERITE o ABRFITKRAD, A-D S I
L7 - $3F 2 — Y U+ (Dr. Lev M. Savatyugin, © ¥ 7 AUEEIHRIFZCRR), BEEAEEER
(Prof. Li Yuansheng, 1 EMRHIEFFTAT), FNEHIZ (Prof. Sun Bo, rHEMRFZEAT), MEML
7.

3. EBREEBIUOHE
3.1. MEHIEERRE
AEEBRDIDIT, & 34.4m, 15 12.8m OWMHIEBREAFcBHEB L. K1l DER
BoTHKS L PR ERT. Jhid, ERES,»STETED, LHOREEXA 51



380 REHOEHS
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Table 1. List of participants in the drill test at Rikubetsu in 2002.
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Fig. 1. Diagram of the ice-drill testing tower in Rikubetsu town.
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Fig. 2. Scene of ice-drill testing (drill is moving up Fig. 3. Scene of ice-drill testing (drill is raised at a
on a sliding table). right angle in front of the ice pillar).
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EEPER L 940-950kg/m* EBEA ON, KEELD & 3-4% K& 5 -7. —F, B 361KE
HHSRBLAIRK IC & 5 K — 435 CBIIRLE T o Egiblc ok (Bl 7 70 oBER
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Table 2. Experimental conditions and rsults.

RunNo. 1 2 3 4 5 6 7 8
Ixya-— 30 XP5 30 XP5 30 XP5 30 XP5 30 %P5 30 XP2 30 %P5 30 XP2
T2 -BLUXTY1—-EEE" B112 B112+S105 | B112+S70 B112 B112+S112 (2 ) B112+5112 (2 @) B112+5112 (2 @) B112+S112 (2 &)
(A2 R) (2 E) (R9P81.7m ) (hASB1.7m) (M95%1.7m ) (RBm1.7m) . L
S112{FAH & H#k

27 E (cm) 297 177 275 384 384 325 384 285
IHIBERS (min, sec) 11'18" 6'32" 11'05" 22'44" 15'30" 33'34" 15'06" 28'29"
BE (V) Ave. 176.4 162.1 168.4 164.3 166.9 1641 166.7 160.8

Max. 180.9 166.5 178.1 177.7 174.0 170.9 178.1 165.4
THA (A Ave. 0.83 0.97 1.23 1.56 0.89 0.93 0.99 0.85

Max.”™ 1.3 2.2 3.4 37 2.3 42 1.9 3.8
EIPHEBH (KVILE-H-) W) 146 157 207 256 149 153 165 137
JNL L EEE (rpm) Ave. 75.3 68.8 70.9 68.7 71.8 71.3 70.3 70.0

Max. 77.8 70.9 75.1 74.6 757 74.8 74.5 727
BHE (%) Ave. 21.5 145 141 24.1 13.4 29.1 13.9 34.6

Max. 27.0 241 18.6 72.8 48.6 55.4 37.8 46.5

Min. 14.8 4.7 65 10.2 3.6 10.7 8.8 36
SEXJEHERE (cm/min) 26.3 27.1 24.8 16.9 24.8 97 25.4 97
7% (mm) 93.5 93.7~94.2 935 93.5 93.4 94.0 93.6 93.6
2w F (mm/cycie) 3.5 3.5 35 3.2~35 3.3~3.7 1.4 3.8 1.4~186
Fv 7E (mm) 1~15 1~15 1~15 1~15 1~1.5 0.5~1.5 1.0~3.0 05~1.5

* Br12XE. E112mm, RX100mm. BB 1 DT -9 —46BKT 2. 75 —&F. A7NLAES YT P EOREBIZDIFOAERI V1 -6 BHT 5.
SFZ2Y ) a—%WKTS R112mm. 105mm. 90 mm. 70 mmOEEFEHNH 5. S112, S105 . S70=icT 5.

* BRAATRUNE-S —(CEDELEEIBE . THREEH LT, FULHNSLETILSCho TSN FER6 TIRRMEIZ 4AL LOERISHNL.
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Fig. 4. Configuration of screw and booster in chip chamber.
a) a booster, b) a booster with a 105 mm diameter screw (5.5m in length), c) a booster with
a 70 mm diameter screw (5.5m in length), d) a booster with three screws (diameter 112 mm
and length 100mm).
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BIS fHHIE TOMFRING (BT R )L EEZR-NE)
Fig. 5. Scene during ice drill testing (a shaft was used at the upper part of
the drill for ant-torque purpose).
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550cm (i) FTHREEL TW/c (350em ). fRHIh o FE € — 7 —dEHI13 1764V,
-5 —HRIZ083A, FI)LE—F—TOREEHEEL, 146W TH- 1.
2) EEr2

F o TEEREIID R OEVEEOERTH D, F o TENTOF v 7k NEET 129
2, FULD Y v 7 F2EICE105Smm DR 7Y 2 —2R0 T 7z, #ENFLE L Thies,
BRMESS &P - 72 177em F THREI L 2RSSR AL, HEl2E e 85 215873
Motz F o 7, FEIC 130em &, LEIC 120ecm iz 2 9E| LTz, EEOF o 7 IhE
CHE#EshTW, oty + 7 FOREHEAAE <D, Eifin AL Ebhn
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F o THEERRIHBPREOBEOERTH S, 27 ) 2 — 1, FE2 Ll REs 17
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E L, Fou 7TEXTIEGH B 2HICET0mm & L, BEIILEL ThWi, COERT
b, FER2 E[ARICERMAES < 75 - f2. 260cm £ THHI L 220, HOBRES LF LD
T, WHIEEIE L. Fo 7L, 3ElaNTHTE L (&3, 60cm, 35cm, 208cm).
EoF v 73IEREsATOE, EBEIROEEE — 5 —FIT I3 1684V, P — 5y —EiFE I
1.23 A, PEHEE ), 200W TH - 7e.
4) KEr4

Fo7ENDR7 ) 2 —lAGLEEER L EEBRICK L. (725 —-DA). figHlIL,
L1A ICTHEBEL 7. Tk, 14 v F%on, off LD, KYILE—F—=HELT5ETH
HlIZfkGE L, o270+ & | 2HEEERLZ.. 2 7R3 384cm (2 7NV LVOEME) T
ot TORR, v 7 b EEICF o TOEARSN, FUVEREDLS Y v 7 DRSS
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LELTEBD, 37XV —MKD384m DI THEONI., FvrRInEInTHi (KBS
(%, 130cm, 137cm, 130cm). F v 7 bbb F O ST, WHIF Y DSV 4+ 7 P E R L—
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the barrel (rpm) during Experiment No. 7.
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Fig. 8. “Chip core” from the drill.
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Table 3. Dry chip density, percentage of chip recovery during ice coring and ratio of chip core to chip chamber.

EBRES i1 2 3 4 5 6 7 8 E35]
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Fig. 11. The core barrel was removed from the drill by hand winch.
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