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Borehole Drilling for Sewage Disposal and Rise of the Hole’s
Bottom at Asuka Station, East Antarctica

Kenji IsHizawAl, Sadao TAKEUCHI! and Akiyoshi TAKAHASHI?

Abstract: A borehole for sewage disposal was drilled in the snow at Asuka
Station (71°31/34”S, 24°08’17”E, 930 m a.s.l.) in January 1987. The borehole,
400 mm in diameter and 27.5 m in depth, was drilled at SO m apart from the main
hut using a steam drilling system. The drilling speed was 4 m/h between the sur-
face to 20 m depth. Total amount of kerosene used for melting snow and steam
generation was 110/,

Sewage stored in three tanks is directed to the borehole through a heated pipe.

The bottom of the borehole rose about 7 m in first 5 months, but after that the
rising speed decreased gradually. The bottom rose 11.6 m up during a period of
three years when 594 k/ waste water was discharged. If we assume the contami-
nated area is cone-shaped, the cone’s radius is calculated as 13.7 m.
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Fig. 1. Sewage tanks and borehole of sewage disposal ar Asuka Station.
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Fig. 2. Schematic diagram of sewage disposal system at Asuka Station.
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Fig. 3. Steam drilling system.
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Tuble . Perforniance and specifications of steam drilling system.
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Fig. 5. Nozzle: (left) Nozzle with skirt in drilling. (right) Shape of the noz:zle.
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Fig. 6. Drilling operation at Asuka Station.
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Table 2. Problems of steam drill used in this operation.
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EL1. BEILALLOBRETHH, FEMHSD L O TR, BEKLORE LPKED
Bfra % 3 R, BEKE, BIEIORERE fTHhhicBrbERORER ¥ TORE &R
LT\Ww5, 198742 AU4R @ THK A fThhich, TR 7T HE TREEOHMERITHR
fedsofo. 80100/ (3= M0 RitHkBEART. KT bk AEOBEAKLRE,
REPEABOBREYRT. RAOFH200 A0 ¥ TAB T LR LK, LEH - TRERYEIELT,
RACERALTWA, #2000 CRAREENERLALFEEE LT, Zofifd, REROE
FOBEKBENK 12°C LB o 7o 2 EMNE 2 Hhn (ErEmBseer, 1988). X8 A&t
PEKE S BEEOBFRERT. EKENBIE—FOEHATHH IR T2 2drhbb T, &
BRIBLLIEETS. CoRAITZ-Zh LI,

LEERD A H =X IRD IS CELZBND. W E, IEATREKBRELTV5L0
75, FLECELLHKEIALYOT (7414 v) ZBML 0°C oK d. BT7oKE
BRIBOABRBRE - WG L, FhTEKBYERT 5. koKX L Z L
NIBL, LERBR A ERTLH, BENRIZ EBEELHET-D, H0BEKEYR VA
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Table 3. Relation between hole’s depth and amount of discharged sewage.

BE  RE HAR BAR A BE BKR BkE
HER B  (m) 0 BEHO WEH H¥  (m) o BEE

1987. 2.14 0 —27.5 0 | 1988. 6.30 502 —16.5 21300 281122
1987. 7. 7 143 —20.4 80100 80100 | 1988. 7.31 533 —16.1 20100 301222
1987. 7.16 152 —19.7 5000 85100 | 1988. 8.31 564 —16.5 19900 321122
1987. 7.26 162 —19.3 5500 90600 | 1988. 9.30 594 18 16600 337722
1987. 8. 6 173 —18.6 4200 94800 | 1988.10.31 625 —17.9 18300 356022
1987. 8.17 184 —18.7 6800 101600 | 1988.11.30 655 —i5.2 15300 371322
1987. 8.27 194 —18.5 5400 107000 | 1988.12.31 686 —17.5 18500 389822
1987. 9. 7 205 —17.9 6800 113800 | 1989. 1.31 717 —14.7 21700 411522
1987. 9.17 215 —18 4200 118000 | 1989. 2.28 745 —17.3 17554 429076
1987.10. 9 237 —17.6 10600 128600 | 1989. 3.31 776 —14.5 16768 445844
1987.10.20 248 —17.6 6000 134600 | 1989. 4.30 806 —13.9 13819 459663
1987.10.31 259 —17.6 7200 141800 | 1989. 5.31 837 —14.2 14364 474027
1987.11.10 269 —17.7 6800 148600 | 1989. 6.30 867 —14.1 12992 487019
1987.11.20 279 —17.6 9800 158400 ' 1989. 7.31 898 —13.5 9266 496285
1987.11.30 289 —17.3 9400 167800  1989. 8.31 929 —16.5 10988 507273
1987.12.10 299 —17.6 7800 175600 ~ 1989. 9.30 959 —13.2 13028 520301
1987.12.20 309 —18.6 10600 186200 | 1989.10.31 990 —I2.7 12162 532463
1988. 2.29 380 —19.5 20200 206400 | 1989.11.30 1020 —12.4 10501 542964
1988. 3.31 411 —17.5 18600 225000 | 1989.12.31 1051 —16.1 22135 565099
1988. 4.30 441 —17 16222 241222 | 1990. 1.31 1082 —15.9 29047 594146
.5.31 472 —17.1 18600 259822 |
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Fig. 7. Relation between days from the first discharge of sewage and hole's depth and
cumulative amount of sewage.
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Fig. 8. Relation between cumulative amount of discharged sewage and hole's depth.
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Hy=Vr (80—1/21)). (2)
PeKoBIC X - TRET HEF BRI, X (D). 2 IhH
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LD KL,
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THH, TO—FHIBRNATHRIE L, TOMIE7 4 LV ICBIRE NS,
VE, ZOLKER, ROERECED, KoK D7 4 L vV ICRINENRD &
Fe+sk, 74 v VIR D KEE, KROL KD,
Vi=Vi+ Vir—Vs
= V(1 + (= 1) 1/(7 (80— 1/2 1)), (5)
r=06, r,=—18.5°C (HFHBAUHEOFFHRR) LIKETH &,
Vi= Ve (1-0.00751,),
Elgh, BEKOIREAN 133.3°C ThHIUE, PKOBE TRl L /BRI PEKE e, 7
4 MV IRBEIRDBQLEN L Ebrh, HIKROBEME L fehuE, AT VI
WX X B EE»HE ML, 100°C T 25%, 25°C T 81.3% TH5.
¥, RKEXREC/I DD L, 74 v VIRERIREIND 45 L, HiKTHifc3h
574 v vOEEE, K@ Xh
Vis= (V4 Vs-1)in

=0.917 Vo /(0.917— ) - (1 +1,,/(80— 1/21,)), (6)
Thsb., r=06, t,=—185°C #fRAL T, kX%E5.
V=289V, (1+0.01121,). (7)
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%. ScHMITT and RODRIGUEZ (1963) = X % L HEAKILRIFHSERICEET S & L2 5
Tu%, REE 594Kk AHEK U 1990 1 A3THOFLEL, BEKEMEHTob 11.oem R
LicLBizb s 0T, ZhwPldkoms L L .=30°C {{ET5 &, ZOBOMED
T 13Tm LHETES.
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LTUBREREAE LT, 2TFREMCHENERIAECO THELBE LT RBRENT T
5T 8, BROBEKERL TBDTEENTERT V&, HEKLAELHEEI LD T,
RMOBENOFIATE I L ENBT BN D,
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il ¥, BB A ORETE LB, MIIBBRLEIBEREY I LD LT
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D—N, AR MTolc. B TORE LHKEORIE I, H28%, - 29k - 30k - 3l kb4
PWEEEKDOH 2 ICFER L T fofiv e, ThbDH 2B < kL 7.
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