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cavity of deep hot-water drill in polar regions
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Abstract: The hot-water drill is considered to be the most efficient, safest and cleanest drilling equipment for exploring
subglacial lakes in polar regions. A return-water cavity must be built when using hot-water drill to explore subglacial
lakes. However, at present, the structure and thermal characteristics of the return-water cavity are still not clear. This
paper first sorts out the main structure of return-water cavities of deep hot-water drill. Subsequently, a method for
calculating the construction depth of the return-water cavity is established based on the pressure of the overlying ice on
the subglacial lakes, and the initial shape of the return-water cavity is determined and the calculation methods for its
dimensions is proposed. Then, the methods for calculating the critical temperature of return-water and the critical flow
rate of injected hot water are proposed by establishing the physical and mathematical model of the ice temperature field
surrounding the return-water cavity. Later, the influence of various factors on the two parameters are systematically
analyzed. The research shows that the double-layer main/secondary hole structure is preferred for the return-water

cavity when it is used for drilling subglacial lakes. The distance between the main hole and the secondary hole should be
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less than 1m, the diameter of the main or the secondary hole should be between 0.3m and 0.6m, and the length of the

return-water cavity should be 2~3m longer than that of the submersible pump. The construction depth of the

return-water cavity mainly depends on the thickness of the overlying ice sheet. In practical engineering, the construction

depth of the return-water cavity should be 15~30m greater than the theoretical value. The critical temperature of

return-water and the critical flow rate of injected hot water decrease with time. In normal conditions, the critical

temperature of return-water does not exceed 2~3°C and the critical flow rate of injected hot water does not exceed 12I./min.

Key words: polar regions; subglacial lake; deep hot-water drill; return-water cavity; critical temperature of return-water;

critical flow rate of injected hot water
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Fig.1 Schematic diagram of the structure of

return-water cavity
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Table 1 Main parameters of the return-water cavity used for drilling subglacial aquatic environment in polar regions

P YA KZE - HEE R/ jr_A/E'J%L j‘r_iEHL ljhkﬁﬁ %j@hk
B /m m B /m HA/m mE/m fi/m

Ellsworth vk T "™ 2012—2013 3155 300 ~2 =>0.36 — —
Whillans 7K T #07” 2012—2013 =801 o 120 <1 0.6 — <110
Mercer 7K T 1" 2018—2019 1087 PR LA 175 ~0.8 0.4 — 101
Rutford 7K i —FL 177" 2154 150
Rutford 7K —fL 2% 2018—2019 2154 e 100/240  0.5~0.7 0.3 10 2230
Rutford vk i —L 3% " 2130 UL/ 100/240

T < TG VA B 4 R ) [ A U 4 A 5 A K LA AR B DK KR K 3 5 AL N KRS 0 328 01 I AL VAL B TR EE
Rutford PR3t —fL 2 FAL 3 HH A 35 TR 2 53 530 b T2 Dm0 A R A J22 [ 7 B ) el 3 R B

1.2 oK b 2 VR
X5 /AL 24 1 I T i OR
i SR — A T R 3 /B L 25 4 0 KB 7 25
AT A VR I 40 15 K I 3 R
R J2 0 K I 0 i R FE .13 [ K 1 2 5 R
P T DA 58— SR O (R VR R

% <, DA PR I 3 R B Ah R T R R KL g
% 3k il 7K A o) R R e R 5 S AR R R i TR
JE Ak K, T BB IR B T I Rl K & R,
M0 &5 3% Ml =7 TAE A ok B R 48 . BB LR IE Rk
AT g ALY 2 TR EE H T I A 5 U0 Y B8 A
95 K4 2 4% . TeeCube 5T H 7 South Pole [ 7] /K i



95245 31

27 A < A0l 2 BRI TR K R 5 4 B R R P BT 5 87

W K 35~40 m'™' ,BEAMISH 3 H & Rutford 7K i
By 2 1K R BE 29 R 100 m™ R SO B2 F/
I FL 25 Ay [ 7 %) e s O R L) 3 /I L 45 A v
)2 DK s ) A R R SRR O Il K R R

I 7K 18 i e R R I e T K 8 B A UK X
WK G 77 o [l K s e 3 V% 38 O R 28 UK
B, A KB FL PN Rl K B KRR /0 T 7 K2 X vk
WK R T, DA G A AL RlOKAE R ZAE R
WAVK T oA

P, <P (1)

Ao P,——HOK B AL Rk oK 177 A2 B K
JE 1, MPa; P—— L UK )2 X vk R W K 89 & J1
MPa,

PRI PA] 43 4% R o H 5
P,=p.g(h—=z) (2)
Pinig(h—zl)—i—J:p(z)gdz (3)

HH o K% B B1000 kg/m’; g——E J1 0N

WL H 9.8 m/s*; h—— UK FE BB , m; 2. [\ 7K JiiE
W, m;o—— KA % B, 917 kg/m’; 2, EEiG
AR UK RIE , m; 2 W ,m;pe AR R E S

E‘JI’IE‘E ,kg/m ©
o T3 T 230 17 155
p(2)=pi— (o, —p.)exp(—z/z,) (4)

K p——HRFWHE kg/m’;z,— R 5 JZ4F
TERIE ,m,
P (2)~(D A (D), Af A .
202(1)h+ Z[lexp(Zl>](5)
o o z,

VK2 b, — A 2, ==2/1.9. i, K (5)

CINGES R
ZCE(l—IOi)/L—O—O.SSMZP (6)
O O

hoooz, PP TR R M S WA E, — B o=
300~400 kg/m’,z,=30~70 m.,

K2R T A HLER o s A VK SR R MR
OB ERRIEIRE

SR VAL A T Tk R AT S L R A X (6) X
21 Ar b FOKEY 1K R B B E  E RE HE AT T
B WA 2R, B Rutford vK iR 1545 FLAN , BIK i
RO S B 2 o R R 1Y L B S R VR R 13~60 m, T

F2 RESHEEKIKESE
Table 2 Snow and ice parameters of some locations

in polar regions

oo h/m oJ/(kgem”)  2,/m

South Pole ~ 2700""  ==340% 681

B Dome C 3275 a2290" 6157
Byrd 2164%  2=360"" 36

MBS GISP2 303587 A272~311% 445

J [ 7K A i A R AR B U] . Rutford UK 3 15 4 £L
] 7K fes 52 o A o R 3 /N T S Al v TR L X E R
B B O 2F Rutford YKL B oA X ] 7K s 42 it R
TF I A FIPAL . X BB ZFE KRR 1 min Y, B
LB KA FRE T 2930 m'™ . oAb, [l K i 3 i
TR BE 5 B 5 VKR K R BT I AL P S B SF i K
fL2Z 18] Y 22 AN R 14~28 mo (A, o) 5% Bk o7
AR R Tl K s A VR B ) A A B . (E R
B SR A S (6) 115 [ K s ) B e A v TR B
XL 2 I B A A AT T — R T Ak E
FXRLE REE RV R T R A G . RS
Brvk R 155 38 TR H , el 00 SE 7 vk R W) B 45 T
Jr R VKU Bl DA 3R BBORE 2 2 %% B 43 A RRAE TR

(1) ~(3)FEAT 7] /K fis B s % 58 AR A 3

300 | W [EIKO S S PR EE TR EE
© [5] /K J BRI VR S
250 | A THTKAL /{5‘[3 Ellsworth
g fL2
s 200 -
S -
B i1
150 + -
Rutford
100 +
Whillans
50 L 1 | 1 L |
500 1000 1500 2000 2500 3000 3500
VKGR SE /m

E2 EKEZEREERITEFERR
Fig.2 Verification of theoretical method for calculating

the construction depth of return-water cavity
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Fig.3 Variation of the construction depth of the return-water cavity
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Fig.6 Variation of the critical temperature of return-water
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Table 3 Parameter settings for calculating the critical flow rate of injected hot water
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Fig.7 Variation of the critical flow rate of injected hot water
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