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Abstract: In the context of geothermal drilling equipment and well structures in Guizhou Province, the application of
air-lift reverse circulation drilling technology in geothermal well drilling is summarized, including the direct mud
circulation and air-lift reverse circulation principles, drilling equipment, BHA, immersion ratio, drilling parameters
and so on. The field results of air-lift reverse circulation drilling technology in geothermal well drilling proved that it
can improve the drilling efficiency in dissolved fractured formation, reduce incidents down the holes. At the same
time, this technology provides good borehole cleaning in thermal reservoirs.
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Table 1 Main drilling equipment for geothermal drilling

in Guizhou Province
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Fig.1 Three-section well structure
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Fig.2 Two-section well structure
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Fig.3 Air-lift reverse circulation drilling principle
with dual-wall drill pipes
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Fig.4 Suspended air-lift reverse circulation drilling principle
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Table 2 Drilling tool assemblies for air-lift reverse circulation drilling technology
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Table 3  Air-lift reverse circulation drilling parameters
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W R BRHF 20~30 35~45 1.5~2.4
BA 2 25~35 40~70 1.4~2.0
152 M A 2 30~45 60~90 1.2~1.5
e W BB 20~25  35~45 1.5~2.4

5 XERAKREME

R I T2 AR B R IR R EAT A £L A
MO S A IR BIR B R AR 1Y Y L 3 X
S s BB FL A R4 0 BT A Bl P R v AR R BN
TR

(1) 2R A28 BTG B0 0 2R T 22 7 5 X e i 3t
JE A Rl R KRR BE L SR LR AT B, DL
5 TS B9 DLBE LA KU, m] SR T 9 AR K U R 3T
B,

(2 JIsiAT B R At e, A LA A BURE B AT P9
8 5 S K % 1 RE AT TR R R I B

(3) 71 Al B JFE BT 7 56 06 R 55 1 0 1 s T R A
P B CIFF) I, B4 Bl s S IR 155 2 3 Bl AT 42 1
I PR 7 REAS IR DL I N RORE B T 3 e T 3 9
W& .

4 Bl 2 v 7 i R SO0 = e 3 1) 1 7 72 A 2R

JK AR A L LA BT OURE B AT N A5 5 BHE R R R 58
4.

Ol =7 W7 — B A7 20 4 W FL N
WO, =F B FRMPE RGE B, B TR R
R AKE B . F A Bk 3 FK G Sk 12 Sk 1 O s —
Wr——Wr LAk s e i 5 T fL N R B 5 — S ——
K B S b B

(6732 S BBl R IsF 5 R 5 368 S 117K L L oK
i SIE A KA BULIN LLT A I K B R
ot

(DIERBL T M2 W02 B FLBE 3 P,
TE B S 7K HR A Ton i 45 w0 A il G e RORE A 1Y) o )
BEA TR LABT I3 B Sk

(8) S 2% M J= Bl R I B XA RE I ] W ot J= o 1

Lo R RGRE NG BL NI A AR E T B A o ok Wt 47
Al

& =

6 BB Ao
6.1 T MM

H 2010 4F LAk S RGBT 2L 2 &8 5t
HNAE - BRIt T Tz A R 1 R
HARENE, %I 0~455 m WERRZ TS .0
TR YR 2 UUA OB DR R B U, D I 5 R
455~1045 m NI A E K)Z o I B2 44
.

—JF B 0~250. 15 m, D311 mm HBLE 55
PURJG 82 250.15 m, FA 0244.5 mm EE K
i - 5

T IHBE 250, 15~496 m, H:4E 216 mm, FE#
INFEAXTS )5, F 0177, 8 mm A7 I 2 & /K 6 [
i

SIS BE 496~1266. 56 m. JF4E 152 mm #AL
B % 1266. 56 m &AL,

6.2 i T1% DL A4

— I B R TC IR Y R % 1 R 25 ST
SAE IR, HoHb 2 K A 5% L BRI SR B 2 e LE 10 PR G 0
ARG HE B A TR G W vh B A BE

T B 250,15 ~464. 4 m % S 2% RIEH
Bt T2 VB R 464.4 m J5 . K 18 25 R HILAE 15
[ 484 (5 ) 5 K BT 19 24 B 3 20 O B BE PR i
W 7K ik T R 3 ™ R AR R B R A R OE
ARG HE 55 W vh DE WA BE



22 B TR CH 488 TR

2019 4F 12 A

=IFHBE 496~644. 02 m T D127 mm BEE
BifFiR T~ KB R A 52 \E 16 3R 4L i R & W o
VEWR B BE , BE 644,02 m 18 ZLBR L Pk TR 2k IR OOK
£ 34,9 m) 5 T AR B ok A28 B9 B0 4l 0E T 20
BiZ 1159. 48 m Ji B HEHEAT 0 S A d K T AR, 3k %)
L EZENONTIEL S
6.3 AZE RAE PR HE TN RO 4 b

WA 1 IR g1t Wk 4,

R4 WEFERBERSEI
Table 4 Drilling data of Well Fengxiang — 1

LR/ BhdE Sl DUARAEGE

B/ =
JhEL/m S mm  J5k [H/h (meh D
0~250.15  BLOSFAIRTTA 311 IEfE¥S 161.67 1.55

250.15~300  BRLSFATR TS 216 JPEFF 19.00  2.62

300~455  AWEHEAIBRIIOUE 216 RRAEM 97.54 159
455~464.4 ATRHAHBH 216 JZfEFR 13.50  0.70
464. 4~496 KA HB A 216 IEFEER 60.68  0.52
496~644.02 KTHAH = 152 IEfEFF 286.20  0.52
644.02~1045 JTREAA =S 152 JZAR¥S 469.26  0.85
1045~1160 B LI TRHR T DUA 152 PEFR 79.31 145
1160~1200  FIE4LIETUE 152 RAEH 37.67  1.06
1200~1266. 56 MR HEAE AN & 152 FRAFFR 203.65  0.33

M 4 AT LA L R R DL L A2 IR R
PE TR HUBRCR 8 0 2 AR IR AR R B T 20 1
o 4 B A I

7 Hit5EW
7.1 #ig

SEER AR W, 2 G R R T2 AR SN A ik
ZEBIM R Bt T By R P, R
TELLN JLANTT I

COAR W T BhoE s B, 28 S B0 4l i o —
JE T 7 TR 46 25 00T RUBE Bl By U I R A — 2 TR
JE LR i HE A O R (TR B A R
ANT PR A B B B AR 1 S R U 2
IFAEI WAL R IR T B4 IR A RO B
B vy 11 B ) it 2l . S PR LR A B CR L) i
SeRWr A k. R A B s R R
% sl BE S B FL P65 % 0 3 O R S AR DA TR 42 55
Bk T

)WL N S BORY Ao 2 R AR 38 i o o
YE N T 7K SRR BE o e 08 T oh e ARG JE
BeeAR 0 WL BB g o T A 25080 S A Sl B e A s R R
6 B0 3 R AT AT R Tk R R T B b e R R

IR B Al T E L, YT 24T 8 T B ) R ORE A T B U 2R T
Y XU

(OVEIFRBOR W &, A28 SO B0 3 vh e W
5 7K I Bl A v LR A AR L R B T m
ZABEE Y B Y ST B RO IR 0 TR
JF o A R T RO T AR
7.2 #il

(D B A 38 B R A28 SO0 2R3 i T 22
F T A2 R PRtk T 200 H % i 4 T 2B e
i 1) 2 DUHE ST A 2800 SOAE B o DR AR T 25 Al b
A e — E B R RS S B 0 IR B /D E A
200 m DI,

(2) R 1 b J22 LK B b 22 AN B FH A% I
it T2

=

2

2 % 3Lk (References) :

(1] ®IHRSR , sk HL, SRBKAC A58 IR R b B I 5 U F FOR ML B
H T J5 R 2 YRR 5 2018, 2 5.

HU Yule, ZHANG Hui, ZHANG Qiudong, et al. Drilling and
completion techniques of deep geothermal well[M]. Wuhan:
China University of Geosciences Press, 2013:2—5.

[2] Kong Y, Pang Z. Shao H., et al. Recent studies on hydrothermal
systems in China: a review[ ] ]. Geotherm Energy, 2014,2(1) :20.

[3] Pang Z. Kong Y. Pang J. et al. Geothermal resources and de-
velopment in Xiongan New Areal J]. Bulletin of Chinese Acad-
emy of Sciences, 2017, 32(11):1224—1229.

[4] VX007 ALWE e, T4 . T [ b B4 9% 0800 % ) Y R 4 i 4 R

(VTR A TR CH L85 98 TR . 2013,40(4) :1—5.
XU Liuwan, WU Xiaolong, WANG Yanli. Development and
utilization of geothermal resource in China and the drilling
technology[J]. Exploration Engineering (Rock &. Soil Drilling
and Tunneling), 2013,40(4) :1—5.

[5] LuoJ, Pang Z, Kong Y. et al. Geothermal potential evalua-
tion and development prioritization based on geochemistry of
geothermal waters from Kangding area, western Sichuan, Chi-
nalJ]. Environmental Earth Sciences, 2017,76(9) :343.

[6] REAE, = Akt #FF K N B s 37 L) AR A R 2 B
SR CHARBFERD 2003, 4(1) 31— 34.

WU Jinghua, YUN Xibin. Development and benefit evaluation
of geothermal energy[J]. Journal of Changchun Institute of
Technology (Natural Sciences Edition), 2003,4(1):31— 34,

(7] EWIE, W, 5 A s #0¢ U5 JF & I B 2 % 3 e L [T ], 5%
M85, 2007,24(1) :9—12,16.

WANG Mingzhang, WANG Shangyan. Concerns of developing
geothermal resources in Guizhou Province and countermeasure
proposals[J]. Guizhou Geology, 2007,24(1):9—12,16.

(8] MoRbRE. B 4, ok M 45 5t N 48 K SR 3 B4 8% 38 4 A Bt Ak
AKAEZAFFAE LT ] o [ Ml i 74 £ . 2018, 5(2) : 38— 44,

YANG Rongkang, LUO Wei, PEI Yongwei, et al. Distribu-

tion and fluids hydrochemistry characteristics of hydrothermal



546 BH 12 EE

GG AR SRR HE LS TE SN s BT b RS N 23

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

geothermal resources in Guizhou Province[ J]. Geological Sur-
vey of China,2018,5(2):38—44.
PP, 2L, S B AR b R B IR A O I B Y
(V18R TR Co 4 48 TR ,2018,45(3) : 1—8.
LU Yubei, LI Yi, LU Wei, et al. Research on the exploration
and development of geothermal resources in the new eral J].
Exploration Engineering ( Rock &. Soil Drilling and Tunne-
ling), 2018,45(3):1—8.
FEP AL I R L T B RS A BT S TS L) ] T LR CA
HidiE TF) ,2004,31(2) :43—47.
LU Yubei. Analyses and research on frequently occurred
problems in geothermal well [ J]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling) , 2004,31(2) :43—47.
B R IRERA EARAN A5 MR Bl AR ZR VT = A P TR 0 4t 24
BEUR A P BT SE L], B4, 2012,13(4) 27— 29,
SHEN Yunfei, ZHANG Qiudong, WANG Junjie, et al. Ap-
plication of PDM drilling tools in the exploration of deep geo-
thermal resources in the Pearl River Delta[ J]. Geological E-
quipment, 2012,13 (4). 27—29.
S T AL BREE L i B A A AR IR IR T 5
(1], 5 5345 ,2013.,49(3) ;528 —533.
WU Ye, LU Yubei, CHEN Ying. Research on the air drilling
test in the Tengchong Volcano-Geothermal-Tectonic Zone[ J].
Geology and Exploration, 2013,49(3) :528—533.
R SE X S LR B A U BOR A B R T O i
Lo LT DL AR BB R 2015(4) 1126, 129,131,
LU Guoliang, LIU Wentao, KONG Xiangwu. Application of
air drilling technology in the construction of Lu Dong super
deep geothermal well[J]. Shandong Coal Science and Tech-
nology, 2015(4).:126,129,131.
L TR R A R S 3 A R ST R TE St R
B R LT 80 TR G R4 48 T2 . 2018, 45(1) : 34
—38.
YANG Zhongyan, JIA Zhi, AN Zhenying, et al. Application
of air-lifting reverse circulation system with suspension type
independent inner pipe in geothermal well construction[ J].
Exploration Engineering (Rock & Soil Drilling and Tunne-
ling), 2018,45(1):34—38.
VEXNTT AT, B AR 45 2 T 2028 AR B R A st AT TF
Zy R AL TR TR CA L4548 T#), 2016, 43(10) . 225
—229.
XU Liuwan, WANG Yanli, YIN Guoyue, et al. Application
of multi-process air drilling technology in geothermal well ex-
ploration[J]. Exploration Engincering (Rock & Soil Drilling
and Tunneling), 2016,43(10):225—229.
WS ZE RIS RETU L A 2 T A A I T A AR K IR it T
FHY R S [T R TR CA LB TR . 2014,41(12) ¢
11—14.
HAO Wenkui, SONG Hongbing, KANG Kang, et al. Appli-
cation practice of multi-process air drilling technology in deep
well construction[J]. Exploration Engineering (Rock &. Soil
Drilling and Tunneling), 2014,41(12) ;11— 14,
Wit B gl sk S ROG I 5l T T2 A8 BRI it T b i 1o
D035 TR CA L4548 TR ,2009,36(4) :23—24,28.
CHEN Yi, DUAN Depei. Application of air-lift reverse circu-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

lation drilling in Baoli ZK3 deep geothermal well of Guizhou
[J]. Exploration Engineering (Rock &. Soil Drilling and Tun-
neling) , 2009,36(4) :23—24,28.

2571 e SR Bl R A OB R R R L R R
CH 44 TR ,2014,41(3) :56 —58.

LI Qilong. Application of screw drill in geothermal well drill-
ing[ JJ. Exploration Engineering (Rock & Soil Drilling and
Tunneling) , 2014,41(3):56—58.

BRAEE  EEE, RS SN RS R ORI 2 A AL
BB B BT ] 5 B4, 2016,52(5) : 942 — 949,
ZHAO Huaxuan, WANG Yujun, CHEN Tao, et al. Re-
search and application of air DTH hammer drilling technology
in Guizhou deep geothermal well of clastic rock strata[ J]. Ge-
ology and Exploration, 2016,52(5):942—949.

AR E 2R L BRI G5 SN R R A 3t J2 0t BRI 2 SO AL
i T AR AT s [0 TR CE R85 98 T18).2017. 44
(2):37—42.

ZHAO Huaxuan, LI Qiang, CHEN Tao, et al. Research and
application of air DTH hammer drilling technology for deep
geothermal well in Guizhou carbonate formation[J]. Explora-
tion Engineering ( Rock &. Soil Drilling and Tunneling) .
2017,44(2) :37—42.

T ER. ESL . 2 T LI AR E SN A 3 R ZK]
FHeie T A R F 5 (). 4 i -5 38 8. 2016, 52 (1) : 165 —
172.

SU Ning, WANG Hu, WANG Jian, et al. Application of
multi-process drilling technology to the Well ZK in Zunyi,
Guizhou Province[ J]. Geology and Exploration, 2016,52(1) :
165—172.

AAAR o & 90T A SN A A R M AR IR B R T
(I3 5 544, 2018, 54(5) : 1024 —1037.

SONG Jiwei, JIANG Guosheng, SU Ning, et al. Drilling
technology of deep geothermal wells for complex strata in
Guizhou Province[ J]. Geology and Exploration, 2018,54(5) :
1024—1037.

FEAE AR, B VA SR B RG E oh 23 TR ALY B XU
FIPRLT M LMl i 5 B 1 2017.,45(4) 157 — 162.

WANG Hua, HAO Shijun. MO Haitao. The pilot study on
start pressure of the air compressor during the air-lift reverse
circulation drilling[J]. Coal Geology & Exploration, 2017,45
(4):157—162.

M AT EFY, A5 UG R E AR AE ATl T A5
PO HTLI LR B R 5 TR, 2016,16(19) : 179 — 184,

PENG Bin, LI Bangmin, WANG Dan, et al. Analyzing of the
applicability for air-lift reverse circulation technology in pe-
troleum drilling [ J]. Science Technology and Engineering,
2016,16(19):179—184.

A8 SRR R AR R R S A A T L R Ak B 43
[ AR B2 ,2014,42(4) 164 —67.

FAN Wenyue. Analysis of submergence ratio variation law in
air-lift reserve circulation construction of large diameter very

long piles[J]. World Bridges, 2014,42(4) ;64—67.

(% # $hmm)





