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Fig. 2 Mud circulating pressure loss and pump power calculation software
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Table 1 Optimized drilling diameter and casing program
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Table 3 Main configuration of 5000 m intelligent

geological drilling technology and equipment

75 2 FAK T FESH
4 ZK41 1800 kN
JiG 1B DZ180 1800 kN
N TC180 1800 kN
N YG180 1800 kN
g4 / 500 kW
L E ZP-205 250 kW
CERIES CDD50DB 2x132 kW
5000 | ZRERBUNL L / 55 kW
m VFD J; / /
i GEE / /

. RN B3I / IR 715 kg
FLIK BREL T / 25000 N + m/100 r/min
i BJIME / <37 kW
LN EEDN DH-180 1800 kN
AL BRI QW-205 /

RS K YM-10 160 kN
RIS JQHSB-50%12 50 kN
. 15+50+120 L
HAE WIS / 416416 MPa
FIZEHL DSJ8-D 80 kN/5.5 kW
L3R XUAIL LGFK3/8 18.5 kW
FEEILR S / 35 MPa/ @107 mm
1 VU 9000x2300% 1800 |74 27.5 m* , 4K
5 P Bl JKZDS160 160 m*/h;1. 86 kW 2
i W SB4 * 3-11 60 m*/h ;11 kW
5 PEFRHE  9000%2300x 1800 mm| Z5H1 28.9 m* , Wity
o Frib s JKCSQ-250 %2 | 200 m*/h ;44~74 pm
; e e 2 JKCNQI25 8 | 200 m*/h ;15~20 pm
) WHE SB8 * 6-13 200 m*/h ;55 kW
3 PG HE 9000x2300x 1800 | %1 37.3 m®, 58 Wi
S BOHLIEAS | 5.5 kW-4 4% 50 Hz g 5
WE | BSOHL | JKLW450 % 1000 N | 50 m’/h;5~7 pm
) 'EH? 4 il e 9000x2300%1800 | %F128.9 m® , A/
A Fe 3% I > JKSLH150 * 50 200 m*/h
i S SBS * 6-12 200 m*/h ;45 kW
s 2k ©1500x1500 mm 2.6 m®
W | SraCIE ey JKJBQ-5.5 L. 5.5 kW
eIt JKNJQ80A-3X W= Wk AR .3
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5 T %%ﬁ‘%fﬁjﬁ‘&ﬁﬁ
B BT W5
RS
BiE RS 280 kW, 380 V/50Hz gl

3 IR 5BW-250 250 kW

4 Fk b BT H H.P .S #iA% /
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BEROAT BR 23 ) 5 B B Bk A
2.3 HhRFEEMREIEIRER

WRAERF AL B R TR I, 455 48
PSR PE T 200 EARAY 5000 m FFRALA
W RI S EFAE BRI T ZR
PSR (R 1R L) Al TR A E B
REFRPR (3 3) .

3 ket A ek
— AP A IR R ST

3.1 5000 m 45 R FLH B A B Eh AL
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TFIE TEUE R al PR Sis
By 7 MU NV HL K LB SE R T, B AR
AL R B2 i i Je b v | sk e
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(DR A s 7 R AR T, Ti
KRBT RS AR R BT AT v

()BT REEBL G 1500, &
AN E T2 AR A BB R AR ER,
SIEPRHL AL B EL K B TR R 4 4 iR Ak 1
T B SEIER SRR

(3) W3R 2 Gk AU ALK 3l , 1 5 58
it 7S AR AT 272 SR i A 2 et 2
0V e DB o i AL 4 A, A U AR
BRFHAE AN A2 Bl ) Bl 28T

(4) 5 it 3 72 vb (%) 8 A 2 AT Pl K e Sk
(RN T2 e e T B B A A8 A 28 m7 Hh 7K
oSk SE A 5 45 7 e R 7K e Sk AR
SRAE B o0 2R W 2 R I AR
SEEIR IR N DAER VA1 IR 7 A i i
2020) .

(5) LTI AL >R AR A Fa HLER Bl i
PP AR T, S ISR I o AR ORG A 9 ) (K
PHAETRAE,2020)

(6) 3= B8 252k 1] 28 it 728 431 ) 1 5 14
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Fig. 3 Automation system of wellhead; (a) automatic catwalk machine; (b) iron roughneck; (c¢) derrickman
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3.2 FLOBs el EE

S G RBUNEN I T 2R 8, 52 T A ShliE
BU ek e, TR TR &, S8t 74010 A 3hik
YR R e R AR L 3R R Gefb s il R W T e
FEESHLAL AR f AR FL D A 3k, RS
AISEBTE N H ST B AR BN R e B (E)
B H SIARHEBONMEE NS SIYIRE , FLH R
FEAR GRS A Sk OSSN A 3 R

4 Bhbd R R ER RS

T FLRAE LR | 3t 3 RV R gl A ot s
MR B AF 2 IR SR E R 5 e il o — &
AR BEREBOR T e 1 4l ik i A 4 e AL P R T
HIF K, SE R T L PR ROl 0 A g Bl R BE A B
AT SERIT ST, S T 4 i 3 — I Al A0 4R AL
il o
4.1 FHHEHBHIEHRGHL

T T DRALECE W T IE 5, Wik 1 Rt >R
SR A7 A AT B5 2 S /N A MWD (2
FEPNE XL NSRS AT RS & LK v A 28 A
AN AR WOHLAG ) B 1 E 2 28 2 RO /N
MWD BEIE /N F A28 M 5 B B R A5 1R, A Bt il
DR AR AL 7 LSRR A7 Al I T e

T T B dh i R B R FE i HOR TS, SC B T 4
PERCH ) W S R B SR S Bt
PR REFN 5 2 0, W TR T IR S it
(e 1 4 Al S LA TR e 3ok ) i o DAY ) i 557 1l
PR R G TS L MR 2 8 (L R T
T R B TR RSUETRIE B ) I R

BT T — B 55T 1R A O 0 550 10 Bl AR Ak
E SRV Sy K WA RE RS R ) KRS (=
B, MR R I R = RGBT R R E S O R
MR SRR 2 e E S B b AR T
SR TH IR AR

P T — Rl U AR O ik AR R
FEFEBO B 5 A PR A BT 9 ik -, B IR SR
A BRSBTS DU T I 45
SR R A R i I — 1k W Eh
Fls /NSRBI T 1, AT Rl i S O 3
Ik DU 3 P 2 HE TS R S OR AR
e A 1 S (1 ik 2 K 7 2 AR 5 25 5 S B il
Pt , KA A R o A R A T I T AN R
AW AR TR RE AR UEA T IE , SEIR g IR
FE IR R Rl T 3 A = R Uy 3k P X IR |
AT BT A3 A R A T S BR AT R A 4R
EAEIR TR IR AR IR LA

TFR T /NER TR E ARG, @ T8k un
SHERETT R R T AL S B RE T
Tk KRGl 22 B BRI T 3T T ARk
M o7 K% 47t G JEE AU Ak S8 I 4% B AR AP 5, 58 A T 3 L
Btk R GERERLIR I, A R R FL RS R i FL AR A T
FEARMRERE (3K B4 2019 ; SEIBE45 ,2020) ,
4.2 Ehin— L ERIE G

BT 1R AL P I A B Re s B
WAL IR S, 454 PLC HAR M4l A R &
ARG A , LA i B bR, Seen
T ARG — IR B AR T R G K, B PLE Re AL
B FE A = A 4 BR

A — R S R T R S, S T AR
FE B HIAE R R SR E SRR R S
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Fig. 4 Control drilling room

B B A VA, 2o PR A8 b St bR BN 0 s ZURE
BAEG M S5FURGE SR T2 T ZeH8
BHIESWA NG & 2T T — 81 RGN %4
P INEETE (Wu Xiao et al., 2019; Yang Aoxue et
al. , 2019),

5 WRBUSHT AR BOT G ROR

5.1 SBFRBURsHA

AL T WEHR T BT R A A R AT AL R T
BB« S5 0R B 25T h U MR R A
T 25 ) AR S, PN B YR 5000 m B
AR KAR L 8 RBUN BT

VEAE B bR oA TR A RT3l 3 ) 2E Mg e
1) 22 4 Z 00 R a4 3k RO R i RS ), IR K )
SRR R R S D 2R LR S T AR A5
GRE L RS e T8 FF a5 i fE s iy, 5t
T H.P.S 3 A LT 32 J1 Mg i A FRIT AT, X
3 FRRUAS BN AT RO MLARE RE S s AT T 184
Br (M55 ,2020)

i 5 22 R R P AV T 28 R BGE B FT A B SRR
5 RIS LRI T 2280, 3 S 60k
fLIZ BRI R, A S R Rt
g Bt 1.2 (JRK 585 ,2019)

ST PO A=t v SO G 5 R e 15 s |
FEM IR T, IR 2 U — R R IO T T2
KGR T AR S i 48 RIBUE BT 3 hn T8¢
AN M REAS 2] 4 H T
5.2 RIVNORSHHEE

SEEMBRIUL T AR W & R IR B 40 &R

OV EL LR Bl Bl BRI = U T i 4 NI
LAERIVNOREHLE

i I U Al B 2SR AR T B e T | B R
(E S5 R R S ERES AL Bl L
SRGE T 2R {505, AR B ) IR 4 28 2R U Al
H SRPUSR SR A —4H, SRR miE,
T 2 5000 m 48 AT H; A B R, BUER ORI T+
8 T LB B s 1a] (22 8 AR5, 2020) .

i i 4 42 8 Bh 1 B HAR T ERIS BIEST | R e
St RO AR R AT K IR S i AR A
WFFE FLINEE g | 2 5 R G 5T, B o 4 4 ) AL
JIRHRHT Eh 3k (155 55, 2018 NS, 2019 B 5K
WAL 2019 G2 RIS 2020 XIHRAE 2020 ; 1K F1 45
2020; Wang Yu et al. , 2020) ,

I A WA R IREL T SeAE ST VI Z54
WE il T 2T, DL B s Y g, B A o
ERUR s NA Ak, R E e, VI~ IX
PR AT ST PB4 = 72% ~ 167%,
754 =150 m(HHAEEAE,2019; RIFEESE,2019;
BRI AF 2020 ; FMERAE ,2020)

WA B TAETF R, B T RIRE 48 RO &
FIVEAFER H T E il vt T 28R
6 IMRBIMPRIRIR R AN T4

T I 1) P 2R A PR R

W& T EtERE R Ve IR R IR T A
T G2 140 I 352 A TR AR | S PR T 6 TR A 6 (2 BR A
JE 5T E AL
6.1 ST ERIMREDIER

W& T —ETowE B A YR v 4 1 TR R 150°C
IR MR 2R, W9 B FH 25 SRR W I o
VRWRAE il TR RR AR 5 L BUAAIR, ATl /2 5000 m b
A R T B AR R R e e A b A T
YN FH G 5 (AP, 2020 ; 5K 884545, 2020b; Wang
Sheng et al. , 2020) ,

6.2 YRR RSB AR

W& T —238 A M B 0 PR 3 v R TG 1
WA S T B ARTE N 51 XA R
LIRS P B T R Ay T RCR , 7 b Sl R
s dth Ay E A T 0 R AT R (TR A,
2020a) .

6.3 “IERWEERBA

WEE T 2R B 7] 45 (10 ~ 122 min ) F 22 15 ¢

eI A B T R LBE S ][] B AT (12 min) ()
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Table 4 Application of 5000m drilling test
[T YR 51 B B EERG AT IE B B E
©128mm EX@%‘% + s s @128mm HUHEL K + @128mm BNk +
o128 s 7L2 + | 0 ﬁ%iﬁ: eLasmn igiﬁ: Q128 S FALEE + | P HURH OIS ELs
HHALA MRAUEHI + | ke | ez | FIREER o2t MG
ol21mm EEFF+ | 7 mfl]ﬁgi ¢ mf’ﬁ;[qg\ e12Imm MEHFF+ | ol 14mm BRBCEEH
@1 14mm 43 RENFF+ 9K 7 7 @1 14mm 48 REGFT+THIK + TR
%ﬂf:ﬂ,f)’i(m) 4007. 01 ~4007.73 4007. 73 ~4008. 9 4008. 9~4009. 62 4009. 62~4014. 67 4014.67~4017.5
Bl k28 D128 4 NIA Bk D126 BEEER K ®128 Lk @128 GNIABUREL | D128 SR B,k
B (KN) 20~40 20~40 20~40 20~40 20~40
ﬂ?‘iEE( r/min) 30~40 30~40 30~40 30~40 100~150
ZEJE (MPa) 3~5 3~5 3~5 3~5 3~5
HE& (L/min) 140 ~240 140 ~240 140 ~240 140 ~240 140 ~240
I P& AT 10 NI 20 AERFLIY IR, 5
| IFRE T 5000 m b7 OV BRI R e TR, 52 %
I IR 0BG R TAE = 5000 43 2K, & K FH FLIEE
©444.5 mm—sp I ©339.7 mm 4017.50 m, B3 T P AUAK 28 2 BOE A, 7E R H BB |
I TA @146 mm M EE G IUE I 22 5%, Buds T
T I RAFR AR BRIt S 238035, 5000 m Hb i 7
I ONER PR AR 2 A A s TR P A 4 B 56 K R
I AN,
i ®244.5 mm (/MO ag B BCS e T, K%
P31l mm—— | 5000 m HiL 7 OB AR AR A T H T A N Al R
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K 6 FRIA A
Fig. 6 Obtained core
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Development and application of intelligent and automatic drilling
technology and equipment

ZHANG Jinchang" , YIN Hao" , LIU Fanbai" , HUANG Hongbo” , LIANG Jian"
WANG Yu”, WU Min" , TAO Shixian”
1) Institute of Exploration Techniques, Chinese Academy of Geological Sciences, Langfang, Hebei, 065000;
2) China Geological Equipment Group Co. , Lid, Beijing, 100102;
3) School of Engineering and Technology, China University of Geosciences ( Beijing) , Beijing, 100083
4) School of Automation, China University of Geosciences, Wuhan, 430074 ;
5) Beijing Institute of Exploration Engineering, Beijing, 100083

Abstract; In order to solve the problem of criteria and basis lack for 5000 m geological core drilling and
improve the automation and intelligence level of drilling equipment, the research of 5000 m intelligent geological
drilling technology and equipment has been started. A number of innovative achievements have been achieved
through the development and test of drilling equipment, drilling tools and drilling technology. Through the
optimization research of ultra-deep hole drilling diameter and pipe string specification, drill pipe specification
design and equipment performance parameter selection, 5000 m geological core drilling technical specification
system has been formed. Based on the development of key equipment such as 5000 m deep hole geological core
drilling rig and wellhead automatic operation device, the whole process automation of wellhead operation of wire-
line core drilling is realized, and the compliance control technology of pipe string with lightweight drilling rig is
formed. Based on the study of technical problems such as discrimination of working conditions in the hole,
optimization of drilling parameters and trajectory optimization control in complex formation, an intelligent control
technology for the integrated drilling process from surface to hole bottom based on multi-source information fusion is
formed. Based on the development of high-performance thin-walled wire-line core drill pipe and a series of high-
efficiency drill tools with small-diameter, a series of drill pipe and drill tools technology for deep wire-line coring
has been formed. The research and development of environment-friendly flushing fluid with high temperature
resistance , biological gel breaking waste slurry treatment technology and " broad-spectrum" double slurry plugging
technology have been carried out, with which a green and environment-friendly flushing fluid system and wall
protection plugging technology are formed.

Keywords: ultra-deep hole; geological core drilling; wire-line coring; intelligent and automatic drilling
technology and drilling equipment
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