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The Up-to-Date Drilling and Completion Technologies for Economic and Effective

Development of Unconventional Oil & Gas and Suggestions for Further Improvements

YUAN Guangjie'’, FU Li"’, WANG Yuan'"’, GUO Kaijie'”, CHEN Gang"”
(1. CNPC Engineering Technology R & D Company Limited, Beijing, 102206, China; 2. National Engineering Laboratory of
Petroleum Drilling Technology, Beijing, 102206, China)

Abstract: Abundant reserves of unconventional oil & gas resources occur in China. Exploring drilling and
completion technology systems for the economic and efficient development is the key to speeding up the exploration
and development process and scale up their production. This paper expounds the drilling and completion technology
systems developed by Chinese researchers for unconventional oil & gas at less than 3 500 m depth. The key
technologies in the systems involved wellbore trajectory design for three-dimensional cluster horizontal wells, design
and operation of geology-engineering integration, rate of penetration (ROP) enhancement through drilling parameter
optimization, managed temperature drilling of deep shale gas, geosteering, high-performance drilling fluid, and
efficient cementing, etc. Nevertheless, it was noted that this systems still fell short in several ways. For example,
optimal implementation of factory operation has yet to be achieved, the repeatability of horizontal well drilling with
long horizontal sections was poor, the "one-trip drilling" technology and supporting equipment were not well
established, and high-temperature and high-pressure (HTHP) resistant materials and supporting drilling tools were
scant. Suggestions for further improvements were also put forward, such as accelerating the promotion of factory
operation for large-platform cluster horizontal wells, continuously optimizing drilling technologies for horizontal wells
with long horizontal sections, fulfilling the notion of geology-engineering integration, and conducting research &
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development (R & D) of HTHP resistant materials and developing supporting tools. These measures were expected to

substantially boost the single well production and the recovery rate and thereby achieve efficient exploration and

development of unconventional oil & gas.
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suggestions for further improvements
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Fig.1 Conventional 2D and dual-2D wellbore trajectory
design
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SRR S IR 0 ) d A R AR L S T
TR T 11 235 A 6k S A o0 2 T 790 %) 9ol 5 T 405 3 2 4
AR, S B

R4l 2 P9 B0 AT 0, )1 022 < X
FEEEH AR R T AR B A S R AR E
PESEHEAT T VRAN, JRE5 G T R 2 B, AR
SRR O BERRE (0 OG5 2 = B IR g6 (E N
HE S 17 DA ek 1 MR V5 R OG5 A7 3 AR R A 5 i
B SR O B i R BRI
BE G RG L S IR T O ORD PR BB 4 b A ) B, HIIT T
Iy s SOOI AR B AR IE ), LT A
AR S — A5 P, B T2 A R TR
3.6.2 RIEAEFFiRAR R

BRI L A R A AR AR AE B A L T G R OR
B T8 AN Ty b BRAE ) L, % HELAS SO D 25 AU 7K T
BeACE b R T K S48 R 21, (0 i
JEE Yl BHL . 1 IR 975 3 L U 25 I RE B 3 2 DR 4P S
AR ME R, SR KRR W A 20 EL 2% 5 A o B B
fE, LA R RAr e i v L 5 S RE T L T AR M KA )2
PRy PERE o A 2 IR, W T SR 0 K 3
BRI R ) T 1.5%~2.0% KR T4 T 1%
PERFN+3.0% AW H+12.0%~ 15.0% 1 # 5
HCOOK+10.0% & & #h #l 5f CQFY-1+3.0% R &
M +0.2% e fi+0.15% 25 i BE+3.0% FRIA Al )2 R 3
FI+2.0% it i 2 35 500 +4.0% = 8w A ) .
H1, HCOOK Fll CQFY-1 1] LA & 4l M- 2% B, [ A1
Bl Y [ A RT KPR 3 B, B A AR S AT
P, DR AN E e 5 T B T IR A 5 3R A B RN R A
TR AR T A TR L B4 KR RE A R IR K
—JREA R EE | A AR R B A 9 R, AT Gk
B F A B 2 BEBE L AR 1 B 05 BRI PG 2 R R
TRV T 3790 1T A 000 i B R R B a4 | e
T | R A, oA B B B 5 R 6 2 R
1) SRR -

e A1 T 30 T K R Al I R AR 0 45-24H2 S RN
50-26H1 k47 7, % E 1.27~1.35 kg/L, w3}
FiBE 55~68 s, APL K &t 2.5~3.5 mL, (= ik i JE U8
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FAREF KB FHDHAEFARXTFLEF T BEARAIKRE LEER «7-

K 8~12 mL, PR 0.2%~0.3%, k%6 E
22~35 mPas, #1¥] JJ 10~ 14 Pa, 31 It 0.45~0.60.
2 FKF B (KB 20900 o 3321 14 418 m) B ik
B, Bl W A AOR R AT, A s T e A K AR R
Ji, BEAR T EEBHAHAE , ARAE 1 KK S BE 22 4w 3
o 2 FBIFRAARF A S B0 G F, S B A AT
Z KB 1500 m Ak A, JEE B 43 53] 2 160 F1 190 kN,
FHHE 3 50 12 Fl 14 kN-m, 5 [a] X e 3% 72-58H2 -
(7K BEK 1500 m, o7 FHH A Al 1R 22 ) 8 Eb, BB
BH AP 32% ~42%, FH4E FE A 22%~33%.
37 BREHFEAR

AEH B KT I 52 I 2R AR B 28K, i
PR 284707 3k 1) R 25 L KR 2 R 58 A% 38 g 5 A
T2 v BB AR | PR Ay R A ] A, AT ™ 5 52
A e, O BT BT AR L TR S R,
U, PR T BT AR B bk i R A E SR
T e o R Y 0 A Ul AR R R R K Ul T
AR S BN 5T 5 IR, TR T R B R
KEH m R B, PR T IR 4 A A R A
371 BETFTAHER

X T BoKF I, SR HLE B4 7 A
Gy IERAVEAS Y i i il & P, s iy« L4
T A B 2 6 B A i R KA B 1l e 2
o7, S AR T 20 A b o A S A AR TR i KU T
o, B RSN TR SR B MIEE B
ﬁ*[ﬂ—@]o

JE e T A A R i R TOUBK T 45 A 2 e S B
EEIHE AEE LM, fE B R
hH e EE S, A TEENA A, TEKFE
AL H IR R T B HR MR, mii LS| E
EAM=i oA, BATENE LB T A =L, 2
HARSHINE 1 iR, ek T EEH AR FEE)
USRI T Y, B Zi i 330 &0

He, BEBH AR B H LN B IE - BIFEAR 30%~50%.
Rl EBFfiETEEREIERASY
Table1 Main technical parameters of China-made top-
drive casing-running device

s W FEEIME KRB E T BOR AR/

mm MPa (kN'm)
XTG140HAM R 114~140 35~70 35
XTG140HH 168~244 35~70 35
XTG1684F 244~340 50 50
XTG340HF 340~508 15~35 50

RN B RR MR OB S R R, B
REAE A HE M BT, F) i i e AR, B
EEP R, THEE TSI, HFHE
BT TR, AT TR S SR ]
M IE FE T, BEARAS B3 7 RHE B KB R ATEEBH,
AUTFEEZET A, BEIAEAR, &8I 13
FE, AT PR IR 24, (TR B4 T B A
T, T HEATIE W AR AL, i B
AR FBARIR)Z UAAIX L T BAK B0 S IX B AR 5T
X AT T RO R R T
AR, BERTEEREAR, BEF TESH AR
5 LB [A1 £ 21.95 h, VRV B R T 30%~40%.
K PP 5 0T 2 il X AR H50-7 -0 v T B84
AR, ST 4088 m K FEEENLZALT A, AL
26.5h, BT 2 IHNEH K 2w 350 kN, 17 40 i)
FHE M N EEEAR, BT EIIRE K 2 AL
A1 150 kN (4% #f IR B EE BH AR 200 0.21 31550 .

372 B 3akasEREE

TEIK VI 2 43 B 43 16 VR PR 284t T 17, 3
R FH 2 S5 T A8 A5 0 S FL SR A T 2848 Bl S LA % A
TS LAY 7 O ST 5 — B SV Ul 1A, SRR R
FHAE 2% 7 XAt s A A | M 2E | S AL AG A5 47
L B LR SRR R AL . AR — B
SV T 3 3 I, A7 AE S ALARME LR IR L it T
DRV RS R Ml B[] 0 2 8 46 ), Ay ot el T
DRCFT [ J& 24k s 4 450", W] 76 R sl A8 BA
T AMTTEE T, /K U6 K B [ 5 o258 i 5 L sl
T HARM, AL AE I 110K A5 R bk ity 1 B 4TI, 3
SEAKOV 5 — B i 4 0 0 T, B AT R 2
M =R Bl I A A Al TR IR

(B S A B, K 1 ik iy i 240 B D B4 R
B — 4 N B WU LB, IEH AT T, R
HI O X I S #AT A O, ik
JE R 3k B0 £ JF 8 B0 I 8 FE e, I a
FIIF, B4 W SO AR 073 3 A8 R LA 38, 1
FHT 18 EA ARSI, (5 18 A 1A 7= A 1) 3 30
MHE2E, WEM T #3, &R, &re
B NANE A, SR P BRI AT R AL BRI 2
WIALHS %€ L S FLAE A5 5 224k T2 . DRCFT
fi] Sk sty ¥ 2 A R E DU ARUX 31 IR T T 3L
IFFH DA T AR b 31 i 28 7 3, e K I 1]
509 d, J& S48 RE R FT I HL i 2 R S T2
K, IR IR 100%, H A K A4 i B3R ATHT I

JF)
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373 Sk ok kB Bk S IR R A A

SR e R B Al R S AT T B T R B S
Fi9 A, 3 3 A T AN [ A R ) 6 T O R, T o
TR R R CXT-0, FE 43 I R T P R0 Y
“CBAE U T SRR, R CHMRIBE R 1Y
YRR, 2 5 08 Ve AL TR TS L TR AR o LAY T o
VRN CXJ-0 Az oAb B, Fe i T 250k i vk
B R, AR L 7 O BV RS E A XFI-5+3 Pk 7
CXJ-0+hnE M +7K . = N HEREPEN il e 45 R &,
Z R B W R BEAE 1.50~2.40 kg/L 5 B N o4, 18
90 C T 20 min JFHE 2h, L FTHEZE/NT
0.02 kg/L, ¥ Uit T RIS E KT 22 om, 1§ & %25
PR, W IR AR (120 °C) & F F 1wk oR ik
90.1%~96.9%.,

TR A AR TR 24 it T e v 2R 1 L KRB T R
A= BRI ZLE T AR AR R ity 25 5 S BOK U 5 77 A Tl
ZAPR L B S, W IR 0 B B, N & A 3R A
S, TEE T R AR KoK E By
B B 31 o R 6 2 B SR M, E R T AR
FIFCI-7. Il 84 51 %) ZRI-6 F1 5 4 Wy [ & 2k 5
ISSI-13 g A%t b B30 1 90 4k 7 Ak U8 4k R
ZIK S HEAA ZR AEEE [ i) 7 A A% B AR R I, 7T DA &
AR, H R K Te I 584 | H )2 A 4
. = NI EE R, %K IR IR REEE S
KU A B A AR AR o | R R R A, B R
b PERE R4, 5 UK R A M L, 7R PR FED R 5
B 33.89 MPa T2 T, Prhism B HE 2 3.30 MPa, 3
PERSEE A 2 5.75 GPa, BTk B 00

o 30T T v O B R 1) B e K e AR R AR
T — A R R [ R DU ST R R X500 47
HOOF#EAT T4 R, P58 85 K 4 832 m, F IR
SEE IR 5 880 m, e KIEVR 3 603 m, “F-H/K-F B
1 560 m, fix /KB 2 000 m, [ 5 245 5] K 2
FETE, LR 89.58% . A 4% % 97.32%, H-fA w15
SR, R T R BRI TR
374 HEKREEFHER

BE XTI 2R R T SOK KT BRI 5 T 1
O3 B R B4 )5 RS 5 R e, T T LA R A IR
IKVRHK AR BOETFTE T B0 AR [ ) & [ 5 B
M2 008 B AT I 10, 3 sk 0 2 96 790 RN g v 5 5
ORBE AR PSS IR, FF A& T WL TR IK U8 3 UK R ik
o5k 1R 24), Horp KRS L J7 o 700.0 g
G HKPE+14.0 g HE AL MW +4.2 g = il A2
F+21.0 g Bt W BE DR 2R ) +1.4 g ZZEE+340.0 g B

YK, REMF BB R E S, vk 2 i i B
(45 247K VeI 7k 800.0 ¢ G BKJE+16.0 g &5 43 F
K WLF+4.8 g B AA I +32.0 g TR 24,0 g T
e U AR 11 2R R0 +-8.0 g fik BT B KB 2.4 g A HIGRI+1.6 g
ZZEER+340.0 ¢ Bk, BB H TR BORUKE B
IR I, AT 3k 2 B e AR = K e 3R % B RE 1 0 B
B WIRK IR 3 % K 1.30~1.55 kg/L, ik 5
i1 33.8 h, IR K e A s PEAS & 4.6 GPa, 15 25 2 faf
DS KA TR AR DL AR 0.21%, H A& R4
PR

2018 4 LUK, MUK 78 20 VR [ B R R W 7R
HIX 20 171 5 U 45 2 B 7 11 B0 0 SOK S R b AT
TR, IR AR TR 100%, HE RG2S
LG, #2018 4R FH MK U8 3% [ 1 16 T
[ 2, 819 0 G o 3 42 8 31%, A28 45 TR 9T
i 48% FEAKE 0.

4 KEail

H A, B R 5 B B R TE & oAb T R R
W, AR T W0 BT AR H B SR IR 8
BARER, AAFEAE T AR LA =R S e Ak
KACFBOK IR Il s 22 . “ —Bi4h” Bk
SR ER AN BER  BoE R & AR BRI T
RGN R, I, 75 R A s oy, JF e —
F 50 0 AR H FLI KO 8 58 SR AR B OR
PR M ST, KR4 T 50 77 3 FeR e, SEat Ak
LA S R IR T & .
4.1 HRETKRFEMLKEH I LAEMZE

BT, I UE SOKCE IR R B 2 o 4 1
5, AN 30.22%, HkCh 6 111 8 11 H-F
B0 d 2 24.63% F1 11.94%, KRB IS
KA EE UL 5~6 OHFH R, a5
T REG A A H100 55 HF G A 31 1,
15 HA40 55 G A JF 20 10, 48 H60 45 1 F & 1 I
22 1, 1iidb 3& SUA M AOK IR IR & A F Bk
BN 16~20 11, ZH N 40~64 [, HiL, BE—4
BN I 5 A0 B A0 R OF 15 A S 4L i
W TF R, DAZ4E < T 4k 1B )
R AR08 7, S M 0% K 4 5 L BRI AR
R

N BT 5 S R X B 206 T Fe e A fig L
X, FHIAS 2, PR & 5o & A IR (8~10 H
DA ) X6 4 Jo i O JRL A L AR A I JiAs | it T S
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FARF . KRBT AL TR AT LA 2 BHANKE L *9-

Mg R EEAR . KRORECE M- UECR I 2 )2
FALRTT R (IR 3), P R 5 20 1
N SR k4 PO 2 NG - R R W W
ko Jit, T ZAEA AL E | HhbL P A )
RGBT | % 4 DN ST A By AT -5 IR ks 4 )
FISE AR P9 1 SR AR 5255 T T JEHAR TR

3 KRBEBEHSZERIEFLER
Fig.3 Multi-layer stereoscopic development mode for
Changgqing tight oil & gas

42 BHEMRUKKFEKEHEHFEAR

SAvEM e, B R Bh AR BOKE IR
o, BB B2 8 . fln, b
JEH B S I A B K 1026 m, o
W AT I KO Bedne 8 5256 m, TUATHAK
SEH KB K ol 3 150 m, 1 b 38 5 K SE 3
KB BE KT 4 800 m B i 6%, 7K I K BEK
JE KT 3200 m 195 45%.

A SR WY, KK P Bk S 3t A
o IR U AN, B BT8R 100 KK
BeKSE I Ik, S 2005 7 i 27.23%10° m/d, %
BRI OF I 7= i 4 R 31.5% (K- BEK B4R
UK H 20360 25.0% ) o PR, BRI J 4 /K1 Bt
S IR P £ % NI & SO o VAN ESP 4 |4
BRI S K P AL R H R 22 8E , 38 & B R = B A n] R
fitti, SCHAE T MM G T R R A EEE X, 45
A BETE AR BUR, I R K K BOK S I8 I KU
U TNl H 2 B0 I AL Ak, B ) AR JEE D BEL L B 7 Bl
R I HRVE E AT Bl R AR A AL, [l I DB R
BHEE BB KK B EE 2T AR
T L%, 28 R 3 000 m KK B K-
FEEHH AR IR &R, T4 3 000~4 000 m K 7K Bk
I BRI R LA IR
43 BHRITHRIE—FEUFLESR

TR e SRR 0H, M T AR — R (b S Se B AR
LI AR EE I R W G, Rk, BedT M BT TR — 1A
A TF % B, DRl e 2 b o TR — R AL S B, X

i b E K, TR — R AR e,
1) ST fi 4 1l BT TR — IR RIS AT HLA, 45 Bl L 45
BTN BB B — AL B [ B 58 AT BN, 46 138 B
NG —ER, FIH— T 67 R — i,
PEAT— R ARt T 2) JE B o T — b« %8s
W7 R E 254 L 20Ol R Y Bl 58— 17 i, 18
AN TR B A — S50 8 BRI FH O 3, i pe Bl IR
I A B G =2 10 () L5 3) Mol s I g 2 SRl F 5
5N, i Ak 2 ROBE b ) 2SRRI O L e L TR
SERER I B R, 784 K 4 I T 2 A S
IR BE A 85I 58 I U PPAL L R AR A T
FHE S5 VAR R 7R A
44 FENSEESEMHMAZREESH TEHE

SRR 2 DUA IR 1A AL & SE B AR
R ) A R R ) FE B IR EE, BN, oA i TR
JEBUASIR 4 500 m DLV SR 9.6x10"7 m, HE:
HER 3 500 m AR P IR & 5 86%. I R JZ DT
FEOKE B I IR R PR T 145 C, ek S
T T 5L B 2R RUR G 64%, T T o T oC B IR
WARETE G | 5 B R R 5 8 B 25 e A R B R Al F K
Bl S BRI B RS, DASR & e i 5 ) T ELT iR RE
J (M R3] 175 °C LALE), MO s b Bl 8,
PRI LE A IR, TR, 75 BT R A T R IR
AR B AR AR R b AR R AR 4R TR A IR R TG, A
FHARAE BARE AT 35 AR A AR Ak, SEBLHRER AR A L Ak
R, V85 BREE IR, JB 1B AR (% - Bl T T B
W, RIEH TGRS TR TAERE M
45 MK “—#sh” BFREEARTMERNFAR.

MESHE

AT, “—#gh” SR W AR Hh ok
T ARG B BB, BN E A TR
USRS B T OB B — Ay, H
AR 5 A H A A A A K 25 0, A T 64T
“ B BB A, s E R )
Hb T T 0] A4F R GE R TR0, B T AT AR R
FH, DLt — 2B BRARAL IE A . o, B AM e f% 5
ARG E AR, 0 & T IR Sk e T 1
2%, HNEC U CG Steer & i 5 n] &
Gi, (H R R REAIR T B AMR 2 7= i, T i — 2 e HE
R AR OR T e o AN B Sk B ) TR
() LS AR 22, 3 T K R T L I T PR B
{HE N CGDS 4 3k 1 5T & 48 4% W) 28 7™ i A WGE H T
IR I IR BE, T T w5 v BELOIE 1A 5T r R D A%
B ALERAE Y, SC B B AL A T I R & e
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BIR, L5 RE JE 5E 5O H i B TR AT i Hh 41, JF
Bt 5~k PDC 4l Sk 52 IRE R b J2 19 Bl 2

1) [ AP R 5 B AU IR Rk il ™ Y 3
M, A SR GIHER E 05T, AR R
PR % B 2 i A Tl A SE Tt B B, {ELATY T I Ak 22 5
SRR ME R, EREIE R I A | B R A Ty
AT BA R T 25 0]

2) 3l BOCHTE 5 I I, [ NRIE I T
AR H B K FH B S8 FH G BEE AR R 372 Mt
5, AR SR AR R LI R I g ORI
FREBCHE— R B, AW S A, DL
AR HLI AT R OT AR

3) Jg S BUAEH ML SR OT A, O R
KB AT T ARl A 5, AT o e T fE—
R B, DL K Bk B I HOR, Tosg g
e S ) TR 58 A [T Rl R AR T ) A
AHERSL, S AEH LI BT IR 55 0T K AR A
PRI o
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