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Abstract: The global unconventional oil and gas field development is currently facing continued low-price challenges,
therefore, well productivity and well construction efficiency improvement is becoming particularly important. There are
two major developing trends in drilling: one is the lateral length is getting longer and longer to achieve higher reservoir
contact volume and therefore increased well productivity; the other is the drilling efficiency continues to improve to
achieve higher economic efficiency by reducing well construction time and costs. Accordingly, it poses great challenges
to horizontal well drilling, especially the ultra-long horizontal wells. It is particularly important to develop a complete
fast drilling technology system for effective ROP improvement and well construction costs reduction. In recent years,
Chinese unconventional oil and gas fields had made major breakthroughs in fast-drilling technologies but lack of
effectiveness and repeatability. The North America unconventional oil and gas development has long history, and its
fast-drilling technologies are mature. Wells with lateral length of more than 3000m are very common and the drilling
performance is clearly better than those similar wells in China. This paper focuses on the advanced drilling equipment,
drilling design, downhole tools, drilling parameters and operational practices of North American ultra-long horizontal
wells, supported with two case studies from the Permian Basin with actual drilling data. The purpose of this paper is to
summarize the fast-drilling technologies in North America, discuss and share the application results for reference for the
Chinese unconventional oil and gas fields development.
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Fig.1 Permian Basin area and geological structure
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Fig.2 Permian Basin geological stratification correlation
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Table 1 Lithology and rock compressive strength
MR/ BEE/ HEE SR FAPUERE/
o) T T =k R .
m m  J#/(geem™) ksi
E=aIH 507 N
- 165 115 268 H,S 5
R 630
Delaware 672 308 1.15 BovE b g s H.S 5~10
Cherry Canyon 980 361 1.15 AR FE W ITEIE HS BB EZE s 10~15,F @ik 20
Brushy Canyon 1340 360 1.15 W R 3, i e )22 BNl H 2 I 10~20, &3k 25
Brushy Canyon(JEE#) 1701 57 1.15 W AR K B E 2 I e 10~15, I @3k 20
Bone Spring 1758 25 1.15 [y SR UES PR I 18~20
Bone Spring A 1783 163 1.15 T, A 18~20
Bone Spring C 1946 106 1.15 VA, KA 18~20
1" Bone Spring 2052 161 1.15 0 FVEE K U 18~20
2" Bone Spring 2213 216 1.15 0 AR K IRl 18~20
2" Bone Spring(Ji& i) 2429 133 1.15 b R K I 18~20
3" Bone Spring 2562 104 1.15 b2 AV I iRl 18~20
Wolfcamp 2666 99 1.27 BOUA Al R R VUF S, B Y
44 15~20

Wolfcamp ACKFIFHARZ) 2765 14 1.27 BOOUA R D

¥ : 1 ksi=6.895 MPa

S IF R 20 ft(1 ft=304.8 mm) . H#RJZ5
SR B Wolfecamp A FI#R ¥ 9 3 Bone Spring.

1T AR 2 R 3 = AL B R T 89 TR 2 15
SR = IR B IR, an B 3 BT R
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Fig.3 Well 1 and Well 2 wellbore schematic
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FEEEFE I, HEHREMAE)Z R 0222.3
mm B3k, 4 BIE B B/ o A B R AR B A A
B & Wolfcamp A HARJZTHH (H4H75°), F 0177.8
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Fig.4 Well 1 and Well 2 days vs. depth

6000
0

do —JF TIPS H AR 58 B — i B 58 Bl , = JT i
T E AR — i A (F ol T e A e 1) T IR A
2 8 B AERT 24 2.9 do R BEA 5E LTI A4 — il
Bl F bR AER AR S R 22 R i A, o RS B 2313
m(K 2P H R G 55), NiZhe sk S m T RIS
14 1 s 4 5

25 AR IR R 15.2 d, 4 Bl i 00 o8
HAE S5 o —IFHEBET H AR 5E i — B85 L 55, I &
I B/ R B AR AR Bt T IR AT 2R 2, AN i —
B8 Bl FEY 15 ho P 3 R Be MK - Be i 31 3 58 hl
— il B AT 55

2 RERAR
g5 LIk e BRI R AN 8 3 B M



55 48 B4 8 M)

R A A5 AU AR R U A AT IR DB R B B 5249 43 7

wl

R2 1SHM2SHEFRMAKEAEGRHE L BFER
Table 2 Well 1 and Well 2 BHA and bits, PDM

P2 IRV B B A J#42/mm il Sk AT RS AT A1/ (°)
—JF 1 311.2 TD605S 0203 mm 4/5-5.3%% 1.15
B 2 222.3 D607TWT O177.8 mm 6/7-8.4 9% 1.15
— 3 222.3 DD406X O171.5 mm 4/5-7.0%% 2.12
! 4 155.6 GTIS3D ?127 mm 5/6-6.7 %% 0
= 5) 155.6 GTIS3D D127 mm 5/6-6.7 4% 0
6 155.6 GTIS3D 0127 mm 5/6-6.7 4% 0
—JF 1 311.2 SKC619MC6 ?203 mm 4/5-5.3%% 1.15
2 222.3 TKC76 D177.8 mm 6/7-8.4 %% 1.15
) —JF 3 222.3 TKC76 D177.8 mm 6/7-8.4 %% 1.15
4 222.3 DD406X D171.5mm 4/5-7.0%% 2.12
TR 5 215.9 GTi65DO O171.5 mm Jig#% 5 10 T B+ 0
O177.8 mm 6/7-8.4 %%
R3 1ISHMSHABZTHREFATHER
Table 3 Well 1 and Well 2 drilling performance
5t Y i 4R e éﬁ“ﬂ'i SR Wwah HET ?fi’rfdj¥ g5 oy
o PIR/N AE mm JERE ERE R IRRY L/ Ykl Yokl Yyglie/ il
) ) m m % (meh")  (meh') (meh')
—JF 1 311.2 0.34 2.20 37 655 618 8.0 33.4 9.8 279 JIK
. 2 222.3 2.20 3.12 655 2625 1970 17.0 30.9 8.8 21.8 IR
— 3 222.3 3.12 7241 2625 2827 203 56.0 13.0 11.9 124 FHIE
! 4 155.6 7241 90.46 2827 3300 472 - - 21.2 [ERCRY's
= 5 155.6  90.46 90.40 3300 5613 2313 - - 285 T HRA
6 155.6  90.40 88.95 5613 5971 358 - - 32.0  JFIR
—JF 1 311.2 0.74 0.81 37 657 620 2.9 40.2 16.0 384 JFIE
2 222.3 0.81 6.92 657 1928 1272 18.9 50.1 15.1 39.8  WEFFREK
2 —JF 3 222.3 6.92 2.90 1928 2363 435 19.8 51.4 13.3 39.8  JFIK
4 222.3 2.90 90.83 2363 2665 302 55.9 17.5 13.3 154 K
K 5 2159  90.83 90.80 2665 5713 3048 0.0 50.9 - 50.9  HIE

J5, W 1S K- Be 2 5 I I HOF/ R AL
BEAT 58— B8 B A U B, U BAOR BF, SR 58
BTG H bR o JCHE AR — I M =14 B ik 3
AE i B LB 5 1 P OO LA EE R
AIPE . SEILJEUAL, AT LA 4554 LR JLASJ7 1
21 Hidbues

K AP B BE B A, R B R A 4
SR, BRI IAE (1) 3R 2 3 ) F T &
i () Ik R PR AN TR IA IR R 58 (3)
H R TOU SR N g R JBE R LR /DN 4 Sk B AT 5 (4) s E
AT AT LA AT B AR A o [ S T 4R

Bl A Ml 1 o 0 R 28 A AR ML R 1R A 35 T A T
B AL A E sk, IR LA B P I R R B i
e, LSO (T R R TR, S5 A dESE
VEL B &5 23617, 32 4 BEE T R W) K B K xf
JOF B4 il S 5 % R A T R ) I 8 S A 8] S gl
JT A FH 0 488 15 4 DA X L

AT LLE I, B SO KK IR A R S
Ty 3 b 23K F] 1500 HP, K 44§ 2% 7 76 3630 kN, &
M R K F) 1500 HP, % 5 %5 JE B R 3k 3] 51.7
MPa, T 8K 14 252 4l oF FH 46 225K 38 31 51 KN-m. £
FE R IR 15 4 SR T B KK IR R R L TR IR E
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Table 4 Drilling equipment capacity requirements for lateral length categories

- KFBE BiIRsE/ —_— - FEHL R AR R A A
KE/m HP Mldl A% /mm E AT /KN

g1 <1500 650 1000 HP (X 2),34.5 MPa~ 1500 kN, #] %541 kN-m 450kW  114.3 1360
101.6 mm L E (X3)

eI 1500~ 1000 1600 HP (X 2),34.5 MPa~ 5000 kN, 44 51 kN-m 1365kW 127 3400
3000 127 mm L5 (X3)

I >3000 1500 2000 HP (X 2),51.7 MPa— 5000 kN, 4% 51 kN-m 1365 kW 125 3400
114.3 mm L& (X3)

S >3000  1500(3630 kN 1600 HP(X 2),51.7 MPa- 5000 kN, #14i 51 kN-m 1204 kW 127 3630

R EAT) 114.3 mm T & (X3) 101.6

¥ :1 HP=0.735 kW, F[A]

Ty AR /N AR 2 FL A e 28 R ] 1K 1 51.7 MPa.

Bt =z Ah , S2 ) 3 8 il i Veristic Rocket-D Ff
Za (UL 5) R AT (D) WIS A B 8 A A
FEAEFN AL RS AT B 5 (2) B e B fe , B
JEAL PR T 5 (3) )26 T HUE (TSR i s i 4
DL K HAth 3= S5 5 45, 16 B8 50 09 of ¢ R 35 BT
AR 5 (4) G 4 I 1 48 76 Ml T 22 26, SR 5 B R Hr
Tt (5) I3 Z A i — M AE 24~36 h N 58 o

5 Veristic Rocket-D F 22 (& J ki : Cactus M 1 )
Fig.5 Veristic Rocket-D drilling rig

(Picture source: Cactus drilling website)

[i] 5} 4 WL 38 i Veristic Rig Walker( IL & 6) 3K
U ] P S-S B AL, 2RO (DA A
5, AR B ML (2) AT L8 AT 1 B 3 5 (3)
B Eh ¥ 12.2 m/h; (4) 1089 t B sh e 1, B #1304
TRAp AL, — R 3l 5 (5) I A B8 By i) 18] 7~8 h( 4 45
WS R B PLAE R

A Al I 5 A AL < R T, TOURK B R 4
WA R B WO Sk VRN TE AR B AT A B
HE R G055 KRR & 1 Bl A Ml 1% 22 4 Pk LAl

p L B ot

Bl 6 Veristic Rig Walker (B 3R iR : Veristic P 3 )

Fig.6 Veristic Rig Walker

(Picture source: Veristic website)
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B, A TR R BRI P (L) B
AR ], AT LY 4 D 1.5 d ], iR
2 [ 7K 7 BE#F 2 0215.9 mm R 935 |, 76 4t 46
B B i, AN FH A 3% %0 40 B9 B TR) 78 = JF A B L ©
127 mm £ #F B4R F1 0101.6 mm %6 AT (19 52 8448 i
[F], A LAY 29 KM 1 d Y s I

5 A0 K BE I IR R SE X & e i 0 52 i AR R
Koo XF 2 FSE B, H R EARBLAE LR LA

(DI TR FEEAR : 0215.9 mm SR AH
MH T T EHAO171.5 mm 8 0177.8 mm, A
R T R B8R B e 1 T AT SR L/
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R T H 2w, — B 8 D) A X & . 0155.6
mm 5 P152.4 mm HR M H B HFah T8 H R O
120.7 mm 5% @127 mm, i F /MRS 0 T 2 o] SE P4
Xof 858 25, — M b A S B — s Al 1 E A

(2) &K FFATE : 0215.9 mm H R A 89 2 0127
mm & AT, LA NC=50 85 #T 22 1 4y ], - 1141 46 3k 5]
51.5 kN-m, 1fii ©155.6 mm F iR {6 49 »101.6 mm
BFE, LA XT-39 B FF 2240 g 1], L 4 6 2 GE 35 3
26.8 kN-m. [RII} 0127 mm % #7688 K oK 7 B gl ik
i, TN 25 5 25 Ml AR T T A R T 4l e 19 4% 3 LA
N By Al 1 i TR A ] PR A R T O R
it o

PR, b 58 % 20 20 M Ak 5 R T SR FH ik &
3 2 Fh - B g F A [ B i R LR 2 Bl B 45
E3Re 4

(1)P444.5 mm—FFFZ, F 0339.7 mmEE ;
O311.1 mm IR =, F 02445 mm R EH ;0
222.3 mm 3% (0215.9 mm H iR 1% &L B ; 0215.9 mm
KB

(2)P342.9 mm —FHFKJZE, T 0263.5 mm £ ;
0250.8 mm HHR —FF, F 0193.7 mm £ R EE ;0
171.5 mm HHR 3 &HBE ; 0171.5 mm K BE . X fpis
AL AT LU 0114.3 mm S5 4T, — & AT LR
THHLE = 36.6 kKN-m(NC-46) , & (0114.3 mm %
FFH @101.6 mm 8i#F A 2 & M A2 08 G R 756 Hs 1)
e .

SR YE, ©215.9 mm 7K P B IR RS i AL 58

IR DL B A 7 ) T B A R AR AL I R
FEAL A3 B T O 808 1 0 o BLARCR 2 K KF
BOFIR RSE 55 ARG B AR B, B 01 A= A ™
A S HEAT B G TR — R A SR B E
2.3 FFMRFIE BT

I HR 050 A4 AL AR BUAE LR LA 7 T

(1) 7K 8] B A & Ak < 7 b 5T R R 44
FRTTEAVEO T Gl /N E B N
Yy, WA 6 B0 3~5 11, LARR ARG I 0

(2) AR A B R - I — S 20 b AR
FLIh S ACE H IR B 3% 3 i R R AN m
FEAL /N R RHBOT R — N T 200, EERIFIR /N
R T B R0 8R 0/ E Tn) AE g ] B X
S 2 AR AR S TR T L DL
il Zh RSk AR TE NIRRT A RO
U /D BN AR LA A R TR AT RE YIS 7R 1 A
SUATBCTE A 2 B DA S AT Bon R Rl
S AE T PSR Al LB AT A ek /)N K S B R L e 3 M
Sl B T L T4 S % [ 8, A7 R 25 Bk

(3) S f R S AR — KB K<
3000 m #97K - H: 2% 1 (10°~12°) /30 m, >>3000 m [
K- I HIFE 8°/30 mo T8 43 FI IR AT 1 AL 6E F1 L 0
i RPBRK R B g R, 1S
B I IR BB R TR L 5
2.4 ki

—JFF)ZEE 5 713 19 mmPDC VI HI % , Bt &
AR Sk mT AR i 0 38 2 D) R I sh s T, B Ok A Sk

x5 1SHHREYPT I

Table 5 Well 1 trajectory design
R/ IRy e/ R/ [HAU/-M) AR/ CRERVEE/ THIE/ fi#g/ s
m ) () m m m [(*)+(30 m) '] ©) m
0.0  0.00 0.00 0.0 0.0 0.0 0.00 0.00 0.0

243.8 0.00 0.00 243.8 0.0 0.0 0.00 0.00 0.0  JFLAHE R

335.3  3.00 58.20 335.2 1.2 2.0 1.00 58.20 -1.2 M RlgE R

800.7 3.00 58.20 800.0 14.1 22.7 0.00 0.00 -13.5  JFan R RO A

903.3  8.05 58.20 902.1 19.3 31.1 1.50 -0.01 -18.4  FAARIBITHR
2426.9  8.05 58.20  2410.8 131.7 212.4 0.00 0.00 -125.8 FaRlBt&EHK
2549.6  0.00 182.33  2532.9 136.3 219.8 2.00 180.00  -130.1
2624.0  0.00 182.33  2607.4 136.3 219.8 0.00 0.00  -130.1 RlA
28145  75.00 182.33  2748.0 28.5 215.4 12.00 0.00 -22.5 75941
2931.5  90.34  182.33  2762.9 -87.0 210.7 4.00 0.00 92.8 4°/30m A%
5976.4  90.34  182.33  2744.6 -3129.4 86.9 0.00 0.00  3130.6 SE&iHH
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(1) KR SF, e #E 9222.3 mm Al 9155.6 mm
JE IR B 3 9 % ) ©0177.8 mm Fl 0127 mm &5 1 BE
IEAT

(2) 7K A2 e R 07 22 (KBt #L46) , k7 O
222.3 mm H-MR i FH 0177.8 mm 6/7-8.4 G W2 FT , 12
FF ] 7 32 1 11 2290 B R 6.9~13.8 MPa, i Hi 145 ]

ik 10~12.6 kN-m

(3) kol 16 37.9 L/s (I HER T, g i 5% 5k
180 r/min, 7€ ZJF i & Bt , & R 3 5, 2R AR
0030 2 380, DR O o0 200 A0 25 o 2 U MEAT L T, O0171.5
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o B SR v PR AR R AT A AR SEURN S B K B A
HE o 0127 mm BRFF 5w HE = T 3k 22 L/s, v IR 3K
PRI IR T, IF B RRE IR L T B T Sk
KGN, fefi 7K O B — s 4l B AT RE o
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H T DR R AR AR SR BT, v AR
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Bi ASE FT B, T DA 230l & Sk T R S T i R Al
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VEME 25 2l e i e o) T HL RT3, —F i
RHBC R T RO AR R, — MO E LM e i
S T b AR & o 2438 R A E

=IOV B AR K P B K B <3000 m B H R
BT — M BB 8 WA 52 ) B 5 78 7K ~F- Bt = 3000 m 1)
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T HACA M BRIR AT, 1T DA R 3 ol 4 = R IR
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IK 1 4% 5 5 7E A6 36 B F KT S 45 H L A
i, 3B R U /N EE BH A R A AR . N
FHAE 8K 0 K 7 B {8t mT LA A s R BE . A AR
B W, I i ARHBUE HIK ¥R A% LA MUK
BB T HA (22,2 m/h X 11.6 m/h) . 7K
B AE 1500 m LT, — AN K J3 ¥R 3 % L K
B K AE 1500~3000 m (1 B, — B Bie A B2 T HL
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JE B2 R PR



55 48 B4 8 M)

(PR R S (S0 IR KW <R S N BB N SIS e ISR A iy 9

i FH K 3 8% 3 i 0 00 s (1) 488 0 Al B R0
/U JRE EL 1) 5% ), % v B PR A% 3 B v LB AR 5 (2)
Ve h Al T B BB A B B R T T R B R A
R LA T FE IR AR
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PR B A, 4R MU D R R B, AR
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— i ) R 2 2 B A MWD T H Y
MWD Fi1 i) iR &5 =22 6] FH — #8454 B I, Be & 7K 13
i % CRIR 28 L | 500~600 m) — #2 i 7 5 % AR 2% 4k
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2.6 EiFMIAR

Bl R 2 K R s o U % 02 B LR
A B AR R EE L K BORK B >>3000 m 11§ B
T 6 FH 3 R 3L 0 FH K R U 3K 0 RE O P
i K S AR gE BT KO B K 3000
m i 76 R A5 25 1 i o BE e 0 5 fef K R
SR AR T L/ 12.2 kKN-m PRI, 91 5L 8
ST KK I BB AR R E R fEdE R
B 20, O A 23 5 S KO B Y
J= INVERMUL®H LU AR R, £ 2R K ERES
R 1.23~1.26 g/em’s Kl B 55~70 s; i Ik fH 12~
18 1bf/100 ft*(1 Ibf/ft*=47.8803 Pa, F [al ) ; & I &
JE 2% 7K £ <10 mL /30 min; fI% %5 B [# A & 12 <<8% 5
BB 2~4 mL ;i K b 65%0/35% ~75%/25% s L&
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2.7 HiRAH
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S AR U/ B B Oy AR A W/INER IE B MR EUR
WARIESR ; (4) = ACF B A B &3 DU E M
U/ JEE BHL A 32 R i N R IR 2 R R K D0 3R U A
T PR BEL R e T TR AR 5 R AR A A s IR
AR . B R RS S ) T AT DLiE— 2P R
R Al A5OSR Y
B B4 Ak 6 iR .
2.8 HilFSH
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W G BEAT 4 A L (4) B AT L T e 8 At = 1L, L
W @127 mm &5 FF L 405 2 203k ) 47.5 kN-m LA
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it A B T 2800 % 7 TR o
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Table 6 Well 1 and Well 2 BHA
OB HiOoOH OH A
—JFEHBE 0311.1 mm 4k +0203.2 mm 82 FF (1. 15792, 0304.8 mm $£1E £ )+ )304.8 mm F IE £% + (0304.8 mm JCHE B
BEAMWD+0304.8 mm # 1E £+ 0203.2 mm 454 X 6+X/0+ 0127 mm I 55 + 0127 mm &4 2 b i
TIFEBE 02223 mm Ak +0177.8 mm SR AT (1.15° R, 0215.9 mm R IEE)+(215.9 mm $k IE 4 +(0165.1 mm To#E 4,
MWD+ 0215.9 mm JEF P IERF +O177.8 mm & 4E X 124+ X/O+ @127 mm M EE5FF X 21+ 0127 mm 4l
I 25 Hl 1
TOFERIBE 02223 mm Bk +0171.5 mm I2FF(2.12°882 (0219 mm # )+ (0200 mm $k 1E #% + 0 165.1 mm Jo i B #E -+
MWD+ 0165.1 mm Jo#E R A EE + 0127 mm &k X 30+ 0127 mm i &5 4T X 214+ (127 mm &+ 2 H i
KB~ 0215.9 mm 43k +O171.5 mm g% F @ LA+ 0171.5 mmMWD-+@171.5 mm JCi M40 4 #E + 0 177.8 mm
TR T IBRFF (0T, B ) + X/O+ 0127 mm B FF £ i
IRV B - ?155.6 mm g5k +@120.7 mm je§% G 7 T H 4 0120.7 mmMWD -+ ©120.7 mm Jo#E 22 P58 5 4+ 0127 mm 12
BEFE T m AP0 AA L B S E) +X/O+0101.6 mm g1 2 b it
KB - (155.6 mm & +O127 mm IZFF (157848 | B )+ (0120.7 mm 1k 1] ) -+ MWD+ (120.7 mm JG @& 4 + X/
HEFT O+ 0101.6 mmE5iFF X34+ 0157.2 mm AR #5 + 0 101.6 mm &5 4T X 70+ D127 mm K 1R # + 0 101.6 mm
AT 55 i T
RT 1SHEHSH
Table 7 Well 1 drilling parameters
FaE Bk RE/ B/ B/ oK/ Bk HLE/ He it/ AT R 25/
Y/ d5g mm m kN (remin ") (remin ") (kNem) (Les™) MPa
o - 0~76 40~60 25~30 150~200 <10 31.6~37.9
76~655 222.2 60~80 250~280 <15 47.3~50.5 4.1~4.8
K U8 %€ 22~45 30 135 <15 22~25
—IF 222.3 655~2624 222.2 60~80 240~260 <25 38~44.2 5.5~6.9
2624~2819 267 20 250~350 <25 34.7~37.8 2.8~5.5
- 556 7K I8 %€ 40~65 40~60 180~230 <30 12.6~15.6
2819~5981 111.1 80~140 260~350 <30 15.8~18.9 6.2~8.3
i [B) 7 20 0 BE T IR o AN T B U8 3, 98 A0 e T 3 RE

MR A, b 1A %% 9 %2 /0 100 r/min, [A] B F 2 O R4S
Hoo B T2 B A5 1 min, 42 R R R
ANBEA T 15 min; B I (8] 9 B 2 J5 WL %€ 4k 3l Ui 4 1]
UL A2 53 0 L T T 40 1218 IR IR 34> 52 A (1 h/sr
FE) , b 1 e 7 100 r/min, AR 98 7KCF BeS2 4l g O
5B I M B RN AR I 1 T A B A

B Al IR SR b i H 5 140 kN B4 1R Al
FOBFT N A S AEECT B, ARG R IR BE IR, 0T
U VR IR AR, PR O A 38 1 D0 T 8 R A IR 2
HHRAS 5 37

ACEEE B LA 2 OIS B B, B
NI E s R W B v B o H R 7/ 7 A U o 5 N
b EENFEATS %, SAOkPE, J63E B AT 3000 m
DL EKF BE AL AL I H R B & ik, JF Hid7E A
W 1l 52 35 R 2D Al ] 303 AE S TR b 44 L KO B
B B 7R AN W b n o BT RL AR B A A O i
& IS E Bt IR PR R Bk PhiE BT
A OB AR R B RS VB S B itE TAE
i LA R AR 2 B S S LB IR HOR T
L H— R A iR 1 TR B Sh AR
4t (AutoDriller) , & F2 W I A ¥ 6l R4, T ah &
(G TS S IR NIAY S N (2R N S P I
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