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Key Drilling Technologies for Long Displacement Horizontal Wells of
Low Permeability Reservoirs in Shengli Oilfield

Han Laiju,Niu Hongbo,Dou Yuling
(Drilling Technology Research Institute, Shengli Petrolewum Administration, Sinopec, Dongying,
Shandong,257017, China)

Abstract: Drilling long displacement horizontal wells has become an important technical support to de-
velop low permeability reservoirs, but related techniques in China start relatively late. It is necessary to
reach a common understanding of the techniques and carry out further research on optimized match drilling
techniques. Therefore, the key-point of the technique has been identified by analyzing their difficulties in
well trajectory design and control as well as drilling fluid properties. The principles for selection of build-up
rate and well trajectory type have been set up through simulating torque and drag. Through analyzing sen-
sibility of friction coefficient and displacement from well head to target point,the main characteristics and
their relationship have been determined, the corresponding explanation of drilling string mechanics was giv-
en,the selection principle of displacement from well head to the target point was proposed, the main idea
for well trajectory design of long displacement horizontal well formed. An optimized well path control solu-
tion was established on the basis of formation drillability grades, and then an effective well path control
method was presented by rotary reduction of friction. The critical techniques of wellbore stability, hole
cleaning and anti-stick lubrication were sorted out and introduced. Well Gaoping 1 is taken as an example to
illustrate the above techniques and their effectiveness.
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Table 1 Torque and drag at different built-up rates
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Fig. 1 Sensitivity of wellbore trajectory to friction coeffi-

cient during sliding drilling

HT 1 AT 5 BRAR T B B B AR /T 0. 5 1
RS2 A% X E BHL 28 0000 52 iy A 0 12230 5 24 RROAR B
FHARBORT 0.5 W BERTA2F% 700 m 1 B TE X JE 4
AR AR I /N T AR AT A RS R B TE . R
e OR i S RIS SRl SR W IR VR IR PN ST
T4k 35 ER R O R 4 BEL T 11 RN 5 JEE B AR KRN
BRSPS . TR S — S ) A A )

5 A 114 13 fnh T 7 B ) S R 2SS RO A
A Y IE s T RV A A R S O AR 5 4
FEAREIE TR ) o RRHR B BH AR BRIV A A
FIGE B E R DR E R A b R
i B R AL RS /D | 4 A A2 AR SRR B R L IE TN
TR BURL 1E e AR XN I EE B T/, i
2 7K P B B A8 Y 7K S i/ B I L # B9
RN Z —.

{FLR 5 2 BHL 2% K500 38 K il 1) 0 R 25 S AR
BT A2 B9 E s ) 7R IE T 4 0 8 e T
FURTAEAS /DN |4 78 A 3R B R e MR L A G A fi
JBEBR L SR b 1) R S A DR R R TR
JEE BHL 3 AR . 38 DR T A2 3% 8 A1 i 32 T LA
/Nl 1 7 RS i IR AR R AR R IE TR L
TR B B Bl 2 4 K B A T ) 5 L Y 35 ek 1
Fe T3 IRBE 22 L T 33k — 1 i Dk /) TE T 7 B A T B R
SRR » LG B AT AL R B W78 O %07 1k AR OE
Fe J1 B9V A A B2

F T LA A0 R 2598 B R T AL A% T LAAE
— B RS LU/ Nl A R e Y B R A fELX Al
Y FIRE A S AT O B A 38 R B i s 4k . A i, ek 5
A2 RS I 7 2225 SRR I R IR Bl 4 o B R
A5 R3O0 BRI - B 2 BEL AR M0 52 L AR e AR Al B A
DX e B B A R T RE T 5 BEUE IR 07 4%

2.2 KAKRFBRFRYPITZFEAR

i e Al 4 T S 3 HR L3 4 1 280 e e 1Y
— R R R T 3o AR A 1) Al B AR L S AR
AR BLT b U 8 = 1 R E A B R
RHRE 10 — Pl 22 B o 28060 K P B IR B3 4 ) 5
o R TS5 5 B OF 92 4R TR 3 3R AT B
PR BE 7K T B i Bl FL A 5 1 7 3k (L3R 2) A
FCERE TR SRR, HESR
RO DI JZ AT B PR G0 Ko AR S MB35 MR 4
HARESE A8 B B R R R E v A48 M
2% T Al A IO R R S Al LA L AT B R
T 2l & 1 RGN A B AR BE T .

IR AR I A ) R ) b aE i & At
(1475 FCHEAT KA BB i 4 ) o BRIV 3 o e % Al o i
DRIER BEBEL O L T 2l Bl o TR X 9 1R AL, B b3 T ik
ZAb IR TT LA A T AR AR AR E A IR AT B R B
AR ARG E A H BB A JE I A B A S R KO B
Fr et IV o ) R A A A E i 1Y S A iR Al
A2 FPIRAS B B P IR H Y



« 10 - s W £k

w il K

2012 % 5 A

x2 ETHETHESTHEBEEAGRESE RN
Table 2 Optimizing principle of BHA based on the formation
drillability analysis
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Table 3 Torques and drags corresponding to different displacements from well head to landing point for Well Gaoping 1

- FEBL/AN HIKE/ (N + )
W8 /m FHFBEK /m
L T ¥y T4t it
280 382.10 405. 30 393.70 23 640.0 26 136.1 432. 36
350 374.90 400. 00 387. 45 23 810.9 26 278.9 541. 95
450 371. 90 407. 90 389. 90 25 141.1 27 527.5 692. 31
550 365. 30 415. 60 390. 45 26 311.2 28 558. 3 832. 60
650 360. 70 432. 40 396. 55 27 713.6 29 918.2 969. 85

i 4 Al %0, ¥R AT A2 280,350 F1 450 m X i
FEHR B (Y EE AN 22 R 2 10 kNLFE AT F% 4 350 m
i 7 25 B 5z /0 o LB 0 0 Ak AR T DL &
GE R B AE S ] R P 1 R ] T R ET AL AR
350 m MY EA I HLIE

3.2 KFERFIFERYIEEFI KA A

B LTI 107799 m #E A KB, H
T T R T2 T00HR , b J2 e 45 5 2%, T ME G (A fif
ARG A A . 6311, 1 mm &3k +6203. 2 mml. 5°
BATEABAT + TA 43k + $203. 2 mm Hb T 5 18] 4 T+

Bim f -+ $¢203.2 mm JC# G+ MWD &
$127. 0 mmABHKEEEFF+ 6127, 0 mm ANEEHFF (6 A1)+
$127. 0 mm HifF. X4 G2 A B RO BT,
i 5 7K - B3 11 F0E {23 % AR A WL
BT 3.0, LR B H AL A 78 B A Bk et IR Rt
WRMBERBE L RE. EHE 1 400.0 m PLEE, B
I ET R 40.0 kN, RS KR WL S| T (77~
8)/100m, 5 % T 2l Bl #F B AR IE A, IR, B B4
GRS 9311, 1 mm F Bk +$203. 2 mml. 5°
BT + $303.0 mm B4 E B F Ak +
$203. 2 mmMH T T 7] 461 + B ] B+ 6203, 2 mm



Fo 40 B 5 3 bR R AR S i m KK P BUR R R4 SR R AR < 1L

TCRERHE+ MWD %6823k + 6127, 0 mm REEEFF+
$127. 0 mm M EHGFF (6 H) +$127. 0 mm £5FF .

A HAGTERE BRAE B3 T 6303.0 mm
RRSFRAE 8%, BT 80.0 kN B, HE &1 R
(2°~3°)/100m, P ¥ &l F B AT se gl e At , | & 6 IR
1782.00 m FA $244.5 mm ALY, =H2Z)5
(18 7K SF- B IR 290038 42 o -, 7 IC R Al LA & b il T
RIS e, T 25 A 1 2 R AT Al R4l &
KAk S Bk, IRAME A G N $215.9 mm
PDC %43k +$172. 0 mm BFF 45 B+ fid & 33k + 5
] i+ $210. 0 mmBa & &% + H BT F: ] 5 9 + MWD
AT+ 61270 mm JC#E R R B AF + 6127, 0
mm BHEEFF (40 ) + BB (1 A +6127.0
mm FHIEETFF (21 #D BB A (1 ) +6127.0
mm R

JEE R LA A R T EL A TR A R

D) 2AF4E B AE KB 2 000.00 m LN, 1R 48
FEFEERLAF ML, LIS FH 1. 00~ 1. 25° BAZ5 2Ty 35
KFFFBE 2 000. 0 m R L Ok T B T Sl A it 0
RIS L il 1. 5B BT

2) 8 6 Al Sk Bl R L AR 0 S IR RS E 1 O
TESh S5 B 4% 6208, 0~212. 0 mm K R §4 5E
s DU BRI A A Al 0 B AR B g ) ks A 4
PDC %l 3k & ik BF, 1 F PDC % 3k 19 00 1) 177 41 F7 4%
S, B AR T IS A AR G R R BL P AR R Sk AR
JIT LA 7 3 J2 0] Al A e st ] DL RO il RO S
FoE A% o (75 2R 52 B4 15 D0 B AR 3t s — T
LA ROR SE R E A, LA $205.0~208. 0
mm A H

3.3 $hHBEARANA

AR 7 1 A M2 R ORI X il 9 1 22
SR A5 ARSI 296 7 [0 2K 1 Bk v 2500 i
B IE, I AETT B BT Bl AL oy BEAT T AL

TV R WA R A S bR B R
IR LV IR A o E . BB BUA PR 2E L Y i
I ORI B AR A TR IR R R R
B A R X LR T L 3 1 85 R I AR
SRHE , BENS X SRR, % TSR R A
KRG 701 ZREE TR e JE 400 ) 500 B A B A5 v A
] 700 A S ) M R 3 3K ) I DR AR B O A O A R
FE A9 [w] FsF 83 a0 10 3 0] 0 o i, LR R ol T Y )
P T AN [ 286 B9 1) 57 38 71 A6 37 JB2 14 [] ok 3
SRES BB IREE S . IR I EE AR B IR T < i

43 +0. 3% PAM+1. 5 % KFT+1. 0% SMP-1+
0.5%SF-1-+41.0% Mg HAPHl 57 +2. 0% BH-1+
4.0%BM-1,

Sk Hi v AR S R Y T e RN D B 3 2 e L
T SRR By BE A IR - B 1 R+
0. 3% PAM+ 1.5% KFT+1.5% SMP-1+0.5%
SF-142. 0% B B 90 4 7] +5. 0% BH-1+10. 0%
BM-1,

=R Be, sk T B3 A e A 0 T R
180 H ¥R s i 45 , & FLAE B0 AL o PR AIE S W b [
AR, B K P NS ST RE Y S RS
il 390 (%) 52 BC A FH A = T Bl IR 800 B0 L PR IE TR
FEV P W R BH-1 09 80 i, 2 22 id A [ 4
i3 R0 1 B 7= S R O O 11 I o 2
PRLLREE R F L B R R HIAE 50~70 s Z[H],
PRAFIE 5 (80 7 AR 8 A8t O Y Pk e A BHL i) A Ak
{90305 D 78 11 98 T T R A5 o 0 SR W AE
A RE i

4 gEie N

1) KK BOK P I 19 3 2R mR K Bk
R AR R R T AL RS | 2 A R A RO IR B aE 26
Y25 2 IR BUE B S 800 R Y R B TR
WAL I R A B S 2% B LB B3 7
¥ o L L EE RELAH AR A AL O AR L E S B IR A A
e RE T 2 55 2RO S R A .

2) T3 T R AT A O S R G A X
NG FR S IRE T b2 55 A X - HR 0320 174 52w LA 3%
7 A BT E AR X KT BRSPS R
] ) A B 545 AR L o

3) JFEERGSE HOAR IR e A AR F0 I ¥ B R 4
AT AR IR BOK B R B G o A T
BEXF AN [ A J2 R0 T K T JCEE LU B A A A
FEWRFI A5 BH-1 5 R0 3 ) 78 9 19 2 Fh 8 i 4b
HFR) I3 i B T R K BOKCE I B I
WA

4) PR B 29 B T KOKF BokFIF
B IRE T AR T T A K P B R R Dok 28 7 A 2 T
FHBERSE PEIEH 09 MR B P AL B i h FoR (85 & A8
TR E A TT A2 9 KK P B MR B0 328 v A% P bl R
BUA I SR H B I R S5 R AL E A, DL
TE WA IR BKF H AL PR A HAR



sl & W &% K #® A 2012 4 5 A

[67  SWIHE AR BB I B 7 W LT, A ik o

2 & x " - ERBHE R 2003,27(6) £ 33-35.
References Lu Minghui, Guan Zhichuan. Design method for cycloid trajec-
(1] AW, oAk B, BT, &5 1 KBTI 4 % 5t tory of extended reach well[J]. Journal of the University of Pe-
T[J]. A AR A . 2010, 38(6) . 29-32. troleum, China: Edition of Natural Science,2003,27(6) ;33-35.

Zhao Jinzhou, Han Laiju, Tang Zhijun. Design and drilling of (7] RLrse, skd i, oh k5. Wk o B0l et il o R [ ],

Gaoping 1 ERD horizontal well[ ]J]. Petroleum Drilling Tech- BiR T 2.1999.22(4) - 16-19.

niques,2010,38(6) :29-32. Cui Hongying, Zhang Jianguo, Han Zhiyong. General equation
[2] P, &=, KRS HE R s S B 2], A for 2D directional-well trajectories[ JJ. Drilling & Production
AR AR ,2003,31(5) :70-71. Technology,1999.,22(4):16-19.
Lu Minghui, Guan Zhichuan. Calculations of the key parame- [8] kg, Merde. Q)& K A& 3Pl ik, hEE -
ters in trajectory designs for extended reach wells[J]. Petrole- A T, 2000,12(2) :35-38.
um Drilling Techniques,2003,31(5):70-71. Zhang Jianguo, Cui Hongying. Design of lateral parabola ex-
[3] Payne M L.Cocking D A, Hatch A J. Critical technologies for tended-reach well trajectory[J]. China Offshore Oil and Gas:
success in extended reach drilling[ R]. SPE 28293,1994. Engineering, 2000,12(2) : 35-38.
(4] B, 2 h B R B 1 v k). AR T (9] Ak, KA MR AR KE B RGBT ], RAR T
2:,1997,19(4) ; 13-16. A.2011,31(10) : 64-67.

Han Zhiyong. Method of non-dmensional design of cautionary Niu Hongbo. Trajectory control methods for long sections of

shape profile of directional well[J7. Oil Drilling & Production horizontal wells at the Daniudi Gas Field[ J]. Natural Gas In-

Technology,1997,19(4) ;13-16. dusrry,2011.31(10>-64—67
(57 dk . A AR 2. — R 9 K B I B Ry i (100 O, TR o W 1) e 5. 557 1 JF IR IR 5 0 B 4 g 2
[0 A AR 12 ,1998,20(6) :6-10. Vr[J].E‘im%#ﬁ&/t\‘,zom,%(s):33—36.

Zhang Jianguo, Huang Genglu, Han Zhiyong, et al. A new de- Feng Guangtong, Ma Fengging, Cao Xiangfeng, et al. The

sign for long reach well trajectory[J]. Oil Drilling & Produc- trajectory and casing program design of Well Gaoping 1[]].

tion Technology,1998,20(6) :6-10. Petroleum Drilling Techniques,2010,38(6) :33-36.

FHEREA) ER T E R ENERFET — G %

AT H AR A D O T TSR — R TS A AR T A R . I B R EOR ) SRR AR IR A
KA 2 45 W 55 B B R SRR TS AR .

Ao VP2 AR AR o [ P 300 R4S BRI DA B P 300 P 5 6 2 AT 20 A v ), 7 38 D 4 B A A
VA BE Al L 3 A I TR A A T SR R 2 B L SO0 0 TIGE A g D RS R BT A
ST EE S 5 IFEE B S VR g B I AR I RE 0 TS L 2 v A A B T B R L /N AL A A
SRR SFE R R E TIRAHFE LA H, P EAA 50 AT B A& KT b AP P — R 5 2, 5%
R0 4, =FRK 05 2, 8% 3 4 R LTS iR 15 4.

i [ A AR T2 AT LTS B AR T R — . O IR AR BOR ) g B BB N L B TR = 3T L R 3R
Al B4 SN A B g B o g R T A B SRR A L B 0 e 3R T A 18 SO SR e R R AR M R S 4
T B2 g 0 U B A AR U b AR T L ik AR OHE 5 D UM R B AR AR W T AR S T
K AL UAR 2 S S, 3 A 1 A 5 00 75 391 PG 22 B L 5 SR BORT I 48 G, 4 JBCFE T — J A0 75 399 1A 1L 3% 3 o
ARA U 1) 51 )



