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Study on how to improving drilling rates in Xujiahe formation of
Fenshuiling structure in northeast Sichuan
GAN Xin', HOU Shugang', ZHAO Junfeng®, HOU Liyun®, ZHANG Linlin’

(1.Drilling Engineering and Technology Research Institute , Zhongyuan Petroleum Engineering Co., Ltd.,
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Abstract: In order to solve the problem of low drilling rate in Xujiahe formation of Fenshuiling structure in northeast
Sichuan. study has been carried out to improve drilling rates. First, the mineral components and rock mechanics
parameters in Xujiahe formation have been obtained through analysis of the engineering geological characteristics.
Then, the technical route and measures for speeding up drilling rates in Xujiahe formation have been specifically
analyzed and discussed. Applications in F —3 well have demonstrated that drilling rates increased in different degrees
with use of gas drilling and the combined drilling of screw tool-+ hybrid bit and torsional impact tool+ hybrid bit.

Meanwhile, the highest average rate of penetration with gas drilling reached 4. 78m/h, and increased by 4. 49 times

Feb. 2019:17—22

compared with conventional drilling.

Key words: Xujiahe formation; rock mechanics analysis; drilling equation; gas drilling; hybrid bit
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Fig.1 Analysis of mineral components in Xujiahe formation
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Xujiahe formation
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Table 1 Computed values of rock mechanics parameters

in Xujiahe formation
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Fig.3 Curve of rock mechanics parameters in Xujiahe formation

% fi e JES R AR 2R o B3 e Sk B R A B
I — 7 T 4 DA AL 43 7K U4 4 3 200 52 0] 201 b, )22
FA SR RAE T K, =80 FR A
iy 2 (R DA, —0. 7340, 9K, R f(H,
MEEMIFIREZE R o, —04<<0 B, e 707 KenTrd =
1, DT AT DA S B 5 BB 2R 1Y
V=K y (W, /60) 5 02K (R /70) -0 003K
N p O 770-05Ka) o(—7.340.9Ka) (pyy—pg (D
Horp
W,=W/D, (2)
N,=10.95X10 *gp.Q."/(d.'D,*)  (3)
XV, — HUME . m/hs Kv—5 4 A 1T 4
PERME Ko A XM RE(K,<3.5 B, Ky L
130~135;3.5<<K,<6.0 A}, Ky B 110~125; K,
>6.0 Bf, Ky Bl 100 ~ 105); W—"%f JE. kN;
W,—1It & &, kN/em; R—% #, r/min;
Np— KT Z, kW/em®; o, — 16 ¥ i 4K A 5T
B, g/em’s oo — M)ZE I Y EHE, g/cm’;
Dy — IR Rt em; Q. — &5 I W HE i, L/s;
d.—H&i%KIREFE  cm,
2.2 ik RO Al Sk
TR AR SR AR R — Rl RS MRS Sk, B T 5
B3 A PDC B 3k 45 40 R 45l G 7E — R 76 3 LA [
DA A A8 AR S S A B R i T A T4
GBI TR B Bl S Xob 200 5 T 21 33 S A Al v 2 1 o B Rb

)2 B4 3 R AR OB TR B Sk AR HL PDC 4k i
117 X #r

ik anE 4~ 18 6 IR A B Sk 5 PDC # Sk 12T
FITHW 5 W R A Z B &2 A, nTA

NEREREDN —PDCH Sk

S A/ (kN * m)

I ] /s
4 REHLE PDCEHLBERAES W
Fig.4 Counter-torque analysis of hybrid bit and
PDC bit in rock-breaking
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Fig.7 Curve of drilling parameters and drilling time for different drilling methods in Xujiahe formation

Pl 8 iy B 41 v T LA P A TR Al Sk AT R
A B S8 BRSO L T LUA OB Sk 7 R
149 m J& BT BEROOR PR 5 A5 800 247 AL T 3R
i PDC DI Uk B AR Gl 45 2F 58 A1 HE 1A 1 BE A 531
AT . T B L oh TSR A Sk L R
IR AR AN € 1 EL 3 3 1 vh T RAT DA B R
B S B PR e B S i LA A OCR

() AIRHT (b) HiFEF
8§ BEFHEINFMHFIFRBAEIL
Fig.8 Comparison of hybrid bit when it enters the well and

comes out of the well

B o3 3 I 20 5 ] 2 M JZ T Aol 194 488 3 T B i B
ot 5 R RN B HLAR B 3 2 A7 %68 BE 23 A (&L 9
)T RUE G AUARE I BOR VIR 4 B A TR Ak
A KA i T 98 B Al Sk Al B R 3 RO A () i 3
9 B R AR S G SO B R S 2 LB T A
IR F 4. 78 m/h, 5 R H LU RS AR LA
449 A7 BRAF B B IR A B K B ISR B B
N 177 m/h. 5 R E R U8 KB A LR
103 %6 o H w2 H =38 A Bl Sk Bl T RSP B LB
1,04 m/h, 5 R LRI BE T A LR e 2004

2F 100

6 300 - N
sl ss0l —a WU
o
é 4+ = 200

I
\fa\ﬁ 3 @ 150
& &
=
5

1rF 50

A W AP BT
Hidt HAEJE PNk RAEHK

9 AREEHHAARBERRFHNMEEESIT
Fig.9 Total drilling footage and average ROP with
different drilling methods

B oy 3 IS ME A BB 140 2 JF
HEATXE He 3 Hr (B 100 T LA L 4 3 R A T
PRI FIE 5 Bl Sk W A R B Z 5 L 1
PUBRS K 2] 1. 95 m/h, BRI 43 i 42 &5 23026 Fl
16006, 9F HLAS ST 6 H, B4R 20 ) 45 29 14

HM3 H,
2.57 251 LA
~ —n— “PIHUEE
= o2.0F 20
: =
Z L5k @ 15F
® =
2 =
£ LOoF X 10F
= &
g"_g 0.5k 5k .
0; O\—A 1 X 1 -
13 5r2 9 5333

10 SKISHIEH £ 3 O FH 7854 5k 1 B B Fn AL 56 % 77 | X Lb
Fig.10 Comparison of bit consumption and ROP for

the three wells in Fenshuiling structure



22 W TR CHE 8598 TR

2019 4F 2 A

4 g

(1) 3 32 % 43 7K U4 48] 3 20 2 1] 2 b J22 gk A7 AR
b JSTREAE 4347, BRI T 200 52T 4 b )23 B ) 4 43 R DA
b E D L A R R Y 34, 59 6 F
21.37% I H A& . AR A 1Y 502
~T70% . [AIEF, 38 3 — 20 BRI T 200 G800 40 2 o A

ESPE AR 26 .

)BT WM FUE A 1S as 3% 9F
S5 G B 7 R R T R A I R 25 Y SR B AT
PEH I E X E BRI T SRE B . A 3
I N FH R R A B R BB B A )
4.78 m/h, 5 [R FFH HLUR BT AH HL R 4. 49 f% .

(3) XT3 7K U ) 3 250 5 3T 20 AT B PR3 22 1 A1
YERb A L )Z L TF R TR A A S R PDC &Sk 19 il 7 X
Fo BT o 745 0 TR 5 il S 0 22 A R 1 41 20 4 i BB
S A ROBCR 7 AR T PDC 43k, A3 3 3t
M N RCR R TE  SR AR A TR A Sk Bl R LK
B 1,77 m/h, 5 R R HLUE K B OF A L AR e
103 %0 » 1t T2 TR A5 S B 1 AT LA 28000038 4 3k
Wes BB ARk

2 2 3Lk ( References) :

C1] R RI, X0 AR 0, 22 4k 0, 46 3% O A< i 3 ik SO0 & 4 Bl A
Bk se IR EH AL RAR Tk, 2011,31(3) :18—21.
HOU Shugang, LIU Dongfeng, LI Tiecheng, et al. Package
of technologies for safe, fast and high-quality drilling and com-
pletion of high-H»S gas wells in the Puguang gas field[]].
Natural Gas Industry, 2011,31(3):18—21.

L2 &F w0 3C, GEAE R, 9 B0 2 , 46 AR B T BOR B2 i 3 0 < 4l T

WA ].45R T.2,2007,30(6) :4—5.
SHU Shangwen, HOU Shugang, HU Qunai, et al. Research
on improving drilling speed by gas drilling techniques in Pu-
guang gas field[J]. Drilling & Production Technology. 2007,
30(6) :4—5.

(3] Sksa B, A Wl 42 @ ) AR db B3 6 <A F 3 B R

[J0. 4R T.2,2008,31(6) : 20— 23,
ZHANG Keqin, HOU Shugang. Comprehensive technology of
improving drilling speed in northeast Sichuan and Puguang gas
field[J]. Drilling &- Production Technology. 2008,31(6):20—
23.

(4] kod B, A ML 2% O < SR A5 I 48 i & 5 AR Bk e [ ].
HiJF T HE.2010.30(5) . 77— 80.

ZHANG Keqin, HOU Shugang. New progress of gas drilling
integration and matching technologies in the Puguang gas field
[J]. Natural Gas Industry, 2010,30(5):77—80.

[5] FEDEER, k4, &2 RS EBEE I I AR WL 58
ZIAR0 TR CA L4 TR ,2013.40(6) : 38— 42.

YAN Guangqing, ZHANG Jincheng, ZHAO Quanmin. Pro-
gress of ultra-deep well drilling technology in Puguang gas

field and the prospect[J]. Exploration Engineering (Rock &

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

Soil Drilling and Tunneling), 2013,40(6) :38—42.
KRR AR ARE RS REL]] AWM HREAR,
2008,36(3):5—9.
ZHANG Jincheng. Drilling technology overview of Puguang
gas field[J]. Petroleum Drilling Techniques, 2008,36(3) :5—
9.
ERR RIS 22 8, & 1 3C, AF . 28 R T s AU Sk AR O RE
BT RS Tl ,2007,27(9) :65—67.
HOU Shugang, LI Tiecheng, SHU Shangwen, et al. Applica-
tion of air hammer and air bit at Puguang gas field[ J]. Natural
Gas Industry, 2007,27(9) :65—67.
XNUE TR B DR, RIER S5 A 0 W SRS A A 3 O KR R
ROt J2 A v LI L. B Bl U, 2016, 23(3) :305— 309,
LIU Honglei, XU Weidong, WU Hanchun, et al. Application
of rock-physics model in effective reservoir evaluation in Xujia-
he formation, Puguang gas field [JJ. Fault-Block Oil & Gas
Field, 2016,23(3):305—309.
BRI, MR, RS, & = e A 4 TR g 2 00 T
AR M HH AR ,2014,38(5) :581—586.
ZHAO Junfeng, TIAN Suyue, LI Fengqin, et al. Log evalua-
tion technology of dolomitic mudstone fratured cave reservoirs
[J]. Welling Logging Technology, 2014,38(5) ;581 —586.
257 PR JEE W 3 1 S A 36 A AN 2 AT A R
BT Hm </ ,2011,18(4) ;508 —511.
LI Li, SUN Yaoting, CHEN Jian. Well logging interpreta-
tion method for Feixianguan and Changxing formations in Pu-
guang gas field[]J]. Fault-Block Oil & Gas Field, 2011, 18
(4).508—511.
INER XU 5K AR 55 0 A6 T FE 5 A 0 O 2 T 01 A 78 7y 2 ST
[J . W7 e < /. 2008, 15(3) : 37— 39.
SUN Lei, LIU Gang, ZHANG Jun, et al. Establishment of
regression model for compressive strength of rocks in Liuhua
oilfield[J]. Fault-Block Oil & Gas Field, 2008,15(3):37 —
39.
2Pl gk L B ZE A5 O B R R 0 2 B O SR B R [T
AR T.2,2015,37(6) : 18—22.
LAN Kai, ZHANG Jincheng, MU Yajun, et al. Technology
for increasing drilling speed in high abrasive hard formation
[J]. Oil Drilling & Production Technology, 2015,37(6):18
—22.
F o Al R RUAT D I B R A Ml 0B R S BT v
WEFELT ] AT il B PR R . 2003.31(5) :61—62.
WANG Kexiong, WEI Fengqi. Applications of logging infor-
mation in predicting formation anti-drilling parameters[ ] ].
Petroleum Drilling Techniques, 2003,31(5):61—62.
BRI RALE , S09A [, 55 U 400 5 T 400 b 22 R0 A< O
3 R A A L0 W e <, 2015,22(5) :668—672.
HU Daliang, ZHU Huashu, GUO Zhiliang, et al. Adaptabil-
ity research of nitrogen drilling in Xujiahe formation, Yuanba
gas field[J]. Fault-Block Oil &. Gas Field, 2015,22(5):668
—672.
R R 2 PDC - 48 & 4 4 Sk A LB B 5 [ D],
JBCHS < VU R A7 90 K%, 2016.:2—9.
XIE Dou. Research on rock breaking mechanism of hybrid bit
with roller bit and PDC bit in deep hard formation[ DJ.
Chengdu Sichuan: Southwest Petroleum University, 20162
—9.

(%4t $hm )



