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Wellbore protection and sealing for directional drilling

in complicated formation at the Sichuan — Tibet Railway

ZHAO Wenhui

(Shaanxi Railway Engineering Survey Co., Ltd., Xi’an Shaanxi 710043, China)

Abstract: The Sichuan — Tibet Railway is located in the southeast of the Qinghai — Tibet Plateau. Due to the development of
tectonic activities, the rock mass is loose and broken with well developed fractures and confined water; thus,
complex situations such as hole collapse, falling stones, stuck drilling, and lost circulation often occur during the
exploration of these formations. In view of the problems of hole wall instability and lost circulation during the
drilling of the directional horizontal holes designed for the formation along the tunnel exit section, a suitable drilling
fluid system for the hole was proposed through analyzing the formation characteristics and leakage in the hole.
Then, orthogonal experiments were carried out to quickly obtain the optimal combination of the adding content of
the sealing materials. The follow-up field application results verified that the improved drilling fluid worked well.
Therefore, the drilling fluid with the optimized formulation can greatly reduce the incidents in the holes, effectively
promote the exploration progress, and obtain significant economic and social benefits.
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Fig.1 Schematic diagram of the borehole structure
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Fig.2 Shale and slate cores from horizontal holes

2.3 BF|AY F R

(1) Al FL oA 7KL A Al 2 i R v 200 A6 42 o
LAY I AR CT 0 3°) 03 B3 LA 2 38 H
FRIZ A

(2) MR A8 B AR BER R AL & AL LR £ 75
mm , £LBE N7 R 55 8 04 T 28 M LA, DL ORAIE 9 4R
TS Ak 7K 6 S R 5 A R L R R —
RN IR B 80 Y0 LA b T J2 B0 B AT L A I R Y A5
IKF] 65 %0 M LA b, 58 B M B O R UCRT I5 3 90 %0
PLE . O R BB i Lk R 8020 2 DA I



AT B 11 Y

(3 IZ AL 3 5 A% o 5 PR, p v UG 2% ™ 2
LA B IR AL .

(4) DU A 3 HL o K Bk 2 5 0.
HH PG AR B B4

(5) ] R AL 1) 35 B0 B WL A TC 7 b RV S B
FHF % M 2R AE A B8 35 B 40 B 3 T A 50

(6) %ALY T 2% S 2LV 2% L 7E 98. 2~228. 3
m 30 B P SRR FE K. 2 3. 08 m? /h,

(7) i Y 85 S BOW K o B 4 L A5 5 B TR (5 8
G 63. 6% . B HERERL N 4. 45 m/d,

3 PERERRBLEMAR
3.1 JOWE S B0 2 S e K R 3 BT

BT XT AL PN 1 b 20 100 T 2 BRI 0, AR SO i 0k
VR R BE B CC BE L 25 L S 5000 DL AR H
TE S L0 % e T A 45 S RHB R AT T ARAE . T
PR b 36 55 I AL A PRI

MR 5 %0t 42 % Al Bl AE o 3L A
N [ F A9 f 5 A R B (K HMD) L 4R Y BL 2T 4 5 (Na
— CMO) FUAR Py et 38 b 52 50 I 3K v 0k VR 1)
RETR bR . I 20 BT 25 S0 PR X 2 9 1 e 1 L 52 g
(W 3~5),

£ 1 KHM+Na- CMCHHEMIR % &R KK E

BB B S

Table 1 Funnel viscosity, water loss, and mud cake thickness

of KHM-Na — CMC+ vegetable glue drilling fluid

I JERE WIRWIAE MW W Kk WK
Wit/ g, RRE/ SRR/ K/ KE/ ®/ R/
% % % % % s ml mm
5 2 0.0 0.0 0.0 22 17.4 1.6
5 2 1.0 0.0 0.0 24 13.5 1.7
5 2 2.0 0.0 0.0 21 12.2 1.4
5 2 3. 0 0.0 19 10.7 1.1
5 2 2.0 0.0 0.0 21 12.2 1.4
5 2 2.0 0.5 0.0 24 14.3 1.3
5 2 2.0 1.0 0.0 29 9.6 1.1
5 2 2.0 1.5 0.0 32 9.3 1.0
5 2 2.0 1.0 0.0 29 9.6 1.1
5 2 2.0 1.0 0.01 30 9.8 1.1
5 2 2.0 1.0 0.02 32 9.5 1.0
5 2 2.0 1.0 0.03 33 9.4 0.9
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Fig.3 Effect of KHM on funnel viscosity, water loss

and mud cake thickness
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Fig.5 Effect of vegetable glue on funnel viscosity, water loss

and mud cake thickness
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Table 2 Admixtures and add values %
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Table 3 Index results and factor analysis of funnel viscosity,

water loss and mud cake thickness

- A B C TSkREIE, RoKE TR/
s mlL mm
1 1 1 1 23 11. 6 1.4
2 1 2 2 21 10.4 1.1
3 1 3 3 34 10.3 1.0
4 2 1 2 26 10.5 1.2
5 2 2 3 33 9.4 0.9
6 2 3 1 34 9.4 0.8
7 3 1 3 27 9.7 1.1
8 3 2 1 29 9.4 0.9
9 3 3 2 33 9.6 0.8
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Fig.6 Shale core from horizontal holes after optimization

of the drilling fluid

(O FERUG /NG T B H & PERCR
F4 s, B HSES PR 1003 m/d, 4 2Z A
4.45 m/d WCRTT A TR K$ET .



BAT B 11 FEX SO 1102 I8 52 20 L J22 7K1 L Al 4 B 2 T T 5% 5 1 ] 23
£ AR 5 VM 200 A 12 o A FR B +-0. 8 Do fAR W 3k
Table @ Rls sl ficlency LR 0. 6% MBI 3E BAL S DL

M MR /m  BITER/m A (3) 338 38 P 5 0 0 4 S 45 2L 9 k£
2019—04—15 11.2 219. 2 ) e
D019 01 16 oo 290 1 DX R Bl A SO 3 1 A2 R AL HES i 2 R K
2019—04—17 10. 6 239. 7 SIS PR R S A2 A Y R TE A Y DR o b
2019—04—18 10. 2 249.9 ’/I\igﬁ\%ﬁmUEO
2019—04—19 13.7 263. 6 . TR P
Y019 04— 20 L i s (OPLATE 1 vh e T 305 LS 7 R4 1
2019—04—21 9.6 284. 4 RO Bl HE B U 1% DL L B BERCR R RQD K
oi9-04—22 8.3 293.7 O BE A T B B3 A AT T AR
2019—04—23 10. 7 304. 4 .

SR AR T AR T

2019—04—24 10.3 314.7 KT S5 5 o1
2019—04—25 10. 4 325.1
2019—04—26 11.2 336. 3 %%iﬁjﬁ(l{eferences) :
2019042t 125 9188 CU0 UL 1L B B AR e 5 45 0 02 1y — JE6 2 4 T T o0 B 5
201904728 -9 360-7 [ HS : AR B T A% . 2018,
20190429 3.5 364. 2 s LIU Kai. Study on stress-deformation characteristics and engi-
2019—04—30 6.2 370. 4 £l neering effects of the suture zone in Sichuan-Tibet Railway
20190501 1.8 382. 2 [D]. Chengdu. Chengdu University of Technology, 2018.
2019050z 7 3989 [2] R AR A6 T g 1L 48 X 78 0 e 9 9K 3 )
2019—05—03 13.1 407.0 7ID]. B . =/ K¥,2016.
201970070% 12.3 419.3 XU Huijuan. Study on debris-flow activity patterns and hazard
20190505 105 429.8 driving forces of the alpine vallery area in Nujiang River Basin
201970506 -1 440.9 [DJ]. Kunming: Yunnan University, 2016.
S H R 10. 6

(3 GEIHTE 208 m ZJ5 WU W AT FETE 0L . 15
O SR B AR B 1. 27 m® /h AR Z TR
MhYEBOHAEREZY 3. 08 m? /h, A T AR KB4 7, Jorp
MR RIE AR S AN AL 7 R

4.5}

MAIERT AL G

T 3.6
T 21 }
- |
H 1.8 !
® \
£ 0.9 !
|
1 |
0 110 2

1 1 1
330 440 550
LI /m

& -
(=}

7 KFILHEREEEREE
Fig.7 Schematic diagram of drilling fluid consumption

of the horizontal hole

5 #ig

(1) 5 BG4y B R 22 56 410 B, 86 72 1 FL N Y
JZ ST RNRF AL, P 208 0o J2= 4 kR B 19 D0 0 2 0%
FLAY T 25 o AR I BE T 2

(2) MR 3 i J= Al S 15 0 75 2 1T REHIL A A1 1
W] AT TC 7 el R 9, T B H A AN 0 BECAER T AR b 35 8 B

(3] DRI, IR IR , 25k 2 e e e ot J2 0 K 2 WL 38 B Ot U 12 W
5 40b AR [Tl 5 58 R 2013.30(1) : 85— 88.
SHEN Haichao, HU Xiaoqing, LI Guizhi. Research on me-
chanical mechanism and treating method of mud loss in fragile
formation[ J . Drilling Fluid & Completion Fluid, 2013, 30
(1):85—88.

[4]  BERIFR, BR 05 0K . 55 . 2455 T 3 J2 A O 80 T 2 5 28 % s 2 L
AL AR S & ,2014,41(1) . 95— 101,
JIA Lichun, CHEN Mian, HOU Bing, et al. Drilling fluid loss
model and loss dynamic behavior in fractured formations[]J].
Petorleum Exploration and Development, 2014,41(1).95—
101.

(5] W26 Ak B I o B b i 3t 2 U 2R DL BT 5 () ). 3 KR4
S BE AR CH SRBEE R, 2013,15(4) : 88— 91,
JIANG Hongwei, SHI Lin. Research on formation mechanism
of leakage in drilling process[]]. Journal of Chongqing Univer-
sity of Science and Technology (Natural Sciences Edition),
2013,15(4) :88—91.

L6 2= 4. 24 4 Tk b 2 3% U B2 R F 98 [DI. LR V8 m A ol K2,
2013.
LI Wei. Study on leakage stoppage technology in fractured for-
mation[ D]. Chengdu: Southwest Petroleum University, 2013.

(7] ZEEE WA OBk A 5 07 X 2% 3 J2 Al 0 4 BE 3 O
AL TAR CA B8 T8, 2010,37(8) : 23— 26.
LI Guozhi, YANG Shuwei, XU Jingzhu. Wall protection and
leakage control technical measures for drilling in the complex
formation of Haobugao Ming Areal J]. Exploration Engineer-
ing (Rock &. Soil Drilling and Tunneling), 2010,37(8) ;23—
26.



24 B TR CH 4548 TR 2020 4E 11 A
(8] Mk il Fl T L 4% W 2% M )2 B s 7K U8 2% 1R R AF 95 %5 [ D A WU Xiaoming, HU Yule, HE Bingxin. Drilling fluid and

9]

[10]

[11]

[12]

. U AR 24, 2013,
PANG Maoan. Study on antileakage cement slurry for porosi-
ty-fracture type leak formation[ DJ]. Chengdu: Southwest Pe-
troleum University, 2013.
WRIGEAE , S (E #6453 T ABAQUS Ry %4 4% M s 2k i 72
BB FE [T 85 52 . 2019, 36(1) : 15— 19,
CHEN Xiaohua, QIU Zhengsong, YANG Peng, et al. Dy-
namic simulation of mud losses into fractured formations using
ABAQUS software[ J]. Drilling Fluid & Completion Fluid,
2019,36(1):15—109.
AR TRACINE TR I Ok B BOR M )2 R I R HOR [T
PRI TR CA B ) ,2019,46(7) :41—45,50.
LI Yanzhi, ZHANG Changmao, ZHANG Ping. Top fill ce-
menting technology for large loss formation[ J]. Exploration
Engineering (Rock & Soil Drilling and Tunnerling) , 2019,46
(7):41—45,50.
2 0 I U R b 2 S R B R S D ] R AR G Bl 4
T#),2019,7(22) :47—50.
LI Jinfeng. The status and development direction of plugging
technology for severe circulation loss formation[J]. Explora-
tion Engineering (Rock & Soil Drilling and Tunnerling) ,
2019,7(22) :47—50.
L5 3000 BB AR L BLUKORE B IR A £ DRSO ML R
[ o Jo e 2t A L 2002,

(E#EF 18 ])

[24]

[25]

[26]

[27]

Lingrong Kong, Yu Wang, Bohong Wu, et al. Simulation
and experimental study on cuttings-carrying for reverse cir-
culation horizontal directional drilling with dual drill pipes
[J]. Advances in Civil Engineering, 2019: 6262308.

G W W XA ZR IR LI R PVC i 8 58 AL HOR BF 5T
(D Hi#B « WU EE T K%, 2012,

JIN Xin. Study on the technology of gas drainage PVC sieve
pipe hole in complex coal mine in Two Huai Mining Area
[D]. Chengdu: Chengdu University of Technology, 2012.
LI B B TR AL I R R R R B B S Y (D] iR
DU [ b R 2 (0 £ 2007,

WANG Hongbo. Research on wear and fracture of drill
strings for railway deep hole exploration drilling[ D]. Wu-
han: China University of Geosciences (Wuhan), 2007.

TV W RAS AR IRE R TS0 TE AL A I PR A T S SR Y
ML) HLA, 2007, 28(6) : 148—150.

WANG Qingfeng, CHEN Songlin. Analysis on cause and
prevention measures of drilling pipe rupture of coal roadway

drilling machine[]J]. Coal Mine Machinery, 2007,28(6): 148

[13]

[14]

[16]

[28]

[29]

[30]

slurry in geotechnical engineering[ M]. Wuhan: China Uni-
versity of Geosciences Press, 2002.

JA o A R M JZ A RE B Tl T T T B AR AR L o B
b J5t,2009,21(82) :120—122.

ZHOU Liang. Discussion on preparation of borehole wall pro-
tecting and leak plugging drilling fluid in coal measures strata
[J]. Coal Geology of China, 2009,21(S2):120—122.

VESR % B TH LML VG % . V4 42 3838 R AL, 1986.
WANG Rongxin. Mathematical statisticsf M]. Xi’an: Xi’an
Jiaotong University Press, 1986.

Zhl 2R, PROE, SF L E A2 S50 v Ik b BIUCR i B SR IO 2
()0 796224435, 2017, 32(4) .49 —52.

LI Wei, LI Jin, CHEN Ying. et al. Optimization of the ex-
traction process of sea buckthorn pulp oil from Hippophae rh-
amnoides L. by orthogonal test[ J]. Northwest Pharmaceuti-
cal Journal, 2017,32(4) :49—52.

K 2 52 B B 3 bR R T 1F 28 S5 30 6 1 B A 22 4 R BUY
Wi P 2R 23 B ()] M 1R, 2019,38(12) - 76— 79.

WU Yongping, LUO Yuen, HE Shenglin. Analysis of factors
affecting slope safety factor based on orthogonal experimental

method[ J]. Coal Technology, 2019,38(12).:76—79.

(4% $hm )

—150.

ST BT B A KT 2 0 i B S Y R i 58 4 A
LI 8R0 TR CA L4698 TR, 2011,38(7) . 73—75.

LIU Yong, CHANG Jianghua. Selection of horizontal wire-
line coring bit in a gold mine and the test analysis[ J]. Explo-
ration Engineering (Rock &. Soil Drilling and Tunneling) ,
2011,38(7):73—75.

T3 I 380 4 il A 0 S 30 R 5 5 B4 T (D] iR P E
Mo JFR 24 (RO . 2007,

FANG Peng. Experimental model and simulation analysis on
drill pipe of the reconnaissance drilling[ D]. Wuhan: China
University of Geosciences (Wuhan), 2007.

W TETC. 48 R OO B A A 1 S = it Sk ik (D] iR
B r Al R (RO 2011

PAN Deyuan. The mechanical analysis and optimization de-
sign of wire-line coring drill string[ D]. Wuhan: China Uni-

versity of Geosciences (Wuhan), 2011.

(¥ RAa®)



