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Abstract

Shale Wellbore instability occurs frequently during drilling the gas exploration well in the
Changqing West area, seriously hindering the field operation. In view of the problems of shale spall-
ing and collapse for the Wulalike Formation, its wellbore instability mechanism is determined by
the testing of microfabric, physical and chemical properties and mechanical characteristics at an
indoor experiment. Considering the weak plane, a dynamic coupled wellbore stability model is es-
tablished to evaluate the wellbore stability of complex formations and optimize the borehole tra-
jectory. The results show that the shale in the Wulalike Formation is weakly expanded brittle shale,
with rich micro-fractures and bedding, which provide favourable seepage channels for drilling fluid
filtrate and produce tip factor effect. Drilling fluid immersion and bedding angle have a deteriora-
tion effect on shale mechanical characteristics, and the rock mechanical strength is the lowest at the
bedding angle of 30°. Under the action of drilling fluid immersion, chemical potential difference and
hydraulic pressure difference, pore pressure increases in the near-wellbore zone, rock strength de-
creases, and the collapse instability area increases. In the early stage of drilling fluid immersion, the
wellbore instability area increases, and the rate of increase of the wellbore instability area de-
creases with the increase of immersion time. The weak plane of the rock makes the collapse pres-
sure increase, so it is relatively safe to drill at the azimuth of 240°~30° and the inclination angle of
0°~28".
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2.1. WM eEH

2.1.1. T LEHIFFIE
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Figure 1. Shale structure of Wulalike formation
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2.1.2. WA S

7 1Al e A R e S B, T30 36.85% (30.64%~39.50%), HUAKE w4, F
175 28.14% (21.88%~39.58%), f19%. KA\ JifEASEMIIER S EIA 63.15% 0 A, 1ZHIX TUA R i
PETUE

7 2 AT ARG A 32 B R R (T3 44.25%) UL AR S210) 2 (T 3408 37.25%), FL1a)J2 LT3
N 11.25%, ATUAEH, BA KRS A S IR, N H ALTE R X M TUE 8 T K P
(PR i 2 T

Table 1. Whole rock mineral analysis

=1 ERTMNN
Py mE WKHA S ®kA A At BAsfd B BT MR

1 39.05 1.00 7.09 24.28 - 3.44 0.78 0.15 24.21
2 30.64 0.50 7.45 17.63 11.68 9.29 0.63 0.30 21.88
3 39.50 7.38 10.33 0.50 - 1.59 0.77 0.35 39.58
4 38.22 0.48 6.73 21.83 2.66 2.49 0.72 - 26.87

Table 2. Clay mineral analysis

=2 FEw S
e =8 (K) ZEJe A (Ch) FFRIA) FRHIZE 2 (1/S) RIZ B ZE L (%. S)
1 0 25 43 32 5
2 0 20 48 32 5
3 1 5 41 53 30
4 0 23 45 32 5
2.2. BILMERED R
2.2.1. KRS
12 100.00
10r q 95.00
s}
©
N 5 9000
1] 6l ——#1 ——#2 =
= #3 #4 =
B =2 85.00
 p—t—t—— """ =R
4
i
5 ," 80.00
|
0 * . . 75.00
0 200 400 #1 #2 #3 #4
B[] /min g
(a) KALIEAK (b) KiLpHk

Figure 2. Analysis results of hydration properties
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2 NG AR R KA R T s B, N 2B, AR RN 4.62%~9.82% (8 h J5), T
YN 6.93%. B — R YERE, FR BT 248 1w AU s f R A & s m, SEIIIRR BUE FEre A
BRI, VIaM B S SR BTt M 2(0) TN, & FE Rl 83.23%~97.82%, ~F1 [l hy
89.24%, JETH A A .

2.2.2. ZETA BB 547

M 3R, SR dUA R Zeta AL XHE N T 13.44~15.98 mV, A HERIURI[E] Zeta HL A7 465
RN, W5l R, R im TR st R, AR TADEORE, MER/KILBZIK 2 23] .

Table 3. ZETA potential analysis results
7= 3. ZETA I #TLE

Zeta HLAZ/mV

P
Zeta IR IYMH M bnitE 2
1 —14.37 -17.93 —15.65 —15.98 +1.80
2 -13.40 —15.36 —15.36 -14.71+1.13
3 -13.29 -13.70 -13.34 -13.44 £ 0.22
4 —15.35 —13.86 -13.61 —14.27 +0.94

2.3. NEFESH

MG 4 BERETRN, ANTR A L R VAR 9 AN S P AR 22 SR AR, O° M1 90”7 D i P2 AN M A
i, 60°IKZ, 307 PRI MR 5 BN AR B B Ik, R 4 J) Se AU AL 7 2R AIE _E BAT WY S ) 4% 17 S 4
RFAIE, T R (R TE R EURE J2 B A B2 AR (B B R, IUEVEAN SR o Bl BOR 5 0 B 2 L5 L L 5L
R BB HON A A0 05 5 B B AT e (R 5

Table 4. Strength characteristics of rock soaked by drilling fluid
4. SRR ERBERE

() RIBRE(d) I fE 552 22 (MPa) S PE 5 E (GPa) HEL N =
0 170.66 16.32 0.21
0 5 142.36 14.65 0.15
10 120.68 12.36 0.17
0 50.36 20.65 0.24
30 5 46.53 18.65 0.16
10 40.23 17.46 0.18
0 71.63 18.65 0.18
60 5 65.32 16.43 0.17
10 60.2 14.23 0.21
0 190.65 23.69 0.16
90 5 165.32 20.68 0.19
10 150.2 18.95 0.17
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H A B A, S s A R S B, A SRR LR A . S, R R R AR
FhHRBURLAE PURUE RE o BATE A RAE, A HE R R B A RGN R BLL M .l e a AR+
IR AL SRS AEREAR MR A, IEVER S R, R T KPR RE e T, A
FELE RN S AN IS R 8 G P A R g . B B R E e mT g, S s A R R T S I A R
BB ) T B4 B, A R AL T A HOIRES R E BRI AK 32 B, e BE A T 252 4% T4l
FHEBDE VBN A BUROREL () L 4 9 L ARG, JF HAESREE R I A N PR 7, 5 R IR G Y RS i, [A]
IR HRE N EREALIE, SBELBRE 88N, 2 A RN K, R&SBOFREHERAE. 1R ek
KR, SR a 0 SRR SRR, FRARAE A 145 E . B U W B R AL B A2 31 2 A 3
ERAFRR R EREK, FHTESE o b 3 R E .

3. HEREEREE BB KR
3.1 HEREER

3.1.1. EhiEisEs

BRI Z 5, M2 AR S 8 2 1 R Ak 2 AT 22 DA R K 9 R 22 Bt 3t )2 LRSS & R gy
Hio I AL A U SR AR S SRR Jy, @S BAR I R B B R [12] [13]:
—5—(yf+6ij+|m51m L o _» 0
ﬂC€0 OX ay v eshale ot ot
K, p NHLERAAE 71, MPa; C RRMRIESE 250, Pals u NIRIAZIE, mPas; k ABIER, um? ¢
RALBREE; T NZSHERE, K In ABERCR; V ORKEIREE RIEF, 1.80 x 10°° mé-mol?; R ASMAH &,
8.314 m3-Pa-K t-mol™; @ NASFI HLZTRARTE L Oshare VB TUE R 32 KTE T

2 2
p[ 28,26 _26 @
oX~ oy ot

X, D NEEY A, m7s.

3.1.2. xIET2
DAE 3 AE a0 | A 2808 g J 3 DA R B e ) 2 3 R, 258 Ak B AN DL R R AR B S
BOASTERE L, 130N AR ST T AR [14]

1 1 1 a
& :Eaij _(E_Wjakké‘ij +R pS; 3)

K, e ANAETKE: o ARJIKE: o A Biot RN I HRE: K NEBRERE; G AHUIBE; 6 N
Kronecker-delta p& %, HEUEA 1 (i =)0 (>0 #])).

3.13. Liu55iE
AR RF R E AT IIRESE o He TR AR Ty 5 NS S A R, (LR RS AR A FLOGIR, A%
oy EE NN AE 738 2 8] FR 07 5% 200 2 30 AR TR T LR 75 R [15] -

& Z%(ui,j +uj,i) 4)

A Uijs Uji NN oy & .
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3.14. S ERILFE
ZHAOBREES KEE OB, EFEDEMHEER, JLBREMBIERA TSR, £
5 FR A0 T [16]:

1
= Tie (¢, +¢,) (5)
‘ {1+;V}
E: (1+¢,) ©)

X ¢ NIV IR MIALBREE @, A BRIRARAE T IALEREE , k AT IR BIE R, ko NIRRT T IBIER.

3.1.5. EREERREN
#R4& Mogi-Column U558 5 34K /1, Mogi-Column ¥ 223 41 R [17]

Toct = a+b0’m,2 (7)
o, +0,
o= IS ©®)
1 , 2 , \2 , 2
Toct :g\/(al_o'z) +(O'2_0'3) +(O'3_O'1) )
a:¥ccos(p (10)
b=—2fsin¢ 11)

Xt ome NERIINTT, toe /NEIRBIRE ST, ¢ NIETHIR AT, o kIR A EESE A

3.1.6. SETHSREEN
LA RIS TR, 5 A 1) B B2 52 559 THT R FE % ], RIS AR5 i [ 18]
2(c, +o,tang,)
(1-tan g, cotg)sin 2¢

SIIAL 55— BRI TT A ¢ 2 g1 < ¢ < g2 ETFGZ A I IS TR . 457 o WL AT, N
JPRETT AR (12), IRAE ARG AT RS, HoA ORGSR IS 45 o XF a1
AL, A EFIREA o = 7l4 + pol2 FI77 LB, EARDRE a1 FEAR SR . A o1 BL
Lo o A AT LUEE L (A3) K5

o, =0+ (12)

. | (o, +0,+2C,, Cot sin
¢1=¢—W+%arcsm (04 + 0, + 20, COtg, )sing,
O'1+O'3 (13)
T
P, :E+¢W_¢l

A o0 ARAKERN T, MPa; o3 AE/NFER ST, MPa: cw NSITHIIIAZETT, MPas ow AT N BEHE
i, 75 Co NI TT, MPa; go NI EEREAT, °5 o NSNS HRKERIIRS;, 5 po N AR
WS R K TN ITHIRA,
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BRI EEAR R A B E N SR S R E R SRR, BG2(2). (B). (4). (B)FI(B)AL R T R4,
HOrRA s B AR, IRMERA MR, A SCRABEIEA R IT COMSOL AT K AE, R H [l 14 /) ik
VEER L . ARG AR LA AR an ¥ 3 B, YHSE Jiskfgidid coMsoL Lk
MATLAB BALA F(7)~(13) IR P RIEFRIEAK M, BT O b & 2 5 0 1 2 4ol i 16 (77 X
IR\ COMSOL A&, BASHN 5, MAMSHCKE D 1w A TR I BORL = iR Ee

o ARTTERREN )5, XA L F AR A (K 3(c)), AIRRAN:

{P(r,t:O)_Po 1)
P(r=r,t)=P
o, L
FEERRENY
KRNV .
§§§§g§§mg : i
RN i
'«\0(‘%‘““ Ml
(a) JUfTAE AR (b) MRS (c) A6 R 544
Figure 3. Finite element model
E 3. HBRTER
Table 5. Model parameters
5. HEISH
BIER, m? 1.9x 10716 25
FLBE, 5.3% P
WK, mPa-s 1 P
% 0.2 Je =
R 3 S
BT HOREE, m2s 4.6 x107° P
RIS LR HW RS TR Z, mol/L 4.5 P
JR a5 Z B TR, mol/L 6.5 M7 Bk
HIK, m 4235 iz ek}
ERIFRAE R 77, MPa 58 Mok
HZFLBE 71, MPa 56 D H e
FIREAE, m 0.1 W ok
wARIKPFERTT, MPa 67 I
wNKPFERTT, MPa 65 I s
FEEZET, MPa 104 IUBIEVE
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4.1. FLBRE S HBHE
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57.5
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Figure 4. Pore pressure evolution with time
B 4. FLBRE SIREET EEC AR

4.2. F¥ARhHH

1P 5 AT%, NS J7 [l IR A F e S 0 deok, HOONARIEIR g, S A yd/s, 8 (FEERIR) 5
FAAE KA SR TRV BT UIRIR e T di K (il ) 2 7)1 g /IS (A 1) 82 77) 2 3 8 HF T il e 17 1 IR O B [ 9I) o
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Figure 5. Distribution characteristics of stress around well
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Figure 6. Distribution characteristics of wellbore instability area
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4.4. SHESNEHLE]

K7 DNANTRI 58 TG H BE AR E PE RO RE IR, I AR o R, A ORI RT LA . FREERE PRATK
P AR R 2 R HE 5 B, A R T DRl i, BRI o b B8 — AL g5 T IR D9 i) 165
iy 0% S8 AL IRV 1107, BTN 167 S5 =418 M-It 110°, Mifh 20°, %S4
FERIE T S 3 ) s ARG I B S . b 7 WG, BEESSTEHANEON 2, PIERE ) R iEd, £
B 5 TS o A0 B AR 5 (WL o 25 PR S T AN, >R R Ay 0~35° Bl die oy 22 4, KT i SRS o
M LA, HRDIALA N WE T, SRR A 0~35° 8l i v &4z =R A0 o8 WE
I, SRAGERA 0~28" 8 o 24, 275 18 2 /AN 3 NETi I, R Az 30°~240° I, SRAIHRH
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90° N 1,266 90°- 1.650
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1132 1 1.420
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& &
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30° : 300 1.075
0.8640 0.960
60° 0.7970 60°- 0.845
T 500 0.7300 o)
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Figure 7. Influence rule of weak surface on collapse pressure
7. SSEXHHBE N MM E

5. Wig

AT 5 DA PR P X 13 35 77 5 4L AR P52 2 i J2 B e R b A 0, S 2 1 S0 5 A R A
Ghty, 4R T FIIKRE M TUA T RN, 4 SIS RO R F R A P B R e M, WA T 99T
ST BERAE PERIRE R . TR0 SR 1 ) S A R B R A R T T B . I S R i
— B LR IR, R AGRIL “SUBRE” [P RN . Bl Py (12176 8085 K P S F U0 HHE A
WIRETC R, (LK IR 2 S B TLEAS L, 208 T 1038 2 0 FUE K I s Zhang %5 [14] Bk
SIS, (H R BRI LG, WX KAES” 5 URES” MIHER.
ARFFCITRAE T B Ukt B b S AARIIK T, Bl TR 2t LR B, (L2538 22 S 80
FURE T+ 0 2 ik 0 210 1.8 15, FLIZ RIS SRV [V AE K (10 d J5) BT B S X — 4510
SRR AL AR AL T 57 10 - 383 PR AR R0 FE (S 2 i BhIR FE 8 4.5 mol/L LA L), T [0 1 il fb 28
FERAEHLE K S T RIS, GIFLE TS, X b Sl B A R BE (5 SRR e AR A
BRI R R E— R IR R MERR S , B B IR R B B R R FEK,
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