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Abstract; During under-balanced drilling in a shale reservoir, water based drilling fluid can enter the formation
due to capillary force when the under-pressure difference is small. Thus,it causes pore pressure change around the
wellbore and reduces the stability of the borehole. Becuase of the potential for blowouts, there is a significant need
to to carry out the research on the influence law of countercurrent spontaneous imbibition on wellbore collapse
pressure in under-balanced drilling. In this paper we discuss how we established a water invasion model of shale
reservoir considering the countercurrent spontaneous imbibition in under-balanced drilling which we based on two-
phase seepage theory. Our work demonstrates that water saturation near the wellbore will decrease as the under-
pressure difference increases. Considering rock strength changes with hydration we set up a stress analysis model
near wellbore and studied the equivalent mud density of wellbore collapse pressure of shale. It can be determined
from the model that longer drilling times will generate smaller under-pressure differences,and a alarger variation
range of water saturation near the borehole will cause lower collapse pressure considering the influence of counter-
current spontaneous imbibition, which is more unfavorable for borehole stability. When other parameters remain
constant except for under-pressure difference, a minimum borehole diameter enlargement rate is achieved in the
shale. This borehole stability model can provide a theoretical basis for setting a reasonable under-pressure difference
and adjusting the drilling fluid density in under-balanced drilling of horizontal shale gas well.

Key words: countercurrent spontaneous imbibition; shale oil reservoir;collapse pressure; water based drilling
fluid ; under-balanced drilling; borehole stabilization

S B HA:2018-03-21; % [B H #7:2018-10-01,

e ge it 75l e DU M2 I R AR B IR R AR 4’Ef[sﬂu ;lv:;gwb #‘3 u;w;;/\ o #—j:m%xfb
" B aEmKFahTAEE L, m IAEHE N R A TR T
j%ﬁﬁ%ﬁﬁ\%ﬁﬂi’lﬁ)%tp?zﬁi7k1%ﬂ£{}ﬂ&§|@m7?2[”? ) A FIRAE T R4 R mul 18“)81(”[&(“ qq. com,
e SO R K A0 S SR A IR S )2 B 77 o o
LS = EEWE . W5 A AAE AL @ LA AT AR

PR 2% A28 LR B A 1 0 L RIFIRAIM R T R R RIS O § ST AT S
5 AT 8 T B ALK R I R B R AL BT *'(4,;] 2 .51574202) 45
2 AT WA SR BT T ARBFSE . A T ., ,

JE & A B 2K 6 i AR

S1T74247) Fo v 1l § FHL T B * % 8 AL 2 21
B0 Z AR, B T B S| R i 2 FL B ) W5 T At B AR (% 2018) Y0460) th # q/, )




e 38 ys Ab é{g

K H X 2019 %1 A

X IR R R LA BRI Z 4h . Yu Mengjiao
AT J. Ballard % A58 o 3056 & 308 004 P B
I ) A 27 3 2 25 5 e K RIS T 5 1 I 4 HIORE B 5 Tk
FHE ORI R A A NP ST TV T B T IO A
Xof e i FL B s g B AR AR KR R AT T a0 A . B T
A IE A TR LGS B e voa )2 b R A
K IR I WA Sy 8 BR A BT B IR o 6 2K AR R
T R A B P A ) B AN AN AT
W o AT A R [ P b B g 3 X I AT T RSl
KBS T 2T B I o
AFAET 5 534 M. Naseri 71 4055 A0 16 F
THUK T AH U B o BT T R A O A R b oK
AL AHJE B A HE— 2 HroK AR e 0 s I
RECGEM L. AU, B 7 B IR A WAL
WL Y 0T i R O IR R R R, A b T M )2 A
K OFRG Z HO0 I IR 2R B B 52 me LA, RUIDT O R
S s I sk R v Y O IR RS M I N 2 A i
T2 AR R

1 30 A AR B K AR R

IR -7 Al ok R b, MR R AR — R R %
FUFT WM AR . A2, 2K BB T W5 T R 4
fl BF AT SR AFAE F5 ) 2 ) B A J1, ROV R 2=
Al BTGk 4 v Ik B A AE . DA T S SO R AN O
WEEME NEHT A KA HZ, X 28K
H AN o T A 2 A K AR S il K R AR I B
TR L RF- AL S R L K RS IR R AR T
(R o Rt ) L T i U B 7 - i O 07 o
LA A 2 R oK 08 b 2 B A5 ) 6] A FL B A
T s TE KA o B v S 2 8 A )2 LB R 7 i ek A
it A R AR R R O A 5 Z W I AR T Y R T
THAH 5 7K A fl S A B .

T bR AB S 25 AR i T S 0 K P A
T35 VG SE L A5 20 9 K AR O T S T R N

[12( K e 28050

1o

ﬂoBo ar o at Bo

A NEF IR LR . ms K O A A = B
Y X B #E A Ds Ko M Ko, 2350 08 50 bl A K
R AIXE B 1B 5 0 M g 73 51 O BT HR 3 AR F1OK
A EBPERE L . Pa « s; B, M B, 2351 9 50 A il AH
FKAH I 1A TR R H po R pu 43 501 0 DU v il AH

ey

KA 73 s T3 Pas po J il K B4 J1. Pas So
KL ANRE 5 ¢ D9 Al W5 T BE ) 4 B T s 58 0A
T i i = AL B

TSRk K WA IR T SR T R . TR XF
B B A 2R U L R 2 A . W BR I 220 30 5 2%
{LI;:

t=0,r, <r<r.S, =S, (2)
2 W F A
jt}O,r = rysS, = 1—S,,
(3)
11520,;’ =Trusp, = Dus
S UR S U

t}osr: re’sw - 17801‘
4)

1=0.r=rop, = p,
A, AR myr. HAE)E SN L T2 m;
LN 8l SR = R R N AR I RTHE U RS
735 Pas S F S, 43 i) Ay i e oA 48 Il o6 R N G
TKAEFEE
S5 MK BT B A0 A ) RS R AE A X B
3R REYRT UG B 3 A oK AR B0 B A4S 1R
T Y K T A A 3 25 T AR L A
_ J (S 00,08 Ou

Gow COS Oy

. <5>M = 0.176 7e > <5>M
¢ ¢
(5)
Ko =4 (2525 )
K :B<1—SW+SM)‘ )
" 1—S, — S

A 2O RITHIZK PAHAZE Sl 571 5 () 5 0000 SR T 7K P AH 555 TET 7
775N« m;A,B 1 ¢ S5, 7T DR 4 v R e i U
5t R SO 2505, A=0. 9, B=0. 8.c=4),

OR VA 5 S Wl 2 S 880 b 2 TR BE Dy 3100, 00 m,
HJZFLB R &% E N 1,20 g/em’, FLEREE
0.08, BN 0. 8 mD, W) bH & /KA AIEE Ny 0. 22, 3
SEIM RN BE Sy 0. 25, 4 2 0 A 26 B2 25 mPa + s, i
AR ARECN 1. 2,

VARt T 288 KRR 1,15 g/ e’
B UM RE 2 5 mPa « s B WIE VAR TR R 4k
A 1.0, FFREREHK 241, 3 mm,

WS (1) (5)F1(6) .38 il MATLAB % 72
AT AR fife A5 50 e B BRE 30 b J2 5 7K 1 R0 R Bl R R 22 H
FIEG I B () ) A2 A AR 25 SR 18] 1 R E 2 R O
KR AR M FE B4 r/r. s FED



HAT RS 1 W ARG A, R A BT T A EIRE N e AR + 39 -

—=— B RS d
—e— iR R M 10 d
——EiR R RS d

<
=

=3
[=)}
T

FHR B I 4 2 AR TR

e
i

1.0 11 1.2 1.3 14
TE B AR B

B 1 BEHNERT H R ML S K0 E FE R & L
FxZEmEENELRE

Fig. 1 Variation law of water saturation near borehole
with time and dimensionless radial distance under
capillary force
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Fig. 2 Variation law of water saturation near borehole

with dimensionless radial distance after 10 days of

drilling under different under-pressure
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Fig. 3 Variation law of rock mechanical properties near borehole with dimensionless radial distance after shale water absorption

under-pressure difference 0. 5 MPa
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Fig. 4 Solution flow of borehole stability model
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