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Experimental study on the characteristics of respiration effect in
fractured formations
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Abstract: When drilling deep fractured formation, the formation breathing effect caused by wellbore pressure
fluctuation is easy to be misjudged as overflow and unnecessary killing measures are taken, which seriously affects the
drilling safety. Therefore, an experimental equipment was developed to simulate the breathing effect of fractured
formation. A series of experiments were carried out to analyze the effects of drilling fluid circulation pressure, fracture
opening pressure and rock type on the characteristics of drilling fluid leakage and flowback. The results show that the
fractured breathing effect is a reversible leakage, and the whole process of its occurrence is leakage— “quasi— steady”
— flowback. With the increase of circulating pressure of drilling fluid, the maximum leakage and return amount of
drilling fluid increased. With the increase of fracture opening pressure, the maximum leakage amount of drilling fluid
increases, but the return amount decreases. Compared with sandstone and limestone, granite with extremely low
porosity and low permeability has larger leakage and smaller return amount. The research results provide a theoretical

basis for analyzing the characteristics of fractured breathing effect of deep fractured formation and adopting correct
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measures to distinguish other operating conditions.

Key words: fractured formation; breathing effect; leakage and flowback; experimental simulation
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Fig.1 Schematic diagram of the experimental device for fractured breathing effect
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Fig.2 Physical image of the experimental device for fractured breathing effect
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Fig.3 Experimental rock sample
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Table 2 Physical property parameters of rocks
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Fig.4 Fracture simulation principle
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Table 3 Rheological properties of experimental fluids

R LN n K

K 1 1

B H 0.53 0.45
122 Lk

R TR AL BB P R RO (1) 4 AR DL R I
WG 5 R 77 34 4 7k I e ) R A 28 0 X 24 e P
W 3550 7 R A 18 52 Wl 85 6 VA B R 0 4 i) i
3.4 F1 5 MPa, 1 24 4% 5K ¥ 6 77 00 3 5 i oy 1.2
3 MPa, R 28 M A 7 200 8 % 9 S2 5, de it

27 2 o SZI v IE O R A ) TR T A 2 AR R T TR
1, 38 3o PR IR R R R B AL I R A R
T o R FEMRFNS B 52304/ 9 77 19 % 2 90 4 Ik
VIR LRI . BRI BT .

(D) FTHF B PRI 5 .

(2) T FF K- JF & R AL TFC , IR 4 B O it Ak
TR 2 TR B R E 50%

(3)FTFF E A, KT 52 56 Bt <t Jon 48 72 %l 1)
JE 11 6 MPa, #4024 4% 3K I 77 .

(4)FT TF b J22 00 1A 25 1 b J2 1] s ), 48 52 36 74
PR 2R b 2 A, W 3 b 2 3 A (8] I i 1T Ak
b 2 AR S L e 6 MPa Hb )2 [l &, 4% 22 72 1
JZ AR 3 R S R B A e A A

(5) ¥ SR F7 15 BT 75 A4 0L 1Y) 24 4% K
FETI.

(6) 5 A1 b )22 U A4 22, 4T JF Hb )2 0] 6 i A7 i
JE 1 Z Hb )2 100 Fs B T 4 4 2 30 min T A B
H, 2 P 3t 2 B R 1

(7)iC R K 138 X, A Hoh X, .

(8) 18 B &l W [l i 1 w0 (i (B I V496 34 &
T AT AR R R, B S R
I 80 ZE 1 min A48,

(9) P& IF TR AR ZE 10 Sk b B ROF T 32
X,

(10) g 3% o K5 B K SF 10 i 80 Y, 0 R i 8K
H Yo

(11)F7 FF 0] < Fd 0 A5 3k 1, 00 25 6 97 4 [l
W) M T Ak S AR A O, T3 SE 5 min G R TR
e R K TR Y.

(12) i as A, S, OQ T RS- JF 56, XA
SRAETF I, M S AL TR, SERR 25 TR

Horp IR (7) ~ ()RR 2 Al 0 T80, 781 e
JIRF 2 TR Ty, e 25 R BT W06 B4 (st
2R ) 2R (9) ~ (L) R S 45 28 T .

2 TWHERS5HN
21 SLEGZER

i WEA RN X, — X, i RORHE RN Y, —
Y AR B RN X —X,— Y, Y. Hob L s
WA BN R BRI R i P BR(T)
~Q12) WA EE AR IR R (R 32 1) Jhm e
(FE 72 1) VRS I W U 2% A0 3R HE i i B () 119 25 1k



98 BhPR TR

20254 1H

2k, o B AR AL B .

5 7R T 24 4 1 I I 00 ) S5 56 25 SR, LS
B 54 Ry b A TR TT R 1 1 MPa Bl I R 2R
JE 12 MPa. MR4EHE I R e 2k 4 FE ) A2 f 1
B, T LUK B A S R 2 4y O AB .BC .CD AT DE 14

BB,

625 c D 5
- BiHRAR
500 [ -~ HhEES g ! 14
. - BRI .
ﬁ 375 L - - HEETKTFIE // 13 E
. . 2
A | S|
= . s R
Bk 150 | B//' __=====::==" =
.__:,7.—_-.?’::'....--...___..___...‘...___ 1
o L L L L L Ol
0 80 160 240 320 400 480

I 18] /s
5 BLEMIFIRMA RN R

Fig.5 Simulation results of fractured breathing effect
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Fig.6 Effect of circulating pressure of drilling fluid

on fractured breathing effect of sandstone
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Fig.7 Influence of circulating pressure on maximum

loss, return and residual amount of drilling fluid
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Fig.8 Influence of fracture opening pressure on

fractured breathing effect of sandstone
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Fig.9 Influence of fracture opening pressure
on maximum loss, return and residual amount

of drilling fluid
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Fig.10 Influence of rock type on fractured breathing

effect of sandstone
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Fig.11 Influence of rock type of drilling fluid on maximum

loss, return and residual amount of drilling fluid
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