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Microcosmic mechanism of fracture-plugging instability and experimental study

on pressure bearing and tight plugging

Qiu Zhengsong' Bao Dan' Liu Junyi® Chen Jiaxu' Zhong Hanyi' Zhao Xin' Chen Xiaohua’

(1. School of Petroleum Engineering . China University of Petroleum , Shandong Qingdao 266580, China; 2. Drilling
Engineering and Technology Company, Shengli Petroleum Engineering Company , Sinopec Oil field Service Corporation
Shandong Dongying 257064, China; 3. Sinopec North China Company, Henan Zhengzhou 450006, China)

Abstract; While plugging fractured formations, the sealing zone formed by loss circulation materials are prone to instability due to the
effects from mechanical factors, resulting in low pressure bearing ability of sealing zone and repetitive loss. Based on the micro-struc-
tural stress analysis of fractured sealing zone. this study explores the compressive-crush instability, friction-sliding instability, shear-
dislocation instability and seepage-loss instability pattern of sealing zone, and then proposes the characteristic parameters for evalua-
ting plugging instability, such as granularity degradation rate, surface friction coefficient, shear strength and packing pore ratio. The
pressure bearing and tight plugging physical model is put forward, i. e. , by controlling the reasonable loss circulation material types
and particle size gradation optimization, it is favorable to form pressure bearing and tight sealing zone near the inlet end of fracture.
The experimental apparatus with long fracture slot is newly developed to carry out pressure bearing and tight plugging simulation ex-
periment and the experiment indicate that different loss circulation materials are synergized to improve compressive strength, surface
friction coefficient and shear strength for forming tight packing structure, prone to generate pressure bearing and tight sealing zone
near the inlet end of fracture and improve plug breaking pressure to prevent loss.

Key words: fracture loss circulation; plugging instability; pressure bearing and tight sealing; characteristic evaluation of loss circula-

tion materials; plugging simulation experiment method
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Fig.1 Schematic of fracture sealing zone under stress
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Fig.2 Schematic of seepage force of drilling fluid on plugging

particles
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Fig.3 Schematic of stress analysis between plugging

particles

MPHURLZ TR ) F B9 AE P A2 1) AH 5 5F s B 7
FESRAL F A Ry FRASTE TG L — > 2B 48 R @ 14 6 (B 422 fi
T, HR AR /N TP BRI E 42 Ry FI R, . 4% B Hertz
58 4 ik [X 38 10 F g 52 2 BRAAR A3 A T XL fioh o0
] H1 K K on s B Hertz 23X 0T 201 156 [ 432 fioh 1 >
7h

;
[ 3FR\R, (11—l 13
a*\/ ( +- ) @

4(R, + R\ E,
DN AL 22 8] 422 figh v G5 [ 1V )
_ 3F
. 2rna’

U Ty (g T

¥\/6F[<R1+Rz)/< E E#” 3

P2 2 B ORE 22 18] 19 D1 1) 187 A7 R 4 UL B 7
ShA R IR 3) oy e e R A7) )

T = otand = ou = %‘% 4
T

1.3 HERSREEmMZ EEEN
TE IR A A ob J2 LB R 22 4E R L 338 2 52K

IS TE A A5 « L 4 3 R AR SOWL L 3 B 0% 7K e 3 S % 589
S5 T FE AR R
F,, = ApHW (5)

SRR 2 1T T 7 161 169 58 P 45 R S o 26 K P T
FE 22 1 T 5 20 4 R T 7 A B )

f: 2quZ(17¢),Un (6)
BHR R RFFASE A1
Fo<f (7

2 MEEEIEZRBEBINIE N

2.1 FESHBELR

B 2 (3) AT PR 42 fioh o0 325 1) N ) 32 A6 7 L
ALY MES B CRLAR VLR YA RA HO I R2 I . 38 T+
BHE 2L 4E I B K 2 05 . 24 4h 07 88 i 3 T A R B e
i B I 3 T A ORE 32 5 TR R AR BB S AE IR R 25 7R
T B IR A 1) SEBE TR AL DT TG 15 AE R A P B A
¥ S BUmRE B R BVR A B R R A (B 4)
2.2 EEEBRR

WF 98 2 B2 U WA Rk A 24 4 A 1 3 B 02 T
B2 TG SR A N SR g 1 R JE ) R g BHL Ok
FLUEGER Y B AR R R B AL E . (D]
A B R 2KV O 1) s ) R T H 5 2R R T 1Y) E
P77, V) 53 ) W S 4% RE T U 1) SRR O vy, R A EE R T
R E 5 . FERRERE IR,
2.3 BIYIsEAIRRR

MBI R RS2 B A 7 i H BT D) 5 B I R T
PR R IR  BR Oy 4 3 2 59 VDA A R AR (BT 6) . BB
JZ BT 50 5 TR B A H SR 55 AT O B K R
JIHELE R 5 55 32 LR R Y O B T URL T
P HC AL B AN UKL 5 ] FE 0B 422 fioh 1) B © B
T F50RE S 2742 fioh 7 o B 55K 22 1) AH BB R IR AE 42 fi X
WA 75 Q) ORI Z B B 1) B T o, 204D R AT
T ORI B R R RE SRR G, S
B2 [A)HE ARG A T 35 2 fil 07 /0 L JSURL 3R 1T B
2 AT L85 ) BE A5 R L I R BN A I ETR
AR Y R 8N N IS Tk b A = TR K R A
2.4 BERKRKRE

B U OB 32 20 85 0 sl ok D R il g E R
N R R YN TR Y i TR AR Y SN
RETE 2448 A 1 o [ O HEAT 288 3 38 E B B JIETR
B B REERLE . FECR M IF R IR R LK 7 ] i
2O AT AT, B T UK e AL B B 0K L Al v o s i
JIFEOR, 2G i /b /N R AR SH 58 ORL IV, ) B 9K BE 7 L 4k
HEAT R (H ORI MERR AL 285 ) A T 3 A TR
Ak 2L ) b 2 R AL IR 2%, S BOE AR L R I 7(b)



590 el bl

3
=

2018 4F 55 39 %

(a) HIEEBMR (b) B ZHERYR (e) WMEEHEE
B4 HEEFERBLABEEATE

Fig.4 Schematic of compressive-crush instability pattern in sealing zone
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Fig.5 Schematic of friction-sliding instability pattern in sealing zone
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Fig.6 Schematic of shear-dislocation instability pattern in sealing zone
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Fig.7 Schematic of seepage-loss instability pattern in sealing zone
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Fig.8 D90 granularity degradation rate of different plugging materials
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Fig. 10 Shear strength index of the mixed sample of fiber

and particle with the increase of fiber
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el H % OB #2/mm
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594 al H

E ¢

2018 4F 55 39 %

IR R Al A BB 2 Bl 1R 5V FTR B 2R 4% 3%
JERTGWEIR o AU WL ORI © 5 % A BF I i e L e
B Sh BT V) B AL A R AR 2L & 1 RS TR AL R M
L5 LA AL 19 T A T o AR OB L B2 A 3%, B v B 0
JEU S 55 T 300 3 10T JEE 458 AR K0 47 A bR RE S R
ZLEE B IR )2 W BT U198 B () I 2T 4R AR HL R T A
AR FEBL T WURL S B e e BHE R EUE . I
i 3 B 3 T A L 2 B A 5 ROREL A S E A A ]
AT T AR R T i S SITE JRBUR R R BB TR 3

4 RERGEBEHL LR

FL P 098 Al 08 175 s 4 U A 400 5 36 % R T A9
S AR MR JEL R O A TG T AUt SR R A TR S B
TH O . R AT A 28 S AR L A AT S 06 I Btk A2 2
T B 3 R BT ORE AT RESR A B 7R 24 8E v 58 U B JHEAR
AIIE FE 55 0o P T 37 £ 285 5 S P 3 U 3 A5 i PR ANAT
P 2 1 S G M A ADUH T 3 T o S B i O » 5 4 2
T B A 2B v ) B 3 6 RO 2 R IR 2
il 7 G B IR UL S0 5 (R 14) .

i
®

THEES

R HN

14 BEHRKHENEEUIHEEFRERE
Fig. 14 Schematic of self-made plugging experiment

apparatus with long fracture slot

B o I IR B R A RO e AR A R A
Fie 3 042 4 i) 2 8 S B R AR A B R B2 45 4 KR A0 4
JO o 308 3o R Al 9 AR v T ZE AN R 3l U S
ATKF RO I ZE8E , 2 BTS00 B L O S SR AR 4l O
BOEAE T ERIRE Ca O R Al SF 28 %%
AR A [6) T B AR TE K 248 (R (K38 100 em) Y 52
B L A ADUAS [l B s g R B U)o AT Bl Y B
S SRR . FHE I RBE ) B R KR
A1 35 3 A 28 DX e (ot 3 2 67 R JRE ) 45 4 A » S 6
W EHEVE IROR . B 38 RS ) R R AR B 2 T hE
ORI FE Y e R B R R . A A
S RRLE AN RBE IR 2 A A AR SE X O

BB R R B R CEPIE AL B RE AR AL 22 57D » #3%
PRAENG O o ) e 24 8% A 1T i B T R 0 R s 11 3
WRIXIRE  SER ST O P FREEAR AT T IS L
SEBPIE DI . B U Ok R AR B S0 O B UE e
R WA

PEFFRIZ O 100 em REETF 0 2 mm X 1 mm [ 42
T RBE SRR 8 I M P B R A5 UKL (GO | BRPEAR i
BECR) 5 BT 4 A4 B () 25 S 7] 28 1 35 U 44 B 9 018 £
iR P 1 58 R B 7R B 38 2= P RO AL

H BCE R TR BHE LA 256 T (P8 15,181 16,46 2)
ASCAEE P PP SO B 3 5 e e 7 IR T 2k R K
A X SR A I A Y 1 S R 3 B SR A e AR
A5 5 W JBORE 52 TG 550 1 TR, B 2T 2 b1 LIS 5 B 3 S T
VAPINCIN PN 8 TNNE RS R R BT TR U3 YN
113t WP SOURE | 380 0K L £ 4 b1 L 21 4 9 3 o B
KL % e 4G Ak 72 ) L B3 S8 A IR ) 4 & 15 MPa,
TR B AR 40 mL, B 1A 200X SO S AR A T

16 F 160
B HEEEES

14 - | B P 4 140
L 120 1{ 120
[=¥]
Z ol 1100
R 2
H gl 180 &=
] #
§ 6 {60 %
# 4t 1 40

2t 4 20

G G+R G+F
ARIZEBE R A S

15 TREABEERVMHEASHRESELRER

Fig. 15 Experiment results of fracture plugging for different
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