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Abstract

The horizontal bedding of the lamellar cores has the characteristics of high density and low ce-
mentation strength. In the process of hydraulic fracturing, weakly cemented bedding is easy to
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“capture” the fracturing fracture, so that it expands along the bedding plane, thereby increasing
the fracture bandwidth. But it will limit the crack propagation in the direction of the fracture
height. When the fracture is relatively simple, the pressure curve shows a relatively stable shape.
When the fractures are relatively complex, the pressure curve shows obvious fluctuations. The
smaller the horizontal stress difference is, the more acoustic emission events are. The proportion
of shear fractures increases and the fractures are relatively more complex.
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FER N, F0 IR Rk T8 o, M 3 B RO A0 IR TR U6 55 IR AR A ST e 55 o 1 )2 2 07 T Es2.
Es3 Fl Es4 Bt. Matkw ¥pLARERE v E, W=~ W4 FRatey & &8s > 60%, Haffsiyd
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TUA S M SRR R1] [2] [3], MBS0 22 5 RECGEWE K. Zja [4]1% AR H A R 5 FRER 5
HBEAT S0 = 1) JE R Z AR K IR R, IREE M BT TR R 5 KAHME S . BRIG[S] & @il A4
T, ROUEREEARINEER =, G Ing, SMaEIER TSR Z 3. i RRsk. vt
[6]5 NS | L2785 TUESUZ BANE S I, 7K ) 2488 e A5 X s RO 25 5 i DR 3R (R R
AL Dong [7] [8] [9158 N it T 28R 1755 N ) 5| KoK 1 344%i8 I . BIY) . Ed Bl 1 64T . ik
K, EANARZ HE[10] [11] [12] [13] [14]tB 46, TUA 62 B % m) S 1 i S 800 ) 5 2 80U et 22
St 0 X Bk K R RS R R BB . AT [15] [16] [17] [18]% A B E AL 77 v R 2
SHGEATAL, T8 % 2 SUE AR (SRY, stimulated reservoir volume) 5 24 J5 il /S & 5 B35 10 1EAH 5.

JeE R ok EE AT S 0o i R T S 0 2 2 PR B R e U8 - KB TR s B S BN R 2%
TR ZMEAREIRT . 1) W - KA & BN E R Z LR U H O FSHONRA R 2) 2482
gEfRIN, R Y RSN . 3T 20 T R E R, B A R 4 AR
FoFER A O, I X BF AT (XRD, X-ray diffraction evaluations)+ AL T 4 53 Ve Bl 4 & &,
BT T GUZARE O R8T 2 2 B BT, B 45 B WO S 56 A 75 R 5 (AE, acoustic emission) A 5K i
FOEEEA, 4T T ANE B 22 N SUZRVE IR R Ay e U, BT EE S [ 34 o ot A D5 e B4R
TR LI 2 B ] PP SR AL 18 255
2. BILEANESHSH

AT T B AR TS 2 0020 S B E JE R X1 FHE-4221 m, X2 #1-3653.1 m (46t 2), X3 F£-3678 m (7

='F), X4 3-3054.2 m. FIH XRD AR, % ik 4 CUF#ACE QAT TS 00K, RRAEiE d fFR I
Wk 1 . W 20-d ek, ARSI A d EX N, BRE VI SR, AT i
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Figure 1. XRD mineral content characteristic value d of cores from 4 wells
E 1.4 O#FFL XRD IR 24HIEE d

Table 1. Mineral content analysis of the cores from 4 wells

FLAOABLTHIESH

‘ W G %

e ERE - T — e T
B BHCH IRE (SR ASH SO TR R e

X1 42210m 9.1 0.0 0.7 00 682 0.0 15 0.3 1.2 19.1

X2 3653.1m (4l I 2) 23.5 0.1 15 30.7 00 00 4.0 11 17.6 21.4

X3 3678.0m (W=T) 7.2 0.0 0.2 86.0 0.0 09 1.6 0.0 3.9 0.3

X4 3054.2m 7.3 0.0 0.3 85.8 1.6 00 2.7 0.0 2.3 0.0

FESEIG S0 3R TUA O N TR EL AR 25 mm, % 25 mm M BEFERARE, JFEm| BTl sei e . Ka
VRAEE A 1R IRHL_E AT BT DI SR IR . 7EJE R EJ7HEIN 0.002 kN/s FIfr K, ELZ A0 A AT
IR, 031 I 28 P 2 T VA AT B BT D)9 S R TR TR N R A B A R B B 2,

ARG, HOBT IR AR, ERAEBIUINSR RN, RBE 2 E A EBOR,
Rt O 22 A R EEREE R B E L, TUEACREIARE A, B RERIK, =
R 5 52 5 DB YR T AR SRR R . 85 SR 10 2 B LA P JR 5 9 P T R 5 BB BR ) K 3B M 1 4
J&, et REETT R R B KT T iy e, TR SERUR . SEmBUNRgEM LR .
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2 RTUE A LBV SE B, TUEH ORISR J17E 24 MPa~35 MPa 2 [f], N BRI i #F 20°~31° Z [
FORERIPE MR — /N U AR bR, AR IEOR, B R Y RO U s, S T R R 2
T PN BE R A S o a1 AR DR TR FR bR, A BERE A K s O 2 e . B NBT VRS S 40E, BAR
SR PR TUA S OB VIR ESHCR e e, (AEAA 8 T S At .

Table 2. Shear test results of shale core
=2 UEELUHYILIRER

% 5 H= HER/m soIsr WEE A 4f 28/KN #4528 J1/MPa W EESE A
1 X4 3054.2 45 275
2 X4 3054.2 60 19.6 25.6 20.3
3 X4 3054.2 75 13.9
4 X4 3063.5 45 345
5 X4 3063.5 60 235 27.8 24.7
6 X4 3063.5 75 152
7 X2 3653.1 45 35.8
8 X2 3653.1 60 274 241 31.0
9 X2 3653.1 75 12.2
10 X3 3678.0 45 37.1
11 X3 3678.0 60 29.8 28.8 27.9
12 X3 3678.0 75 14.8
13 X1 4221.0 45 443
14 X1 4221.0 60 30.8 344 26.1
15 X1 4221.0 75 185
16 X3 3678.5 45 34.9
17 X3 3678.5 60 23.6 246 284
18 X3 3678.5 75 13.2

WE O TRE AR 25 mm, & 12.5 mm ARdEFEAARIRRE, 20 R A 28R E O JZ B
PRI . T RBUCE ORI, AT 3 A UUE S OJT R EPEES 2G50, A TUa 2 P R 45 98
3 A0 AN X2 FE(HEIR 3653.1 m). X3 (IR 3678.0 m). X4 H-(HIE 3054.2 m). & AR AR AN
BT I 5 R BT ) PR SAT W O AR R VB A B T AU BB R R R, IR, 3
YA O Y R R A SRR IR

B G B 2R T PR U S O3 BRI 2 /MR, U 2 B2 BN IR A IR, 7EK TR
AR, SRGRBA S IR RRREE, [FHINEBIY R, MRS, Rk RS
Jit) B R . iR EIKIREEEY N EA RO ZVE R, B BCR A OKHE R R S i LA i gk A
Y.

* 3 RIVARLEAEZRAG ARG R, B4 L TUE S O EB IR RS, R kbR
FEAE 2 MPa. AL/ R RIS R, IR BE/NIRE R, FE/K ) R RS R it L 125
AL TR AT A %
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Table 3. Brazilian splitting test results of shale core
# 3 NEALEREBRANSR

i H R /m e 17 Z8/KIN JZ B R A 5 IMPa PR A R
1 X4 3054.2 0.84 171
2 X4 3054.2 1.08 2.20 1.93
3 X4 3054.2 0.92 1.87
4 X3 3678.0 0.48 0.98
5 X3 3678.0 0.36 0.73 0.97
6 X3 3678.0 0.54 1.10
7 X2 3653.1 0.78 159
8 X2 3653.1 0.94 1.92 176
9 X2 3653.1 0.86 1.76

3. IR BRI R A A DKNDERPEGESLLE S5

B TR MR AR B AL G- JZ R RS E 0, B AR SCR AR R R IEAT 20 8. SR 32.5 kR #hvk
Je, 20~40 HA D, 325 HEe LT N Tk AL L, S22 UC0ER, “H A KIRE R =R
2:2:1, ER)ERRER O 1:1:3, Y. KEUZEIA S & 15%~20%M 7K &2 1% 8 THIE 5] Aok &
PR HIRSN G, EI RSN 3AT 4H G 25 RBTBIAY RS2 300 x 300 x 300 mm ¥ 7 RS2,
HPR ARG LR R, Wl 2 B,

FE RS HA R — P AR TS I AR, fEK ) R RESEI s AT 2 MR o A e = aod
R, BT RARER = AR 2R ar, S RS R E AL, o Re RN, IR K
SIS RGUR AR LLAE B, I LR FIB 2 R RSB B, AT AT RATE— 20 T falRepigs, ek
FUL LA Rl B . A R R A A ST T, TH R ISR . P R R AT
AR TR By BIUIIAEIE . AR SCEE XN R 1) R RS AR AT 1 A R B, 75 R SRRk
e, wE 3 Fiow, AN ANIES0,0,0), AR &45%15(200,200,300), (100,100,300), (200,0,200),
(100,0,100), (200,100,0), (100,200,0), (200,100,300), (100,200,300), Eifii mm.
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Figure 2. Laminate sample
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Figure 3. Acoustic emission detection point layout
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SR R E =, RN ) o, ROKKFEN T o, ANVKFEERNT) o, a HEE
N 10-8-2 MPa, b ZH%5HI% 10-6-2 MPa, ¢ 410 10-4-2 MPa. JEZHBRE &AM R EERIK, HiEN 10
mL/min, B3| EICH BN . TG 75 RS IS RE k& s, Wikl 4 Fros. B 6 5
MBAEBIUIMEIR, 20 i AR IR, SR lf RURIEIR & BN . BEG /KT R ZE R, 75 R4
F 2, AR AR S A, T HER TR R e, AR T REERA R R b
W& KT R A ZE (R, BT 2 LA B SRS o K T R R R R S A R L AR AR R i
AL SRV, N JJ7-SRV-BI U RE G &, W& 5 s

(a) FJE 10, 8, 2 MPa (b) HJE 10, 6, 2 MPa (c) HlE 10, 4, 2 MPa

Figure 4. Inversion of acoustic emission moment tensor of cracks under different stress differences
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Figure 5. The relationship between stress difference-SRV-shear rupture numbers
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Figure 6. Hydraulic fracturing pump pressure curve under different stress differences
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Figure 7. Sample sectioning and crack reconstruction

7. A R R REEN

3) MBI SUZ RV ICE HE LK Ty =4 I RSB0 45 R T AR B, fEREEAI e S0t [ 77 i

LRI BO TR RN I, )t 2RI BV B AE . KPR ZEN, 7
KA EIG N, BIUIRR AR 5 LN, REEAIRT B 2k

E&WE

A A TR R A & H AR & T H (P20069-6)

SE

(1]

(2]
(3]

(4]

(5]
(6]
(7]
(8]

(9]

[10]
[11]

dREDR, BRI, FIEpR, & )IEIRZTUS & W) S YRR RN 2R 1R[], A e IR EIR, 2018, 48(3):
78-85

o, MR, TRORSF, 5. TUS & MR RHE R R AT 7T 0], %A 7%, 2015, 36(3): 609-616.

XFER], UG, Bt AH & A HUS IR DU Hh e J2 R AR B HAR F —— CABR BH I A 9 I [3]. il <t 5T 5 SR e %, 2019,
26(5): 1-9. https://doi.org/10.13673/j.cnki.cn37-1359/te.2019.05.001

Zja, B., Qlab, C., Qha, B., et al. (2020) Acoustic Emission Characteristics in Hydraulic Fracturing of Stratified Rocks:
A Laboratory Study. Powder Technology, 371, 267-276. https://doi.org/10.1016/j.powtec.2020.05.050

MR, 7. T EOMNTITUA SRR T 23 50EN]. e REAR, 2012(4): 7-12.
VPE, BAmAR, mEh, . TURSURS MK 124 R IVEISE ). AR 5Tk, 2015, 42(4): 523-528.
AL, XK, ERIM, 55 B AK RS 4 s R TR D). A R SR ST, 2014, 35(4): 562-569.

Dong, Y., Tian, W., Li, P., et al. (2021) Numerical Investigation of Complex Hydraulic Fracture Network in Naturally
Fractured Reservoirs Based on the XFEM. Journal of Natural Gas Science and Engineering, 96, Article ID: 104272.
https://doi.org/10.1016/j.jngse.2021.104272

MRkTe, IDEEE, kA, 5. BOTUS IR RS R 2R R T AN, 56 %5 TSR, 2014,
33(9): 1772-1779.

Wih, pER, GKE, & TUA JTFS BN RGN & m R R A 3], WiBih S H, 2017, 24(5): 647-651.
HoRR, BRE, Chelg. T CQ IR R EK 6-K 8 BEEmifgZE M FRAETT R[], A MATEREAR,

DOI: 10.12677/hjce.2022.114060 557 TARTHE


https://doi.org/10.12677/hjce.2022.114060
https://doi.org/10.13673/j.cnki.cn37-1359/te.2019.05.001
https://doi.org/10.1016/j.powtec.2020.05.050
https://doi.org/10.1016/j.jngse.2021.104272

KT BE SE

2020, 48(3): 114-119.

[12] E8UE, W%, BEAR. TURMEBOT R HEH B R R BT, AlsiEREAR, 2019, 47(5): 1-10.

[13] kfEpE, Sy, BN, % BRUAEIFSHEM &SR] HFhE TS, 2020, 16(S2):
634-638.

[14] Thomsen, L. (2013) On the Use of Isotropic Parameters to Understand Anisotropic Shale Behavior. SEG Technical
Program Expanded Abstracts, 320-324. https://doi.org/10.1190/segam2013-1080.1

[15] ALK, MO, B, & ET &M SRV M TUE “UKF R R R AL Bt [3]. KA T, 2017, 37(4):
69-79.

[16] Li, L.C., Tang, C., Li, G., et al. (2012) Numerical Simulation of 3D Hydraulic Fracturing Based on an Improved

Flow-Stress-Damage Model and a Parallel FEM Technique. Rock Mechanics and Rock Engineering, 45, 801-818.
https://doi.org/10.1007/s00603-012-0252-z

[17] XK, FREE, ERE ACTIHEBURRARR BRI ERN]. R TIIIR ST /K, 2017, 40(2): 6.

[18] Miyoshi, T., EImo, D. and Rogers, S. (2018) Influence of Data Analysis When Exploiting DFN Model Representation
in the Application of Rock Mass Classification Systems. Journal of Rock Mechanics and Geotechnical Engineering, 10,
1046-1062. https://doi.org/10.1016/j.jrmge.2018.08.003

DOI: 10.12677/hjce.2022.114060 558 +ARTHE


https://doi.org/10.12677/hjce.2022.114060
https://doi.org/10.1190/segam2013-1080.1
https://doi.org/10.1007/s00603-012-0252-z
https://doi.org/10.1016/j.jrmge.2018.08.003

	纹层状泥灰质陆相页岩压裂裂缝扩展机理研究
	摘  要
	关键词
	Investigation on the Hydraulic Fracture Propagation Mechanism of Lime-Clay Lamina in Continental Shale
	Abstract
	Keywords
	1. 引言
	2. 岩心岩石力学参数分析
	3. 相似材料纹层状泥质灰岩相岩心水力压裂裂缝实验分析
	4. 认识与结论
	基金项目
	参考文献

