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Abstract

With the progress of Shale gas exploration and development, based on the results of micro-seismic
monitoring and multi-element data, the recognition and evaluation of the distribution pattern of
complex fracture networks is realized, which has great significance on analyzing the effective
transformation volume of the Shale Reservoir and guiding the prediction of production capacity.
This paper uses the results of micro-seismic monitoring and combining with the geological, log-
ging, fracturing and production performance data in the Weiyuan Shale Gas Demonstration Area
to identify and interpret the fracturing cracks revealed by the micro-seismic data, and to establish
hierarchical models for cracks; then integrates and simulates the Diffuse Fracture Network model
with the geological model to establish a dual media model; and then uses the fitting method of the
historical production data to simulate the model. The result shows that the fitting rate is as high as
95.4%, indicating that the model is more in line with the actual production situation, and can be
used for the prediction research of production capacity after fracturing. Therefore, the model is
used to predict 6-year production performance of each well after fracturing. The results demon-
strate that the actual production is in good agreement with the predicted results, indicating that
the model has certain practicality and can provide guidance for the exploration and development
of Shale gas.
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1. 518

WA A DRI R BR N, R T ROt R IR, 256 2 u o Sl B 2 R G I 4% SR AT A
WNENS PPAlT, ST O % R U 5 SO ARG A (P ORIBCOC 2R, S B DU i 2 K S AR A 7 RE L[ 1]-[9] -
| A A0 TE 2L 4% BT T R T R & 1 R0 7 V6 BB R 78 TAE[10] [11] [12], 2 F S5 R0E S Al
(equivalent continuum model) & 37 ZLEER Y AR AR BN BB FE[13] . BH T2 BIRBERIEM, S5 R0E
RITCVERAAEE R ERAERI B . CPI4E, DFN 552 4% /2% 45 7 (discrete fracture network model) 75 %4
LT T AR RIWIE R [2] [14]. DINDEGZE USSR TG X RN REE T R B, KITERREEM % S
4, H R o R L SRR 5 T T AR AR AN RE AT R S B TS Ak 2 K 15448 5 R AR A AR
AIEEMERZE, )3 COE AR AR A BT PR B RO AE AR AR, Ok e Al R R R K [15]. (A,
AR BOR TUE SURIE X 5 FFIT R I 2 22 Jo 5 ain S48 i B 5 7 BE IO LA, DASRTH AN 4 U Uk
Hu R MR AT, RIUE SEHRIT KA ARSI
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2. WL

V)N EE R BAEIE, K ER AR GRA, FRARTTFAZ 1Ua I R A 12
F, NSRRI BOUE ST R EEZE R RS BRABAONEATO, IR B E, AT
Bl iz, AMREAI N BUE 2 50 A (A FUAR A [16] [17]0 B HLIX DU AU 2 A 7E T S B Gl iR — B
(B RS Td), 2R E B AT{E 2000~3000 K20, RARMERAKE. EEAHENIE
IR IR REOTUA . BERIUA . BERE. BOWMRRS NE, REE By 20~50 m, LI
FE 3.6%~6.3%, fEEZMEMEL, LGEMOIHANIIL. KiE L. FHEfL. SAEL, REEEMI
NRIESE . A SE. TEThEE. AR REESE[18] [19] [20] [21].
3. MRFBESRBEEAR
3.1 WiRFA*E

ARSCAE I AR AL (AR F, S5 A K ) IR EE ML G AR, MR DU )1 EGZ DU s VX 0 frlet g %
R R 5 2548 5K ) IR s R, 18- 201 /K ) e 2R BSUE 58 BUR TR IR RGBT A (R E L ML, REE%
FE4E), R PREEERTTIER S AF X HPOK ) R R BOE R . JFt — DA &I R A 458N
W, R R IR GE [ A 55 3 ST f) DFN GBI BEAT R 5 S AU UK 1 IR SRR I 2807, NI
ST UE A BB, 5 PR S 0 A SR BEAT BB, RSB RN T e R T .

PREEA 5 25 B LK 1
BT KA EAL WEY B A
SN R fven e AR
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Figure 1. Technology route of crack interpretation and crack modeling

1. REMBSREERREARRE

3.2. KRR

3.2.1. HEMBSEEER

T RE BERHIRRE R O RO RE SORT R MR R LA, ARAE /K ) R RN, S s a3
BN 8] 26 5 Y « 20 18] 2H G RRAE AN A R R AE FEEAT SO0 , W R 85 1) T LRI RFAIE (S5 K L 4558 L 4% 1)
SRV RFRFEAT ERE[22] [23] [24] [25]-

FULE A B S I K FIEZERCR . AR ] DFN 2448 AR R 8 37 T A S B 5 DFN 35 s
HEM LAY . DFN 55 A48 I 26 1B FE M AR Y IR Rt |, 45 G /K ) IR 4R M O A2, AT 72
ORI RE IR 4548 5K ) IR R USR5 AR T, 21 7K 77 R 24 050 58 UG TR UM 48 TR (K
B AR SRS REAR), SR o PR SR SRR T VA R AN R X HK ) R 2 0508 Y 24 48 15 U [26] [27] [28] [29]-
Ik — B 45 G T RAE P EEN AN, 78 B R SR LR I M P ASE 2R 5 2 T 1) DFIN LSRR R dE AT F & 55 it
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WK IEZEREEN S Hn, IITESLWE A TR, R R BRI R i s i dE .

3.2.2. FREFMBA

TUA ST R EBAREE KT BUK D SRR/ &, TUA SR RE S UL . IR RS A=)
FHRK o ASSCRAVAE B0 1 S G 7505, B A A B AL AT BB A, 5 AR 1) &5 R i
Ik il R A, S R R BBRT & SeBr i 00, W AT e 7 BE T 5T

4, 58
4.1, NERERSBUIAFEFN

4.1.1. ERFEERF

Tt R AL B S SRR W BT X SOy 4% - IREE - 4R - BENLAER & R REIES, TN E,
F LKA 280~460 m 2 [H], JEEFNIRGE. RINREEEINE RGNS . KA L4, G HRT Y
B EGER AT TN R R, RG-S X R IR ARG s G AR S R R o A, IRHE B4R
Tt 75 2 A VL BT PR ], 3 P AR 2 RO 7R T RS R 5 ot o o A3
SR AR UATAR LRI B, ST IR RREE(K) DFN B An] SE 1K 4 .

4.12. ERREEE

R JREEERTTE, 1L X1 X YK ) EEZL4E 1) DN BEI[26] . 87 I 52 R i B 77 i e 7.
EERNVREEN DFN KR, DI HINZE, E4FE N 3 mm, 45354 2000 mD-m, REEFFEN
2 mm, 544 1000 mD-m; SRS Ty idi g o 3 g AR O TR SR R DFN RS, 482 i) 43 A
ST R RS EE, RAEKRE Log-normal 73 AT s BN 50 m, fwZEN 20 m, RE4EFFAEN 1 mm,
54 72 Log-normal 4347 7R TH{E 4 200 mD-m, {9 100 mD-m; & F BEAL R A5E 75 v 2 S v S A
R RE4EIK) DFN BERY, 482 R o)A 32 4% T E IR RA BN % L, 48K Log-normal 73 i i HHHE Ay
30m, fiZEHN 20 m, FEETFEIY L mm, REEHL T HEDY 50 mD-m. FFUL LT REER Al 4R
BTV R R I DFN B EE R 2% B (1] 2), JF AL X1 I [X B AR SE ) DFN B3 HUCRSE I 455 7Y (14
3). KAWL AR, WA = (1- ABS(FML—FL)/FL +(FMW - FW)/FW +(FMH — FH)/FH)x100 ,
THA XL XHUR RGN 5 R R UG R RS RN G, S5 R ERY) & T30 87% (£ 1), ¥)

B -

4.1.3. RESHIREFY

S5 QUL F R SR S5 R0 3 M TR O A, S SRR 5 AR R S A . SRRSO
T3 93 AT S O BB S5 20 R T T IX OV R B2, SRR R A <524 (1 53, Bl ODA
SEHRHNEE, HERAEILIRE . BER . R R RMEERES ), WIS E A FRE A

Figure 2. Diffuse Fracture Network model of fracturing cracks
Bl 2. EZ34EH) DFN BHIZ4E MR IREY
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Table 1. Parameter analysis table of hydraulic fracturing crack model in X1 block

=L XL HRXBRKNERNERBSH R

Figure 3. Diffuse Fracture Network model of global cracks
in X1 block

[E 3. X1 FXHREERZLLER) DFN SIS 4E M LR T

FE5) K I B K9 IE B
T P 244 244 T4 Frn quge  UAKE
HE B kEm EEM mmn ke KEm PR mwm i

X1H1-2 1 608 60 78 79 580 65 100 N8OE 92%
X1H1-2 2 609 55 42 80 550 50 58 N80OE 88%
X1H1-2 3 776 62 90 81 685 63.8 110 N80OE 85%
X1H1-2 4 689 65 71 79 703 58 85 N8OE 89%
X1H1-2 5 710 45 68 82 690 60 80 N8OE 90%
X1H1-2 6 730 55 66 82 680 70 79 N8OE 86%
X1H1-2 7 390 58 50 82 385 68 45 N8OE 85%
X1H1-2 8 460 50 55 83 455 65 65 N8OE 86%
X1H1-2 9 442 45 58 80 431 55 55 N8OE 95%
X1H1-2 10 490 60 60 79 502 58 60 N8OE 97%
X1H1-2 11 610 40 40 80 658 50 59 N8OE 84%
X1H1-2 12 613 45 50 81 598 40 65 N8OE 89%
X1H1-2 13 511 55 88 80 515 67 108 N8OE 85%
X1H1-2 14 560 54 75 81 551 70 88 N8OE 87%
X1H1-2 15 540 40 60 81 498 55 73 N8OE 89%
X1H1-2 16 470 50 67 80 490 63 81 N8OE 88%
X1H1-2 17 600 38 58 81 620 50 73 N8OE 84%
X1H1-2 18 570 45 65 79 550 55 60 N8OE 86%
X1H1-2 19 522 57 60 80 503 50 85 N80OE 89%
X1H1-2 20 720 70 87 79 700 85 111 N8OE 91%

W4 RS 87%
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4.1.4. RIFRDERERES BT

AR TE 20 ) FH S S 25 . S BR A 7= B 2 DR AT B B B AN 48 1 B T R
30T, Xt 245 B IR AL /1IN BBV B F B I B0z X B ) b AR Y . AR A 5 sz s A
Bl , SRR, XK 7 B R R R AT AR o I AR T 70 UK i 2 A0~ X
b2k BoR, R F BRI R IG5 S5 Z B E R KB . 5 DHMRHER R ER,
B 7RI R R E ) XIHL-2 R4k, HoAth 4 CURTE R X060 Bt 6 b Bedh 25747 BT, BRI RS
REEFHIE, X1H4-1 R RME R W i, R4 TURAE /18 525 mD'm, RINTCHR T, X1H2-4. X1H3-5
HREE FHEE 1594 3.66 mD-m. 2.32 mD-m, LLEHEIT BSERAEBER (L 2), RN X1H4-1 H-3
49 AT ULRE ST 3.66 mD-m {E AR IX 7K 77 458 4% % 5 A AL B UL P A

Table 2. Well test analysis table of fracture permeability in X1 block
7 2. X1 HEXRAEEZFERINHF TR

4 gy OHERRK REEGNRRES MR AK HZBER

(m) (mD-m) (mD-m) (mD) MeRrL RIS
X1H1-2 20 / / 0.74 0.0462 BARFRZE, R REERFE
X1H2-4 20 61 3.66 0.0743 0.00249 S AR AR
X1H3-5 20 50.5 2.32 0.656 0.0546 I R A AR
X1H3-6 20 48 3900 0.0496 0.00296 I R AR
X1H4-1 20 50 525 0.0456 0.00253 ST RO GERAE

4.15. BEEBERGH

HRAR X1 JF X BRI IR G R 0 TR R S A AT REIE - 45 B8R XTHL-2 K 0 IR ki
REEBERY AT Ky = Kz > Kx, REEZIEHTEIE: Kx Jy 554.6 mD, Ky Jy 740.6 mD, Kz Jy 786 mD:;
X1H2-4 JF R RFE LU — B, KD IE R BB RAEIB BRI Kz > Kx = Ky, RSEEERFIIE: Kx 780
mD, Ky 4 740.6 mD, Kz 24 886 mD; X1H3-5 /K JJ R R KGR 4EBE R Y) Ky = Kz > KX, #4275 %R
THIE: Kx A 6542mD, Ky 4 980.4mD, Kz 1086 mD ([ 4 Afl), W] X1HA-1 7K /1522
BEBE RO IRAT, 91086 mD, V&R A 0.00253 mD, X1H2-4 7K H1 R ZLH0E 24415 18 AU IR
Z, 9886 mD, #JfiBiERN 0.00249 mD, X1H1-2 HFF445E R UGS RN 2, 786 mD, 3
JRBiE % 0.0462 mD.

Figure 4. The equivalent permeability field of fracturing cracks in X1H4-1 (Kx, Ky, Kz in turn)
4. X1HA-1 HERBEFHEEZHIRRA Kx. Ky, Kz)
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4.2. FRETUMIFR

AR FH A= 5l se & 59, B 5 AN XUE A OB A AT BUE AR R, fa— DT
HOE = Be T 9 o T S0 4% Do o 2R 5 A AU 2R SR BN T8 X SRV J7 25 55 AT 7 4% I Tk 2R A SR AN AE
PP AR N AR L) He R AR B SR A A0, 240 HE A AL 2 07 5K, DA G b S 40 4% D) 6 28 R AR
[30].

421 EFERREAEHNE

YA B 00 A AL R 52 5 A AR 7 2O SR A P SR AT T s i, AR ERH AR
G KR G PRiE AR —5, WA REE, TR 95.4% (£ 3), i BIZATY B % 5 I i A4 T S 5 19 22 72 2
B, RNERESGE SR, 7T SR Tt

Table 3. Statistics table of historical fitting rate of X1 block
= 3. X1 HEXRAEMERFZ TR

5 EhRHPREL0 MY BMHAEQ M) SERREKMY) BEBLEPEK M) H PSR (%)
X1H1-2 5.6 5.84 34.85 34.25 95.7
X1H2-4 4.95 5.12 32 30.2 96.5
X1H3-5 5.1 5.3 28.1 26.2 96.1
X1H3-6 4.26 4.37 91 85 96.7
X1H4-1 11.36 10.48 33.51 30.04 92.3

A HPHE 95.4

4.2.2. ERFEREFM

ORI BT ST AR LU R A S PR AE IR L, G DA R R R AT BOR WP RO S ME, SR B AT
M A PR R, AR T T S E RS 6 FEMA =3 (R 4). PRI R R, B
g R (K 5 vBl), BINZERRH —E RS, BRSO TUS SIMEIRTT KRR T .

Table 4. Statistics table of 6-year cumulative production of some wells in X1 block (unit: 10* m%)
4. X1 FHXRBAFRN 6 FRR=ELHITREM: 10'md)

R X1H1-2 X1H2-4 X1H3-5 X1H3-6 X1H4-1
2014 / / / / /
2015 / / / / 832
2016 2855 1873 1996 1963 4969
2017 3398 2447 2596 2080 7002
2018 3737 2783 2947 2120 8307
2019 3985 3022 3197 2160 9282
2020 4181 3261 3390 2190 10,060
2021 4342 3358 3548 2215 10,708
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Figure 5. Cumulative production map of 6-year projection of X1H1-2
[ 5. X1H1-2 # 6 N R =2 E

5. &

1) BRI X HOh 5% - R4 - AT - BENLAERL G MR R A, DLESENT, FEPEKIE 280
m~460 m 2 [8], JAHEBAKEE. RIRFGEIMME MG A . R E4E. R H RS, WM T E£54%
BRSNS B, IR S DX IR SR R 5% Bl S 4 AH D B o

2) AFEEIN, KRR SIE RSB FERIGFIEER . XIHA-1 HK ) R R UE R85 5 R R
Bhf, HEEBIERY Ky = Kz > Kx, #4875 R THE N 1086 mD, £FiBiERN 0.00253 mD; X1H5
T EK I RRSEREEBTE R IR, REESZIERY Kz > Kx= Ky, RE521EZTH){E )y 886 mD, %
&% 0.00249 mD; X1H1-2 HZE4I2 1% R UG RMURMX R ZE, REEBIERY MG Ky = Kz > KX,
RUEBIERTIEN 786 mD, IEJRIBIER N 0.0462 mD.

3) KA HHE P e WA T, RS OB E A PUSE A AT BUE I, 45 R BoR H P RS KSR
PR R —5, WA EMIA 95.4%, RISV LLERF & SEhr A = E 0L, mT T 5 7= R TR A
Fio FMAEFZAERTN T ZHERRG 6 FHIAEEE, SERBPA B2 ETINE RS, U
R B —m Y, ReE N DUA SR KPRt R
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