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APPLICATION OF SURFACE MICROSEISMIC MONITORING TECHNOLOGY IN
FRACTURING EFFECT EVALUATION OF SHALE OIL HORIZONTAL WELL:
A Case Study of SYY-2HF Well
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Abstract: Surface microseismic monitoring is an effective method to evaluate the fracturing effect of horizontal well. By
adopting the rectangular observation system, shallow-depth embedment and soil-covering coupling compaction
acquisition techniques of high sensitivity geophones, obvious fracturing microseismic signals are obtained in shale
reservoir in the horizontal interval of SYY-2HF well below 2000 m. The application of key processing technology
including data normalization, noise suppression, velocity modeling and seismic source localization has effectively
improved the imaging precision of low-frequency signals in shale reservoir. Through high—precision inversion positioning
and interpretation technology, the paper objectively evaluates the fracturing effect of SYY-2HF well and puts forward
suggestions for fracturing optimization.
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Fig. 1 Microseismic monitoring observation system map of
SYY-2HF well

13K 2 m ARG AR E (geophone position at buried depth of 2 m);

2—HR 30 m ORI AR (geophone position at buried depth of 30

m); 3—H 1 (wellhead ) ; 4—H 5 (target); S—AH4H (village/town ) ; 6—

IKHLF (water pool ) ; 7T—724 1 (highway )
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Fig. 2 Signal of the 21st cluster perforation in the 10th stage of

SYY-2HF well

v r— - =
= o
ER Pttt
{ M- - -
- B s : .
B LD i -
& 1 e ‘e ki
e 1
i = AR S T R S A S AR
i |
e e TR o
(1 3 + ' .
i ST | DM | 500 RIEEEH TEO M
FobE 21

K3 DL 2HF 58 7 BORZRURE R Mt Rl %
Fig. 3 Microseismic records for the 7th stage fracturing of

SYY-2HF well
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Fig. 4 Microseismic data before and after normalization processing

a—5 R {55 (original signal); b—IH—4bJ5 155 (normalized signal )
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a— R IR ES( original signal ); b—EME 555 (after denoising)

SERRYEAN DU 2 S B0 M5 402 R0 75 R - 7
. WLt 7 26 (963.125~2 348.125 m) |
BRI 2R (1 901.3~2 348.0 m) FIEHZ (1 901.3~
2 348.0 m) k. R B ANHT 8 1R SRR HLE K
AP RS, X — TR B S R A A A e 2
B o BT Al 38 1 2 R R K b R X 7 R A
FE. TEBA SEIRSE D s P IS D0, BB Pk
PRIGFNE ZIATENL. B 6 AT 2HF H-AR 4 H 5
432 RS B 0 b e ST 1 2R P T BT L P
A B SR T T
3.4 BREM

FATTIM 2HF - 4 6l bt 72 72 W5 7 R FH M 7% &
SEHT AL (SET)HE AR , SET J2& — i3 FH T Hh 18 50
o W AT A5 Wi LA 150 A SRR R S ks (34334 )y
HHBRZEEN, — R ICH IR R 550 Z 0],
T BN i J 2 0 P A TR ARG 0k 25057 B P A 2 B
W sl SR A S 1B O T R B R R R T, GE AT
TRAF MR LUAR 5 R I 07 s — 2R AR U SN2 SET
UG 5 S AR bRy 5 I T A P T 1 b 2
T EE R T SE T A i) o AR R A, o (o SR
HERA.

4 RtEHIERRE
TESBR R AR R, FERARIE o=

PDF pdfFactory Pro

PRI E N TERE. ARG RO A= 2 A5 0 2 ) (o7 B R A 7R
%], GERONRR SR AL, T REREE Y A R
B, NIEA T 2R i TGRS 5 1R L
%, Iz AR T, X AR IR 4]
F, (AT R Y ST A DG AT AR
R DL S 87 v e — PR e B s B AR 1 15
BAFEEARMHMERAG T, W UL & 2 05 T
Jel i B BUR B R B R A T MU 2HF I
b AT ol 7 M SR P Z2 2 LN, R T 22 e L 235 it
Pt R PRI S8, TR e I M SRR A i A
JE. IR B 2% A 2 B I AE BERORY SR DL i
BT AT S, AR BIRRIRAL B LR A AR
S AR A H b eR BORAS [RIIN & 22 ] A AR 5, A
AR AR AHEWT A T ERR IR AN A8 JRR A R

5 EHJFEITEMRAAEIR

HRYEHA LI 2HF FHAGEIR A, B T 45 T 2
B SBE R ATRIE , TEREIERE X2 TR 7
TEMT, IFH AR A9 R 24P A L.
51 EHYRTENH

TRl R W 45 5 (3R 2) B AR TUIH 2HF F 24
TEEE DL F A PR A B RSE  E  REE IR
BHIT LA R . R R R K R RN /S B 271 m,
/N NEF—BE 141 m, 144 206 m, 224 )7 (i 44 L

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

55 13 Bk T S A5 - 3l T ol 2 A DB AR A U K RSO PO R ] 111

Bl oh L A
SR EE L S (ms

[ ITKHI 2 IHHI TELL] S0 Bl

El 6 FATUIH 2HF -G\ o p

Fig. 6 Primary wave velocity model of SYY-2HF well
AR, AR E L S BR K, 34 202 m?, 55—
B Al /N ACH 13 002 m?, 14 23 606 m?, 4 H-BE
SASUEZAE R 121 774.1 m2 DR Hb T ot R %o =
PR bR AR ERR, N HZIEEEA K, B
Xof i 24 i R A4 BE H B 2 R (12 m) B4 7k
I, ARUEREAIRLL B )2 R R RIA L
JE 2442 o AR 1 461 289.2 m,

A S 1 A O R K B AT R R
U, 2 AT R K R R (R 7). AE PR T 4 LR | 56
— N JUBI SRS 5 56 = = P B
INTFAR B B PG M /N T AR5 55 Y L B v A
KFARM, 5575 BT Mze KT A, BB 2 A7 —

%2 FATUH 2HF HERESXIGR = RERE
Table 2 Effective fracturing zones and major fracture
features of SYY-2HF well

2B FEEK M RsTrm BAEAUM? SAETTEN
BB 141 SE22° 13002 HrkgE
BB 196 NE9° 20193 HkaE
HEB 153 SE29° 18384 kg
gz 213 SE19° 19563 IkgE
B 170 SE25° 20152 kg
EVANE' 271 NE43° 34202 kg
HLE 259 NE36° 28950 R SE
£ YANE" 219 NE12° 27712 kg
HILB 213 NE36° 22467 kg
HBe 228 NE73° 31430 kg
IOEI )i

SR BT FATU 2HF 4% BERE S 280 R
B, I B NI B I O iE 8 SOR A B sy, 5
ARSZEL T PR TS )2 B A RO . 45 A A Sk
THEE SRR R AGETE 3K T B A, 58 T
ST TUIRCR. FATUM 2HF H5 29K 15 T8
FEZARCR Rk =4k 15 H 7 10.06 m® (155 7 Tl 3
Ui, fe s H Y 27.81 m. 127K B 4R 58 K i H
HEAFIECR R AR HAR ).

52 ERMLEIWN

FATTIH 2HF H-45 24 B 2 [B) S 4 142 30 1 5 4, 26
BT Bab A RS (IX, R E R IR WR
AN TESR 7S B L B 2 AR /NI R 22 11 IX L H
RIS CB AR RS AR, 7058 BRI N B
ZAAFAE— 8 0 PR T AT X3, ISP T 2 b iy e
DX At A ) e RS F) e S T 225 5 )\ BE 315+ Bt
(B (70~98 m) BT, TS 31 B A ) e 430 R

TN FATUI 2HF F R 2 BE4E 5k m 280kt
A5, A H— = U B AL T )5 1, 4
2P DX 3 ROK SR 1 R A AR ). R 5
2455 Tk ) IR H IR B R B R MRS, B
X g5 /INKE R 5 5 5 KK T RN S 388/ T
B ZH B 244 . A% S ) bV ] R 5 SR KK
FIMZEA K e/ INKSE R 7 1) BSCRT AR B8 53 B
SERAACAER X A AL HACE B 7, DAk AR AE

www.fineprint.cn



http://www.fineprint.cn

112 oo B

Ej

"R 2022 4

kd
B

SYYIHF
* N

.

»

. .I- / | } ,I-L
L wke v i ¥
Ilt.ﬂi.- r 'h’"} :

2T L A

7 ';‘F'._. 1!""-] h .i'i,

o g A
gl A ¥
% . (_{ bl ‘\.‘I'l
¥ ol ALT R
1 & Al g
- A\
L &-_,,“.&': 5
BT e
A BT
) :‘l -'h"" .za. .--.-F‘--'
: -;1"'{':"‘::"_‘- ;e

i B e
[ i

K7 FATTI 2HF R R
Fig. 7 Fracture interpretation of SYY-2HF well
1 ~10—55 — Be—45 + Bf K % % 4% (fracturing fractures of 1st-10th
stages ) ; 11— L5 (shooting point); 12— 17 (wellhead )

6 it
(1) PAS HES I 2R G238 A A I Zt b 3 v A

MK I RO RR I, RN 2R 25 B S A
e, LA PRI 5 2 1 R

(2) LASS {55 M e il | v B8 T A M U 7%
FAFE SO RO R AL BRIERINR RS, S 10k
RMELE, e e LU ISR B T AT S AR Bkt

(3)FI ARG G UL SRR ik T 12
SLEE 2% AN T 2HF J 48 B s 25l 28 WOR B W
ARSI TR U R B R, AR TR
FERE. IV TUA FARIZ /K ) RS M T b A=
B, OAFAL 4[R2 HAR)= K g it
T ftf .

52 Lk ( References ) :

CHTak, XU Ay, M8 . AP I BUE A BRI 2 A IS SRIR [T ).
B 5 YR, 2019, 28(2): 165-170.

Zhang X, LiuJ Y, Hou P F. A review on the formation and distribution
theories of the shale oil in Chinal]]. Geology and Resources, 2019,
28(2): 165-170.

[2]Maxwell S C, Urbancic T L The role of passive microseismic monitoring
in the instrumented oil field[J]. The Leading Edge, 2001, 20(6):
636-639.

[3]Chambers K, Kendall J M, Brandsberg-Dahl S, et al. Testing the
ability of surface arrays to monitor microseismic activity[J]. Geophysical
Prospecting, 2010, 58(5): 821-830.

[4]Duncan P M, FEisner L. Reservoir characterization using surface
microseismic monitoring [J]. Geophysics, 2010, 75(5): 75A139 -
75A146.

[5]Eisner L, Hulsey B J, Duncan P, et al. Comparison of surface and
borehole locations of induced seismicity[ J]. Geophysical Prospecting,
2010, 58(5): 809-820.

(6 IXIAELL, e, HPUIE, 4. Hih iR B R K AR I H A 7
FHBARLY . Bk P . 2005, 28(5): 325-329.

Liu B H, Qin X Y, Zheng S L, et al. Microseismic monitoring and its
applications in oilfield operations[J]. Progress in Exploration Geophysics,
2005, 28(5): 325-329.

(715K, Ak, BXRE, S5, fl R Mo B AR FH A& i A LT ).
AR, 2002, 41(2): 226-231.

Zhang S, Liu Q L, Zhao Q, et al. Application of microseismic
monitoring technology in development of oil field [J]. Geophysical
Prospecting for Petroleum, 2002, 41(2): 226-231.

[8]Li J L, Zhang H J, Rodi W L, et al. Joint microseismic location and
anisotropic tomography using differential arrival times and differential
back azimuths[J]. Geophysical Journal International, 2013, 195(3):
1917-1931.

PDF pdfFactory Pro www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

55 13 Bk T S A5 - 3l T ol 2 A DB AR A U K RSO PO R ] 113

[9]Grechka V, De La Pena A, Schisselé-Rebel E, et al. Relative location
of microseismicity [J]. Geophysics, 2015, 80(6): WCI1-WC9.

[10]Zimmer U. Microseismic design studies [J ]. Geophysics, 2011, 76
(6): WC17-WC25.

[11]Close D, Perez M, Goodway B, et al. Integrated work flows for shale
gas and case study results for the Horn River Basin, British
Columbia, Canadal]]. The Leading Edge, 2012, 31(5): 556-569.

[12]4KR7E, Bie, £/, % DUIZh W b X SR 4 TUE <R
ZUSCRVEAS AN REFIUBRTELT ). A0 AR, 2017, 56(5): 735-745.
Li D J, Yang X, Wang X L, et al. Estimating the fracturing effect
and production capacity of the Longmaxi Formation of the Lower
Silurian in area W, Sichuan Basin[J]. Geophysical Prospecting for
Petroleum, 2017, 56(5): 735-745.

[13 ]Maxwell S C, Urbancic T I. Real-time 4D reservoir characterization
using passive seismic data[ CJ//SPE Annual Technical Conference and
Exhibition. San Antonio, Texas: SPE, 2002: SPE-77361-MS.

[14 R4S, XA, BRfh. S OB R Rk mmuR s s () ). PR
fEHR, 2008, 32(3): 274-278.

Song W Q, Liu J, Chen W. Microearthquake source inversion of an
improved ray tracing algorithm [J]. Geophysical &Geochemical
Exploration, 2008, 32(3): 274-278.

(15 IRYE3IL, ShIEAS, SRILAE. (i ORISR T — ik 7] dul s 1 0 4

Jrgl) ] T ERYTELIIER , 2008, 43(2): 161-167.
Song W Q, Sun Y J, Zhu W X. Method of coherent filtering in
frequency domain and polarization filtering in time domain for micro-
earthquake data [J]. Oil Geophysical Prospecting, 2008, 43 (2):
161-167.

(16 IXIAEAL. T ot S AR sUE U H TR R A .
AIMEHHAR , 2016, 44(4): 102-107.

Liu X L. The application of downhole microseismic monitoring
technology in shale gas “well factory” hydraulic fracturing [J].
Petroleum Drilling Techniques, 2016, 44(4): 102-107.

[17 18RI, HEm, AU, bR MR AR R ) ], H ARk
(FBRFR), 2018, 36(1): 55-61.

Shao X G, Dong H L, Dai L Y. Review of microseismic monitoring
technology [J]. Journal of Jilin University (Information Science
Edition), 2018, 36(1): 55-61.

(18 /UL, AF£LHE. FH b it 52 M W B AR AE P4 B A X e
ORI AR 5T %, 2020, 10(1): 43-48.

Huang X Z, Gu H T. Microseismic monitoring technology of shale gas
block in the southern part of Pingqiao[J]. Reservoir Evaluation and
Development, 2020, 10(1): 43-48.

CIO XN, 15K, DINZE, &5 TUAIHKF I ABUR R Ot M 4
ARSZERLT . AR, 2020, 32(6): 172-180.

Liu B, Xu G, Ji Y J, et al. Practice of volume fracturing and
microseismic monitoring technology in horizontal wells of shale oil[ J].

Lithologic Reservoirs, 2020, 32(6): 172-180.

[20 i, STHRM, FEEW, 5. SETI0 o 72 Mo Oy vk i R AL

BIPN——LIE MR Y22 S ()], AP <0, 2020, 32
(2): 161-168.
Zhao C F, JiaZ J, Tian J T, et al. Fracturing effect evaluation based
on borehole microseismic monitoring method: A case study from well
Y22 in Jilin exploration area[]]. Lithologic Reservoirs, 2020, 32
(2): 161-168.

(21 JARZERE, IEIRE, IR, BUA SO AR e RS2 ) W AR——LA
Vo)1 s g A LT ] RARRTL, 2016, 36(11): 46-50.
Wu F R, Yan Y Y, Yin C. Real-time microseismic monitoring
technology for hydraulic fracturing in shale gas reservoirs: a case
study from the Southern Sichuan Basin [J]. Natural Gas Industry,
2016, 36(11): 46-50.

[22 JBRHi2e. TUASOKT I B 24O AR W AR B T L) .
AR, 2017, 24(1): 170-174.

Chen X A. Understanding and application of microseism monitoring
over staged fracturing in horizontal wells for shale gas development
[J]. Special Oil and Gas Reservoirs, 2017, 24(1): 170-174.

(23 JXIZHE, XM, s, 55 BULREARTE M b2 K P ATRER

R LT ] HBARAT 8, 2019, 34(1): 78-83.
Liu J C, Liu J J, Wang X Y, et al. Micro-seismic technique
evaluation of the effect of volumetric fracturing in Zhongmou areal J .
Contributions to Geology and Mineral Resources Research, 2019, 34
(1): 78-83.

[24 204, TKIBIL, PRATE, . SET R0 E RO SR 0 T

ORIy R R AR W [ . AR, 2019, 58(2): 262-
271, 284.
Miao S Y, Zhang H J, Chen Y K, et al. Surface microseismic
monitoring of shale gas hydraulic fracturing based on microseismic
location and tomography[J]. Geophysical Prospecting for Petroleum,
2019, 58(2): 262-271, 284.

(2512484, Han, sKER, &5, /K ) R RO R 2 1R o3 A1 i 45 0%

Hr——Lh MY 1 It R M i L) ). e Ui, 2019, 26(3):
346-349.
Li D W, Yang R Z, Zhang D, et al. Distribution trend analysis of
hydraulic  fracturing events: Taking MY1 Well microseismic
monitoring as an example[ J ]. Fault-Block Oil & Gas Field, 2019, 26
(3): 346-349.

[26 RS, #HORIW], mROEas, 45 rb il 4 AR 5 ML ot =
B ARBUR B A JRT7 11 [0 ], i Hh R P B %, 2013, 48(5):
843-853.

LiuZ W, Sa L M, Wu F R, et al. Microseismic monitor technology
status for unconventional resource E&P and its future development in
CNPC[J]. Oil Geophysical Prospecting, 2013, 48(5): 843-853.

(27 e, B, Ess, 55, Dot b il R g m LAk st (7.
AiERYEEIR, 2017, 52(5): 974-983.

Yu Y Y, Liang C T, Kang L, et al. Design optimization of surface-

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

114 oo B

2022 4

based microseismic monitoring system for hydraulic fracturing[J ]. Oil
Geophysical Prospecting, 2017, 52(5): 974-983.

(28 JHE POME, PR, I, A5, by folo b o M 000 50 A T e o X 36
(I, RO 5T % , 2017, 7(1): 7-13.
Cui Q H, Yin C, Diao R, et al. Difficulties and countermeasure of
surface microseismic monitoring data processing [J]. Reservoir
Evaluation and Development, 2017, 7(1): 7-13.

(29 JFBIRHE, EMY, W95, KRR RS E A NEERIR ) ], sk
YIRS, 2019, 34(5): 1878-1886.
Mao Q H, Wang P, Zeng J. Review of hydro-fracturing microseismic
event location methods[J]. Progress in Geophysics, 2019, 34(5):
1878-1886.

[30]5k kit , (R, Z2higk, 5. M (ot i BRI = il i [0 ).
HeER Y BRI, 2018, 33(6): 2522-2527.
Zhang S R, Ren C F, Li X Y, et al. Denoising method of surface
microseismic datal]]. Progress in Geophysics, 2018, 33(6): 2522—
2527.

[31 MRTHE, SE500, 25275t U B LMo keshll ] ShkoRs
S GOBRFFERR) , 2019, 49(4): 1145-1159.
Dai L Y, Dong H L, Li X G. Review of microseismic data denoising
methods [J]. Journal of Jilin University (Earth Science Edition),
2019, 49(4): 1145-1159.

[32]ERE, FHELL. JET 8 SEME A FIRMIE (T FE L A TRz SVD 2:Mk

M IR . ARAU RSB, 2020, 44(5): 1-12.
Wang C, Wang W H. Optimal method of SVD for micro-seismic data
based on background noise and eigenvalue ratio of reduction [Jl
Journalof Northeast Petroleum University, 2020, 44(5): 1-12.

[33 ] E4kde, FIRBL, F22. MRt RE I SET 2 J5UE AL R0
L] sPEG IR 2R (A RBEARD, 2012, 36(5): 45-50, 55.
Wang W B, Zhou Y Q, Chun L. Characteristics of source localization
by seismic emission tomography for surface based on microseismic
monitoring[ J ]. Journal of China University of Petroleum, 2012, 36
(5): 45-50, 55.

[34 ]Duncan P M. Is there a future for passive seismic? [J]. First Break,
2005, 23(6): 111-115.

[35IRYEBL, RIS, LA, 55 M Oh R VORER I8 2 A0 DLt
B L) ] AR, 2013, 52(1): 11-16.
Song W Q, Zhu H W, Jiang Y D, et al. Bayesian inversion method
for surface monitoring microseismic data[]]. Geophysical Prospecting
for Petroleum, 2013, 52(1): 11-16.

[36 M, 21, BhEsdke, 5. AT A MALTRRAH TUE I JH 24 U
FRRMELT ] MBS HER, 2020, 29(3): 300.
Yang J G, Li S C, Yao Y L, et al. Significant breakthrough in the
continental shale oil survey in northern Songliao Basin[J]. Geology

and Resources, 2020, 29(3): 300.

(E3% 120 7 /Continued from Page 120)

L19JHAIAR, 22200, FHHiDs, & MR SHCES M ] 2 . b5t
U T, 2001 45-47.
Chang B L, Li X Y, Lu J F, et al. Probability and mathematical
statistics| M ]. 2nd ed. Beijing: Higher Education Press, 2001: 45—
47. (in Chinese)

[20 438, FARRL, XIsefl, % MEAg SEEgIH M. BT 5T
REF AL, 2018: 36-37.
Zheng S F, Wang Y E, Liu M D, et al. Probability and mathematical
statistics[ M ]. Xiamen: Xiamen University Press, 2018: 36-37.

www.fineprint.cn



http://www.fineprint.cn

