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Abstract: At present, existing evaluation methods for stimulated reservoir volume (SRV) of hydraulic fracturing mainly include micro-
seismic monitoring method, tiltmeter measurement method and mathematical model calculation method, However, the direct measure-
ment methods have the defects of high cost and poor repeatability. And if the theoretical model is used to calculate SRV, the calculation
cost can be reduced, the calculation speed can be increased and the accuracy and reliability of calculation results can be improved. In this
paper, the restrictions of existing SRV evaluation models were analyzed. Then, based on the fracture propagation theory of horizontal
well multistage and multicluster fracturing, the rock mechanics theory and the seepage mechanics theory, the inducing and damage mech-
anisms to the natural fractures in shale by the simultaneous change of fluid diffusion seepage field and fracture induced stress field in
fracture propagation by horizontal well multistage and multicluster fracturing were studied, and a SRV numerical evaluation model (here-
inafter "new model" for short) was established correspondingly. Based on this, the propagation behavior of fracture cluster, the change of
induced stress field of hydraulic fracture, the uplift of reservoir pressure field of hydraulic fracturing and the extension of natural fracture
damage area were numerically simulated and characterized, and the total stimulated reservoir volume was calculated. Finally, this new
model was applied and verified on site at Well X1-HF in the Fuling National Shale Gas Demonstration Area. And the following research
results were obtained. First, the calculation method of this new model is consistent with the actual physical evolution mechanism of reser-
voir SRV in shale fracturing, so it can calculate SRV more accurately and characterize it quantitatively. Second, the SRV simulation result
of this new model is line with the field microseismic monitoring result. Third, the SRV contributed by the horizontal well multistage frac-
turing in the demonstration area can satisfy the requirement of efficient shale gas development and its stimulation effect is remarkable.
In conclusion, this new model is of high accuracy and reliability, and it can be used to guide the fracturing design optimization of shale
gas fracture network, well spacing adjustment and infill well deployment in the later development stage of the Fuling National Shale Gas
Demonstration Area, so it is worth popularizing and applying extensively.
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chanics; Induced stress; Fuling National Shale Gas Demonstration Area
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13 325.17 108.94 73.73 1.69
14 294.38 112.72 76.29 1.53
15 315.86 112.88 76.40 1.60
P 334.53 101.41 75.54 1.53




.54 - AR R LW 2018 4 8

3 HitHINR

1) F T By iR Ry R BAL . a0 1y

f?ﬁﬁ | RUBIR A T US4 R 2 SRY it

LSS FOMUR, R L BT T R AR SRY
e BR Y AL FE A — B, TS B SRV S
VR R AT

2) IR TS R M AR, RS
SRV 5Bzt i A5 R EON T &, Ul A SO
R Bf PR A T SR R R, IS T U BRI

SR i o DA RIEAL U 5 TR VR R 47
TR 3) WG RI, FL TA0R X Ak
30% ST 4 B TR 24T BRI SRV RS0 6 J2 T < I B OT
25% %, TR ZUHE PR . E B4 R 2 R A K
2% FEZRIEX, SRV RN S T —S et
= 15% WYL, 3R A s R R A A B B
S S G
5%
o & £ x
10 20 30 40 50
M SRV /10°m’ [1] 2,5, TR, BB, KT R . 3B M <A R
B 13 FLESREXA 3 OFEZKFEHEBH BEGCESWN W, A S S B [0, A R S T K
SRV BRSBTS E 2012, 39(3): 352-358.

Wu Qi, Xu Yun, Wang Xiaoquan, Wang Tengfei & Zhang
Shouliang. Volume fracturing technology of unconventional res-
ervoirs: Connotation, optimization design and implementation[J].
Petroleum Exploration and Development, 2012, 39(3): 352-358.

[2] Rz, SR, 20, £RG, 5KH0 . ARUER S W ER
5 AR R E A3 A —— DA R X R 3 — Bz T <
IRTEIX R (7). RARS Tk, 2014, 34(10): 128-132.
Chen Yunjin, Zhang Mingjun, Li Wei, Wang Huaijin & Zhang
Yan. A comparative analysis of investment and benefit between
conventional fracturing and fracturing by stimulated reservoir
volume (SRV): Case history of gas/shale gas wells in the South-
ern Sichuan Basin[J]. Natural Gas Industry, 2014, 34(10): 128-
132.

[ 3 ] King GE. Thirty years of gas shale fracturing: What have we
learned?[J]. Journal of Petroleum Technology, 2010, 62(11): 88-
90.

[41REM, AT, Th3E, ZHW . TUESEEHMNERIT I 51
ARBFFEHIERE [I]. KRR L, 2018, 38(3): 1-14.
Zhao Jinzhou, Ren Lan, Shen Cheng & Li Yongming. Latest re-

search progresses in network fracturing theories and technologies
for shale gas reservoirs[J]. Natural Gas Industry, 2018, 38(3):
- 1-14.
14 FL TUESRSEXA SRV R E [STAER, AR, G, SEE . H T m Al SRV [ TUE UK IR
JEEGFERBER AL T (], RIS T, 2017, 37(4): 69-79.
T 4 a2 _'%_ﬁ%}%a%ﬁﬁ$%r§ AT AL, Ren Lan, Lin Ran, Zhao Jinzhou & Wu Leize. Cluster spacing

M FL TUA s X A5 K R - optimal design for staged fracturing in horizontal shale gas wells



538 B 8

i S 55

based on optimal SRV[J]. Natural Gas Industry, 2017, 37(4): 69-
79.

[6] Ge J & Ghassemi A. Stimulated reservoir volume by hydraulic
fracturing in naturally fractured shale gas reservoirs[C]/46" U.S.
Rock Mechanics/Geomechanics Symposium, 24-27 June 2012,
Chicago, Illinois, USA.

[7 1R, E, 200 TUS 08U R SUE M s 5 HOR G )],
RAR T, 2012, 32(4): 46-49.

Zhao Jinzhou, Wang Song & Li Yongming. Difficulties and key
techniques in the fracturing treatment of shale gas reservoir[J].
Natural Gas Industry, 2012, 32(4): 46-49.

[ 8 ] Mayerhofer MJ, Lolon EP, Youngblood JE & Heinze JR. In-
tegration of microseismic—fracture-mapping results with nu-
merical fracture network production modeling in the Barnett
Shale[C]//SPE Annual Technical Conference and Exhibition, 24—
27 September 2006, San Antonio, Texas, USA. DOI: http://doi.
org/10.2118/102103-MS.

[ 9 ] Mayerhofer MJ, Lolon E, Warpinski NR, Cipolla CL, Walser DW
& Rightmire CM. What is stimulated reservoir volume?[J]. SPE
Production & Operations, 2010, 25(1): 89-98.

[10] Maxwell SC, Urbancic TI, Steinsberger N & Zinno R. Micro-
seismic imaging of hydraulic fracture complexity in the Barnett
Shale[C]//SPE Annual Technical Conference and Exhibition,
29 September—-2 October 2002, San Antonio, Texas, USA. DOI:
https://doi.org/10.2118/77440-MS.

[11] Fisher MK, Wright CA, Davidson BM, Steinsberger NP, Buckler
WS, Goodwin A, et al. Integrating fracture mapping technologies
to improve stimulations in the Barnett Shale[J]. SPE Production
& Facilities, 2005, 20(2): 85-93.

[12] Denney D. Optimizing horizontal completions in the Barnett
Shale with microseismic fracture mapping[J]. Journal of Petrole-
um Technology, 2005, 57(3): 41-43.

[13] XL, ZRehTe, APUIE , Mo . TRl i M oK B HAE it
i R AR [0]. BRI BRI EEIERE |, 2005, 28(5): 325-329.
Liu Baihong, Qin Xuying, Zheng Silian & Yang Qiang. Micro-
seismic monitoring and its applications in oilfield operations[J].
Progress in Exploration Geophysics, 2005, 28(5): 325-329.

(147 XA, E8AT, s, B A . [ Y A R B 2R
[7]. HuERYFE 33k 2 | 2014, 29(4): 1882-1888.

Zhao Boxiong, Wang Zhongren, Liu Rui & Lei Liqun. Review
of microseismic monitoring technology research[J]. Progress in
Exploration Geophysics, 2014, 29(4): 1882-1888.

[15] AR, EVENE , PR . DUE S e R i AR ——

DADY )1 22 1 ) g b X O3] (9], RAR AR T, 2016, 36(11): 46-
50.
Wu Furong, Yan Yuanyuan & Yin Chen. Real-time microseismic
monitoring technology for hydraulic fracturing in shale gas reser-
voirs: A case study from the Southern Sichuan Basin[J]. Natural
Gas Industry, 2016, 36(11): 46-50.

[16] T30 , = E , B8, GKiFETT , MRS . Ml AR R4
W MF AR K N [J]. &R T2, 2013, 36(1): 50-52.

Xiu Nailing, Yan Yuzhong, Luo Yu, Zhang Zefang & Tian Guor-

ong. Induced fracture monitoring technology and its application

of surface tiltmeter[J]. Drilling & Production Technology, 2013,
36(1): 50-52.

[17] Griffin L, Wright C, Davis E, Wolhart S & Moschovidis Z. Sur-
face and downhole tiltmeter mapping: An effective tool for moni-
toring downhole drill cuttings disposal[C]//SPE Annual Technical
Conference and Exhibition, 1-4 October 2000, Dallas, Texas,
USA. DOI: https://doi.org/10.2118/63032-MS.

[18] Griffin LG, Wright CA, Demetrius SL, Blackburn BD & Price
DG. Identification and implications of induced hydraulic frac-
tures in waterfloods: Case history HGEU[C]//SPE Permian Basin
Oil and Gas Recovery Conference, 21-23 March 2000, Midland,
Texas, USA. DOI:https://doi.org/10.2118/59525-MS.

[19] it , Sk, ARSI ARMCAE K PR i F 48 1
FIREA [J]. AR T E, 2009, 31(3): 107-110.

Tang Meirong, Zhang Kuangsheng & Fan Fengling. Application
of surface tiltmeter fracture mapping in Changqing Oilfield[J].
Oil Drilling & Production Technology, 2009, 31(3): 107-110.

[20] Astakhov D, Roadarmel W & Nanayakkara A. A new meth-
od of characterizing the stimulated reservoir volume using
tiltmeter-based surface microdeformation measurements[C]//
SPE Hydraulic Fracturing Technology Conference, 6-8 Feb-
ruary 2012, The Woodlands, Texas, USA. DOI: https://doi.
org/10.2118/151017-MS.

211 50, K, BREL, P EE , SEaha . I RMAE 2

AL IR RZEE I S (] R UK, 2013, 20(4):
147-150.
Xiu Nailing, Wang Xin, Liang Tiancheng, Yan Yuzhong & Dou
Jingjing. Application of surface tiltmeter in fracturing fractures
surveillance for CBM well group[J]. Special Oil & Gas Reser-
voirs, 2013, 20(4): 147-150.

[22] £V, RIEFE , BREE , RE . HUIBRMCREE I HOARLE

VORI R (1], VLIRS , 2013(1): 84-85.
Wang Jintao, Yu Xiaoling, Tang Haijun & Guo Chun. Application
of surface tiltmeter in fracturing fractures surveillance for Shani-
an Qil Field[J]. Neijiang Science and Technology, 2013(1): 84-
85.

[23] Shapiro SA, Huenges E & Borm G. Estimating the crust perme-
ability from fluid-injection-induced seismic emission at the KTB
site[J]. Geophysical Journal International, 1997, 131(2): 15-18.

[24] Yu G & Aguilera R. 3D analytical modeling of hydraulic frac-
turing stimulated reservoir volume[C]//SPE Latin America and
Caribbean Petroleum Engineering Conference, 16-18 April 2012,
Mexico City, Mexico. DOLI: https://doi.org/10.2118/153486-MS.

[25] Maulianda BT, Hareland G & Chen S. Geomechanical considera-
tion in stimulated reservoir volume dimension models prediction
during multi-stage hydraulic fractures in horizontal wells—glau-
conite tight formation in Hoadley Field[C]//48" U.S. Rock Me-
chanics/Geomechanics Symposium, 1-4 June 2014, Minneapolis,
Minnesota, USA.

[26] FEm 75 , BRE, W, REZL, ER, B0 . TUEER
JEZEERIAY 43 Hr B S [J]. RART Tk, 2013, 33(9): 53-59.
Cheng Yuanfang, Li Youzhi, Shi Xian, Wu Bailie, Wang Xin &

Deng Wenbiao. Analysis and application of fracture network



- 56 - X R

=

=

T 2018 £ 8 H

models of volume fracturing in shale gas reservoirs[J]. Natural
Gas Industry, 2013, 33(9): 53-59.

[27] XL as, X%, AR, XL, B, B BA0KT)

SR ) 45 SE AL B S Jre [J). ol 5 R AR AU B L 2014,
35(4): 562-569.
Zhao Ligiang, Liu Fei, Wang Peishan, Liu Pingli, Luo Zhifeng
& Li Nianyin. A review of creation and propagation of complex
hydraulic fracture network[J]. Oil & Gas Geology, 2014, 35(4):
562-569.

[28] W bR, RRALZE | BEWINE | IR4 . UG R K ) I RAEEY T
B [J]. Rl UL, 2014, 21(4): 1-6.

Pan Linhua, Cheng Lijun, Lu Zhaohui & Yue Feng. Simulation of
hydraulic fracture propagation in shale reservoir[J]. Special Oil &
Gas Reservoirs, 2014, 21(4): 1-6.

[29] Huang J, Safari R, Lakshminarayanan S, Mutlu U & Mcclure M.
Impact of discrete fracture network (DFN) reactivation on pro-
ductive stimulated rock volume: Microseismic geomechanics and
reservoir coupling[C]//48"™ U.S. Rock Mechanics/Geomechanics
Symposium, 1-4 June 2014, Minneapolis, Minnesota, USA.

[30] Meyer BR & Bazan LW. A discrete fracture network model for
hydraulically induced fractures-theory parametric and case stud-
ies[C]//SPE Hydraulic Fracturing Technology Conference, 24—
26 January 2011, The Woodlands, Texas, USA. DOI: https://doi.
org/10.2118/140514-MS.

[31] Rogers S, Elmo D, Dunphy R & Bearinger D. Understanding
hydraulic fracture geometry and interactions in the Horn River
Basin through DFN and numerical modeling[C]//Canadian Un-
conventional Resources and International Petroleum Conference,
19-21 October 2010, Calgary, Alberta, Canada. DOI: https://doi.
org/10.2118/137488-MS.

[32] McClure M & Horne RN. Discrete fracture network modeling
of hydraulic stimulation: Coupling flow and geomechanics[M].
Houston: Springer Science & Business Media, 2013.

[33] ZEE, sk Il AR, BXUY . 0O B ZE & P A H
FRftidk [J]. M= /12 , 2012, 19(5): 332-338
Li Yuxi, Zhang Jinchuan, Jiang Shengling & Han Shuangbiao.
Geologic evaluation and targets optimization of shale gas[J].
Earth Science Frontiers, 2012, 19(5): 332-338.

[34] Sakhaee-Pour A & Bryant SL. Gas permeability of shale[J]. SPE
Reservoir Evaluation & Engineering, 2011, 15(4): 401-409.

[35] HBANTE, KW . BUA AU ZE SRR I = 2 VB B Y it
Jt [0]. PUEE AR 22253 ( HAARIEERR ), 2016, 38(2): 86-94
Guo Xiaozhe & Zhou Changsha. The trilinear seepage model
for fractured horizontal well in shale gas reservoir[J]. Journal of
Southwest Petroleum University (Science & Technology Edition),
2016, 38(2): 86-94.

[36] Walton I & McLennan J. The role in natural fractures in shale gas
production[M/OL]//Walton I & McLennan J, ed. The Role of Nat-
ural Fractures in Shale Gas Production, Effective and Sustaina-
ble Hydraulic Fracturing Rob Jeffrey, Intech Open, DOI: https://

doi.org10.5772/56404.

[37] Cho Y, Ozkan E & Apaydin OG. Pressure-dependent natural-frac-
ture permeability in shale and its effect on shale-gas well produc-
tion[J]. SPE Reservoir Evaluation & Engineering, 2013, 16(2):
216-228.

[38] Ben Y, Wang Y & Shi G. Effect of natural fractures on hydraulic
fracturing[C]//ISRM Regional Symposium—7" Asian Rock Me-
chanics Symposium, 15-19 October 2012, Seoul, Korea.

[39] Hu D, Matzar L & Martysevich VN. Effect of natural fractures on
Eagle Ford Shale mechanical properties[C]//SPE Annual Techni-
cal Conference and Exhibition, 27-29 October 2014, Amsterdam,
The Netherlands. DOI: https://doi.org/10.2118/170651-MS.

[40] Du CM, Zhang X, Zhan L, Gu H, Hay B, Tushingham K & Ma
YZ. Modeling hydraulic fracturing induced fracture networks in
shale gas reservoirs as a dual porosity system[C]//International
Oil and Gas Conference and Exhibition in China, 8-10 June
2010, Beijing, China. DOI: https://doi.org/10.2118/132180-MS.

[41] Schepers KC, Gonzalez RJ, Koperna GJ & Oudinot AY. Reservoir
modeling in support of shale gas exploration[C]//Latin American
and Caribbean Petroleum Engineering Conference, 31 May-
3 June 2009, Cartagena de Indias, Colombia. DOI: https://doi.
org/10.2118/123057-MS.

[42] Guo J, Lu Q, Zhu H, Wang Y & Ma L. Perforating cluster space
optimization method of horizontal well multi-stage fracturing in
extremely thick unconventional gas reservoir[J]. Journal of Natu-
ral Gas Science and Engineering, 2015, 26: 1648-1662.

[43] 20, BRI T, B, g, ALK KPR B2 B

REENTIROTIC [I]. VO E Al R4k ( BRELAR ), 2016,
38(1): 76-83.
Li Yongming, Chen Xiyu, Zhao Jinzhou, Shen Feng & Qiao
Hongjun. The effects of crack interaction in multi-stage horizon-
tal fracturing[J]. Journal of Southwest Petroleum University (Sci-
ence & Technology Edition), 2016, 38(1): 76-83.

[44] Lamb H. Hydrodynamics[M]. New York: Dover Publications,
1932: 581-587.

[45] Charlez PA. Rock mechanics: Petroleum applications[M]. Paris:
Editions Technip, 1997: 264-266.

[46] Warpinski NR & Branagan PT. Altered-stress fracturing[J]. Jour-
nal of Petroleum Technology, 1989, 41(9): 990-997.

[47] Stehfest H. Algorithm 368: Numerical inversion of Laplace trans-
forms[J]. Communications of the ACM, 1970, 13(1): 47-49.

[48] Ozkan E & Raghavan R. New solutions for well-test-analysis
problems: Part 1—Analytical considerations[J]. SPE Formation
Evaluation, 1991, 6(3): 359-368.

[49] Warpinski NR & Teufel LW. Influence of geologic discontinuities
on hydraulic fracture propagation[J]. Journal of Petroleum Tech-
nology, 1987, 39(2): 209-220.

G

(BECER H Y 2018-05-12 BEREAD



