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Well test analysis method of shale gas well groups considering fracture network connectivity
HU Xiaohu'?, LIU Hua'?, HE Hui’, YUAN Hongfei’
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Abstract: To address the issue of interwell interference caused by adjacent well fracturing and development adjustments in shale gas
reservoirs, existing dynamic evaluation methods for well groups based on single wells or those ignoring fracture network connectivity are
inadequate. A well test analysis model for shale gas well groups, incorporating the connectivity of fracturing network, was developed based on
a variable conductivity fracture model. By discretizing the fracture network, the model equation of multi-stage fracturing well groups was
transformed into linear equations and the bottom—hole pressure solution of well groups was obtained. The bottom—hole pressure solution of
the well groups was compared and validated using the finite volume numerical method. Typical characteristic curve diagrams of bottom—hole
pressure, both with and without connected fractures, were established. Application examples of four wells on two platforms in the Fuling
shale gas field were provided. The results showed that: (D Production wells had bilinear flow (1/4 stage), linear flow (1/2 stage), unsteady
crossflow, and boundary quasi-steady flow stages, while non—production wells rarely had bilinear or linear flow stages. @ Under both
connected and unconnected fractures, the bottom—hole pressure solution of the well group calculated by the finite volume numerical method
was entirely consistent with that calculated by the method proposed in this paper. 3 The interpretation and evaluation results of measured
data from four wells on two platforms in the Fuling shale gas field were consistent with field observations, verifying the reliability and
practicality of the proposed method. The findings provide technical support for calculating shale gas reservoir parameters and fracturing
parameters, and evaluating interwell connectivity.
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Fig. 1 Communication model and physical model schematic

diagram of the fracture network in a multi—stage fracture well group
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Fig. 2 Schematic diagram of the physical model of the connected

fracture model
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Table 1 Interpretation results of reservoir parameters for
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Table 2 Interpretation results of fracture parameters for
four wells on two platforms
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X1 X1-2 3.213 115.00
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SIATARTR 3 gk AT T AR R AT T R AR, A BR
PRBREUH )7 12 X BT Y R AT T X6 LESAIE , 3B 141 3%
3 24 4 1 JC 12 38 SR P ) 2 G s g AR BT RS LA
IPINERIN AT E i



86 W/NGE A5 2 LB LA IO A Y e SO A T vk

20254F
CARESE R

1) A7 3% A TGI8 248815 DU T, B AT FRARFR
BUE T BB 2 R 20 A IR D1 S 98 07k
RS FIEAR 58 4 — 5, ISR W SR A5 80 (00 SR ity 1k
SRR AT SRR

2) A EA A RN S BURRE R 1/4 7
TEB: T 12 FRAE B AERRS S TR IE B i BRI
TURFIEBL . AR P H— AR AME L AR M A i
TR o Bifi 25 )30 2448 S0 e 1 B S K R AR R
Wi 7 5 [PR38R 1 I R R AR A Xo)
2B 7 I 00 F e o7 e () A o S 3 5

3) WA 25 4 HIFR LA S 4
SHE— 25 BGE T RIFSEAERY (4 1E A e N A, T A B
B S 22 R RIS K2R R ROk A e s
TERH RPN SR AR 34

R
(11 RIE R, & KMS, 2225, % . JUS TP R TP A T ) 2400 T )

1. T2k, 2019, 49(1): 1-236.

LIU Yuewu, GAO Dapeng, LI Qi, et al. Mechanical frontiers in

shale—gas development[J]. Advances in Mechanics, 2019, 49 (1):

1-236.

[21 R, 2T, HROBL, S5 B DA OB R LR R

FARFE R, I AGEATAN 57T &, 2023, 13(1): 9-22.

JIANG  Shu,

advancement for improving gas production rate from perforated

LI Yuanping, DU Fengshuang, et al. Recent
clusters in fractured shale gas reservoir[J]. Petroleum Reservoir
Evaluation and Development, 2023, 13(1): 9-22.

[3] BRSNS, BREEHT, SRedi, 45 B S M X R 0 2 BO K R

TIE LB 45 1 22 7 P X U i V2 BE A 1 L[] 2 i 2%
2023, 30(3): 138-150.
ZHANG Liuliu, CHEN Gengxin, LE Xingfu, et al. Significance of
water absorption characteristics and difference of pore structures in
the Cambrian shale intervals, Yichang area for shale reservoir
evaluation[]]. Earth Science Frontiers, 2023, 30(3): 138-150.

[4]  EHHE ., AT, L TUA K I REOR e 5 R T).
MR 577 &, 2022, 49(1): 166-172.

LEI Qun, XU Yun, CAI Bo, et al. Progress and prospects of
horizontal well fracturing technology for shale oil and gas reservoirs
[J]. Petroleum Exploration and Development, 2022, 49(1): 166—172.

[5]  Eprde, ZRERdE, g0, 4 e sUS S B F 7 e B R S

FAACEAXT L. A RS T &, 2020, 47(3): 555-563.
MA Xinhua, LI Xizhe, LIANG Feng, et al. Dominating factors on well
productivity and development strategies optimization in Weiyuan
shale gas play, Sichuan Basin, SW ChinalJ]. Petroleum Exploration
and Development. 2020, 47(3): 555-563.

[6]  IRHEME, oTAE . SURREZ N R R s WL S AL E ). b
Rl (H AR, 2016, 46(2): 111-119.

ZHU Weiyao, QI Qian. Study on the multi-scale nonlinear flow
mechanism and model of shale SCIENTIA  SINICA
Technologica, 2016, 46(2): 111-119.

(7] BRI, MUk, WA ZE, A URSRUZ K= R I RRE M TR
S A CH BT RO, 2024, 31(6): 96-108.

CHENG Qiuyang, YANG Hongzhi, YOU Lijun, et al. Mechanism,

gas[J].

characteristic, and significance of water—rock interaction in shale gas

reservoirs[J]. Petroleum Geology and Recovery Efficiency, 2024, 31

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(6): 96-108.

B, AW, XTI, 4 L R VCA ORI R RO RS R
Kt Y RASEAR AR XL G 20 i 5 S (1. A R <, 2023,
10(6): 123-130.

HE Pei, WU Jingiao, LIU Anbang, et al. Optimization and
application of fracturing cluster parameters in continental shale gas
horizontal wells: A case study of the continental shale of Shanxi
Formation in Yanchang exploration arealJ]. Unconventional Oil &
Gas, 2023, 10(6): 123-130.

ZRIEAE, R, FIR AR . BUR I IO 2 B 2K PR i e
KA X5 7 B X 2R 5 m [J]. MR A2, 2017, 42(8):
1324-1332.

LI Daolun, YANG Jinghai, YAN Shu, et al. Numerical well test
interpretation of massive multistage fractured horizontal wells in tight
oil reservoirs and effect of permeability of exterior region on well test
curves[J]. Earth Science, 2017, 42(8): 1324-1332.

i, sk, PO, A BOR MOCA SR BUR RLR HEL L
BRSSP AR R AL, 2023, 10(5) : 97-103.

WANG Rui, ZHANG Ruichao, JIA Xiao, et al. Staged fracturing
flowback optimization method for horizontal wells in tight and shale
gas reservoirs|J]. Unconventional Oil & Gas, 2023, 10(5): 97-103.
BROWN M, OZKAN E, RAGHAVAN R. Practical solutions for
pressure transient responses of fractured horizontal wells in
unconventional reservoirs[J]. SPE Reservoir Evaluation & Engineering,
2011, 14 (6): 663-676.

FNT, R YD . BUA SRR R BUKF I =2 M AR R 5
(D1, PR A2 40 CELARBA D, 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.

STALGOROVA E, MATTAR L. Practical analytical model to
simulate production of horizontal wells with branch fractures[C]// Paper
SPE-162515-MS presented at the SPE Canadian Unconventional
Resources Conference, Calgary, Alberta, Canada, October 2012.
FWeA, BT, BENRER, 5F IR IR 2 B SUKE A RS
I AR ST %, 2014, 41(1): 74-78.

WANG Xiaodong, LUO Wanjing, HOU Xiaochun, et al. Transient
pressure analysis of multiple-fractured horizontal wells in boxed
reservoirs[J]. Petroleum Exploration and Development, 2014, 41(1):
74-78.

AL-KOBAISI M, OZKAN E, KAZEMI H. A hybrid numerical/
analytical model of a finite-conductivity vertical fracture intercepted
by a horizontal well[J]. SPE Reservoir Evaluation & Engineering,
2006, 9(4): 345-355.

SRR, SR, JE A, A5 BRI 2 YRR BRI - [ A
BB A 5T %, 2022, 49(2): 338-347.
ZHANG Dongxu, ZHANG Liehui, TANG Huiying, et al. Fully
coupled fluid=solid productivity numerical simulation of multistage
fractured horizontal well in tight oil reservoirs[J]. Petroleum
Exploration and Development, 2022, 49(2): 338-347.

SKEG S, mATDT, AN, A5 R )1 b X e B IR A A SN T
FRIE RO B2 AT D). ST 5 oR IR, 2023, 30(4): 55-65.
ZHANG Peixian, GAO Quanfang, HE Xipeng, et al. Characteristics
of in—situ stress field and its influence on shale gas production from
Longmaxi Formation in Nanchuan areal]]. Petroleum Geology and
Recovery Efficiency, 2023, 30(4): 55-65.

EAN, BORER, B A4, A 2 BURRUKP IR RUR AR 3 7



20254F
CAARESE R

B/NPE A5 25 1B AR I 2 114 D SO T A 5 vk 87

[19]

[20]

(21]

L AR, 2013, 34(6): 1150-1156.

WANG Bencheng, JIA Yonglu, LI Youquan, et al. A new solution of
well test model for multistage fractured horizontal wells[J]. Acta
Petrolei Sinica, 2013, 34(6): 1150-1156.

B BRI T DR R B R ROK PR B B U 5]
FEFII AR, 2018, 25(3): 92-96.

HUANG Can. Numerical test of multi-stage fractured horizontal
shale gas well with inter-well interference[J]. Special Oil & Gas
Reservoirs, 2018, 25(3): 92-96.

MU . BUR I B R BRI AR IR R O ST
IEAFFEID]. AL st i AR (b aD), 2021.

CHU Hongyang. Well test analysis for multiple multi—fractured
horizontal wells in tight oil reservoirs with well interference[D].
Beijing: China University of Petroleum, 2021.

KL, IR, BERTE, 45 TUA A REB BUER AR B
4388 [ AR A T R B XA B, KSR T, 2021, 41 G 1):
145-151.

ZHANG Zhuo, YUAN Xiaojun, RAO Dagqian, et al. A numerical
simulation technology for the multi-scale flow of shale gas and its

application in Zhaotong National Shale Gas Demonstration ArealJ].

[22]

[23]

[24]

[25]

[26]

Natural Gas Industry, 2021, 41(Suppl. 1): 145-151.

ZEERAN, RBL, BARWE, 55 AL vUa SO R 2R T 5T
PR IS R 1] KA T, 2023, 43(5): 34-46.

LI Yuegang, SONG Yi, LI Junfeng, et al. Research status and
implications of well interference in shale gas horizontal well
fracturing in North America[J]. Natural Gas Industry, 2023, 43 (5):
34-46.

HE Y W, GUO J C, TANG Y. Interwell fracturing interference
evaluation of multi-well pads in shale gas reservoirs: A case study in
WY Basin[C]// Paper SPE=201694-MS presented at the SPE Annual
Technical Conference and Exhibition, Virtual, October 2020.

CINCO L, SAMANIEGO V, DOMINGUEZ A. Transient pressure
behavior for a well with a finite—conductivity vertical fracture[J].
Society of Petroleum Engineers Journal, 1978, 18(4): 253-264.
OZKAN E, RAGHAVAN R. New solutions for
problems: Part
Evaluation, 1991, 6(3): 359-368.

SUN H D. Advanced production decline analysis and application|M].
[S.L]: Gulf Professional Publishing, 2015.

well-test—analysis

I—analytical considerations[J]. SPE Formation

(sh# FilE)

(F#Z78T)
[20] BRAETH, G898, (OAOHT, 25 . FRIEI8 204 M T E IS R R b 42 R

[21]

[22]

[23]

[24]

[25]

FOG MR SRR T )], B A U, 2022, 15(2): 101-104.
ZHANG Huali, JIN Zhirong, BAO Minxin, et al. Experimental study
on influence law of main controlling factors of imbibition oil recovery
in ultra-low  permeability fractured reservoir[J]. Complex
Hydrocarbon Reservoirs, 2022, 15(2): 101-104.

EEBR, W, B TR, AR SRR 2 A AR 7 TUAA E E A0E
P s OB FHRAELD. o LA R 23R CHARBLA RO,
2023, 47(6): 95-103.

WANG Chen, GAO Hui, FEI Erzhan, et al. Imbibition of fracturing
fluid and microscopic oil production characteristics in Chang 7 shale
reservoir in Ordos Basin[J]. Journal of China University of Petroleum
(Edition of Natural Science ), 2023, 47(6): 95-103.

JANIL, MRARR, BTEE, A5 SRR 2 T G B AR XA 7 BT
A2 A B MR AR B TR 2R (). R A A7, 2022, 47(8):
3045-3055.

ZHOU Xiaohang, CHEN Dongxia, XIA Yuxuan, et al. Spontaneous
imbibition characteristics and influencing factors of Chang 7 shale
oil reservoirs in Longdong Area, Ordos Basin[J]. Editorial Committee
of Earth Science=Journal of China University of Geosciences, 2022,
47(8): 3045-3055.

TU J W, SHENG ] J. Effect of pressure on imbibition in shale oil
reservoirs with wettability considered[J]. Energy & Fuels, 2020, 34
(4): 4260-4272.

GAO Z Y, FAN Y P, HU Q H, et al. A review of shale wettability
characterization using spontaneous imbibition experiments[J]. Marine
and Petroleum Geology, 2019, 109: 330-338.

REN W D, MA C, HUANG X Y, et al. Dynamic and static imbibition
characteristics of tight sandstone based on NMRI[J]. Geoenergy
Science and Engineering, 2023, 229.

TR . L TR A% 0 FE AR AR AR B 20 LA 23 A1 T AL
WEFEID]. L ¥R, 2014,

(28]

[30]

[31]

CHENG Yichong. Visualization study on fluid distribution in core
based on low—field MRI method[D]. Shanghai: Shanghai University,
2014.

T, R, B, S GUAf# )2 R T S W SR L e
S0 I ML), St CHT S SRR, 2023, 30(6): 92-103.
WANG Biao, LI Taiwei, YU Jianye, et al. Analysis of imbibition
mechanism and influencing factors of surfactant displacement in
shale oil reservoirs[J]. Petroleum Geology and Recovery Efficiency,
2023, 30(6): 92-103.

LOUCKS R G, REED R M, RUPPEL S C, et al. Spectrum of pore
types and networks in mudrocks and a descriptive classification for
matrix—related mudrock pores[J]. AAPG Bulletin, 2012, 96 (6):
1071-1098.

W, B4, 30 TR HREOR RS A s i TR A
KBTI KRIAMILET 5T %, 2023, 42(3): 58-65.

YANG Xue, LIAO Ruiquan, YUAN Xu. Spontaneous imbibition
experiment in high—temperature and high—pressure for tight cores
based on NMR technology[J]. Petroleum Geology & Oilfield
Development in Daqing, 2023, 42(3): 58-65.

KT, WIREL, 52 RHE, 55 . DUA Iz B WG A Tk B0 34 B
HANE 355 28 S A5 W FRAELT]. A7 i3, 2022, 43(4): 533-547.
ZHU XiuChuan, HU QinHong, MENG Mianmo, et al. Microscopic
distribution of water in the imbibition process of shale reservoir and
dynamic response characteristics of its gas logging permeability|J].
Acta Petrolei Sinica, 2022, 43(4): 533-547.

R, S LA, KA, 55 TRABEIRAE b BRI BUE I
FIB W SCHIEFE L. BT 5T A, 2024, 14(3): 402-413.
TANG Huiying, DI Kaixiang, ZHANG Liehui, et al. Tight oil
imbibition based on nuclear magnetic resonance signal calibration
method|[J]. Reservoir Evaluation and Development, 2024, 14 (3):
402-413.

(¥t %)



