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Abstract: The mechanism of hydraulic fracture propagation and fracture network formation in tight sandstone is
essential for deep energy development. To investigate the influence of injection rate on hydraulic fracture behavior
in tight sandstone containing natural fractures, this study conducted large-scale true triaxial fracturing tests on
specimens measuring 400 mm % 400 mm x 400 mm from the tight sandstone in the Puguang area of Sichuan. By
integrating three-dimensional acoustic emission monitoring, isotope tracing, and fractal analysis of fractures, we
systematically analyzed the fracture propagation process under three injection rates (100, 200 and 300 mL/min). The
results indicate that: (1) The high quartz content (40.5%) and high brittleness index (64) of the reservoir provide a
geological basis for the formation of complex fracture networks. (2) As the injection rate increases, the hydraulic
fracture growth rate escalates from 19.95% at 100 mL/min to 67.01% at 300 mL/min, while the fractal dimension
increases from 1.102 2 to 1.267 5. The fracture morphology transitions from a single dominant direction to a complex
radial network. (3) Increasing the injection rate raises the maximum borehole pressure from 68 MPa to 100 MPa,
with cumulative acoustic emission energy surging by 415.1% when the rate increases from 100 mL/min to 200
mL/min, while the increase slows to 6.1% when the rate rises from 200 mL/min to 300 mL/min, indicating that
energy release tends to saturate at high injection rates. (4) Acoustic emission events are concentrated along the
direction of maximum principal stress (at angles < 45° to the wellbore). The time-series curve of the fractal
dimension exhibits a three-stage characteristic: decline - rise - fluctuating decline, revealing the evolution of
damage from disordered initiation to ordered connectivity. (5) Theoretical analysis indicates that breakdown pressure
is influenced by the competing effects of injection rate and fluid infiltration. At low injection rates, fluid infiltration
predominates, resulting in lower breakdown pressure, while at high injection rates, the injection rate dominates,
leading to higher breakdown pressure. This study elucidates the influence of injection rate on hydraulic fracture
propagation in tight sandstone and provides a crucial theoretical basis for optimizing parameters in deep volumetric
fracturing.

Key words: rock mechanics; true triaxial; hydraulic fracturing; injection rate; tight sandstone; acoustic emission;
fractal characteristics
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Fig.1 Microstructure and mineral composition of sandstone
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Table 1 Physico-mechanical properties of sandstone in northeastern Sichuan Basin
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Fig.2 Schematic overview of hydraulic fracturing test system and its photo in laboratory
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(a) Specimen borehole and open-hole interval
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(c) Servo-controlled loading system
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(b) Acoustic emission probe layout diagram
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Fig.3 Schematic diagram of sample drilling, acoustic emission probe placement and fracturing system
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(a) Spatial distribution map
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of S - 1 cracks sandstone sample
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Fig.4 Spatial distribution and unfolded surface view of fractures

in sandstone sample S - 1 after compression
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(a) Spatial distribution map
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(c) S - 2 crack development diagram
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Fig.5 Spatial distribution and unfolded surface view of

fractures in sandstone sample S - 2 after compression
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of S - 3 cracks

(b) S - 3 FRAER T FE 5
(b) S - 3 standard large-sized
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Fig.6  Spatial distribution and unfolded surface view of

fractures in sandstone sample S - 3 after compression
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(2) TEAHFES NGB KL JIH 68 MPa
HOK % 86 MPa, firJ5ih K2 100 MPa; RS Rtk
JRRERE HH 285.69x10° al 4 K& 1 471.57x10°al, #&J5
HKE 1 560.97%10° aJ. Ui B MRHEE ST 28 = HE
F I (100~200 mL/min), f§ &38R X8 5 3 (G 1%
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G AR T ERTE R A AR PR AR
(200~300 mL/min), HEEIEKFELEIYNE 6.1%), WL
R SRS BT CE VRIS

(3) WEREFEALFI A A AT RHER BN B3 1P T
IR, AR T 191 5 e KK 87 75 170 e o —
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(5) NARACEUH DA 1) 1= W AR PPN LT
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N AZEZMHETR, HEEN 200~300 mL/min(h N HL 37 it
THEERA 13.5~20.25 m*/min), 7] LA B HACHIE
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UG AR 7 AT SERR S
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