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富，非常适合于剪切波分裂研究。Verdon等 [42]提出了

一种利用岩石物理模型，反演裂缝方位和密度，以更

好地匹配微震剪切波分裂观测的方法，并在实际微震

数据中成功应用。大量观测表明，剪切波分裂强度和

快波偏振方位随水力压裂施工会发生显著变化，说明

裂缝的扩展和形成 [43]。剪切波分裂不仅能够提供储层

中裂缝方位和密度，同时由于剪切波分裂依赖于频率，

其对于裂缝尺寸和裂缝中流体类型也非常敏感。利用

剪切波分裂频率依赖的特点，基于孔弹性岩石物理模

型，可以同时反演得到储层的裂缝方位、密度和尺寸

等信息 [41, 44��45]。这些参数对于进一步获取储层裂缝连

通性和渗透率具有重要意义。

5 讨论与展望

(1)微地震监测技术是定量评估水力压裂改造效果
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图 8 (a)W 井第 19 级水力压裂微地震事件分布，青色圆圈是天然断层活化诱发的微地震事件，蓝色圆圈是水力压裂改造引起

的微地震事件；(b)a 中两类微地震事件的 b 值统计 [31]

Fig. 8 (a) Distribution of microseismic events during the 19th stage hydraulic fracturing treatment of the Well W. The cyan 
circles represent the events possibly induced by the reactivation of a nearby natural fault, and the events associated with 
hydraulic stimulation are indicated by blue circles. (b) Frequency-magnitude relationship for the two microseismic event clusters 
in (a)[31]

图 9 (a) 水平层状 VTI 各向异性；(b) 含垂直裂缝 HTI 各向异性；(c) 含垂直裂缝的水平层状各向异性各向异性剪切波分裂模

拟结果 [41] 
Fig. 9 Synthetic upper hemisphere plots of shear wave splitting for (a) VTI anisotropy due to horizontal layering; (b) HTI 
anisotropy due to aligned vertical fractures and (c) orthorhombic anisotropy due to vertical fractures in a horizontally layered 
medium[41]
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的主要方法，能够获得人工裂缝长度、宽度、分布、

方位、密度、连通性等特征参数，是储层压裂中最精

确、最及时、信息最丰富的监测手段，具有广阔的应

用前景。

(2)掌握微地震事件的信号特征，明确微地震事件

的产生机理，建立微地震参数和储层改造体积、渗透

率等储层特征参数关系的物理模型，是进行综合微地

震解释的基础。

(3)地面台阵是经济可行的微地震监测方案，能满

足裂缝刻画的需求，进一步发展适合于我国复杂地质

环境和场地条件的地面微地震监测技术是未来的发展

方向。

(4)加强微地震弱事件检测、精定位、快速矩张量

反演等核心技术研究，以满足复杂地质和环境条件下

的监测需求。同时规范微地震监测，建立相应行业标

准，进一步扩大微地震监测技术服务的能力和范围。

(5)发展联合震源位置、震源机制等多种微地震参

数的微地震解释技术，建立更符合实际的离散裂缝网

格，结合剪切波分裂等方法，获得准确的有效储层改

造体积、裂缝密度、裂缝联通性、储层渗透率等关键

信息，以对储层改造效果进行综合评估。
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Abstract As a valuable technology for evaluating the effectiveness of hydraulic fracturing operation, microseismic monitoring 
is essential for scientific and efficient development of unconventional reservoirs. However, several key aspects of this 
technology, including microseismic geomechanics, detection and accurate location of weak microseismic events, comprehensive 
interpretation, remain elusive or challengeable. Taking an integrated microseismic monitoring project in the Sichuan basin shale 
play as an example, we summarize recent advances in several aspects of microseismic monitoring, including data acquisition, 
processing and interpretation. Considering the research features of the Center of Global and Applied Seismology (CGAS) of 
China University of Petroleum-Beijing, this paper elaborates on surface microseismic monitoring array, weak event detection 
with template-based method, source mechanism inversion and their implications in hydraulic fracturing imaging. Finally, several 
key scientific issues to be further studied are outlined. 
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