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Abstract: With the rapid development of infrastructure such as railways, highways, and water conservancy
and hydropower projects in the western region of China, a number of exiremely complex geological conditions
and highly challenging ultra-deep buried tunnels have emerged. These developments place higher demands on
the collection, analysis, and application of tunnel geological information. Geological information transparency
technology plays a crucial role in ensuring safety, controlling costs, and optimizing construction progress, serving
as key technical support for the smooth execution of ultra-deep buried tunnel projects. This paper systematically
reviews the current development status of geological information detection technologies, covering remote sensing
survey technology, geophysical exploration technology, and directional drilling technology in the pre-construction

phase, as well as advanced geological forecasting technology during construction. The application scope and
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development directions of various technologies are analyzed. The paper also reviews the research status of multi-
source geological information fusion technology and 3D geological modeling technology, detailing their progress
and challenges in predicting geological conditions, model building, and applications. Finally, this paper looks
ahead to the overall development of geological information transparency technology for tunnels: First, establishing a
five-dimensional integrated detection system encompassing " space-air-ground-borehole-tunnel" to improve detection
accuracy; second, developing intelligent geological monitoring technologies and equipment; and third, based
on multi-source data fusion, constructing 3D geological models and applying virtual reality technology to

achieve dynamic geological information visualization, thus enhancing the safety and efficiency of tunnel construction.
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Fig. 1  Exploration inversion results of EH4 along the entire tunnel
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Fig. 7 Data fusion imaging of a high-altitude tunnel detection area (The colors represent the risk values of water and mud inrush,

with higher values indicating higher risks)
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Fig. 8 Schematic diagram of transparent geological conditions implementation ( According to Yuan Liang and Zhang Pingsong
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