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Abstract Quickly and accurately measuring the volume of large underground energy storage caverns is not only a
method to test the scientific rationality of engineering design and construction achievement, it is also the basic
requirement for energy storage and transportation engineering and the foundation of the dynamic control during
operation depot. In order to quickly and accurately obtain the storage caverns volume and the elevation-cumulative
volume curve in centimeter level, a laser sophisticated measurement system (LLSMS) based on cross section and the
corresponding data processing method are developed. The method is successfully applied in the volume measurement
of underground energy storage caverns and the elevation-cumulative volume curve in centimeter level is achieved.
The true volume is estimated by regression analysis and the volume measurement accuracy can reach —0.06%,
which is one order of magnitude better than the regulatory requirements. Combined with the experimental data of
total station and terrestrial 3D laser scanner, eight technical specifications are comparatively analyzed. The
feasibility and correctness of the laser sophisticated measurement system and the corresponding data processing
algorithm are verified.
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1: horizontal support; 2: horizontal beam; 3: vertical support; 4: support base; 5: level sensor; 6: belt; 7:slider,
8: stepper motor; 9: limit's switch; 10: position target; 11: motion controller; 12: stepper motor actuator; 13: battery set;
14: power adapter; 15: power plug; 16: server; 17: wireless AP; 18: tablet; 19: laser profile scanner; 20: helical adapter
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Fig. 2 Hardware structure diagram of the laser sophisticated measurement system
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Fig. 13 Elevation-cumulative volume curve measured by total station
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Table 1 Comparison of volume measurement methods in underground energy storage caverns

Technical indexes LSMS TLS Total station
Quality of point cloud Super high High High
Spatial resolution Super high High Low
Volume accuracy High Moderate Low
Time cost infield 7 h 24 h 16 h
Labor cost in field 4 persons 2 persons 1 person

No additional time needed
Time cost in office 2d 4 h
due to parallel working

Commercial software

Data processing Self-processing program Self-processing program

and workstation

Economic analysis High High Moderate
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