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Quasi-whole space magnetic resonance theory and its application in
tunnel advanced detection
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(Key Laboratory of Geo-Exploration Instrumentation, Ministry of Education, Jilin University,

College of Instrumentation and Electrical Engineering, Changchun 130026, China)

Abstract: Based on of the whole-spatial characteristics of underground exploration, the quasi-whole space detection
model was proposed for the first time, the quasi-whole space response kernel function of MRS was derived. The effect of
the hollowed out area of the tunnel in the calculation result is eliminated effectively and MRS forward calculation
accuracy is improved. Meanwhile, with the sequential quadratic programming (SQP) inversion method, the nonlinear
inversion of magnetic resonance data of the underground quasi-whole space model is fulfilled. In the theoretical data,
contracting the inversion results of ground half space with the underground space, quasi-whole space model can be more
accurate in the inversion of underground disaster water’s position and content, and a good inversion result even under the
condition of containing 10% noise is gained. Based on the theoretical research and combining with MRS field testing of
Zeya Tunnel of Jin Wen Railway, the water-bearing structure hidden in the tunneling tunnel face was explained, and the
consistency of the detecting results comparatively was analyzed. The results show that the whole space exploration model
combining SQP inversion algorithm can give the position of underground disaster water and water-bearing level
accurately, and the prediction of groundwater harm accurately is achieved to lay a theoretical foundation for MRS
detection of the tunnel.
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Table 1 Model parameters

Water location/m  Layer thickness, D/m  Water content/%

-30~12 42 0.01
12~18 6 30
18~30 12 0.01
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