$a2 % H 2 L ARBEXFFROEZHAF R Vol. 42 No. 2
2023 F 4 A Journal of Shandong University of Science and Technology(Natural Science) Apr. 2023

DOI; 10.16452/j.cnki.sdkjzk.2023.02.001 XEHS:1672-3767(2023)02-0001-12

11 305 2 Mk A L 10 M S A 8 5 7 e 3G
R 1 R it i v H

F R, OF L KBEE L, EREE
AL AHERF WAAELRIBEGRARELELE. LA F5 266590;
2ABAEIRFR RIS, HBE BN 350118

 E: T vk (TEMR - B FTAKK BEBEARRKEEGART &, ABEOEET P AEHR
BEMEG A S EKEHEIARGRE, ARREBTEOREMEY . EE2RIAEIKDIELERX AL
BITROGEREFERLAELRMFRAL., AR ETH OB, TR EEHBRIRERBMERS R H G EE
ARGRERHAETRGR EHF R, ERAN.EFHGFEZRAGHAABLR T F P, T ERBF G AR E
T 0.5 ExXr HAR S @O K EER T AP RROEDEAGEALE LRV B FH I E L TR
HKH A AL AL o9 B A8+ F P AR IG 80K 39 2 B R RlIR 69 &K B, B AL o 1A L &2 JE &5 0 T 1%
HEMEEEDRFEETREAR AR ORE AR AR MESREKRT SN . EMEGHRETB LN LSRR
SA LR AL B IELE RS EET Z A kAR TRER,

KEBR BERBE AR EHR; §E LB RIR

hE S %S U452.1 XHKARERD A

A self-adaptive inverse wavefield of transient electromagnetic method

and its application in advanced forecast in tunnels
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Abstract: The transient electromagnetic method (TEM) is an effective method to detect and highlight water-bearing
zones of tunnels. Accurate extraction of the pseudo-wavefield from the TEM signals is the key to characterizing the
structure and boundary of water-bearing zones. To provide accurate and reliable pseudo-wavefield, the pseudo-
wavefield extraction should tackle the large dynamic range of the kernel function, ill-posed inverse transform
function, and self-adaptive solving. In this paper, an optimized self-adaptive method based on the precise integral
method was proposed. which combined with the empirical formula to shorten the solving interval of the inverse
wavefield transform. In the calculations of the half-space numerical model, the error of fitting with the forward data
was less than 0.5%. In the calculations of the type-H geoelectric model, the extracted pseudo-wavefield had

reasonable kinematical characteristics. In the calculations of the whole-space type-HKH model, the extracted
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pseudo-wavefield highlighted the boundary of the water-bearing zones of different depths and fitted well over the
whole observation period. For the field data measured in a constructing tunnel, the pseudo reflective waves had
apparent responses around the water rich boundary and the electrical interfaces, with a fitting error of less than 5%.
The water-bearing zones highlighted by the pseudo-wavefield and the distribution laws of the apparent resistivity
corroborated each other and were consistent with the results of the drilling test, verifying the effectiveness and
reliability of the proposed method.
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Fig. 1 Flow chart of the self-adaptive inverse wavefield transform method
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Fig. 2 Half-space model and TEM observation system with loop-source
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Fig. 3 Data fitting of pseudo-wavefield extraction using the regularization method
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Fig. 4 Data fitting of pseudo-wavefield extraction using the self-adaptive precise integration method
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Fig. 5 Pseudo-wavefield extracted from the B. (z) component of the type-H model response
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Fig. 7 Extracted pseudo-wavefield from the B, (z) component of the type- HKH model response using the

regularization method and their fitting to the modeled data
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Fig. 8 Extracted pseudofwave[ield from the B. (z) component of the type-HKH model response using the

self-adaptive precise integration method and their fitting to the modeled data
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Fig. 11 Fitting of pseudo-wavefield and apparent resistivity comprehensive profile extracted from the signals

collected in tunnel and the fitted data on different receiving points
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