55 49 45 1 W P2 R 2 Eird Vol.49 No. 1
20244E 1/ JOURNAL OF CHINA COAL SOCIETY Jan. 2024

LB TR AE T (L4 Bl RN E L 77 =

Ny 2o ]2 1 =3
BAL, 2B, 2 £, 8CF
(1 P EG LR dbnt) HekPl2E 52 TR 2R, dbat 100083; 2. FE A ML FI A FRA R HUSiFsEbe, Berd v 710077; 3. EIRBEIRAER
B B A ], BREPE AfAR 719000)

AR IR ARE A AT IR SE IL B AT AR LR R R AR N 45 SUSLAE S B L BB B A KR, R T
T HLM S T R AARAR M 4R FLSLAE Ry “—3L2 L . B AT4EILBE R WAL R 2 A F AR R R,
BRB G E 5T REEFI R FFARTAL; S oo B T AP B R R0 KB A, A2 xR
B R A R T kst L ATAT e A . R T AEIUBE T o mk ik Ae oy A5 L B RN S AR K 2R 38
BE TR T LI LB RAMIEN T T &k, RAFEEZBEAIRMNES, BIEE LA,
IR AEIUBE T R AR M AR, BN, AR T LBk A, H4EILILEE AT 360°42 4, TR
L& e AR, B A4 ILILEE SN E B R AR PR AT RS A A, B RIEF AR A E W
IR ERR, Wit F AT ALK B LR T n, BT A RETAL AL, 57
S AR T AAKTL T E R 69 45 FL A2 18] = Y b R — o SR FRAS A B AT R T b B HA R, A
Moy A 2k B 6 Bk R W Rk 12 A6 AR oS AR A, B2k Oy A 4k B A2 AR Bk K b ke S AL, A
BT ARFUBR E Rk ik oy A K B A R AR A Ty vk, Bl ad 4L 3L &) Ao 42 & 6 Bk K 1 AR B 4 AL F)
A AEFLILEE S B B AR P AR F ARG E . G T4 2 MR MR AR A, R R
TEF AL 6 AL & B S ATHAA 06, I0E T 7 ik Ae A B0 P AR L FF IR 5 4, AR &R . 4k
FUWE T b Rk Ty 45 48 B A2 R AR 25 R T VAR b R ek 45 5L A2 ) S B B AR AR TR R G AL R
W R, A ALY L RIE Ry VERR S RIBEE LA S e iR 6 69 B T W ke SR, 4b
FUBE T S Ak ok o AL 2% B A2 R AR AL T ik 4R FLSLEE SN B B AR P AR R R AR A R S0 o HE R
BTG T . AR EE R T VA A 4R 3U0E & b ik A 45 B 2 RR AR N AR Ty k6 L TR R R FR BRI ARG
KA AEIUBR T Rk S AR B 2R IR N BAARE D T AL

RESHES:P631.325  XEIREME:A XE4HS:0253-9993(2024)01-0616-12

Research on borehole transient electromagnetic positioning method of azimuthal
coil scanning detection

CHENG Jiulong', JIANG Chenglin"? LI Yao', BAI Renxi’

(1. College of Geoscience and Surveying Engineering, China University of Mining & Technology-Beijing, Beijing 100083, China; 2. Geological Research
Institute, China National Logging Corporation, Xi’an 710077, China; 3. CHN Energy Shaanxi Shenyan Coal Co., Ltd., Yulin 719000, China)

Abstract: The borehole transient electromagnetic method is used to detect the long-range water-bearing bodies around the
borehole wall by using the advanced water exploration borehole in the heading roadway, which avoids the “one’s opinion

in one hole” because the normal logging methods can only detect the rock layer of the borehole wall. At present, because
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of the whole space effect, the current borehole transient electromagnetic method cannot distinguish the orientation of ab-
normal bodies by the received single-component response, and it can approximate the orientation of abnormal bodies by
multi-component response, but it is difficult to precisely locate and interpret the profiles by the visual and effective means
such as imaging. Based on the theory of borehole transient electromagnetic method and azimuthal electromagnetic log-
ging, this paper proposes a borehole transient electromagnetic positioning method with azimuthal coil scanning detection.
The azimuth coil is used as the detection device to reduce the mutual inductance of the coil and enhance the detection ef-
fect of the borehole transient electromagnetic method. At the same time, by changing the rotation angle of the coil, the
borehole wall is scanned by 360° to form a radial all-round detection of the borehole, aiming at a precise localization and
profile interpretation of low-resistance abnormal bodies in the rock mass at the periphery of the borehole wall. Firstly, the
authors derive an analytical expression for the mutual inductance of an azimuth coil, discuss the effect of azimuth angle on
azimuth coil mutual inductance, and determine the optimum azimuth angle by numerical calculation. Secondly, a full-
space 3D geological-geophysical model of the borehole with homogeneous medium and low-resistance abnormal bodies
are established respectively and the numerical simulation of transient electromagnetic field is carried out. The multi-com-
ponent response characteristics of the azimuthal coil scanning detection transient electromagnetic response are analyzed,
and the law of transient electromagnetic response of azimuthal coil scanning detection is summarized, and the borehole
transient electromagnetic positioning method with azimuthal coil scanning detection is determined. Namely, through the
transient electromagnetic response characteristics of the axial and radial directions of the borehole, the position of the low-
resistance abnormal bodies in the rock body at the periphery of the borehole wall is determined. Finally, by establishing
the geological-geophysical model with two low-resistance bodies and using azimuth coils set to the best azimuth angle for
numerical experiments, it is verified that the method can intuitively and effectively determine the orientation of low resist-
ance abnormal bodies. The study shows that the azimuth coil scanning detection results of the borehole transient electro-
magnetic method can better reflect the transient electromagnetic field anomaly caused by the low-resistance abnormal bod-
ies in the rock body at the periphery of the borehole wall, and the resolution of the full-space apparent resistivity imaging
results is high. Based on the transient electromagnetic response characteristics of the axial and radial directions of the bore-
hole, the borehole transient electromagnetic positioning method with azimuthal coil scanning detection has a high resolu-
tion and localization accuracy for the low-resistance abnormal bodies in the rock body at the periphery of the borehole
wall. The research results provide a theoretical basis for the practical application of the borehole transient electromagnetic
positioning method with azimuthal coil scanning detection.

Key words: borehole transient electromagnetic method; azimuthal coil; scanning detection; numerical simulation; posi-
tioning
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Fig.1 Schematic diagram of BTEM azimuth coil scanning detection
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