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Abstract: Surface nuclear magnetic resonance (SNMR) emerges as a non-invasive geophysical
method with widespread applications in the qualitative and quantitative detection of groundwater. Its
utility extends to resource exploration, geological disaster warning, and environmental monitoring.

However, the practical implementation of this method encounters challenges as weak SNMR signals
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often contend with the pervasive noise in complex environments, hampering effective signal acquisition.
In response to this issue, we propose a novel SNMR data noise suppression technique based on a
differential structure. This method involves the strategic placement of two receiving coils equidistantly
above and below the transmitting coil. This configuration can cancel out a significant portion of ambient
noise and mitigates the effects of transceiver coil coupling in real time. Numerical experiments verify that

the new method can achieve noise suppression and the reliable acquisition of free induction decay (FID)

signals.
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transceiver coil coupling
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Fig.1 Conventional NMR detection of groundwater processes
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Fig.3 Noise suppression effect based on differential structure
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Fig.5 Three coil structures and sensitivity kernel function plots

4 SLIGHER

T IR 22 43 4k Rl 25 R B A S I o M fE
13 AT I B 5 40 B 2k VB A 1 S S

FATE LR 5@ T WA 6 FroR i JEBEEHL,
Horp R R T S0 2B R, AT LUK RS 25 £ 8
SER PRI B R MR 25 AR B A . S
st 79 b £k BBl 25 M 4R @ =2 m h = 0.5 m, N =10,
n==064,

3 ) P 2 B 23 g T U 3] g M 7R 2 5 R
PERAE il T R P AR (SIGLENT SDS 1104X - C)
HEAT LI, 43 7 28 ] &5 A8y 1 22 4 2k BB 465 ) 119 52 36 45
RN 7a.b BT, B4R 12 003 Y 2R BT R
JEZ) R 3V, 22 43 24 Bl 42 A0 1) B 155 18 75 1 SRy
1 VR MRS R R R 1/3, KR HI 8 T 3K 5% e
X T SNMR 55 (5210 ,

1E R (AL [ — R FID {755 &k £ 4R
(), 8o ik &5 & 4 % (Tektronix
AFG31020) =4 —4~ FID {55 F TR II L PR T

K 9 NMR Wi i {5 5. FID {554 % 2 330 Hz,
R SR 5 ms (55 0RE N 5 mV, sy BB 4
PR 22 o3 26 VB 45 M 1 SE B0 45 SR W I el d BT
G35 2k VB 25 K 5E 4 W WA W PR R G 9 3R BORT BROME

SNMR £ W

| HTFID 5 R Al
7

6 MK B IFE

Fig.6 Experimental test site diagram



52 B g ARG BR OB 2 D

54

a b
- -

a. I3 B4 B S AR GV TR N 5 b, 28 00 2R P S K W P R s . Y BRI A S IRAR T s d B RIEIE I EIRE S .
B7 sKBMRER

Fig.7 Experimental test results

T 1M 25 73 4 Bl 235 K A W 7 0 s i i RE 9 3 AT il 0L
M= FID 55,

5 g

1) AR SCHRE H 1) 22 70 AR AR B oF 3% I W 7 LA 5
A0 34 A FH o AT LA o 2 MR e 2 A 3 BSO0K 4 A A
), 5 e R TR L

DX T HB LI L P 45 L 22 0 2k Bl 2
FE T A o 7 v TR L L 8l AR EL IR L 3 T BRI
S 2 VeI R 3 19 AR o AT 45 62 B DX RF ] S B 36 5 v
JZE BTN KA e 23 BRI

3) 3 it 2 A S I A A 3k L A5 3 T R K St iR
HH TR 9 459E & Uk B L 7 ¥ 78 52 P 1 T A B AL

S % 3Lk (References) ;

C1] AR ) AR PRI L S 3R AR 9 T /K I 0 i 3 4k
HMHEFELT]. HER Yy 2A 4, 2013,56 (11): 10 - 14,
Lin Jun, Jiang Chuandong, Lin Tingting, et al.

Research on Magnetic Resonance Detection of Disaster

Water Sources in Underground Engineering [ J J.

L3]

[4]

Chinese Journal of Geophysices, 2013, 56 (11): 10 —
14.

ME N AR BOE BT 55 B2 560 T T KB LR R
W45 9¢ F K IR AT 5 BEJE LT 1. 35 AROR 2 22 ik (b Bk
Bl RD ,2012,42 (5) ;1560 — 1570.

Lin Jun, Jiang Chuandong, Duan Qingming, et al.
The Situation and Progress of Magnetic Resonance
Sounding for  Groundwater Investigations and
IRNE of Jilin
University (Earth Science Edition), 2012, 42 (5).
1560 - 1570.

PN AH RN S RER IR J7 B e 3R 3008 e R0
SBR[ T]. T MOR 2 2 i (b R B 32 /D L 2012, 42
(3): 858 —863.

Underground Applications Journal

Jiang Chuandong, Lin Jun. Qin Shengwu. et al.
Experiment on Dam Leakage Detection with Magnetic
Resonance Sounding [J]. Journal of Jilin University
(Earth Science Edition), 2012, 42 (3): 858 — 863.

Lin T T, Zhou K, Zhao H. et al. Surface Magnetic-
Double-

Field Enhancement Technology with a

Polarization Coil for Urban Hydrology Quantitative



513

TR AR T 22 00 SR I M TR AZ B A R SN MR R A R 53

(5]

[6]

7]

(8]

[9]

[10]

[11]

Survey [ J]. IEEE Transactions on Geoscience and
Remote Sensing, 2022, 60: 1 —11.

MR 5K V. T R L R R OK HR B B SR B S e
(10, AUEB AN 244 . 2016.37 (12): 2657 — 2670.

Lin  Jun, Zhang Yang. Research Status and
Expectation of Surface Nuclear Magnetic Resonance
Technique for Groundwater Detection [ J ]. Chinese
Journal of Scientific Instrument, 2016,37 (12): 2657 —
2670.

Lin J, Zhang Y, Yang Y J, et al. Anti-Saturation
System for Surface Nuclear Magnetic Resonance in
Efficient Detection [ J ]. Review of
Scientific Instruments, 2017, 88 (6): 064702.

Xie R H, Wu Y B. Liu K, et al. Using Wavelet-

Groundwater

Domain Adaptive Filtering to Improve Signal-to-Noise
Ratio of Nuclear Magnetic Resonance Log Data from
Tight Gas Sands[J]. Geophysical Prospecting, 2016,
64 (3): 689 —699.
Zhang Y, Yu S J, Wan L, et al. Processing of
Underground Nuclear Magnetic Resonance Data for
Underground River Detection: A Case Study in Doumo
Tunnel, Guizhou, Chinal]J]. Journal of Environmental
and Engineering Geophysics, 2020, 25 (3): 315 —323.
Jiang C D, Miao R X, Li B, et al. Multitype Noise
Suppression in Magnetic Resonance Sounding Data
Based on a Time-Frequency Fully Convolutional Neural
Network [ J ]. IEEE Transactions on Instrumentation
and Measurement, 2023, 72: 1-11.

Behroozmand A A, Keating K, Auken E. A Review
of the Principles and Applications of the NMR
Near-Surface Characterization [ J ].

Surveys in Geophysics. 2015, 36 (1): 27 -85,
Legchenko A, Valla

Technique for

P. Removal of Power-Line

Harmonicsfrom Proton Magnetic Resonance

Measurements [ ] |. Journal of Applied Geophysics,

(12]

[13]

[14]

[15]

[16]

2003, 53 (2): 103 - 120.

Ml g 22T 2R b, L BT AR DG AR R I 1 I
PRAR K [R] A0 30 W J5 3 [0 ], M bR 9y 38 24 4% . 2020, 63
(8): 3144 - 3153.
Lin Tingting, Li Yue, Li Suhang, et al. Co-
Frequency Harmonic Attenuation from SNMR Data
Based on Correlation Modeling Detection Technology
[J]. Chinese Journal of Geophysics. 2020, 63 (8):
3144 —3153.

Lin T T, Li S H, Wang M T. Acquisition and
Correction for Early Surface Nuclear Magnetic
Resonance Signal Based on Multi-Turn Small Air-
Core Coil Sensors[]J]. Measurement, 2023, 219:
112902.
Lu K,

Li F, Pan ] W, et al. Using Electrical

Resistivity Tomography and  Surface Nuclear
Magnetic Resonance to Investigate Cultural Relic
Leitai, China [ ] ].
Geology, 2021, 285;: 106042.

RN IR I, 5. 3L T 8B B0 4 W 45 1 4 T K
T I AR Bt B AL MR 7 TR O vk [T ], 3 bR O 27 24 (i

BRBFERRD ,2022,52 (3): 775 — 784.

Preservation in Engineering

Li Bang, Jiang Chuandong, Wang Yuan, et al.
Random  Noise Suppression for Groundwater
Magnetic Resonance Sounding Data Based on

Convolutional Neural Network [ ]J]. Journal of Jilin
University (Earth Science Edition), 2022, 52 (3):
775 - 784.

Kjer-Rasmussen A, Griffiths M P, Grombacher D,
et al. Fast Removal of Powerline Harmonic Noise
from Surface NMR Datasets Using a Projection-Based
Approach on Graphical Processing Units[]J]. IEEE
Geoscience and Remote Sensing Letters, 2022, 19:

1-5.



