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Influence of the Subway on Deep-well Resistivity Observation:

A Case Study of Jiangning Station
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Abstract: Jiangning station in the city of Nanjing is less than 3.2 km from the S1, S7, and S9
Metro Lines and the subway can have a significant effect on deep-well observations. In this paper,
the station’s deep borehole resistivity observation data from 2016 to 2018 were analyzed in con-
junction with some test schemes of the subway. Three kinds of interference characteristics have
been found: positive and negative impulse jumping, ascending, and descending. The mechanisms
of these changes were briefly discussed. The maximum variation range of surface and deep-well

geo-electric observation data was also compared. The results showed that short polar distance ob-
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servation can minimize subway interference; as the subway line increases, the interference increa-

ses correspondingly; subway trial interference operating on geo-electric observation is typically

greater than that of formal subway operation.

Keywords: geo-electrical resistivity; deep-well observation; Jiangning station; subway interfer-

ence

0 3|8

Wi 5 3k T 003 B 1) R 1A L b Ak G AT AR
S HTIEUI B TR . B 2019 4R, PRI
BB T AR IR R o [ R BG4 1 K P I
7 BEE A Bl R 06 3l X A B Y 92 A b H B %0
Wl AT 83 A4 B 4 H B A% b 7R WA 55 . Hb
iz B X MR S | iR 3 %) 2 R AE R RS i AL R D
K R 26 36 A5 38 43 fd A0 T AR IO T — E R
SR T BB 7 X i 2 i e L SR UL ) R
FEAE SAILBE A 58 22 B, 2k 48 A N 1s ) 2~
3 min A5 EWTHE IS 120~180 s, THLHE:
FEEPTE 0.1 Hz LF . TR MR b X 2
R 0 R L O L Mk U R 7 2 0 B R 3
7S AL B AR ARAR 5 b A BEL 3R A8 A it r SR B2 00 T DA
ToAME T 0 AR VT A b 3 el BE R0
N 30 I B Hl o Bk RN 38 O 2 AR RS LG
T T V0T & M 35 i E B RSO0 AN A R AR
[ 00 B ~05 B iy £ 95 i & A X 5 22 AR KT 0.3%
LR TRIT O AN A5 RE 4% £ w2 0L DK B, b 2
—BRAT Z AT R B R T S R T — Rk
FRLT Sy IO 3 T I3 A8 T S bR T R R, 2007
AF L 4 [ M R £ T R A A B 1D R b R 2 R S
ST T Ho e BH S B L g R K F L AL
Z LT [ WL SE B0 2014 4R 3 AL T B8 8
THEMNEAEEF 200 m FEAY T H A B R K SFE 0
N2 T ) AR, 2R T A T i R v U DU A A
X, 38 3 4 i AW B R 1 R R R D A L T 5 3 A
FAAEML s o UL 25 SR 2 B, R LI
{14 AT 735 i B A e 3 UL 1) S8 0 /0 A RO R T 2014
AETFE B MLk ST AL (BB T4 2.9 km) 19T
PO, B 2017 AF 11 pg ol T B (bR ST
BB T A 3.2 km) TR I (g S9 B
L BTG 1.9 kn) AHAETFE VLT A 8 T b
BH 23 L0 PR 52 31 1 455 1 b ke, R R ST 5
2R SO 5 2k S A7 0 IR B T R L
TREEHIMG . HT, BN 05T 32 A b e gk
XoF 1t 2 s FEL ORI PR ) A O ATF 5 T b A X T
AL ORI 7 TP VR L LB RTRRAE B SR 4 2D AR SOl

o B At R 7 30t R 6 TR L e B R 00 00 A
4975 22 25 SR AF 5 K T 38 iR 38 5 X T A 0
DAY AR AR IF PR T 2k T 05 1R A9 T 3 L 0
T b TR T R B A A LB

1 I Y B

YT M A BT 1978 4R I T JE R e 5 T
1994 4F 2003 4F P Y 2L 3 1, &5 hk B4 T T
T DX 1 A T KR SR 0 DXk S AR A R A IX L ]
FEl b V2 F i - 30, M TP 85 25 AN 3 2 mo, M 3R 25 U
T BT I, 5 ik A IR il 2R 2 KO, ) X T A
1 B TC A A AR K LD A 7 T e T
T P 25 R0 5 L — /NP B B 2408 48 0 BLE Bk | R
FE2P 1L Wi 30 km, PHILFE VL 36 km., Hh % W
W T R SR TR T 2018 4F 4 450, T A B
FMI T 2015 4F 11 H FF4s . WAL #S 2R H ZD8BI
TRl fL AL SR FH T B A K SF TE 32 T 1) £ H B SR
Pk D Bl 000 24 o, IR CRI R AR ) 200 m (& 1)
6 R B L N W A A OO R R AL AR 1 r A

2 MUK TR fe X 3 BRI Y L RS

2.1 i EKiIz E B X it R O Y AL 3R R O

o Bk B IR T B O Bz E I E) A2 5 T
Ja 1~2 /NI HH g A 2 IR (01 5 ~04 51D
A grr, Forh A 2 S 4 4 32 260 65 U PR 7 AR A
B Al R G2 DA SR AR . R A R
RPN — N ARt A, i 2 s it
FL R — 2R BRI M R el fh T RS M T R 2
Ao %, P 2 At T AY R IR 22 0 LR A S 0 TR A
PIAS TR 23 s — B e BRI I A3 vl v PAE L 55— R
ZEERB B A K RO A L T A
3 B8 PR 0 R AT B A B AR T PR I T B R AR
LB R ) R N N S B N R R AN B
AR LR ARl B R Ok MUK IE W s E L O
ZW A XU AT B A BeA A B — R
TEAT — Bk i v oy LA B L 4 VBRI I Z A
(N A PR e i N R Sl N A A R 2
Ab T R LU R RO O R £ L T 4



682 ooz

=

T B ¥ iR

2020 4

filiB AT A 24 T AR M A TS I T 2 Ak B A
P G DU R MN AR IR B2 A T H [T, YL
T E I A LI g 7KV 5 1 A A 0 e A A B

(a) R

450 m Al 200 m, 5 H Bk IS AT 7 AR Y T R RO B A%
7 100 BT AT O — i A i L e R 3 A I
FEL ARG [0 K 7 A BRI ERLASE L A o, ORI (I K A AR A

Q &
L | /
| I‘@J L 1
1 N 8 1
1 \\Q ,%b‘ : :
1
| : = 2o 1
] - \‘YO 0(\6 [ ] i
@IA % e B W B,
oo AP B T 200 m
200 m 1 })/(1Q 1 .
: : A : :B I-'N
s | 1
M, g«a‘“. NSy Zz%ml
200 m, RS
sz 1 1 ,Nz@ R
LSt 200m S
7 D&Q 1 [ 1 Fgl
Foﬁ 1 I M, N, 1
1 : : 200 m 1
| 1
1 : 2 M, 1
' 200 m -
1 1
I gBa
V8 200 m
200 m
O EMITL Wi PILAEM
o) HTF

Al T4 umErnA

Fig.1 Diagram of electrodes layout in Jiangning seismic station
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Table 1 Arrangement of the transmitting electrode and the measuring electrode,

and the matchup between the array coefficients

i iE At A A/ m AR/ m 77 I B RE R
1 1 0.3 N19°E 2 382.4
% 2 1 0.3 N71°W 2 382.4
3 0.1 0.016 N19°E 478.3
4 1 0.2 NS 5151
I 5 0.2 0.05 NS 1172
6 0.2 0.05 EW 1275
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Fig.3 Hourly value curves of geoelectric observation in underground well at Jiangning seismic station
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Table 2 Mean square deviation of deep well geoelectric observation affected by subway
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Fig.4 Curves of daily mean value and mean square deviation of deep well geoelectric observation

in the NS direction of Jiangning Station(AB =200 m)

3.1 kiR IE 17 o i B i B9 T HE 0E H 03:10, I3 1A 1] ) 5040 fe KA A ol 0,829,
A5 T 2 ) 4R A Y I T 22 LBk S9 . Wk s prgl. gk S9 54k ikas 4 E] S L E
ST SR AS HARE AT L A G S AR A AR L S 0 2 R 34 dB, BUHE SR R AR Ak R
B S EESRE. T —SED EREMNEL . E 2.09%. Mgk ST 54K iE 17 0 E 3 T R 0L Y
Pifm AR S NS . A I AR BN B RS (FER A 31 dB B R R AR IR B 2.75 %,
IR IR NF2E 2017 4E 11 H 13 H—12 H 3 B 3.2 FHHAMIBIRI
[k SO BRI ERM X I EETREMNT = Hi AR 32 T I A5 b A B 2R 2 7 AR S Bk AR Ak, T
PO 3 R EENA Oy R A HE W, EES RGN ASHEBEE LIS R, 0 B Lk S7.S9
BUECR 13 K3l H ZHEAE 08:30—18:30, il 32X A 1] 521 1E A7 AT AR Iz AT 49 TA) SR OUE I i , e AR
PR AR R 2.09% . FI RIS 4L 5 k.38 8] 01:00—04:00 %4 A8 fL i & /N F 0.065 % , & ]
WARAHAE M H 19:00— K H 06:00, & MWLAEN N B FELRAEFEARLIE 3(b) ], X - Hi %R
= A 1 B B e R AR AR B R 1.63%6,S9 T URINAE Hb Ak S7.S9 5 £kaaE A7 I i) B A B T RN
EEE IR AEY 1 YL 11 A 15 H 23:30—W T KT R RN



%42 % 3

BB L4 MRk X R b Hh B R UL ) S 0 4 W —— LAV T £ S 685

£3 89 SHRIREBITHM

Table 3 Influence of trial operation of line S9
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Table 4 The influence of subway interference
. 2 EW(AB=1 000 m) HHF NS(AB =200 m)
H ¥ H LR ) R
Eﬁ LR A e i A e g

2014-06 S1 iRis 7 32.24% -

2016-09 SlizH 4.80% 0.99%
2017-12 S9.S7 iz 7 7.77% 1.93%
2019-03 S1.S9 .S7 28 - 1.60%

SERE MR IE 1T T %, MLk S9.S7 5 ikiE 17

5 Zi5i

T 6 T e BH 5 000 2% B (90 46 B AR N
TU Ak ST S 20 TP, A SCHS A Hb kAL e
2R R 50 HiL A 2 ) 4 Ak % 358 4300 ek 7 B A0
BRAE 8 32 8 AE 17 0 R R B T S e B LR
Iy AT S R

(1) MR IE #3834k U il 208 B V oy
1E 97 AT RE 5k L S A OC K/NAT AR 5
BT RN DGV g B IS )7 b 1 T 3
AL S, MV oy A — W B R T2
I 7E — 2 MR B 3 P BE AL A Ak DRI , O R b H O
T 7 b 528 8 B 3% B0 A I ok b R 19 28 Bk AR 4k 5

(2) Wizt Wim . i T i 2k £, L
EH 32 8 N 52 2% Ho ke H P O )RR A 2 AR AL TS IR
Ui FL R 3L 7 ) 55N T R R S A [ S S0 R BH
T B Y AT RE M AR AN A Y T F H 3L R
W15 N T H H 3 S5 I AH R LAV oy B 3 1 T 5K
TREA AT M) b Fh, BH 238 8 4R Rl 1 Tt

(3) bz 17 W (] 5 42 5 i AR L, Ak 2> T
Ui FEL R O 5 DA FL 8 2 L 0] 8 AT 5 B0 H B R
BT BT BT RE MR

(4) MWK B AT BB A TR LTS
N THLA 25 %8 A G AT BB MR R K. T 7 A i 2k
L3RBT I E) T A R B M I X I O T 3
km) | L2 e 0 A F T 3R 5 O, 2 T il S 5 U T
A E IR A1 e B N S NN R A =8 e S
KA TR flash FE6E B PR ™ A R L BROISAS R A
T T BOBCHR VTSR 5% . R 1% 1 P B R A 1 T
Wi I 22 52 A R FL O J L K O T S TR B R A A e
JE A 1 R TR 4

(5) T HH W NS(AB =200 m) {£ S9,S7
WS IT I 15 M L4 0 o 34 dBL31 dB 2245, ML gk
S7.S9 1E iz E IHE M L 29 39 dB., B E 17 %
FET Hb e O T 5

(6) MK IE 7 iz 8 Az 17 0 b e I i 1 0
AeH 2 A, H A 3T HE i 9 58 — B[] %) ¢ ) A

=24
w

PN W=A
He =2

AR SEH A 6, (EL 8 B2k 20 =) 1 Mt el T8
G325t MR m) AN 5 =0, S bR R AE R
S5 . PRI i AR A S 8 XoF A0 S o i R A R AT
TE— 22 1 FRIE , 18 75 ZEAE — 20 o A i 5E

B FRARERR T B AT EZHHR
RUKFAMER PEREASAF T FHAT
BT LIHRARERRLECLEZ A IR ALRE
T B e & AR AT S 0 R

£ Z 3Lk (References)
(1] mF35. ol 3, 3 0405 , 55,2015 4F N 52 1 BT 3% M 5.8 Hb i i b

e B R A (LR AR 9T (] b 7% . 201737 (4) £ 123-133.

YE Qing,ZHANG Yi, HUANG Xinghui, et al. Characteristics
of Resistivity Variations before the April 15, 2015 Alashan
Zuoqi Ms5.8 Earthquake[ ] ]. Earthquake, 2017, 37 (4); 123-
133.

WL Bz B IR 2R AS A BT AT 51 IR BT S AR G0 G
WL T LB 5E - LA K B 32 8 Sy 1 [ ). 3 Bk 4y 2054 0
2011,26(2).:732-738.

XIE Fan, TENG Yuntian, XU Xuegong,et al.Magnetic Pertur-
bation Caused by D.C.traction Power Supply System for Urban
Rail Transit a Case Study from Tianjin Railway Transit in Chi-
nal J].Progress in Geophysics,2011,26(2) ;732-738.

B B B WA AL AR HRE 65 il 3T 0 A T /)
WA T 2 5 - LA R I IE A 38 T S 0 [ . Bk g 2 A
#2,2011,54(10) : 2698-2707.

XIE Fan, TENG Yuntian, HU Xingxing, et al. Suppression of

(3]

Magnetic Perturbation Caused by Urban Railway to Geomag-
netic Observations Using the Wavelet Method:a Case Study of
Tianjin Subway [ J]. Chinese Journal of Geophysics, 2011, 54
(10):2698-2707.

TR AR R A I A b nt ST 3 5 3 kb R 37 0
{1 T4 5 e [ ], A2 4 57, 2013, 35(4) :887-893,

WANG Tongli, HU Leying, CUI Bowen, et al. A Preliminary

[4]

Analysis on the Interference Generated by Urban Railway
Transit in Beijing to the Geoelectric Field Observations[J].
Seismology and Geology,2013,35(4) :887-893.

XU B8 INEAN B R EAR 45 R W R s P O ) 43
WrlI]. 42 R 7% , 2006, 26 (4) :48-53.

LIU Guangkuan, SUN Chunxian, HUANGPU Deying., et al.

Analysis of the Influence of the Subway on Magnetoelectricity



%42 % 3

BEGR A L MO I T M e BEL AR LI A4 5 0 A —— LAY T B o

687

(6]

(7]

(8]

9]

Observation[ J ]. South China Journal of Seismology, 2006, 26
(4):48-53.

BRI AR, S WL, AR VLT & A B R B T4 4 B L . i
W% ,2018,32(2) :163-171.

FAN Xiaochun, WU Fan, YUAN Shenjie. Assessment of
Ground Resistivity Data on Jiangning Seismic Station[ ] ].In-
land Earthquake,2018,32(2):163-171.

BRI AR L SR, 55T T A BE % UL 5 o) 2R RS BT - DAY
THE A A BILT] A E 5 2019,35(2) :347-358,

FAN Xiaochun, XIE Tao, WU Fan, et al. Sensitivity Coeffi-
cients Analysis of Deep-well Resistivity Observation in the
Jiangning Seismic Station[ ] ]. Earthquake Research in China,
2019,35(2) :347-358.

WL, W, A, F LT 6 i i 35 b 4k T Pl 56 45
RAHILT]H7E,2014,34(3) :125-131.

SHEN Honghui, LI Hongyu, YUAN Shenjie,et al. Testing Re-
sults of Subway Interferences to the Jiangning Electromagnetic
Observation Site[ ] ].Earthquake,2014,34(3):125-131.

KL EE S BT 6 3 E B RORT TH 3 b % L 0L 43 AT
[J].4Emi HL7E ,2015,35(3) . 7-14.

LI Fei, QIN Lei, YANG Fengwei. Comparison Observation
Analysis of Earth Resistivity in New and Old Site of Xinyi Sta-
tion[ J].South China Journal of Seismology.2015,35(3):7-14.

[10] #EWEHE, RO, R BRI T H L & IF A B 50000 & 58 43

BT 5 e WL 5 F 5. 2018, 39(3) : 102-1086.
FAN Xiaochun, WU Fan, YUAN Shenjie. Introduction and

Analysis of Geo-electrical Observation System at Jiangning

[11]

[12]

[13]

[14]

Deep Borehole Geoelectric Station[ ] ].Seismological and Geo-
magnetic Observation and Research,2018,39(3):102-106.

e BE A, S TP, 0 W, S TR b A B U S A S 5 4
(1] Mo 7% TR 241, 2016, 38 (1) 2) . 240-249.

GAO Shude, ZHENG Weiping, AN Haijing, et al. Anomaly
Confirmation in a Deep-well Geo-electrical Resistivity Obser-
vation[ ] ]. China Earthquake Engineering Journal, 2016, 38
(Supp2) :240-249.

X S XU % 45T & TR T 3t i B % 7 o 5 0t 7R i
WAL ] 4 R 2019, 39 (B ] 1) :90-96.

LIU Jiping,LIU Jin, YAN Xing,et al. The Abnormal Charac-
teristics of Deep Well Geo-resistivity of Heping Station before
Moderate Earthquakes[ J].South China Journal of Seismolo-
gy.2019.39(Suppl) :90-96.

SRIEAR L L G5 TR Tt e BE % 00 I 2B A At R I
YT PO L)), e 7R TR 24 41, 2017, 39 (3 T 1):127-133,
148.

LIANG Haodong, AN Haijing, XIE Hong, et al.Construction
of an Earth Resistivity Observation Device in a Deep-well and
Its Near-field Interference Test[]J].China Earthquake Engi-
neering Journal,2017,39(Suppl) :127-133,148.

BEIGE A S R BN AR VLT L 5 SR 5 R T b A B R
U0 437 (0. 3 72 3 R OL I 45 F 5, 2019, 40(5) £ 63-69.
FAN Xiaochun, WU Fan.,YUAN Shenjie, et al. About Ground
and Borehole Resistivity Data Observed by the Jiangning Geo-
electrical Station[ ]].Seismological and Geomagnetic Observa-

tion and Research,2019,40(5):63-69.



