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Construction and Evaluation of a Comprehensive
Lightning Protection System for Seismic Stations
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Abstract: An analysis of the loss of seismic observation equipment in the Jiangsu Province of China since 2009 has
revealed three primary reasons for equipment loss related to lightning strikes: (1) Unprotected digital seismic sta-
tions. (2) Data line interference from lightning, which is caused by excessive distances between sensors and data col-
lectors. (3) The non-normalized installation of station lines. A summary of basic, yet comprehensive,lightning pro-
tection measures, combined with an analysis of actual event occurrences in the Jiangsu Province of China, are pres-
ented. These protective measures include: the reformation of the power grid, lightning protection for the distribu-
tion systems, lightning protection for signal and communications equipment, and the normalization of wiring plans.
If seismic observation equipment and lightning protection equipment are to be connected in series, the background
seismic noise and the calibration parameters must be checked. When selecting data for the calculation of background
seismic noise, the following two points should be taken into consideration: (1) The data should be chosen from 00:
00 to 01:00 every day, when the influence of human activity is minimized. (2) The data must contain no seismic
event; otherwise, data should be chosen from the next hourly interval. Liyang Station is presented as a case study of
the implementation of lightning protection system for a seismic station. Data from one month prior to the installation of
the lightning protection system, one month during the operation of the lightning protection system, and one month during
the following thunderstorm season are presented. This case study includes the calculation of the background seismic noise
and the calibration parameters before and after the lightning protection system installation, and determines the actual influ-
ence of the lightning protection system on the quality of collected seismic data. An innovative installation scheme for decou-
pling devices, a first for the protection of seismic systems from lightning, is discussed.
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Table 1 The statistics of lightning damage to digital seismic stations in
Jiangsu from 2009 to August 2014
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Fig.1 The Faraday cage design for ground network of the

unattended seismic stations
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Fig.2 Power distribution and lightning protection of the seismic
stations
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Fig.3 The three-component noise spectra of Liyang station

V5 O AR E ] M AL BE 51 kQ, TF 3% AR 2 Wk o A 4 4 vl 37
2.5 V/51 kQ=49 pA; B K E B B IR IE 50 20 0, 45 % HL i
AT 24,5 pA, 85T ICheck HF 32 BE B & Bk 1 (2010
12 H 23 FDOHIE & 1A HArE R4 5, W 2010 4 11
HAN20114F 1 H #3513 3,

® 2 CMG3TBHEITEZRIRESHIEE

Table 2 Parameters for the sine calibration signal of CMG-3TB seis-

mometer

R A WL Ja 3 A i 5 1]
1 —60s  2%(50) 3 2 min
2 —10s  10%C10) 6 1 min
3 1s 50%(2) 60 1 min
4 5 Hz 100% (1) 200 40 s
5 10 Hz  100% (1) 400 40 s
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Table 3  The calibration calculation results at Liyang station after
accessing the Integrated lightning protection system
B e e Bt REUE CE
/W) R/ /%)
BHZ 122.68(2.2) 0.708(0.1> 1 869(—6.1)
2010 4£ 11 4 BHE 122.91(2.4) 0.710€0.4) 1 923(—3.6)
BHN 124.48(3.7) 0.711€0.5) 1 880(—5.8)
BHZ 122.62(2.1) 0.708(0.1> 1 870(—6.1)
201141 4 BHE 122.93(2.4) 0.709(0.3) 1919(—3.8)
BHN 124.58(3.8) 0.712(0.7) 1 880(—5.8)

s [ i

3

D& 5 0l 2545 B 7 R 0 i 18002 0 W 3R 452 1E W B AT 1Y
B, RS SRR A X g B 7 2 IR
SEERSE G R A JE M Gl B GE 1 R R T I, AR SR
RS 14 2 32 2% A S X e 6 0t 7 J) M 0 TR ) - b R S L
W 2R G2 A7 2 S 7 7 B0 R RO B B AR A 58, A7 M Rl 5 & 1)
AT H R B ol R b A R S R AR Y
Zoad FIRER G B R O 1 B ol A2 T O ) AT
LRGP RGHEAR Y G IR R AR E TR IR IR X 0E
S WL 28 458 0 S8 RE A I, S X U % 5 3t B R TS0 RS A 1 R

T X SR B B IR SRR A IS T A &R
[7) 5 AR R L 3 5 ) R AR AR B R A1 T B AR AR B
AR ORI R4 T 2 — 2 s = WL T AR LR
5 55%%,
2 % Lk (References)

C1] o [ 32 R Wi 0 T4 ) 3t 72 5 i ORI 2% 49 A1 4R % B 7 B R 22
sk[Z7.2010.

Department of Earthquake Monitoring and Prediction, China

Earthquake Administration. Wiring and Lighting Protection

Technical Requirements of Seismic Stations” Observation Sys-

tem[ Z].2010.

[2] &8, R TR & 3 N T B 75 B0 AR B0 L], 3t 7% st il 00

M5BT, 2007,28(5) :35-42.

HUNAG Xi-ding, LIANG Huan-zhen.Study on the Application

of Lightning Protection Technique in Seismic Station[]].Seis-

mological and Geomagnetic Observation and Research, 2007,

28(5):35-42.(in Chinese)

(3] dH: 5.t o2, %, 4. CMG-3ESPC 56 45045 4 7% 31 B A5 A

A% b bR B R AL ). PO 1372, 2009(3) £ 12-15.

DAI Shi-gui, CHEN Liang, KANG Hong, et al.Stead State Cal-

ibrating and Transfer Function Constructing of Broadband

Seismograph CMG-ESPC[ ] ].Earthquake Research In Sichuan.

2009(3) :12-15.(in Chinese)

(F 45628 )



628 WwoE TR

B 14 2015 4F

[15]

WANG Zai-hua, TENG Hai-tao. Deformation Anomalies Be-
fore Xinyuan, Hejing Earthquake with Ms6. 6 [ J]. Inland
Earthquake,2012,26(4) :347-353.(in Chinese)

U, IR T 0 R X IO A R A A3 BT 09 B S R U0 5T
(1] M FEWF5E . 2008,31(4) :330-334.

WANG Hai-tao, WANG Qiong.Precursor Anomaly Identifica-
tion Based on Earthquake Corresponding Probability Spectrum

Analysis[ ] ].Journal of Seismological Research,2008,31(4):

330-334.(in Chinese)

222, E W, BRI PR M 7B AT ECRS 5 Bk 1Y =R B
FE 0] Vb E 2] . 2011, 33(2) 1 159-165.

TANG Lan-lan, WANG Hai-tao, WANG Qiong. Research on
Anomaly of ECRS Method Before Moderate-strong Earth-
quakes in Xinjiang Region [ ] ]. Northwestern Seismological

Journal,2011,33(2) :159-165.(in Chinese)

e Az Az Az Ve Az Ve e Az e Az e A e A e A e A e e e A e e e e e e Az e A e A e A e e e e e A e e e e e e e e

(k3622 70

[4]

(5]

UL A RAR R W 6wl R EORL AR MR LL Y S N B 8
()0 407 TR % 4R, 2014, 36 (2) : 398-404.

MA Jian-qing, LI Qing-chun. Adaptive Polarization Filtering for
Improving the S/N of Station Seismic Data[ ]J].China Earth-
quake Engineering Journal,2014,36(2) :398-404.(in Chinese)
XIS E AR R A R AR AL X R O 5 XU T A
(I 3072 TR 2240, 36 (1) £ 134-143.

LIU Jing-wei» WANG Zhen-ming, XIE Fu-ren, et al. Seismic

Hazard and Risk Assessments in North China Based on the

Historical Intensity Observations[J].China Earthquake Engi-
neering Journal,2014,36(1) :134-143.(in Chinese)

[61  gkuk, A& 8, 4535 HUR 203 T AR X Love 7 J2 #r B4 OF

FE ()] 7% T2 4R . 2013, 35(4) :893-899.

ZHANG Bing. ZHOU Ming. TAN Jing. et al. Love Wave
Tomography in the Tarim Basin and Its Adjacent Region[]].
China Earthquake Engineering Journal,2013,35(4) :893-899.
(in Chinese)



