Ha3E a4 Hh, = Wt 5% Vol. 43, No.4
2020 4£ 10 JOURNAL OF SEISMOLOGICAL RESEARCH Oct. , 2020

HEEMHEZZENEIIKESEESIRIER ZZ

om, MER

(1. PEBFSHEARRS MeRzs ER2EEbE, 28 G0 2300265 2. aMEER, = B 650224;
3. MRME RS ER SRR, AR B 518055)

WE. FHARZES D, MENSHEEE U S A5 S IR IR 02 maE T BERAR L, 2R ER . KEK
P E S IRIE R R LR, 34 m R A WREME KL, BEr-AEfRERIERE S, KA
AL R B FE B SR8 /s o BT HLE 2 R T R [RIK A AR A I 5 L A ) T S IR R AR AR Z [ R IR BUE R
AR SRR is P R BRK A A2 A s AR e 2% IR ARIR Sk Re = MR IRTUOR B B in M e &, AP
WURRERER, REIRDURIR BRSBTS, B R T 370 R 2 YR 253 b 2544 A 4480

KR . BUEAPL; KA TUBRIE; #EReE; F5RIE

FESES. P315.6 XkRINEG . A XEHS: 1000 - 0666(2020)04 —0711 —09

0 515

IR ot =l R A PR 1) 5 Rl A AR K
rhgE RS R T R AR R E S, BA
PR, AT BAEPESR AL (Reasen-
berg, Aki, 1974; PR B %, 2007, 2017; Bk B,
BHY, 2007; BAHEAISE, 2006), EPEITXER
BE R AR 45 M R A BEAR N TR VR (Chen et al,
2008; MRER4 2008; FfE#L%, 2017). FIH
SRR IR B M R L R Y 4 T A
BRI IX S s AR A (E S5, 2011; Wang
et al, 2020), XM =E W00 A 5 HAT B E X,
2012 “F I AR T 2 BRE A fl b i & M=
RES G, WS 6T S5m0 L RE | H R oKk 3 4
BT EEXWRBBE RN G, HITESHE S
GBI (TSR, 2016; B S,
2016; koA, 2016), RTEMEAE T a0
MBS RE RS, ERILEHBIRT A
MERRUR I Bh B 08, A Xl R 1 b 570 45 # 4
MWFsE st 74 ) TR (WhiE 755, 2016; fRik
e 2016; FFEES, 2016),

Pt K B v AT A R IR S B, Bk

« IR B E. 2020 -01 -21.

TRBE , KB BRA IR, SRR SRS
SRS K XAH BAE R R, R[4 R K
XAAMBIRME RS, HER, REMREN,
TER KRBT i & 7= A 1 AR I 4 32 B S TR AR
BUE (RAMAER, WMARE%E) LRI
RINBERIRZ M, A0SR BT 2K PR KA A8 4k R
IR VIR EZE (Chen et al, 2014), Drago-
set (2000) i BFE SRR PRI L AR SRR, 4
BTHMEGES 5RRE R, TR MR E
FWMASHZE B ER KGR AR, HRE
(2009) FIARE R4 (2010) %2007 4E9 A |
ST S P R 6 K W 2590 SR 19 3 3 %
BRI T BB A BT, K B R IR DT ROIR
A H 7 55 AN TR & 45 A2 X6 R T Jok v R0 A3t Jok e
FAE—ERE W BR5E (2014) T RE)IZWH
RYG, 0T T AR R . U0 BE FUK 3 K
A7 5 R X B SR 72 I 52, & 3K
2 KA 725 A 1 S M) 376 378 R R R DT TR B 11 5
FMEZE (2017), Sun A1 Sun (2019) JHE 7 T I%
UG B R AT EE AL, & 30K K AL TR B X
TR 5 m & AR R P Y, 3K 5 & AT IR
SRR IE P 2R HAMSE (2017)
BN [F] 7K AATE AR T SAE B A T8 B 5 e, & 3R

EEWB.: wEBHE KR E (XHIS044Y) |, Z1H M EL 2 M TAEES (2020010128) FlE K H 4k FL4 T H

(41574059) &) .



712 W&

43 5

IRARIE AR X 8 00 5 J 435 W A ik, WP 55
AT REMALES DL B AFSY AR B BUE B T
ST el 7K R S 7R R 56 R A TR 3 R A A R
W), AT RAAE SRy — il Bl T B A 52 BRI TR 19 43 A
N FHER UL

KRR R S (s 5, mRIRIEZESRFES
M — D ESE, TR R IR X PR 58 1 IR
YEF A B K A gy i g s, e R S Sk 7R
BOK ISR N U B, XA MR AR 5 S R IR 1)
T BAEER R L (RERSE, 2010) . ACE
BB PR KR ok AL R RE . R VR DTIOR
FESFIR SN, R RAAF T B R IR M (%) 52 W R AIE
AT A 7K 22 S 7 TR T AR 9 S (S B AR
O F 25 R A R R 1 A SLE R

1 BUERAII K 2 A 5 i

A BRZE 53 7 VAR — P BE S A S b 7R D AE S
A b AL B I BUE TS 0 v B XM A AL,
JEIUAK s A | 23 B 22 R A i o 30
W 22 22 1) i o T R B A I A L (B A 22 03
IR, ZOEEAT R TR A,
AE LU 58 36 e e 2 SED A L 5 T 0 3 T 4
WFFE L3R N B AT AR A0 T Il R, A e AL
HOASTAULAT 5 L 52 b o 2% 1 B0 52 e 0P 10 3tb 7 e 1
#& (Zhang, Chen, 2006; Sun et al, 2017), A
W A BR 22 73 O ik BT 25 A X e A
SRR I

ASCA PR 22 43 125 R ] [6) 452 M 4% 19 DRP/opt
MacCormack 227182, % MacCormack #% =01 DRP
( Dispersion Relation Preserving) #&zUMI%Z5 G, 5
4 ARG SRR, B 4 Biras (DR B2 HL A% 43 BE
iy, WAEES 3 A AHB R 2E ] AR AR,
AT LA B A R R IR 4, 38 W] DAARAS s 25
SRR DR 220K BE DT TE B 5 A% 3 P A
B R AL RE I FE (MacCormack, 1969; Hix-
on, 1997; Zhang et al, 2012; Sun et al, 2016),
FHZE A PR A% 2 A O] L v i 4 3 136 Y 3 T 1 A
Ko TETFRE DS 0 AR 0 A% s B, i TR
FEG R AHABATHEAS A5, SR 4 Biras ()R B2 A X 2
MacCormack 22 73 #% 2, %45 & 2 5l J1 Hi 1R
(Zhang, Chen, 2006) SCijifi F H1 3% 11 i A 45 14,

FEIN AL 1158 N T 43 R R A3 Y 7S () 5
FETHE DXl Y 20 A 320 B B S 15 R — 7 9 JBE 118 I A
2, R AR E B T I 0 4R RO R IR,
TEWMZ P4 372 18 37 A B 37 S I UAH 3 ( Cerjan
et al, 1985), MIMAZIN N7 H .,
1.1 A E&E

BasErh, W8N 4 km x 0.6 km K/
R R (1), AR B 22 i 5
0.25 km ZbEE—Z, IKIRIEAR M Gaussian pREL
z=byexp[ - (x —x,) /ag 1 IRAS, KIKWE =, =
EBREARA BT, B 2B T SRR A L
Y B, R IR AR 0 e, B
ZHIENR L,

F1 HERUPERNTRSH

Tab.1 Model media parameters used in numerical modeling

oo p/(kg+m™?) Vp/(km+s™')  Vo/(km-s~")
KAk 1.0 x 103 1.5 0
M1 2.5%x10° 3.0 1.732
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R IRTURL T KR, ERE B KT 10 m 4k,
B ZE th AR RR IR DTy 2 7 153 DXl Y
KM (0.35~4.0 km) BE KL, LCE 92
AR, TSR ZR A AR A I ik 1 B
SN TR VI A DI AT 10 2 A48 B i
WS Z A T SMERR e (18 1)

BALA B S X IR AT PUAR AL, A% /iR
BRI mx1m, 32,4 x10° R, BFELKR
BHH0.1 ms, RENGIEE 4k DRP/opt MacCormack
e AR E T AR PR Ty

£1<0.93 xh/C,,, (1)
A h RS RS E B C,,, T2 A o Y B R
BRI C BE SR 3 s, JRATIRE AL A
60 A% o XF T AR AL, v 52 U IS B) pR R R I, F
SR K AR A BRAK M, 7N BRI SRR 5
JE o R IR G, AR AR G AR R T RE a2
B BRI A0, A5 10 S % 46 1 7T e
AL KR SR A AR, R R H] e
B AN REWI TR T AU R R B 1
e, Sl R S B BT B 25 G O8I SRR,
PEAT BB, LIRS BR th 2 IR A2 A R Y



B4 A BRI A AR 5K PR SAR R -SRI 1 52 10 713

HuZR T

VIR

7KTH
/ fioRes

0 1.0

~.

2.0 3.0 4.0

KPR / km

A1 aah RAKRKERARAER

Fig. 1

RN (RERKSEAE, 2016) o DRI, ASSCEEHUE IR
AR G MHE 2% G U008, AR B i Kk
IREEATIA— AL )5 B BIE AR, I DL s YR 1] i
BOATHUE RT3, HerP A — (b5 A 2 1)
RIRMFL A1) e RIRIRAY 1. 4 4% (1812) .

1 L(2)FEEIR

i)/ s

0 0.5 1 15 2 2.5 3

0 0.5 1 15 2 2.5 3

ARl s

B2 #HkwaE—ehE & Ew
Fig.2 Waveforms with normalized

amplitude of ckt station

Layer medium model containing limited water
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Fig. 3 Waveform recorded by seismometer with epicenter distance of 1 km
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Effect of Excitation Factors for Numerically Simulation on Airguan

Signal Amplitude in Binchuan Reservoir

SUN Nan', SUN Yaochong’
(1. School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, Anhui, China)

(2. Yunnan Earthquake Agency, Kunming 650224, Yunnan, China)

(3. Department of Earth and Space Sciences, Southern University of Science and Technology, Shenzhen 518055, Guangdong, China)

Abstract

Using the finite different method, we numerically simulate the effect of excitation factors on airgun signal in

Binchuan Reservoir. The result shows that the relationship between the change of reservoir water level and airgun

signal amplitude is nonlinear, there is an optimum water level range of 30 ~35 m for airgun firing test which can

excitate the strongest energy of signal amplitude, in addition the influence of water level changing attenuates

with distances. We also fit the power equation between the amplitude of water level changing and the average am-

plitude change rate it produced, so that we can use it to provide theoretical reference for removing the effect of

water level changing in actual waveform application. The wave amplitude is linear with excitation energy and to-

wing depth, that is the greater the energy and the deeper of the towing, the better the effect of excitation, the

more conducive to detect remote and deep penetration underground structure.

Keywords: numerical simulation; water level; towing depth; excitation energy; signal amplitude





