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Seismic airgun the key technology of future urban underground space exploration
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Abstract The rapid urbanization in China, which soared to 63. 89% and increased by 30% in the
past two decades, has boosted the demand for underground space utilization in the ever-expanding
cities. Thus, the exploration of urban underground space is a critical prerequisite for the security
of urban development. Out of the concern for public safety and environmental protection in the
populated urban area, traditional seismic sources in geophysical exploration like dynamite are no
longer suitable for underground exploration in cities. To find an environmental-friendly seismic
source for urban exploration, we performed a seismic airgun experiment in Yangshanhu lake, a
small water body located in an urban park of Nanjing. This experiment is the first of its kind in a
populated city environment. The results revealed that the 4. 1L volume seismic airgun could

generate pulse signals with dominant frequencies between 25 Hz and 35 Hz and oscillation signals
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in the frequency band between 4 Hz and 7 Hz, with high repeatability and signal-noise ratio. The

fectiveradius of this small-volume seismic airgun can reach 2. 5 km, and the ground movement

during the experiment did not affect city functions and the life of residents. The successful

experiment of the seismic airgun in a small waterbody validates its inland usage and satisfies the

needs of prospecting urban exploration. Considering the unprecedented scale of urban water areas

in China, the seismic airgun technique can become one of the key technologies for urban underground

space exploration in the future.
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(a) Single-shot waveform; (b) 100-time stacked waveform.
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5 AT

AR YU L) A 8 R 1 X R il A 52 R T Ik
T H O DN RS TR A r i i T ROCR 64T T 00 26 1
58 AR R UUCAE /N AR AR b 1) /N2 B SR R
U555 BoA AR i AT H A L A 3T o i [ A T
AT B B AT S A MR L B 05 5. Rl /N S iR A
055 A B A 5 2 18 AF 58 AR LAY R AR (R B 55
2017 WIAMEZE, 2017) . X R/ NE RSB IBEE
Sl T e A T LA SE BN Sk T M S T 4R I AT 55
W Ah A SO 3 F-K 3 A 05 86 SR U AE 5 1
Ji £ 5518 BE HEAT 43 BT, 19 B TR AE S TE A 1)
B AT DX I 7 2 1) A% R 23 A 4 R BT 5 L R )
N R I EAT X AR 2.5 ke J8 HE P 3000
A (] AT ARG T Y BE L B IE T R Rl A R YR
A Sy — Tl 4 0 30T b T S TR 3 3 IR A
RPE.

WA L SR Y AT AR SRS S T
V00 b N T AR ) ks AR A (PR BIAE . 2017).
A M RO 2 155 0140 P 0 B R S WL b T 45 A
77 F0 % o AR AL Y S B (Wang et al. , 2008). H . %
S I P RO T X T A5 Al SR T K Az Bl
AR R AR HEAT I DU B S OR T B (Li et al.,
2016; Liang and Langston, 2009; Shapiro and Campillo,
2004) JH 5 55 e P U 23 Bl A 2 8 T A0 O i
Iz D — A T 2 20 S8 Ok PRAIE 25 2R 1 8 E 1
(Stehly et al. , 2007; Jipi4E, 2021; W EEcssE, 2021;
LA, 2021) , [ A S5 M P et IR T IR X AR A
A5 30T P9 B R 7S AR 23 PR A2 IR A L 2R Rl
UM R YR S 50 AR A5 1 A5 S 0 O AR (Wang et
al. . 2018; WREASE, 2017) , 7E H T 25 44 45 0 5 7% o
AR B i Y 25 ) 23 B S [R] INEOR Bl AR 3 Rk
A KT BT T H T S5 AR BRI 5 A BT A8 A I (SR
S5 2021) . AT S5 v fd TR /N2 R RS R R U
KHAES A E A PEAE 9500 L b, TR P 2 I AR
JI0) 3l 25 78 A R AR AT A R T (Wang et al. .
2020). R FHASEEG 30 s f9CAK 18] B . AT {8 75 K Bl
SRR AT A B — /N 50 AT AR S B A R
o {5 T LU Y 3 R A 5, B R B8 3 0 L 1 X kT 9
FRRAE 2l 2 s D0 BT 75 N R DR B 0 MR Sy
PR AR B A AR B TR G Ok R R R

AR YR 3 2 Rty A 52 15 B TR K S R )
U I 2 R I IR T R Bl AUHE 7R R AR S XK A

HRUR B R S S T A AR AE K P AR K R K {4
R IR K AR B BR . 5 — 7 T K A A
SRR A HE A 5 UK SRR TR A T E AT AR A AR
WA R SR LR 2 e T AR K S R i B8 AR A K
SR (] B S A R VR TR AN R T K AR P 1 AR A R
S5 0 R AR L SR T A% 8 b sk 3 ) R R 1 R
il ARSI R A, B2 E 28 A4
ACAB XK ERBE DL E N, 34 2693 1 B AE
1 km® DA AR T, 8 T A2 o 3% AR
0. 9% (HhgeAe%E, 201 1), A YR K I 76 19 2 1L R
AR 1 km® B3 TT A T, 6 28 7K 38 7 4 [ 4K
SR A )z X R WR B R B AR R TR A
Shr 3T HR L A BT 28 Sl U AT R K 43 ek T
HEAT A BRI T 25 A R . 76 R ] IR XK 3k g AR AT
(V] 30k T ARSI R 3k T b T S T 7 SR 5 2 1
SN KRB AR = IR BAT 0 7 R 08 0 A5 R A
SRy AR A I T ML S TR ) O BB R

B R = R L BN AR SOy U O RN
W R e [ R Sy b 3K A B R O e AR U g
7 AN R A AR B S HE. TR BE A2 T R 2B AR
SN ) D AE DT R
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