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Abstract A large volume airgun array has been increasingly used to investigate the subsurface structure and to
monitor the shallow crustal response in Chinese mainland. However, changes in the water level of the reservoir
affect the repeatabilities of airgun wavelets, hindering the monitoring of crustal velocity changes. In previous

research on the wavelet characteristics, the water body was usually treated as a half-space model, neglecting the
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distance from the Airgun to the Bottom of the reservoir (DAB). However, when studying wavelet characteristics

of inland airguns, we cannot neglect the effects due to the limited depth of the water body. In this study, we

explored the empirical relationship between the DAB and the amplitude and frequency of the primary pulse, the

frequency of the bubble pulse, and the amplitude ratio of the primary to the bubble pulse. We found that four

airguns interacted with each other. We observed that the maximum amplitude of the primary pulse, the dominant

frequency of the primary pulse and bubble pulse had a positive correlation to the DAB. The amplitude ratio of

the primary pulse to the bubble pulse had a negative correlation with the DAB. Our results can help adjust the

experimental settings and provide a foundation for investigating subsurface velocity changes.

Keywords Inland reservoir; A large volume airgun array; Airgun wavelet characteristics; Airgun interaction;

Airgun wavelet empirical formula
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Fig. 1 The setup of the airgun experiment

Black rectangular boxes represent four airguns hanging under a 7 m by 7 m

floating frame at 12 m below the water surface. The airgun shooting array is

50 meters from the bank of the reservoir.
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Fig. 2 Distribution of the airgun shooting array (red star)
and the short-period receiver array (black triangles)
The reference station CKT2 is 50 meters away from the shooting array.
Earthquakes with magnitude larger than 3.5 are marked with cyan circles.
The study region is in the intersection of Chenghai Fault and Red River
Fault. The location of faults are from the China Seismic Experimental Site
products (Liu et al., 2019).
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Fig. 3

We select the arrival time from 0 to 0.15 s as the primary pulse window
(Shaded area marked with the letter P) and 0.7 to 3 s as the bubble pulse
window (Shaded area marked with the letter B).
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Fig. 4 Comparison of reservoir water level changes with
correlation coefficients
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Fig. 5

(a) Comparison between the depth to the bottom of the reservoir (blue circle) and the dominant frequency of bubble

pulse (red circle). The airgun array is under the water table at 12 meters, so we use reservoir water level subtracting 12 meters
to get the depth to the bottom of the reservoir. (b) A polynomial fit (black solid line)of the correlation between the dominant
period of bubble pulse and the depth to the bottom of reservoir
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Fig. 6 (a) Positive correlation between the maximum amplitude of primary pulse and the depth to the bottom of

the reservoir; (b) A polynomial fit of the relationship between the maximum amplitude of primary pulse and

the depth to the bottom of the reservoir
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(b) A linear fit between the primary-bubble amplitude ratio and the depth to the bottom of the reservoir;
(c) A polynomial fit
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(a) Comparison of the dominant frequency of the primary pulse and the depth to the bottom of

the reservoir; (b) Polynomial fits of the function between the dominant period of the primary pulse and

the depth to the bottom of the reservoir
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