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Abstract The article considers the problem of observing delay-fired industrial explosions using their sin-
gle seismic receiver seismogram. It is shown that the seismogram’s spectral image of a delay-fired explo-
sion carries information about both the delay between individual explosion steps and its total duration. 
Assumption is made that the results of the continuous wavelet transform for the total duration of the blast-
ing process can provide more accurate and reliable information. Technique for estimating the value of this 
parameter based on several transformations of the primary waveletogram is described. Sequential calcu-
lation of the energogram, correlogram and haarogram makes it possible to visualize and measure pseudo-
cycles of the energy distribution of seismic signals from a delay-fired explosion.

Keywords Explosion, delay-fired explosion, explosion duration, quarry, mine, wavelet analysis.

For citation Silkin, K.Yu. (2022). [Estimation of the delay-fired explosion’s duration based on the wavelet 
analysis results of its seismogram]. Rossiiskii seismologicheskii zhurnal [Russian Journal of Seismology], 
4(1), 53-62. (In Russ.). DOI: https://doi.org/10.35540/2686-7907.2022.1.04

References

Adushkin, V.V., & Spivak, A.A. (2013). [Influence 
of the path on the attenuation of the seismic signal 
from short-delayed quarry explosions]. Dinamicheskie 
processy v geosferah [Dynamic Processes in Geo-
spheres], 4, 118-126. (In Russ.).

Arrowsmith, S., Hedlin, M., Arrowsmith, M., 
& Stump, B. (2007). Identification of delay-fired min-
ing explosions using seismic arrays: Application to 
the PDAR array in Wyoming, USA. Bulletin of the 
Seismological Society of America, 97, 989-1001. https://
doi.org/10.1785/0120060136

Asming, V.E., & Baranov, S.V. (2006). [Using spectral 
and time-frequency variations of seismic signals to dis-
tinguish earthquakes and explosions in the Euro-Arctic 
region]. In Sovremennye metody obrabotki i interpretatsii 
seismologicheskikh dannykh. Materialy Mezhdunarodnoi 
seismologicheskoi shkoly [Modern methods of processing 
and interpretation of seismological data. Proceedings of 
the International Seismological Workshop] (pp. 23-27). 
Obninsk, Russia: GS RAS Publ. (In Russ.).

Dubjanskij, A.I., & Silkin, K.Yu. (2018). [Decipher-
ing the structure of industrial explosions using wave-
let analysis of seismological records]. In Sovremennye 
problemy i opyt gidrogeologicheskih, inzhenerno-
geologicheskih i jekologo-geologicheskih issledovanij na 
territorii Central’no-Chernozemnogo regiona. Materialy 
regional’noj nauchno-prakticheskoj konferencii [Mod-

ern problems and experience of hydrogeological, engi-
neering-geological and ecological-geological research 
on the territory of the Central Black Earth region. Pro-
ceedings of the regional scientific-practical conference] 
(pp. 70-75). Voronezh, Russia: Publishing and printing 
center “Scientific Book”. (In Russ.).

Emanov, A.F. (1982). [Influence of short-delay blasting 
on seismograms of deep seismic sounding]. Geologija 
i geofizika [Geology and Geophysics], 23(9), 81-89. 
(In Russ.).

Glaznev, V.N., Plaksin, D.O., & Druchek, E.Ju. (2009). 
[Stochastic model of a short-delayed career explosion]. 
Vestnik Voronezhskogo gosudarstvennogo universiteta. 
Serija: Geologija [Bulletin of the Voronezh State Univer-
sity. Series: Geology], 2, 140-149. (In Russ.).

Goforth, T., Hetzer, C., & Stump, B. (2006). Charac-
teristics of regional seismograms produced by delay-
fired explosions at the Minntac Iron Mine, Minne-
sota. Bulletin of the Seismological Society of America, 96,  
272-287. https://doi.org/10.1785/0120050068

Hedlin, M., Minster, B., & Orcutt, J. (2007). The 
time-frequency characteristics of quarry blasts and cal-
ibration explosions recorded in Kazakhstan, USSR. 
Geophysical Journal International, 99, 109-122.  
https://doi.org/10.1111/j.1365-246X.1989.tb02019.x

Nadezhka, L.I., Pivovarov, S.P., Dubjanskij, A.I. et al. 
(2018). [On energy estimates of technogenic events 
in the geological conditions of the Voronezh crys-
talline massif]. In Sovremennye metody obrabotki  



РОССИЙСКИЙ СЕЙСМОЛОГИЧЕСКИЙ ЖУРНАЛ. 2022. Т. 4. № 1

62	 К.Ю. Силкин

i interpretatsii seismologicheskikh dannykh. Materialy 
XIII Mezhdunarodnoi seismologicheskoi shkoly. Otv. 
red. A.A. Malovichko [Modern methods of process-
ing and interpretation of seismological data. Proceed-
ings of the XIII International Seismological Workshop. 
Ed. A.A. Malovichko] (pp. 166-169). Obninsk, Russia: 
GS RAS Publ. (In Russ.).

Nadezhka, L.I., Pivovarov, S.P., Safronich, I.N. et 
al. (2009). [Some features of the seismic effect cre-
ated by industrial explosions]. Vestnik Voronezhskogo 
gosudarstvennogo universiteta. Serija: Geologija [Bulletin 
of the Voronezh State University. Series: Geology], 2, 
155-160. (In Russ.).

Silkin, K.Yu. (2020). [Using wavelet analysis as an addi-
tional criterion for identifying the nature of a seismic 
event]. In Struktura, veshchestvennyi sostav, svoistva, 
sovremennaia geodinamika i seismichnost’ platformennykh 
territorii i sopredel’nykh regionov: materialy XXII 
Vserossiiskoi s mezhdunarodnym uchastiem nauchno-
prakticheskoi Shchukinskoi konferentsii. Pod red. 
L.I. Nadezhka, T.B. Silkinoi [Structure, material com-
position, properties, modern geodynamics and seis-
micity of platform territories and adjacent regions. 
Proceedings of the XXII All-Russian scientific and 
practical Shchukin conference with international par-

ticipation. Eds. L.I. Nadezhka, T.B. Silkina] (pp. 328-
334). Voronezh, Russia: VSU Publ. (In Russ.).

Silkin, K.Yu. (2021). [Modeling the transformation of 
the geophysical function of the lithosphere as a result 
of mining activities on the territory of the Kursk mag-
netic anomaly]. In VII Mezhdunarodnaja nauchno-
prakticheskaja konferencija “Jekologicheskaja geologija: 
teorija, praktika i regional’nye problemy” [VII Interna-
tional Scientific and Practical Conference “Ecological 
Geology: Theory, Practice and Regional Problems”] 
(pp. 116-123). Voronezh, Russia: JSC “Voronezh 
Regional Printing House”. (In Russ.).

Verkholantsev, A.V., Dyagilev, R.A., Shulakov, D.Y. et 
al. (2019). Monitoring of Earthquake Loads from Blast-
ing in the Shakhtau Open Pit Mine. Journal of Mining 
Science, 55, 2, 229–238. https://doi.org/10.15372/
FTPRPI20190207

Zueva, I.A., & Lebedev, A.A. (2017). [Characteristic 
features of seismic records of industrial explosions at the 
Kostomuksha iron ore deposit according to the data of 
stations of the Karelian network]. Vestnik Voronezhskogo 
gosudarstvennogo universiteta. Serija: Geologija [Bulletin 
of the Voronezh State University. Series: Geology], 2, 
133-141. (In Russ.).

Information about author

Silkin Konstantin Yurievich, PhD, Docent of the Environmental Geology Department, Voronezh State University 
(RAS), Voronezh, Russia. E-mail: const.silkin@ya.ru




