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BACKGROUND

A 15-ton LPG explosion occurred at 01:21:30 AM in Bayanzurkh District, 26th khoroo.

*Gas leaked from a vehicle, spread over ~10,000 mz, ignited, and caused a major blast.

*Resulted in 3 deaths, many injuries, 30+ vehicles destroyed, and damage to buildings.

*The airborne explosion produced infrasound recorded >50 km away and by local seismic stations.
«Acoustic waveform analysis estimated the explosive yield at ~1.5 tons TNT equivalent.

*A tropospheric infrasound phase was observed; origin time (To) was 1dentified via infrasound.
Seismo-acoustic modeling supports the observed wave propagation and source timing.



STATION NETWORK AND
WAVE OBSERVATIONS

Lg wave from explosion clearly recorded at stations near
Ulaanbaatar (e.g., ALF, ULN)

Tropospheric phase observed by infrasound stations with strong,
clear signals

Caused by a Vapor Cloud Explosion (VCE) following: Collision
between LPG truck and passenger carGas leak — Vapor cloud —
Explosion

Overview of station locations and observations: (a) General layout of seismic
stations where the Lg wave was recorded. Stations with short-period sensors are
marked with triangles, while broadband stations are marked with squares. (b)
Stations that recorded the acoustic wave corresponding to the tropospheric phase
of the atmosphere are marked with circles (I34MN).
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RECORDED SIGNALS FROM EXPLOSION: SEIS

This explosion occurred in the air above the ground surface, making it impossible to determine the origin time using seismic methods. Since
the location and distance of the explosion are known, the origin time T, was determined using the infrasound station.
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RECORDED SIGNALS FROM EXPLOSION: ACCOUSTI

. Since the location and distance of the explosion are known, the origin time T, was determined using the infrasound station.

1= CAL_ — (ta—t;) [1]

This includes: T, — the origin time at the source, C; — the acoustic wave velocity (celerity, km/s), t, — the seismic arrival time, and ¢;
— the infrasound arrival time. When the distance to the source is known, the above equation is used to determine the origin time Tj.
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As an example of the explosion, Sound waves recorded at Pressure sensor ULN (9.2 km), as well as Iw waves recorded at the infrasound

station, are shown. The acoustic Iw signal generated by the gas explosion was recorded with an amplitude of 0.54 Pa, displayed in detail at the
bottom.



AMPLITUDE SCALING FOR SEISMIC

STATIONS

Log (A) (nm)

-0.05

Amplitude scaling for Seismic stations /Gas blast 2024-01/
0.2

0.15
0.1

0.05

-0.1

-0.15

-0.2
0 10 20 30 40 50 60 70

Distance (km)

Comparison of the maximum amplitude displacement
of surface Lg waves observed at seismic stations
within the 1-20 Hz frequency range as a function of
distance.

Using Wood-Anderson simulations at a total of seven
stations (ranging from 9.2 to 54.9 km), the local
magnitude (ML) was calculated as 0.6 based on the
average of the largest amplitudes from 13 Lg wave phases.
The Hutton & Boore (1987) equation was used:

Ml = log(A) + 1.11log(D) + 0.00189 * D — 2.09 [2]
(A) amplitude nm and (D) distance km.

Compared to the magnitude of typical mine blasts, this
explosion corresponds to approximately 1.2 ML.

Although the Hutton & Boore (1987) local magnitude
equation was originally developed for S-wave amplitudes,
it was applied here to Lg wave amplitudes as an
approximate estimate, due to the absence of P and S
phases from this atmospheric explosion






INFRASOUND PROPAGATION

Since the propagation speed of the infrasound wave does not depend on
frequency, it is expressed by the following formula, similar to ordinary

sound.

Height(km)

Atmospheric zonal and meridional winds and temperature at 17:00 on
January 23, 2024, at longitude 47.8° and latitude 106.4°, modeled using
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In seismology, the tau-p method (Buland & Chapman, 1993) is used to
treat the atmosphere as a moving medium, as reformulated by Garcés
et al. (1998). The NRL-G2S model was used to show the propagation
trajectory of the infrasound waves.
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The effective sound speed (V,¢) arriving from atmospheric layer boundaries in a

region is used to denote the propagation phases through the atmospheric

troposphere as 1, the stratospheric phase as I, and the thermospheric phase as I,

(Brown et al., 2002).



INFRASOUND DATA ANALYSIS

Spectrogram (0.5-6 Hz)
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represent arrivals at the infrasound station, and red
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The explosion recorded at the infrasound network station was compared to a nearby quarry blast by processing both signals in the 0.5-6 Hz frequency range.
The comparison is based on 30 minutes of signal following the explosion, with the starting time set at 17:00:00. The lower panels show: (a) apparent velocity of
0.330 km/s, (b, c) the azimuth from the explosion location to the station and the amplitude recorded at the station, and (d) frequency-based separation of the
wave signals.



COMPARING GAS BLAST AND MINING

EXPLOSION
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Temperature inversion and heterogeneity between altitudes of 0—
15 km generate waves in the tropospheric layer called 1, (these
were not included in the experimental model calculations).

Comparing amplitude scaling for mining explosion & gaz blast
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Results of the root mean square amplitude calculation for acoustic
waves arriving from the troposphere, showing the amplitude from
the gas explosion of diamond JD024/2024 and, for comparison, the
smaller mine blast near the city represented by triangle
JD013/2013.



YIELD ESTIMATION FROM INFRASOUND
RECORDS

Using the data available in our own database, we applied the LANL equation from Stevens et al. (2002).
* log(P) = —1.54 + log(W) — 0.5log(RsinA), Pierce and Posey
* log(P) =0.92 + 0.5log(W) — 1.47 log(A) , Clauter and Blandford 1998

log(P) = 3.37 + 0.68(W) — log(R), LANL formula

* log(P) = 3.00 + 0.33log(W) —log(R) ,used by Russian

Here, P is the pressure value from zero to peak in Pascals, W is the yield in kilotons, and R is the distance
expressed in kilometers and degrees.

The energy release calculated from the infrasound station recordings corresponds to 1-1.5 tons of TNT. The
intensity was determined by comparing observed amplitudes from data recorded at the 8 elements of infrasound
stations. However, there are no infrasound stations in directions other than the source of the explosion, so
measurements were not made in those directions.
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Xypaanryii

2024 onn1 01 capsis 24 Hel eHs Yaan6aaTapeis naraap 01 nar 21 MuHyT
30 cexynaaza B3] uite 26 xopoor 15 TOHH Xuit A3/163pC3H OaitHa. J3163panT Hb
3eeBpuiTH xuitH Tyau (LPG) 3eeBepsisger aBTOMAIIHHAAC aHX YYC3ATI 0a HUAT
20,000 M2 TanGait Gyroy 100 MeTpeIH pagMycT XMl TapxXax ral aBallaH
A3163paaT GosicoH GaitHa. J3103p3ATHITH 0P OPYMMA MX X3MMK33HHI XOXHPOJ
VuMpPY TYXailH yea HMAT 3 XyH Hac 6api, OJI0H TOOHBI XYH TY/I3rAax, 30 opunm
MallliH TeXHMK IATaK, OPOH CYYIIHBI 6apH/Iraj X X3MKIHHI XOXMPOJ YIHpPY33.
XOoXHPOLIH X3M¥33 AN HIMITAC3H OaiiHa. TyxaiiH A3.163paaT33c YYCCaH AyY
YHMM33 Hb araap MaHA/1aap TapXaH Y/aaHGaaTaphir TOHPCOH CefiCMMK CTaHUAA
GYPTrarAsxaac rafHa XoTooc 6apyyH Tuiim 50 rapyit kM 3aiiz Gaitpaax nHOpa
aBMaHBl CTaHLA[ OYpPTrarAcaH OaiiHa. YT A3n63panTHilH AYYHE JOJTHOHEI
celicMHK GH4/13r33c P JOATHOHEI GYPTracaH xyrauaar 17:19:37.53 +/-0.5 (UTC)
ToAOpXOicoH (origin mime). BypTracas Xyranmaar ToAopxoitJcoHooc xoim 15
CeK Japaa ceficMO-aKyCTMK JAOJTHOHBI OYpTraracaH GaiiHa. Mudpa aBuanm!
CTaHUaA OYPTrarAc3H aKyCTHK AoaruoH (17:21:12.2 +/-10 (UTC cek) Gaiix 6a
YPra/DKaaX Xyranaa Hb 60 cekyHasac 6ara 6aiie. Jan63apanTasc yycax akyCTHK
JONTHOH Hb YJIaaHOAaTaphir TOWPCOH CeHMMMK CTAaHIYyAaaC LeeH X373
oypTraracsH OaifHa (ALFM, ULN). AHxpary akycTHK AOITHOHBI 3aifHaac
XaMaapcaH 3HepruiiH QYHKUBIT TOOLOXBIH TY/ZA aMIUIMTYALIT TOZOPXOIICOH.
TyxailH Op4MMA A3163P3THITH XY4HIIT TOOLOXBIH TY/IA AYYHbI A0JTHOHEI CHTHA
/33D X3MKMIT XUIC3H 0a YT X3MKUATHIAH Yp AYHA ofiposunooroop 1,5 THT
3KMBAJIEHTHIH XY4T3it A3163paaT 60/nk33. TeMnepaTyp, CAIXMHEI XYPA, SHIVIAN
33pPrasc WAITTAa/LK, aTMOCHEPTHIH JaBXparaap TapXaX aKyCTHK JOJTHOHBI
TapXaNT eepuieraaer 6a TapXaaTIH 3aMBIT TOJOPXOMIOXEIH Ty HAlParuiH
apruir amuraaH (atmospheric ray-trace) sarBapumiacad. JH3 A3/163panTaIsC
YYCC3H JONTHOH araap MaHAJILIH Tpomocdep, CTPaTocepblH WIyyA GoJIoH
XyTapcaH AOJITHOH KWIJArAcaH 0ereef TapXajlblH Xyranaa TOOLOOJIOXOA
XOOPOHA0O TOXMPY OGaiie. Araap MaHAILIH 3arsapwianaap aKUIJarical
TAPXaNTHIH XyTalaar Tainbapsaxaj XaHTaaTTaid 0a A303paaTHitH ceilcMo-
AKYCTHK JOJITHOHEI G60JIOBCPYY/IANTEIH YP AYHI33p HOTOJICOH.

1. OPIIWI OMWISTYYA Hb rasap XeANeNTHIH CTaHNaj

MoHros yACHIH HHilcA31 Y1aaH6aaTap XOTOA GYpTTargaaryii 6eree/l SH/ 36BXeH CyAanraasjiaa
2024-01-23- memmiin 17:19:37 mart (UTC) TO/I A3J03P3iTHIIr aBd y3caH. lonl Aan6apait Hb
xoparnasnmit  xmit  (LPG) TasBapask sBcaH XMM T33B3DJ3X ABCAH ABTOMALIMH, CYyAJIBIH
30pMYNaNTHIH ABTOMAWMH f3163p4 Mx39x9H  ABTOMAUIMHTAH MOPreJACeHbl yiMaac TyXauH
X3MK39HMII XOXMPOJN yyMpCcaH OaifHa (Oyx mar  OP'HEA X 11arACHAap XHIH MaHAHLAp yyCcox
xyranaar OVII). VT A3169p3nTaac yyccaH ceficMo- man6apantr (Vapour Cloud Explosion) 6os0x
aKyCTUK [OTHOH ViaaHGaatap opuny ayguuiak — YHACOH WIANTTaaH GO/mKaa.
Gaiiraa  ceficMMK 0OJOH MHOpa  aBMaHBI AanGspanT He raspelH  Tajapryy  Assp
CTAaHIYYAAR OYPTIardcaH Gaitma Xarac marmii — 0C/ICHOOD KYCTHK ZOJIHOH Hb araap MauAsaap
ZOTOp Vil ABAAT GOMK eHTepceH Ga ron OOJIOH TasphlH rajapryyraap TapsaH CefiMux

ZIaN63PANTIAC BMHOX VeMilH XyranaaHbr sapxur OO/IOH MHODA aBHAHBI CTAHUAA XOEy/aHA Hb
GypTrarAcaH. ['3caH xoaMit 4, A3163p3aAT Hb Oip



CONCLUSION

The combined analysis of seismic and acoustic observations demonstrated that it helps reduce
uncertainties in estimating the timing and yield of the explosion.

Since the location of the explosion is known, currently used models were applied, which also
facilitate a better understanding of uncertain explosions in the future.

The main results of this work are as follows:

« The origin time (17:19:37.53 = 0.5 UTC) and the initiation time at the source were determined
using the infrasound station to define Tj,.

» The explosion gield estimated from recordings at the 134MN infrasound station corresponds to an
equivalent of 1.5 tons of TNT.

* The acoustic waves observed at seismic stations and the infrasound network were successfully
Interpreted using atmospheric propagation models, demonstrating the feasibility of monitoring
atmospheric explosions via their seismo-acoustic signals.

» The observed acoustic wave types included those refracted through the troposphere, stratosphere,
and thermosphere. The azimuth and range functions of the acoustic waves were explained by
atmospheric modeling during the explosion.



