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Motivation

» Under the Comprehensive Nuclear-Test Ban Treaty (CTBT)
the States Parties undertakes not to carry out any nuclear
weapon test or any other nuclear explosion.

» The aim of the CTBT monitoring system, is to identify events
in the atmosphere, underwater or underground which may be
treaty violation.

Table 2-1 Contributions of key technologies to CTBT monitoring of different test environments

Monitoring

Technologies Underground Underwater Atmosphere Near Space
Seismic major major secondary none
Radionuclide major major major none
Hydroacoustic secondary major secondary none
Infrasound secondary secondary major none
Electromagnetic  secondary secondary major major
Satellite Imagery major major secondary secondary
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Data sources and their typical
detection times:

» Seismology = seconds to
minutes,

» Hydro-acoustic = seconds to
minutes,

» Infrasound = minutes to hours,

» Radionuclide = hours to days
(weeks?).
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Infrasound stations

» Currently the infrasound
component of the International
Monitoring System includes 51
arrays:

» Distance between arrays:

» Minimal 11°.
> Average 91°

» Distance from possible source
(grid of 1°x1°):

» Minimal 0.04°.
> Average 12.07°.
» Median 12.28°.

» 330 m/sec ~ 4096 sec

Yochai Ben Horin Atmospheric Events energy estimation T1.4-01 5 /23



Primary Seismic Stations

» The seismic primary station
component of the International
Monitoring System includes 50
stations (44 are operational):

» Distance between arrays:

» Minimal less then 1°.
> Average 78.17°

» Distance from possible source
(grid of 1°x1°):

» Minimal 0.0°.
> Average 16.5°.
» Median 15.5°.

» 3km/sec ~ 610 sec
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Seismic Auxiliary stations

» The seismic auxiliary station
component of the International
Monitoring System includes 120
stations (112 operational):

» Distance between arrays:

» Minimal less then 1°.
> Average 85.5°

» Distance from possible
source(grid of 1°x1°):

» Minimal 0.07°.
> Average 11.7°.
» Median 9.7°.

» 3km/sec ~ 433 sec
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Challenge definition

» The CTBT organization products includes standard events
lists and a specialized event list that includes parameters
which enable screening out non-relevant events.

» Event energy estimation is not part of the CTBT, However, a
reliable event energy estimate can aid highlight of events
which may be treaty violation.

» The accuracy of energy estimation methods of atmospheric
events based on barograms is less accurate then yield
estimation methods of underground and underwater
explosions.

v

Sound propagation through the atmosphere is time dependent.
Sound propagation through the Earth is time independent.
The average travel time of infrasound signal (for the IMS
network) is 10 times longer then the travel time of seismic
signal.

v

v
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Method

Bulletin of the Seismological Society of America, Vol. 104, No. 2, pp. 608-623, April 2014, doi: 10.1785/0120130130

Jounnav. or GroruvsicaL ReseAnca Vo, 69, No. 8 Armu 15, 1964

Partitioning of Seismoacoustic Energy and Estimation of Yield and
Excitation of Seismic Surface Waves by

Atmospheric Nuclear Explosions® Height-of-Burst/Depth-of-Burial for Near-Surface Explosions
M. Nz Tokstz axo Ast Bax-Muagey by Sean R. Ford, Arthur J. Rodgers, Heming Xu,” Dennise C. Templeton,
Seismological Laboratory Philip Harben, William Foxall," and Robert E. Reinke

California Institute of Technology, Pasadena

Bulletin of the Seismological Society of America. Vol 53, No. 1, pp. 109-149. January, 1963 The Ch ely ﬂbillsk M et e 0I'ile‘ as a M“lﬁpl e S (mrc e

of Acoustic and Seismic Waves
LONG PERIOD SEISMIC WAVES FROM LARGE, NEAR-SURFACE
NUCLEAR EXPLOSIONS 1.0, Kitov, D. 1. Babrov’, V. M. Ovehinnikov’, and M. V. Rozhkov*

Presenicd by Academician V.V, Adushkin May I8, 013
By Pavr W. Pomeroy y g

ABSTRACT Received May 21, 2013
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Assuming that:
» Event location is known (OT,lat,lon)

v

Event height is unknown.

h < D & h < few tenths of km — the atmosphere impact on
the signal is limited.

v

The dominant arrival are the surface-wave.

v
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The following two steps can be used:

» Seismic Energy estimation assuming underground event:
» following M.S. Vassiliou & H. Kanamori:

> Energy measurement at the station .
> Energy correction for attenuation (distance).

> alternatives:
» IDC Ms magnitude — energy
» Coda magnitude (following k. Mayeda, 1993)
» Estimate the atmospheric event energy using energy height
relation, theoretical or phenomenological.
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The seismic efficiency (E‘%SO’"’C) is a

f i f | f. :
unction o se.vera actors Magnitude versus height for 20 kT
> event height. explosion
» Exact place of surface wave Height [km] | mb
generation. 10 3.0
» Local topography. 1 3.5
For example a phenomenological surface 4.0
-0.3 5.0

relation from Paul W. Pomeroy. "Long

period seismic waves from large, near-surface nuclear

explosions. BSSA, 53(1):109-149, January 1963.”
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> Assuming UNE with the same
mb magnitude as in the previous
table.

» Using Sikka relation
mb = 4.04 4-0.75/og10(Y')

» We get the following Yields

4.0

5.0 20
s
Height | Ratio
10 0.0025
1 0.01
0 0.045
-0.3 1
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(GEOPHYSICAL RESEARCH LETTERS, VOL. 40, -5, dot 10002 30683, 013

QAGUPUBLICATIONS m

Journal of Geophysical Research: Atmospheres

RESEARCH ARTICLE  Simulation of the airwave caused Seismoacoustic C('llpliﬂg induced b\' the I)l'eakllp ofthe 15 Fehruar_v
e - by the Chelyabinsk superbolide

It bt S it U3 Chebink meeor

Jros—

s Setind R
Ruep———

oot Tz, Eri et Cay Quantn, aod Nioks ol

Towards the azimuthal characteristics of
ionospheric and seismic effects of ”Chelyabinsk” ®

meteorite fall according to the data from coherent P P .
carlac: (DS and seismit hetwils Seismic Charat.:tenzatmn .oi the Chelyabinsk
Meteor's Terminal Explosion

v by Sebastian Heimann, Alvaro Gonzlez, Rongjiang Wang, Simone
P . . Cesca, and Torsten Dahm

lev, G.A. Zherebtsov?,

SRL Vol. 84, Number 6 November/December 2013
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BVAR 580 km 97.9°

; BB vs SH
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KURK 1196 km 101.8° - AKTO 479 km 214.2°
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Southern Xinjiang 16 October 1980 wis ms 44
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TATO 3014 km 111 - KAAO 1974 km 255°

!
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KONO 5679 km 320° - ANTO 4763 km 288°
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Naive estimation

» Using mp = 4.45 + 0.75log10Y
» mb 3.0 = 0.045 kt underground ~ 18 kt at 10 km height
» mb 4.5 =~ 4 kt underground ~ 1.5 Mt at 10 km height
> At the catalog of worldwide nuclear test by V. M. Michailov
the October 1980 event Yield is 150-1500 kt.
» The Chelyabinsk meteor effect was estimated to be equivalent
to 400-500 kt at height approximately 30 km.
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Summary

There is a need to estimate the energy of an atmospheric
event.

The suggested path is not new.

In the two examples the body wave magnitude was used but
only for demonstration.

The main two challenges are:
» Estimating the seismic energy from the surface wave.
» Calculating the height energy relation

v

v

v

v
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