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Introduction. Seismic event depth determination is a part of Special Studies and Expert Technical Analysis (ETA)
specified in Comprehensive Nuclear Test Ban Treaty (CTBT). We have studied a number of approaches aimed at
depth determination and designed a prototype software. Since the shape of the first few seconds of signal of very
shallow events is very sensitive to the depth phases, cross correlation between observed and theoretic seismograms
can provide a basis for the event depth estimation, and so an expansion to the screening process. We applied this
approach mostly to events at teleseismic and partially regional distances. The approach was found efficient for the
seismic event screening process, with certain caveats related mostly to poorly defined source and receiver crustal
models which can shift the depth estimate. An adjustable teleseismic attenuation model (t*) for synthetics was used
since this characteristic 1s not known for most of the rays we studied. We studied a wide set of historical records of
nuclear explosions, including so called Peaceful Nuclear Explosions (PNE) with presumably known depths, and
recent DPRK nuclear tests. The teleseismic synthetic approach 1s based on the stationary phase approximation with
hudson96 program, and the regional modelling was done with the generalized ray technique by Vlastislav Cerveny
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synthetic modeling.

We use a synthetic modeling approach to shallow event depth determination based on teleseismic observations. hudson96 program
[Herrmann and Ammon, 2002] was used as it’s allowed for specific velocity models for the source and receiver as well as the
propagation model in between. The source and receiver velocity models are obtained from Crustl.0 (or specific model if known,
like in DPRK case, see also our poster 6620) and the global reference model ak135 1s used for the teleseismic propagation path.
To assess the dependency of the amplitude and frequency content of the arrivals, a range of attenuation operators (t*) are chosen
and the synthetic waveforms are calculated for a range of source depths from the surface to 4 km, every 100 meters. Synthetic
waveform with the highest cross correlation with the observed signal corresponds to the appropriate depth of the event.

Figures a and b shows depth distribution (km) vs stations. Colored diamonds indicate depth corresponding to maximum cross
correlation coefficient for search of t* and source depth. Depth histogram shown at bottom of figure. Figures to the right of a and
b show examples of the depth determination procedure for selected stations and events. Top Figures: waveform fitting for the
Indicated station. Observed waveform and best fitting synthetic shown along with optimal depth and t*. Bottom Figure: Cross
correlation map for range of depths and t*. Warmer colors show higher cross correlation with star indicating highest value. Black
contour approximates region of 95% confidence. Cross marginal profiles through depth and t* shown to the side and below.
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modified to account for the complex source topography. The software prototype is designed to be used for the Special
Studies and Expert Technical Analysis at the IDC. With this, the design effectively reuses the NDC-in-a-Box code and
can be comfortably utilized by the NDC users. The package uses Geotool as a front-end for data retrieval and pre-
processing. The modules are mostly Python coded, C-coded (Raysynth3D complex topography regional synthetics)
and FORTRAN coded synthetics from the CPS330 software package by Robert Herrmann of Saint Louis University.
The extension of this single station depth determination method 1s under development and uses joint information from
all stations participating in processing. It is based on simultaneous depth and moment tensor determination for both
short and long period seismic phases. A novel approach recently developed for microseismic event location utilizing
only phase waveform information was adapted by us to a global scale. It should provide faster computation as it does
not require intensive synthetic modelling, and might benefit processing noisy signals. A consistent depth estimate for
recent nuclear tests was produced for sufficient number of IMS stations (primary and auxiliary) used in processing.
All techniques are in a development or/and testing stage.

Explosions:
Vega-5, Helium-3, Ruby, Batholit, years 1984-1988.
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Conclusions. We are 1n a process of development of preliminary
methodological and technological frameworks of the Special Studies and
Expert Technical Analysis to be established at the International Data Center
and conducted as an on-demand service for the Provisional Technical
Secretariat and State Parties in a routine manner after entering the Treaty
into force. A number of case studies were explored and suggested as
services, and a software environment design for these cases was developed,
taking into account current IDC software status and its prospect. In this
presentation we consider a shallow event depth determination with different
approaches: (1) synthetic modeling and cross-correlation, (2) Statistically
Optimal Phase Method, and (3) method based on moment tensor estimation.
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They all utilizes historical nuclear test seismograms for wide range of
depths, yields and distances for both the weapon tests and so called ground
truth Peaceful Nuclear Explosions. We explored explosions for different site
topography and geology and receiver stations at teleseismic distances. The
simultaneous determination of event depth and moment tensor estimation
will provide expanded knowledge of the source properties and allow further
analysis of uncertainties. Initial implementation yields efficient and reliable
results using teleseismic P arrivals and future work will include additional
phases and first motion information for further constraints.
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