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WORLDWIDE NUCLEAR TESTING:
ATHMOSPHERIC AND UNDERGROUND 1945-2009
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ATMOSPHERIC AND UNDERWATER
MUCLEAR EXPLOSIONS
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Partial Test-Ban Treaty
opened for signature

Comprehensive Nuclear-Test-Ban Treaty
opened for signature
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Figure from CTBTO website www.ctbto.org



CTBT International Monitoring System

INTERNATIONAL MONITORING SYSTEM
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Seismic primary array (PS)
Seismic primary three-component station (PS)

ive Nuclear-Test-Ban Treaty (CTBT) of 1996 bans nuclear explosions in all environments. Seismic auxiliary array (AS)
Explosions in the atmosphere, under water and in outer space were banned in 1963. CTBT prohibits them underground as well. Seismic auxiliary three-component station (AS)
Hydroacoustic (hydrophone) station (HA)

The boundaries and presentation of material on this map.

do not imply the expression of any opinion on the part of e Rt s A i T . - o T 2
the Provisional Technical Secretariat of the Preparatory Under CTBT. a global system of monitoring stations, using four complementary technologies. is being established to record data necessary to verify compliance with the Treaty. Supported by 16 radionuclide laboratories,

Commission for the Comprehensive Nuclear-Te this network of 321 monitoring stations will be capable of registering shock waves emanating from a nuclear explosion underground, in the seas and in the air, as well as detecting radioactive debris released into Hydroacoustic (T-phase) station (HA)
Treaty Organization (CTBTO PrepCom) concerning U the atmosphere. The location of the stations has been carefully chosen for optimal and cost-effective global coverage. Infrasound station (IS)

legal status of any country, territory. ® 4 s
authorities or concerning the delim The monitoring stations will transmit, via satellite, the data to the Tnternational Data Centre (IDC) within CTBTO PrepCom in Vienna, where the data will be used to detect, locate and characterize events. KL G

S’ These data and IDC products will be made available to the States Signatories for final analysis. Radionuclide laboratory (RL)
Chart 1, revised July 2003 Opverleaf is a listing of the 337 facilities of the international monitoring system and brief descriptions of their characteristics and capabilities. International Data Centre. CTBTO PrepCom, Vienna




Seismic Tomography

The standard least squares tomography solution for p-wave slowness, s, is formulated given an m x n set of non-linear
travel time path length weights, A(s); a vector of n associated path residuals, d; an n x n Bayesian inferred prior model

covariance matrix, C,. The Bayesian prior model parameters are used to constrain the solution in model regions
possessing little or no data. This formulation can be written as

-1 1
C A0 ot _ | €t )s) A
aC,;A 0

Where C, are the data variances associated with the travel time path weights, o is a damping parameter applied to
ensure solution stability, and the non-linear solution is updated in an iterative manner (k) until convergence is

obtained (As = 0). Applying standard solution techniques, the posterior model covariance, C, , and the model
resolution, R,, can be discovered and written as

~

C =l4cla+cl] R =C A'C'A=1-C ("

Given these definitions we can formulate the travel time and associated uncertainty of an arbitrary ray path, p,
given its grid node vector of path length weights (7, = <w,>) as

[ =>w5 15, &, =\WG,)C, W' 3,)+W(s,)C, W' (s,)
Jj=0

Here W(s, )imply weights for nodes along the path p that lie in regions of the posterior model (the mantle), while

W (s, ) define weights for nodes along the path that lie in prior model regions for which slowness updates were not
computed (the crust).



117K events

Tomography Data

12K stations

12M ray paths
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Mantle Slowness

300 km
+ 3%

800 km
+1.5%

1500 km
+.8%

2500 km
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Uncertainty of Mantle Slowness
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Importance of Model Covariance

HAWAII

Slowness Covariance (sec/\2/kmA2)
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Travel Time Prediction and Uncertainty

Travel Time Change from ak135 (seconds) Travel Time Uncertainty (seconds)
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Importance of Model Covariance
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Comparison with Standard Uncertainty
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Travel Time - Distance / 8 km/sec (seconds)
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Median Mislocation (km)
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Mislocation vs. Number of Stations
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Median Misloc: SALSA3D

Event Mislocation Comparisons

SALSA3D vs. ak135
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GeoTess

A model parameterization and software support system that
implements the construction, population, storage and interrogation of
data stored in 3D Earth models.

Grid based on triangular tessellations
Variable resolution in both geographic
and radial dimensions

Supports internal radial discontinuities
with variable topography.

Wide variety of data types for storage of
information at grid nodes

Linear and natural neighbor
interpolation of values

Open source software in C, C++ and Java
Compiled for Linux, Mac, Windows and
SunOS.

Software available at

www.sandia.gov/geotess

Sandia Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, VR W G
National for the United States Department of Energy’s National Nuclear Security Administration Ny 'Av ﬁ)l-f%
Laboratories under contract DE-AC04-94AL85000. SAND2014-20259 O Netonel Nuctesr Saturty Adminstraton


http://www.sandia.gov/geotess

Summary

We have developed a global 3D model of the compressional wave speed
distribution in the Earth’s crust and mantle.

We successfully computed the model covariance matrix for our model
which allows us to calculate path-dependent travel time uncertainty
estimates.

The model significantly improves the accuracy and precision and seismic
event locations.

We have developed 3D travel time lookup tables for the IMS network to
mitigate performance issues related to the use of 3D models in
operational systems

Our grid management software has been released as open source
software and can be accessed at www.sandia.gov/geotess
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