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SUMMARY

The United States of America conducts its underground nuclear
tests at the Nevada Test Site (NTS). A maximum likelihood estimate of the
seismic magnitude my together with announced origin times, locations and
depths are presented for explosions at NTS between 1971 and 1980. The
amplitude data used to determine m, are taken from the seismological
bulletins of the International Seismological Centre (ISC), Newbury, UK.

1, INTRODUCTION

Basic source information (location, origin time, depth, yield,
etc) about underground nuclear explosions is important to seismologists
interested in studying the structure of the earth, as well as those
interested in discrimination between earthquake and explosion generated
seismic signals., Numerous scientists have appealed for the release of
epicentral details of explosions to aid research programmes (Bullen,
Griggs and Press, Teller, (1-3). In response, Springer and Kinnaman (4,5)
published the basic epicentre details for all announced underground
nuclear explosions detonated in the USA from 1961 to 1973. Numerous yield
estimates were also included. The origin times and precise epicentres of
French underground nuclear explosions in the Sahara between 1961 and 1966
have been published by Duclaux and Michaud (6). No comparable data are
available for underground explosions in the USSR,

Several international data centres collect seismic wave arrival
times from all over the world and compute estimates of the origin time,
epicentre, depth and size for seismic disturbances including underground
explosions, Bulletins containing these data are published by the US
National Earthquake Information Service (NEIS) in Colorado, USA and the
International Seismological Centre (ISC) in Newbury, UK. A similar service
is provided by the Institute of Physics of the Earth in Moscow, but the
Soviet bulletin does not usually report data on nuclear explosions,

From the ISC and NEIS bulletins it is possible to extract either
estimates of source parameters of underground explosions or officially
announced details for most nuclear tests at NTS, Official announcements
are particularly wuseful for seismological researchers interested in
solving some of the outstanding problems of verifying compliance with
nuclear test ban treaties since they provide researchers with a list of
known explosion sources upon which to develop techniques for the
identification of explosion generated signals, The release, by the US
Government, of epicentral details of their nuclear tests and the value of
this information to the seismological community should be applauced,

The ISC bulletin includes an estimate of the mean magnitude for
most explosions, However, the magnitude reported is determined only to one
decimal place and takes no account of station magnitude corrections for
the seismic stations used. In effect the network used to determine my is
different for almost every explosion, A useful addition to the officially
released data would be reliable estimates of the seismic magnitude m, of
the explosion., To provide this additional information the P-wave amplitude
and period data provided by stations reporting to the ISC have been
analysed using a maximum 1likelihood analysis procedure to provide




estimates of the magnitude m,, for all announced explosions for which the
amplitude data are available 1n the bulletins.

This report thus provides the seismological community with a
list of announced epicentral details of US nuclear explosions together
with an estimate of their magnitude. It is an attempt to extend the work
published by Springer and Kinnaman (5) and in addition provide estimates
of seismic magnitude.

Estimates of the epicentral parameters and magnitude of
explosions at the Soviet test site near Semipalatinsk and of French
explosions at Mururoa have been made and published by Marshall et al (7)
and Marshall et al (8). Work is already progressing to prepare similar
reports on Soviet explosions at Novaya Zemlya and the Caspian sea area to
provide seismologists with estimates of the basic source parameters at
most of the main nuclear explosion test sites. Reports on several
announced US nuclear explosions at test sites other than NTS are already
published (see, for example, Gibbs and Blamey (9)).

2. DETERMINATION OF MAGNITUDE

The size of a seismic source is measured by its magnitude. For
short period (SP) seismic P wave data the Gutenberg and Richter
definition (10) is used:-

m, = log, A/T + B(a) cene(1)

where A is the amplitude of the P wave in nm, T its predominant period in
seconds, B(A) a distance normalising term,

Consider n explosions recorded at some or all of q stations,
Then if mj1 is the magnitude of the ith explosion recorded at station j,
we can write

mij=bi+Sj+€ij, eeee(2)

where b:; depends on the seismic size of the explosion, s: is a station
correction and ¢34+ is an error term, Least squares can be uged to estimate
bj and s using %ﬂe method described by Douglas (11) if it is assumed that

£sy = 0 ceee(3)
Least squares estimates are unbiased if the observed mj4 are sampled
randomly from a normal population, The latter cannot be assuhed however if
station amplitude measurement thresholds result in "censoring" of many
lower values of mj4. To allow for threshold effects the following "maximum
likelihood" estimation technique has been used,

Following Christoffersson et al (12) the distribution of
observed station magnitudes mj4 can be written as:
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@ 1is the normal density function of variance o? representing the
distribution of "uncensored" values of m;s; ¢ the cumulative normal
distribution; g; the mean (50%) amplitude measurement threshold in terms
of Log A/T foél station j; 742 the variance of the threshold assumed
normally distributed about gs. "If the sources are close together equation
5 enables the mean Log A/T" thresholds 94 to be expressed in terms of
magnitude thresholds Gj.

Estimates of b;,S; and o can be determined by maximising the
likelihood function resul%in% from the product over the observed values of
M4 of terms given by equation 4

n
L(bi,Sj,o) = Obﬁigved P(mij|bi,s-....) eesef6)

Maximisation being subject to the constraint equation 3,

When using least squares, the effect of large errors, which
deviate from normal law, can be reduced by the application of weighting as
in Jeffreys' (13) method of uniform reduction, This method assumes that
the random variable e;+ is essentially normal but modified by the addition
of a low amplitude ]uniform distribution, In the maximum 1likelihood
estimation described above this is introduced by adding a constant term to
the probability density function given by equation 4. Examination of
observed distributions away from the mode suggested a value 0,01 times the
maximum is appropriate for this term, Its introduction progressively
reduces the contribution of observations beyond two to three standard
deviations from the mode.

As well as the observations mji the method requires values for
the threshold parameters gs and 7i. Thesg are estimated from the overall
distribution of Log A/T s mitteé]to the ISC by each station ".sing the
method of Kelly and Lacoss (14). Table 3 gives the threshold values used
in the analysis and are based on those published by Lilwall (15,16) with
some small modifications and additions.

The basic input data are taken from the ISC bulletins in the
form of Log A/T readings from stations located in the distance range
A = 89 - 959, Resulting magnitude estimates are in table 1 and the station
corrections in table 2., Altogether 4633 amplitude readings were used to
estimate the 112 magnitudes and 156 station terms. A value of 0.145 was
obtained for the station magnitude standard deviation o.




In general, differences between the maximum likelihood estimates
and those obtained using least squares are small (< 0.2 units) and are
negligible above m, ¥ 5.5, A study of these differences will be the
subject of a separate report.

3. EPICENTRAL INFORMATION

The basic source information: codename, date, origin tinme,
location and depth are announced for many tests conducted by the US at
NTS. These data have been used to compile table 1. The sources of this
data are: (A) Springer and Kinnaman (5); (B) US DOE report (17) and (C)
Dept. of Energy press releases, In a few cases only the code name and date
of the explosion are released, For these explosions the origin time, to
the nearest minute, determined by the ISC have been included in table 1
and are indicated by the parenthesis around the origin time,

The epicentres have been plotted (figures 1-3) to illustrate the
relative location of the explosions. For presentational purposes the NTS
has been divided into three areas; the Yucca Flat, Pahute Mesa and Rainier
Mesa,
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TABLE 1 (cont.)

No Date Code Name Origin Time | Latitude °N | Longitude °W m Standard n | Depth
Deviation Loom
32 14.08.74 Puye 14 00 00.1 27.023 116.025. L, 41 0.10 z -
23 20,08.74 Portmanteau 15 00 00.2 374152 116.083 5.76 0.02 57 -
2k 26.09.74 Stanyan 15 05 00.2 37.132 116.068 5.51 0.02 Le -
3z 28.,10.74 Hybla Fair - _ - -
20 28.02.75 Topgallant 15 15 60.0 37.106 116.056 5.69 0.02 67 713
27 07.03.75 Cabrillo 15 0C 00.0 27.13k 116.084 5.57 0.02 52 €00
38 | 05.04.75 | Dining Car 19 45 00.0 37.188 116.214 L.87 0.03 30 305
29 2L, 04,75 Edam 14 10 00.0 37.116 116,087 4,52 0.05 12 L4yp
Lo 20,04.75 Obar 15 CO 00.0 27.109 116.029 5.08 0.03 28 -
L1 14.05.75 Tybo 14 00 00.4 37.221 116,474 6.05 0.02 7 765
L2 03.06.75 Stilton 14 20 00.2 37.340 116.523 5.82 0.02 76 731
L3 0%.06.75 Mizzen 14 40 00.1 27.09k 116.03%6 5.64 0.02 76 637
Ll 19.06.75 Mast 12 00 00.1 37.3250 116.320 6.05 0.02 8L 912
Ls 26.0€.75 Camembert 12 30 00.2 37.279 11€.3%69 6.20 0.02 81 1,311
ke 06.09.75 Marsh 17 00 00.1 37.02k 116.028 L,64 0.07 6 k27
47 24.10.75 Husky Pup 17 11 26.1 37,222 116.179 k.76 0.05 15 348
48 28.10.75 Kasseri 14 20 0C.2 37.290 116.411 6.30 0.02 68 | 1,265
Lg 20.11.75 Inlet 15 00 00.1 37.225 116.368 5.96 0.02 6l 817
50 2€.11.75 Leyden 15 30 00.2 37.117 116.019 4,27 0.07 6 220
51 20.12.75 Chiberta 20 00 00.2 %7.128 116.062 5.69 0.02 62 716
5 0%.01.76 Muenster 19 15 00.2 27.297 116,333 6.28 0.02 val 1,451
53 OL,02.76 Keelson 14 20 00.1 37.069 116.030 5.65 0.02 61 640
5k Ok,02.7¢ | Esrom 14 40 00.2 37.107 116.037 5.66 0.02 60 €55
55 12.02,7¢ Fontina 14 45 00.2 37.271 116,488 6.24 0.02 75 1,219
56 14.02.7¢ Cheshire 11 20 00.2 z7.242 11€.420 5.92 0.02 62 1,167
57 09.03.7¢ Estuary 14 00 00.1 37.310 116,364 5.97 0.02 70 869
58 14,0%,76 Colby 12 30 00.2 27,3206 116.471 6.34 0.02 75 1,277
59 17.0%,7¢ Pool 14 15 00.1 237,256 116,212 6.05 0.03 6L 879
60 | 17.03.76 Strait 14 45 00.1 37.107 116.052 5.87 0.02 62 780
61 12.05.76 Mighty Epic 19 50 00.2 37.209 116,212 4,78 0.05 14 -
62 27.07.76 Billet 20 20 00.1 27.075 116,044 5,35 0.03 29 -
63 26.08.76 | “Banon 14 20 00.2 27.125 116,082 5.25 0.03 31 -
6L 23.11.76 Chevre 15 15 00.2 27.172 116,052 - - _ 217
65 08.12.76 Redmud 14 L4g 20,1 27.079 116,002 4,72 0.08 5 L7
6 21.12.76 Asiago 15 09 00,2 27,124 116,067 - - - 23]
€7 28.12.76 Rudder 18 0 00.1 27,100 116,025 5.46 0.02 5% 64O




TABLE 1 (cont.)

0t

Date Code Name Origin Time Latitude °N Longitude W \ m Standard | , Depth
' b Deviation m
05.04 .77 Marsilly 15 00 00.2 37.120 16,062 L 5.7 0.02 58 690
27.04.77 | Bulkhead 15 0C 00.1 37.095 116,028 | 5.37 0.02 55 | 5ok
25.05.77 Crewline 17 00 00.1 37.094 116,045 . 536 0.03 45 | 564
04.08.77 Strake 16 4O 00.1 27,087 116.0C7 5.18 0.03 32 | 518
19.08.77 Scantling 17 55 00.1 37.111 116.055 5.66 0.02 59 | 201
15.09.77 Ebbtide 14 36 20.1 27,0%3% 116,042 L 47 0.09 3 381
27.09.77 | Coulommiers 14 00 00.2 37.151 116.068 bo4.87 0.0k4 22 ¢ 530
2€.10.77 Bopstay 14 15 00.1 37.008 116.017 ) 0.07 i 5 281
01.11.77 Hybla Gold 18 06 00.1 37.188 116.212 L - - L - 285
09.11.77 Sandreef 22 00 00.1 37.072 116,050 5.8 0.02 L 62 1 201
17.11.77 Seamount 19 %0 00.1 27,021 116.025, | 4.68 0.07 6 . 22
14.12.77 | Farallones 15 30 00.2 37.1% 116.082% | 5.77 | 0.02 62 668
13.02.78 Campos (2152) L 3.86 0.16 1 -
22.,02.78 Reblochon 17 00 00.2 27.125 116.06k I 5.73 0.02 67 £58
23.03.78 Iceberg 16 30 00.2 37,102 116.051 ! 5.70 0.02 69 640
11.0L.78 Fondutta 15 30 00.2 37.300 116.3227 © 5.49 0.02 k7 632
11.04.78 Backbeach 17 45 00.1 37,233 116,267 L 5.54 0.02 kg . 611
12.07.78 | ILowball 17 00 00.1 37.079 116.044 [ 5.67 0.02 €9 S6L
71,08.78 Panir 14 00 00.2 27.275 116.357 -~ 5.66 0.02 74 681
1%.09.78 Diablo Hawk 15 15 00.2 37.209 114.7211 k.72 0.05 10 = 288
27.09.78 | Draughts 17 00 00.0 37,080 116.05C . 5.10 0.0k 26 Lyp
27.09.78 | Rummy 17 20 00.G 27,070 116.019 ~ 5.85 0.02 5 640
02.11.78 Emmenthal 15 25 00.2 37.788 116.297 4.25 0.10 2 576
18.11.78 Quargel 19 00 00.0 27.12¢6 116,084 5.3k 0.03 37 5ho
16.12.78 Farm 15 20 00.2 37.273 116,410 5.63 0.02 | 58 689
2L4.01.7% Baccarat 18 00 00.1 37.104 116,012 b.s2 0.09 P33 226
08.02.79 | Quinella 20 00 00.1 27.102 116.055 5.60 0.02 c7 579
15.02.79 | Kloster 18 05 00.2 37.152 11€.072 L.97 0.04 19 5326
14.0%2.79 Memory 18 20 00.1 %7.028 116.040 L 47 0.09 |2 366
11.05.79 | “Pepato 14 00 00.2 77,290 116.455 5456 0.03 | 33 681
20.06.79 Chess 15 00 13.5 %7.108 116.015 L1y 0.16 D1 235
28.06.79 Fajy 14 44 00.2 %7.142 116.088 5.22 0.03 L Z2 5327
0%.08.79 Burzet 15 07 20.2 37.082 116.070 4,85 0.05 Pk k50
i
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