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SUMMARY

At their underground nuclear test site at Novaya Zemlya the USSR
detonates explosions in two areas, here designated the north and south
Novaya 2Zemlya test sites, A least squares joint epicentre estimate of
origin time and epicentre together with a maximum-likelihood estimate of
magnitude are presented for explosions in each of these test sites. These
are based on data taken from the bulletins of the International
Seismological Centre,

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,
6riggs 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 tinme,
epicentre, depth and size for seismic disturbances including underground
explosions. Bulletins containing these data are published by the US
National Earthquake Information Centre (NEIC) 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 any 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 the US Nevada Test Site (NTS).
Official announcements are particularly useful 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 1list of 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 applauded,

The ISC bulletin includes an estimate of the mean magnitude for
most large underground 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. 1In effect the
network used to determine my is different for every explosion. A useful
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addition to the officially released data would be reliable estimates of
the seismic magnitude my, 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-likelihood
analysis procedure to provide estimates of the magnitude my, for explosions
at the Novaya Zemlya test sites. P wave travel times reported in the ISC
bulletin have been used to relocate the epicentres using the Joint
Epicentre Determination (JED) developed by Douglas (7).

Estimates of the epicentral parameters and magnitudes of
explosions at the Soviet test site near Semipalatinsk (Marshall et al
(8)), French nuclear tests at Mururoa (Marshall et al (9)) and for US
explosions at the NTS (Marshall et al (10)) have already been published.
It is proposed to publish a similar report on Soviet explosions in the
North Caspian Sea region,

2. DETERMINATION OF MAXIMUM LIKELIHOOD ESTIMATES 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
(11) is used:-

mp = LogyoA/T + B(a) eeen(l)

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 stationms.
Then if ny is the magnitude of the ith explosion recorded at station j,
we can write

miy = b; + S4 + €59 eeaa(2)

where b;j depends on the seismic size of the explosion, ss is a station
correction and €i4 is an error term., Least squares can be used to
estimate b; and s4 using the method described by Douglas (12) if it is
assumed that

j=q
8 =0 ceee(3)
J=1

Least squares estimates are unbiased if the observed mj4 are sampled
randomly from a normal population. The latter cannot be aSsumed 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.

Followiﬁg Christoffersson et al (13) the distribution of observed
station magnitudes mj4 can be written as:




By ) o (2 o (202 e

5j+bi'Gj ]

V(o? + 75t)

where G5 = gj + B(A4) eeee(5)

8 is the normal density function of variance o? representing the
distribution of *"uncensored" values of mj4; ¢ the cumulative normal
distribution; g4 the mean (50 %) amplitude méasurement threshold in terms
of LogA/T for saation Js 73 the variance of the threshold assumed normally
distributed about gs. If the sources are close together equation 5
enables the mean ngA/T thresholds g4 to be expressed in terms of
magnitude thresholds Gj,using equation 5. '

Estimates of bi's and o can be determined by maximising the
likelihood function resu tigg from the product over the observed values of
mj4 of terms given by equation 4

L(bi,84,0) = n P(my41by,84....) P
13 observed ijl e )

mj 5

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' (14) method of uniform reduction. This method assumes that
the random variable ejs is essentially normal but modified by the addition
of a low amplitude aniform 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 mj4 the method requires values for
the threshold parameters g4 and 75 TheSe are estimated from the overall
distribution of LogA/T submitted” to the ISC by each station using the
method of Kelly and Lacoss (15). Table 3 gives the threshold values used
in the analysis and are based on those published by Lilwall (16-17) with
some small modifications and additions.

The basic input data are taken from the ISC bulletins in the forn
of LogA/T readings from stations located in the distance range A = 7 to 90
degrees, Resulting magnitude estimates are given in table 1 and the
station corrections in table 2, Two separate analyses were made for the
north and south test sites. For the northern site 1655 amplitude readings
were used to estimate 26 magnitudes and 212 station terms, A value of
0.14 was obtained for the standard deviation o. For the southern



site 229 readings were used to estimate ¢ magnitudes and 104 station
terms. In this case an a priori value of o equal to that for the northern
site was used.

In general, differences between the maximum likelihood estimates
of magnitude and those obtained using a least squares analysis of variance
method (Douglas (12)) are small (< 0.2 units) and are negligible above
m,5.5. These small differences result from the low value of o obtained
for closely grouped explosion sources (Lilwall (17)).

3. JOINT EPICENTRE RELOCATIONS

The Joint Epicentre Determination (JED) method described by
Douglas (7) was employed to relocate the epicentres using P and PKP
arrival time data taken from International Seismological Centre (ISC)
bulletins, JED is most effective when all the epicentres are from a
limited spatial region, since deviations from the assumed travel time
curve can be corrected by a single term for each station., Accordingly the
north and south Novaya 2Zemlya sites are here treated separately. The
method requires that at least one of the epicentres in each group be
restrained to predetermined values. Since no published true locations are
available the restrained epicentres must be fixed using other evidence.
The constrained epicentre for the northern site was for the explosion of
29 September 1976 (event 14, table 1), It is well recorded and centrally
placed within the group, but adoption of the ISC location (73.41N 54,50E)
results in the epicentres straddling Matochkin Shar Strait (see figure 1),
Figure 1 indicates that the region is mountainous and it is reasonable to
assume that the devices were emplaced using adits beneath the mountains,
The co-ordinates of restrained epicentre were therefore chosen to locate
the overall epicentre pattern beneath two mountain groups south of the
strait. The relocations are on average some nine kilometres east of those
obtained by the ISC, There is no topographic control on the location of
the southern group and these were relocated using the same restrained
epicentre in a second analysis.

Arrival time readings were weighted to remove gross errors and
where possible to allow for variations in the quality of measurements
between stations. Gross errors were removed by the method of uniform
reduction (Jeffreys (14)). For the northern group there is sufficient
data to enable estimates of the standard deviation of the time residuals
for many of the stations and the readings were also weighted for
variations in this,

Table 1 gives the relocated epicentres and origin times., These
are plotted in figures 1 and 2. The weighted standard deviation of the
arrival time residuals (0.25s) and the large number of readings result in
very small 95% confidence regions (table 1) for the majority of the
epicentres, Relative locations will reflect this but absolute locations
are tied to the choice of co-ordinates for the restrained epicentre.

4, MULTIPLE EXPLOSIONS

An examination of the seismograms from the underground explosion
at the south Novaya Zemlya test site on the 18 October 1975 led
Hurley (18) to the conclusion that two explosions, separated by a few
" kilometres were detonated virtually simultaneously. Hurley's analysis of
both P and Rayleigh waves is convincing evidence that two explosions were




indeed detonated. An examination of short period P wave recordings for
the explosion at the north Novaya Zemlya test site on 11 October 1980
suggests that this explosion was not a single explosion. More research is
being conducted on this particular explosion and will be the subject of a
research note to be published later.
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NOTES ON TABLES AND FIGURES

TABLES

Table 1 List of explosion dates, origin times, calculated epicentres and
magnitudes for explosions at Novaya Zemlya.

Table 2 Station magnitude terms, followed by standard confidence limits
and number of observations,

Table 3 Mean 50% amplitude reporting thresholds (g) followed by standard
deviation (y) for amplitude data submitted to the ISC. Time
periods (year followed by month) are intended to bracket overall

intervals during which the thresholds are thought appropriate and
are not intended to indicate station operation periods.

FIGURES

Figure 1 Location of epicentres of explosions at the north Novaya Zemlya
test site, Matochkin shar Strait. (Admiralty Chart No. 3035),

Figure 2 Location of epicentres of explosions at the south Novaya Zemlya
test site, Kostin Shar Strait. (Admiralty Chart No. 3035),
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NOVAYA ZEMLYA (NORTH)

1T

(]
JED Computed Confidence g;
No Date P = Ellipse m, o n{m) g'
Origin Time Latitude N Longitude E sq kms 2",
o
1 18 Sep 64 07 59 57.8 73.336 55.391 32.8 4.20 0.08 5 B,ﬁb
2 25 Oct 64 07 59 58.1 73.386 54.997 4.7 4.82 0.08 6 E; E;
3 27 Oct 66 05 57 58-1 73.388 54.845 1.9 6.47 0.03 38 =19
4 21 Oct 67 04 59 58.5 73.385 54.826 2.1 5.99 0.03 45 8 E:
5 7 Nov 68 10 02 05.5 73.388 54.873 1.8 6.11 0.02 54 r-10
6 14 Oct 69 07 00 06.6 73.389 54.796 1.9 6.18 0.03 51 8 =
7 14 Oct 70 05 59 57.6 73.301 55,044 1.6 6.77 0.03 49 A& o
8 27 Sep 71 05 59 55.8 73.393 54,923 1.7 6.63 0.02 54 'g;:i
9 28 Aug 72 05 59 56.9 73.386 54.859 1.7 6.46 0.02 62 o+
10 12 Sep 73 06 59 54.8 73.316 55.059 1.5 6.96 0.03 38 ﬁf
11 29 Aug 74 09 59 56.2 73.395 54.920 1.6 6.54 0.02 55
12 23 Aug 75 08 59 58.3 73.332 54.694 1.6 6.55 0.02 69 é?
13 21 Oct 75 11 59 58.0 73.308 55.012 1.5 6.59 0.02 65 ;
14 29 Sep 76 02 59 57.7 73.360 54,880 Restrained 5.77 0.02 84 5
15 20 Oct 76 07 59 58.1 73.399 54.83%5 2.6 4.89 0.03 42 ra
16 1 Sep 77 02 59 58.0 73.339 54.626 1.6 5.71 0.02 84 ®
17 9 Oct 77 10 59 58.1 73.414 54,935 4.9 4.51 0.03 30 Ei
18 10 Aug 78 07 59 58.0 73.293 54,885 1.6 6.04 0.02 87 B¥
19 27 Sep 78 02 04 58.6 73.350 54.677 1.7 5.68 0.02 85 3
20 24 Sep 79 03 29 58.8 73.346 54.679 1.6 5.80 0.02 100 g
21 18 Oct 79 07 09 58.8 73.318 54.821 1.8 5.85 0.02 91 =
2% 11 Oct 80{ 07 09 57.5 73.33% 54.938 1.7 5.80 0.02 80 7]
23 1 Oct 81 12 14 57.3 73.308 54,817 1.8 5.91 0.02 97 ::
24 11 Oct 82 07 14 58.7 73.348 54.601 2.1 5.52 0.02 89 o
25 18 Aug 83 16 09 58,9 73.358 55.974 2.0 5.84 0.02 91
26 25 Sep 83 13 09 58.2 73.326 54.564 2.0 5.71 0.02 104
NOVAYA ZEMLYA (SOUTH)
27 27 Sep 73 06 59 58.5 70.756 53.746 1.9 5.83 0.03 56
28 27 Oct 73 06 59 58.0 70.801 53.958 1.7 6.90 0.03 46
29 2 Nov 74 04 59 57.4 70.833 53.825 1.7 6.75 0.02 65
30* 18 Oct 75 08 59 56.8 70.838 53.673 1.6 6.70 0.02 62

* Double Explosions

T dT9YL




North Test Site

TABLE 2(a
Station Correction Terms

NPARaNANRMANNNMRANDOMNONYINDDNSI M~ 20
-

0 Mmoo -me ouice XS g1 000 -30e %0 4]
0°0 -¥0+ #21° 2 96070 -uOe £02° F) . .
O 44070 -W0e £22°0 A% 21 15070 -d0s 200°0- M1 § 55000 -b0e MO 3
& 200°0 -0+ 440°0- XS L 490°8 -3o+ 920°0- V) L B e li5e- a3
9 5070 -B0e 04570~ NS SI #5070 -80s £9E°0- 91N § 9900 -B0s az'0- om
2 66070 -¥0* %60°0- WS S 01070 -b0s 604°0  JSN 2 0000 -o0e (ow'e  woa
L $50°0 -MO* L65°0- WS 21 WA0T0 -b0s SL2°0- BN 2 2 e stz mm
€ 100°0 -0e %00~ ¥JS € 10070 -u0% €610 RDM y %0 s 28 g
2 90170 -¥0¢ 6IE°0- S35 S  990°0 -8Oe EEE°0- M N !mou unu. “es
2 S11°0 -b0+ 600°0  nas 61 13070 -40* 182°0- e s e m txro-  xin
£ 0000 -w0e 1LE'S- 0% ™ 090°0 -oe 121°@  QOX 3 100 lboe sit-0 w0
21 $A0°0 -BOe 240°0- HX % 00°0 -0e 02279~ NN 2 o - s 00
21 18070 -0+ G00°0  HW 9 250°0 -¥0e €90°0 N e Ta Setce- owm
&) 960°D -b0e 0LST0-  S3 11 €400 -b0e 1GCT) 1N I e N
02 MO0 -UOe L20°0  Mid 2 €01°0 -80s (2170 dIN £ €000 -ws AZS o
0 05000 M0 $52°8 b 91 €£0°0 -N0e 64170~ M e Cue 112°0-
$  L60°0 -¥O+ S90°0 U & 20000 -MOe SI1°0 MM 2 s0 n Zuoe 161°8 04D
2 1110 -40e SZE°0-  Idd 6 6L0°0 -wOe EZI'F A O e o if30 403
® 2008 -0+ 182°0- 004 S $90°0 -Oe BL1°0- SO L 0 T e~ 03
10 £h0°0 -M0¢ LSE°0-  INd S 1870 -¥0e GAL'D- L S S o flo-e
P L8070 -UOe 9SE°0- W 2 £01°0 -W0s £09°0- ST L, K ie W
S SL0°0 -UOe 00ET0- L 0L0°0 -HOe €E)'O  Hd) e o Gre D
$ 19070 -u0e 1900~ IDd S €90°0 -¥0s GON'S- Wi Y B B o
9! $60°0 -¥Oe 901°0 110 91  ©60°0 -U0* £6E°0 @AM 2 e “ho se2°0- oD
2 €60°8 -u0s 101°0-  $I0 9 650°0 -30% S£0°0-  JOM S e M
L €50:0 -MOe 608°0- 10 €1 40070 -0+ £19°0 S e Thoe 8270-
S 29000 -b0+ 060°0 ¥ 2 2010 -b0+ ££DT®  WOM S UL i oo wd
20 60°0 -HO+ €52°0- W 11 200°8 -M0+ 200°0  Pom B i e Thoe 200°0- )
& 0L0°0 -b0+ 29070~  bOW €  £0)°0 -50+ 905°0 > 3, 200w ivee
00  £S0°0 -W0e 1£1°0 3N €  990°0 -40¢ SLE'9- N9 2 R e fti e+
6 26070 -NO+ GLOO- MW €1 6£0°0 -¥0+ G900 W) E 0 T tbice.  one
‘. - . &) 95070 -BO+ LOE°0  JON Sl 18070 -0+ 30270 R s food -
300 e st T S 63000 -w0e 6120 26M 6 SB0°0 -w0e (SE'0- R & 51000 -0 (1670- 09
€%0°0 -¥0+ 9090 sin e 160°0 -40e 192°0 oo €1 €40°0 -0+ 8E6'0- 09 11 20078 -B0* 6L1°0 258
$50°0 -20* 292°0 W0 .9 -0 492 po - . 91  S60°0 -0s 261°0 9
€500 -b0e 1200~ o 21 620°0 -¥0> (4070~ | L $50°0 -0+ 6Z4°9- WD S Gie we
0L0°0 -40% 101°0- 11 € (N0 -MOe 600°0  JIM 2 101°0 -40+ 290°0 0P € %0 .
- : - . € 01170 -30s SO1°8  20@
220-0 Thoe 1660 sm 9  §50°0 -B0+ @a2°0  ImM £1 @N0'0 -BO* £55°0- HOD 90 o 2020 e
250°0 -0 200°0 310 2 001°0 -u0e £64°0  OM 21 ©90°0 -8+ L8O WD o -0 oo $75°0- e
100°0 -t50s 906°0  Wn 21 9800 -b0e 19870~ OIN € 401°0 -80* 161°0- Kn3 2 L6000 - .

- - . * . S0 00070 -¥0e 655°0- NG
£00°0 e 1558 o 6  LND°O -¥Oe SLITO-  OSH 91 48070 -uOe 010°0- BNJ . fae om
0100 ooe 270 B0 €1 2600 MO+ AGZ'0- XOW L £50°0 -¥0+ £80°0- IS/ ¢ 200 -b0 M0 e
056°0 -t 6ro-0-  0an €1 $%0°0 -bOe 450°0 44 & 69070 -0+ 60°0 S £ 10 B e oW
2000 -10s $20°0- N € 28070 -MO¢ LL2°0 M L $50°0 -¥Oe &K2°0-  O¥d $ 08 b e e

. & MO0 -¥Os 821°0- MM 21 0%0°0 -b0* GE6°0 N4 o 19070 -b0s 214
£00°0 -boe 4920 M € 90°8 -bOe 6020 b L €50°0 -#0* 61270 4 $1 éto’0 -w0. $80°0- S
02070 -bo+ sSE’0- L Z N0 -0 06D e & 200°8 -bOe 0NZ'0- D3 2 66070 -woe 219°0- 178
ey o 01 AND'0 -¥0e 291°0 M Z  £01'0 -woe 022°0- 44 € w00 -w. 5070 3%
200°0 _bos sot'0 ot 1 650°0 -BOe 65570 JGM & 69070 -BOe 20670~ W4 Z 5000 aere- e
$50°0 -50s @e8-0 01 9 050°0 -BOe $6€°0- 1wM 9 26070 -w0¢ £60°0 w3 15000 -boe 402:0- A
860°0 -y0* 150°0- N1 M 0£0°0 -40* LL1°0~ Olwm 2 100°0 -u0+ 6LE°0 vil ’ Ome.“ vSO 021°0- 108
e 0y 0! #60°0 -B0* 6£5°0 57 Z1 AN0°0 -HOe 024°0  XS3 7 08 -2 T100 i
%070 -d0+ 20€°0- 041 21 10°0 80+ 160°0 941 €  L%0°0 -BOe %60°0 i3 £ 000 -u0s Lit-e  ow
€L0°0 —toe SL1°0 S A90°0 -BO* 0800  Sd) € 08070 -¥0+ G08°0 w3 S, Do N e oW
€500 -0 051-0  w 11 200°0 -B0* S0~ 01 L 150°0 -30e 052°0- 003 I O e e W
€01°0 -w0e £90°0 10§ 20 08070 -20¢ 10170 ) 01 070 -w0. 62170 ¥¥3 2 550-0 Cuoe s2'0- MW
At 1£0°0 -30e 009°0  »OD 0 050°0 -80+ (M0 M3 ¢ 63000 -¥0-
€600 “mo» 1229 ome €1 £80°0 -20¢ 991°0- MO 9 950°0 -w0- €60°0  Ma3 3 5300 e 100
S0 ey me € 9%0°0 -0e @81°0- ] S1 96070 -p0e LIE°0  MO3 3 628 -u 18 S ey
$00°0 . con'0- it € 0070 -0¢ SE2°0- SN @ (5070 -¥0s 00°0 103 2 N -m e oW
960°0 -boe 205°0 5ot L £50°0 -0e 0IE°0 N1 & 000 -BOs &0 d23 € 90°0 -0+ £6D 8 OiS
. . (1 090°0 -w0¢ £49°0 M) 2 201°0 -boe €20°0 €33
0170 -bo¢ 2M70- xS 2 860°0 -Boe 380°0- 11 € 500 -woe 381°0 W3 N3019 S1INIT IMIEMNO) GETMULS

SNOT1I3N0) NOTLVIS

12



. _Southern Test Site

TABLE 2(b)

Station Corrections

STATION CORRECTIONS
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Station Threshold Data as a Function of Time
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Station Threshold Data as a Function of Time
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