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SUMMARY 

P and PcP recorded at Four medium aperture seismometer arrays from explosions at Novaya 
Zemlya (Russia) are analysed. Five :;eismograms are produced for each P and PcP recording: the short 
period sum; the short period filtered in the bands 0.5-4 Hz and 1-4 Hz; the broad band; and the broad band 
corrected for the effects of anelastic attenuation. Each seismogram used in the analysis is illustrated. The 
estimates made include: the array magnitude m,; the arrival time of the free surface reflection; v, (the 

m steady level of the explosion source xeduced displacement potential); the seismic moment M,; the broad 
band pulse rise-time, fall-time and duration; and the root mean square (RMS) amplitude in various time 
windows of the P and PcP codas. The variation in the estimates with maximum-likelihood magnitude (myL) 

O is investigated; myL being estimated using ISC data. The main conclusions are: 

(i) the relationship between log,, v, and myL is 

(ii) the rise time of the P pulse scides as 

(iii) the relationship between loglol~/I, and myL is 

(iv) the apparent PP-P times differ from station to station whereas the pPcP-PcP times consistently lie * 
in the range 0.4-0.5 S indicating a depth of firing of around 1000 m; 

(v) RMS amplitude is a reliable estimator of relative source size. 

INTRODUCTION 

Within the area of the former USSR several sites were used extensively for underground 
nuclear testing. These include the principal test site near Semipalatinsk in East Kazakhstan used apparently 
for nuclear weapon development, and a test site in the North Caspian Sea area used to develop peacehl 
nuclear explosion technology for cleating underground storage cavities in salt and for decoupling 

d 

experiments. The third major test site is at Novaya Zemlya (NZ) in the Arctic circle. This remote area was 
originally used for atmospheric tesi1.s of large nuclear explosions presumably to avoid radioactive 
contamination of populated areas. Bi:tween 1966 and 1976 some very large explosions were detonated 
underground at NZ to avoid presumatily the risk of seismic damage that might have occurred if they had 
been conducted near Semipalatinsk. 

The underground expk~sions at NZ have been fired at two separate sites (figure 1) referred 
to in this report as the northern NZ @'NZ) and the southern NZ (SNZ) sites. Most of the explosions have 
been at the NNZ site which is near the Matochkin Shar Strait, which divides NZ into two islands. Only four 
underground explosions appear to have been fired at the SNZ site which lies near the southern tip of the 

C southern island of NZ. 

Short period (SP) P from large underground explosions is generally well recorded at 
teleseismic distances, particularly by /:he medium aperture seismometer arrays in Scotland, Canada, India c 

and Australia. Analyses of the seismograrns from explosions at East Kazakhstan and North Caspian Sea 
recorded at these arrays have been publlished [1,2]. Similar analyses have also been published for explosions 
at non-USSR test-sites such as the Nevada Test site in the USA, and the French test sites in Hoggar, Algeria 
and the Tuamotu Archipelago in the South Pacific [3,4,5,6]. The purpose of this report is to present the 
results of the analysis of P seismograr~~s from underground explosions at NZ (table 1) recorded at the four 
arrays (table 2). 



The recordings for eaclh explosion have been processed to produce not only the SP array sum 
but also a broad band (BB) record ancl a BB record corrected for attenuation. A number of measurements, 
most related to source size, are made on the data including: the seismic magnitude; v,; the moment M,; the 
source-pulse rise and fall times and d~ [ration; and the arrival times of the free surface reflections. v, is the 
steady level of the explosion source reduced displacement potential. Root mean square (RMS) estimates 
are made of the amplitude in selected time-windows of the P wave and its coda. Presignal noise estimates 
in the six seconds preceding the onsel: are also made. In addition to an analysis of the P wave, the wave 

a reflected at the core-mantle boundary (PcP) is analysed in a similar manner. In general PcP is a simple 
arrival with little or no coda. 

Q The report is a catal~r~gue of processed array seismograms and the measurements made. 
Analyses of the measurements are also given. Ideally any analysis of P waves from explosions would be 
discussed in terms of the yield of the explosion. However, no yields of explosions at NZ have yet been 
published. Some information is avaihble from an official Russian source but this has not been used here 
because the uncertainties in the yields are too large (Fisk et a1 [7]). As a result the measurements are 
investigated here as a hnction of th~: maximum-likelihood magnitude (myL) derived from International 
Seismological Centre (ISC) Bulletin clata using the method described by Lilwall & Marshal1 [S]. 

2. GEOLOGY OF NOV,'QYA ZEMLYA 
Q 

Novaya Zemlya is a continuation of the Ural mountain chain which does not reach a 
particularly large elevation. The peak elevation is about 1000 m. The northernmost of the islands is 
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covered with ice. The region is seisrriically stable indicating that uplift along faults which occurred in the 
Quaternary period has stopped. The southern portion of the Urals' fold belt is contiguous with the Russian 
Platform to the west and with portion!; of the central Asian fold belts to the east. In its northern portion it 
is contiguous with the Barents mediar massif in the west and with portions of other fold belts beneath the 
West Siberian cover which consists of several thousand metres of horizontal sediments. The crustal 
thickness is some 40 km. 

Most of the undergrou~d explosions appear to be in shales and limestones of Cambrian age, 
the oldest rocks in NZ (figure 2). Orrlovician and Silurian rocks are extensive and are mainly limestones, 
greywacke-type sandstones, and shales. Devonian rocks are present but differ in the east and west. The 
western Devonian is limestones and more rarely sandstones and shales. The eastern Devonian is mainly 
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shales and sandstones. The volcanic  rocks of Devonian age which are extensive in the main Ural belt are 
virtually absent in NZ. The Carboniferous is mainly limestones and the Permian, extensive in NZ, is a 
varied succession of sandstones, silts and clays, and some coal-bearing strata. 

J 

3. PROCESSING AND ,ANALYSIS METHODS 

The methods used to process the P and PcP data are virtually identical to those used by 
Lyman et a1 [3], Marshal1 et a1 [2] ancl Douglas et a1 [6] in their studies of array recordings of the P waves 
from underground explosions. Howellrer, for completeness the methods are described briefly here. 

The SP seismograms are from the arrays at Eskdalemuir, Scotland (EM), Yellowknife, 
Canada (YKA), Warramunga, Austra1i.a (WRA) and Gauribidanur, India (GBA). The location of the arrays 
relative to NZ is shown in figure 3. All of the data available in the archives of the AWE seismological 
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centre Blacknest have been used. Mo:~t of the data are taken from master tapes of edited digitised analogue 
recordings; some of the more recent e.cplosions were directly recorded on digital tapes. The dates at which 
digital recording commenced at the ar~i-ays is given in table 2. The sampling interval of all signals processed 
is 0.05 S. The quality of the data is good even though much of it has been stored on analogue magnetic 
tapes for many years. Details of the ainalogue recording systems are given by Mowat & Burch [g]. Some 
data are taken from experimental BB systems and strong motion (SM) seismometers for which not all the 
calibration details are known. Neverth~eless, the seismograms from these systems are presented because they 
are often the only data for a particuleir explosion. A list of available data is given in table 3. Some PcP 
data are missing because insufficient lengths of recordings were transcribed onto master tapes for archiving. 



WRA at 106.0' is in the core shadow for the NZ test-sites which makes detection of P waves 
from small explosions difficult. The waves that are seen are diffracted arrivals and tend to be relatively 
complex waveforms. For the large explosions the signal-to-noise ratio (SNR) is very good but data for the 
small explosions are unavailable. 

Deconvolved BB records are obtained for each explosion by passing the SP seismogram 
through a filter with a response as a function of frequency o of 1 q ( o )  I /a,(o), where a,(o) is the SP 

a instrument response and q ( o )  the BB response. The frequency response of the SP recording system of one 
array (YKA) and the BB response are shown in figure 4. The SP responses of the other arrays differ 
slightly from that shown but these differences have been taken into account in the processing. Phase shifts 
due to the BB instrument are removed by using ( q ( o )  I rather than %(m). The resultant seismograms are 
termed "phaseless seismograms" (Stewart & Douglas [10]). To reduce the noise on the BB seismograms 
they are passed through a Wiener filter (Douglas & Young [l l]); the filter being designed using the 
spectrum of the noise ahead of the signal and an assumed theoretical signal spectrum. The application of 
the Wiener filter produces a least squares estimate of the BB displacement, ie, the ground displacement at 
the recording site. 

To produce estimates of the ground displacement at the source, corrections are made for the 
effects of anelastic attenuation over the path between the source and the receiver by passing the BB 
seismograms through a filter with a response [b(o)]-l, where b(o) is the response, as a function of frequency, 

Q 

of an attenuation operator. The operator used is that of Carpenter [l l ]  in which I b(o) I is exp(-ot*/2) and 
the phase spectrum is specified usin;~ Futterman's theory [12]. t* is the ratio of travel time to Q, the 
specific quality factor. 
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The value oft* used in the processing is 0.15 S at all arrays except for WRA where a value 
0.30 S is used to try and compensate f13r some of the effects of diffraction around the outer core. The effect 
of diffraction is equivalent to a low pass filter and is thus similar to the effect of attenuation. The value 
for t* of 0.15 s is the same as that usred by Bache et a1 [14], Douglas [l51 and Stewart [l] for explosions 
on the Russian Platform. The same vcalue has been used for processing PcP; since PcP spends considerably 
less time in the attenuating upper mru~tle than the P a larger value of t* is not warranted. 

The rise-time, z,,,, fall-time, z,,,, duration and area of the P and PcP pulses (which are used 
to determine yr, and M,) are all parameters related to the size of the source and are measured on the BB 
seismogram. The rise time is measurc:d by dividing peak pulse amplitude by the maximum gradient of the 

0 leading edge of the P pulse (Stewart [1.6]). The fall time is determined in a similar way. The pulse duration 
(T,) is taken as the time when the seismogram returns to the same amplitude level as its onset. However, 
if the SlVR is low or the pulse is perturbed by secondary arrivals the duration is taken as the time from the 

d onset to the apparent onset of the slecondary arrival. H,, the area under the P pulse, is measured by 
integrating the pulse for a time TD be;ginning at the onset. 

Douglas [l51 shows that estimates of H, should not be affected by the amount of attenuation 
between the source and the receiver. However, in practice H, is measured on the BB seismogram corrected 
for anelastic attenuation. The P pulses on such seismograrns are of shorter duration and thus are less 
perturbed by later or scattered arrivals than on uncorrected seismograms. Further, noise interference is 
minimised. 

The value of yr, derived from the P-pulse area H,, is defined as 

where G(A) is the geometrical spreiiiding factor for P waves propagating to distance A, and k is the 
4 amplification effect of the free surface. However, this implies that 

where p, and v, are the density and P-wave speed respectively for the source material, and p, and v, the 
values for the recording station. If p,v, + p,v, then from Carpenter [l71 a better estimator of the long term 



level is given by 

taking k to be a factor of 2. 

C The relationship between W,""" and M, the moment is, following Aki et a1 [l81 

2 CO" M, = ~ ~ P I ~ I W ,  
d 

Estimates of W,""" have been made frcim H, (and the area of the PcP pulse) using the tables of G(A) given 
by Carpenter [17]. The values of p, a:nd v, at the arrays together with the assumed values of p, and v, are 
given in table 4. 

The individual station ~neasurements of T ,~~ ,  and T,,,, duration and W, for each explosion are 
combined to give a best estimates using the least squares matrix factorisation (LSMF) method described by 
Douglas [19]. It is assumed that the log of the measurements can be represented as the sum of a source 
effect, a receiver effect and an error telm. The LSMF method is used to estimate the effects in the presence 
of the error. 

The magnitude m, at each array station and the RMS amplitude of selected time windows 
are determined from the SP P-wave seismograms. The m, is calculated using the Gutenberg & Richter 1201 

b 

formula 

where A is the amplitude and T the pisriod of the P wave within the first few cycles after onset. B(A) is 
a correction for distance. Here the B(!\) curve of Lilwall [21] is used. This curve is normalised to that of 
Gutenberg and Richter. S is a station. correction determined by comparing the station magnitude with a 
network-average magnitude. The effect of T on the estimate of magnitude is investigated. Thus magnitude 
is determined from A, the amplitude corrected for the instrumental response at period T, and A,,, the 
amplitude measured on the seismograr~l taking no account of T. These magnitudes are compared to those 
derived using A/T. 

P 

An example of the output of the analysis procedure is given in figure 5 . 
Q 

4. EPICENTRE LOCATI m 
The locations of the explosions at NZ have been estimated by the method of Joint Epicentre 

Determination (JED) (Douglas [22]). Lilwall & Marshal1 [8] used this procedure to locate NZ explosions 
which occurred between 1964 and 1983. Here the earlier work has been updated to include the explosions 
which have occurred between 1983 and 1990. 

The method uses P and PKP arrival times taken from the ISC Bulletins to determine the 
locations relative to a fixed epicentre of one of the explosions. The method is most effective when all the 
epicentres are from a small area since any departure from the assumed travel-time curve can then be 
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corrected for by a single term for each station. Thus, the NNZ and SNZ test-sites are treated separately. 

e To use JED at least one explosion epicentre must be restrained at each test site. 
Unfortunately the true location is not known for any of the explosions at NZ so the selection of one 
explosion epicentre to restrain must be determined from other evidence. The constrained epicentre used for 
the northern site is that of the explosio~n of 29 September 1976. This explosion was well recorded and lies 
near the centre of the cluster of explosion epicentres. However, the use of the ISC location (73.41°N 
54.50°E) results in epicentres straddling the Matochkin Shar Strait. Such a situation is probably not realistic 



since this would require the setting up of command and control facilities for conducting nuclear tests on the 
north and south side of the Strait. Tile assumption has thus been made that the explosions all occurred in 
adits in the mountains immediately south of the Strait. For this reason the restrained location was chosen 
so that the epicentres lie beneath two mountain groups on the south of the Strait. The relocations are some 
10-15 km east of those obtained by the ISC. In the absence of any topographic control on the location of 
the SNZ explosions their epicentres are estimated relative to the ISC epicentre for the explosion of 
2 November 1974. 

D 

The arrival times are weighted to reduce the effect of gross errors. Gross errors can occur 
when for example, analysts misread tlhe time code and report the wrong minute giving a P onset which is 
1 minute out. Errors such as this are weighted out using the method of uniform reduction (Jeffreys [23]). 
For NNZ there is sufficient data to enable estimates to be made of the standard deviation of the time 
residuals for many of the stations and the readings are also weighted according to the standard deviation.. 
The final epicentres are given in table 1 and are shown in figures 6 and 7. The weighted standard deviation 
of the arrival time residuals is small (0.057 S) which together with the large number of readings results in 
very small 95% confidence regions (,fQppendix B) for most of the epicentres. The relative locations will 
reflect this but absolute locations are tied to the choice of co-ordinates for the restrained epicentre. 

DESCRIPTION OF S EISMOGRAMS 

Examination of the SF" seismograms shows that the NNZ test-site can be divided into three 
areas. The areas are described here si~mply as NE, W and S and are shown in figure 8. The SP "average" 
seismograms at each station from ea11:h area is illustrated in figure 30. Whilst no single feature on the 
seismogram is common to all arrays, two array seismograms from the same explosion are sufficient to 
indicate a specific epicentral area. Figures 9-29 show the seismograms of the explosions at NNZ grouped 
by station and area. The trace at the top of the figure is the sum of the seismograms shown beneath. The 
purpose of the summation is to use, effectively, a source array to see whether there are any significant 
arrivals from reflectors in the source region. However, it would appear there are none. The summed 
seismogram is, effectively, the "average" seismogram for the particular region. Each of the figures includes 
an 'average' seismogram together uiith the individual BB and BB t* corrected seismogram for each 
explosion in the specific area. 

Five of the explosions analysed are reported by Fisk et a1 [7] to be multiple explosions. The 
explosion at the SNZ test-site on 18 01;tober 1975 was identified by Hurley [24] as a double explosion fkom 
the appearance of BB P at the four arrays. The appearance of the SP P seismograms from the disturbance 
at the NNZ test-site on 1 1  October 1980 led Stewart & Marshal1 [25] to identify this also as a double 
explosion. These identifications were later confirmed by Fisk et a1 [7] who, on evidence provided by the 
Russians, states that three of the early explosions were also double explosions. The double explosions are 
indicated in table 11. There is no observable evidence in the seismograms that these early explosions are 
in fact doubles. This suggests they were fired simultaneously and so close together that the two arrivals 
cannot be resolved on the seismogrmi. 

At all stations the dirll:ction of first motion for both P and PcP is clearly positive; this is 
expected for an explosion source which has a radially symmetric radiation pattern. Buchbinder [26], 
however presents observations of PcP at distances of less than 32" which appear to show a dilatational first 
motion. However, Kogan [27] shows that the readings are in error and that no phase reversal is observed. 
The clear compressional pulses obserired on the BB PcP waves recorded at EKA at an epicentral distance 
of 29.2" support the Kogan view. 

The explosions at NZ are recorded at the four array stations with good SNRs resulting in 
excellent quality BB conversions. Ho1,vever, variations in the appearance of the seismograms from one array 
to another do occur. 

5.1 Eskdalemuir 

The P and PcP as recc~rded at EKA (A = 29.2" from NNZ) are shown in figures 9 to 1 1  and 



21 to 23 respectively. The seismogratns are simple at all three areas of the test-site, with those in the NE 
area being the simplest of all. The three NE explosions for which EKA data are available are all relatively 
small. The other explosions in this area were very large and the signal saturated the recording system. The 
seismograms from explosions in the VIJ and S areas are a little more complex due to the presence of what 
appears to be the fiee surface reflectio~l, pp, which is clearly observed on the BB recordings. There are no 
arrivals resulting from variations in w'ave speed within the upper mantle which give rise to triplication of 
the P travel time curve. This is in contrast to the extremely complex P seismograms recorded at GBA from 
explosions at the Chinese test-site in Xinjiang (Jones [28]) at a distance of 29.1' (figure 3 1). 

The smallest explosios~ detected at EKA from NNZ is that of 9 October 1977 for which 
myL=4.36 although the array magnitude is 4.65. It is recorded with a SNR of about 6:l on the 1-4 Hz 
filtered channel which indicates that t!~xplosions at N N Z  with an myL of about 3% should be detected at 
EKA. The average station magnitude correction for NNZ explosions recorded at EKA is -0.41 f 0.13. 

PcP is a clear arrival 01'1 EKA seismograms. From an analysis of the amplitudes and periods 
of P and PcP it is found that on average the ratio of A/T for P and PcP is about 9 which means that the 
detection level for PcP from explosions: is about mYL4M. PcP has proved to be a useful phase in interpreting 
seismograms from double explosions. 

The P and PcP seismo~;rams of the double explosion of the 11 October 1980 are shown in 
figures 32 and 33 together with "avera~',e" seismograms from nearby explosions. This double explosion was 
spotted by Stewart & Marshal1 [25]. They observed that the P seismograms from the 11 October 1980 
explosion are different, in detail, from (seismograms normally recorded. However, the PcP seismograms are 
similar to those normally observed. St~~wart & Marshal1 [25] demonstrate by a simple deconvolution of the 
seismograms, that the pulse shapes protluced could be interpreted as being from two simultaneous explosions 
fired some 7 km apart. The spatial sel~aration causes the appearance of the P seismograms to change with 
azimuth, but such variation is not obslzrved in PcP because the steeply-descending wavefronts from each 
explosion are superpositioned. The observed P seismograms from the double explosion can thus be 
modelled as shown by Stewart & Marshall [25] using the observed PcP as the source function. 

Yellowknife 

The remarkable feature of the YKA P seismograms, (A = 44' from NNZ), is the complexity 
of the SP waveform; a surprising obselrvation in view of the simple nature of the explosive source. The P 
seismograms at YKA are shown in iigures 12 to 14 and those for PcP in figures 24 to 26. On first 
examination many of the PcP waveforn~ls appear, for sources located in the W and NE areas, to be complex. 
However, this is due to the arrival of PP. Explosions in the S region generate PcP signals which are simple 
with no PP arrival visible. The differel~ce in distance between the three regions to YKA is small and would 
not account for the absence of PP in seismograms from the explosions at the S test-site. The take-off angle 
in the source region is such that PP from the S area propagates through the region beneath the NE area and 
it is presumably here that the ray pat11 is perturbed in such a way that PP is not observed at YKA. This 
observation is worthy of hrther study but this is beyond the scope of this report. 

Complexity of P seistnograms can be due to a number of different factors (Key [29], 
Douglas [30], Greenfield [3 l], Hudson [32], Douglas et a1 [33] and Douglas et a1 [34]). The reason for the 
complexity of the YKA P seismograms is not yet resolved although there have been a number of attempts 
to explain it (Greenfield [31], Douglas et a1 [33] and Douglas et a1 [34]). At present, our preferred 
explanation is that the direct P-wave has been reduced in amplitude by attenuation in passing through a 
region of low Q, whereas the scatterc:d energy in the P coda has passed through only high Q material 
between the source and the receiver. PcP like the P coda has not passed through the low Q region and 
hence is a simple pulse-like arrival, 'This hypothesis requires that the P-wave magnitude computed from 
complex seismograms should be significantly lower than that computed from simple recordings of the same 
explosion. This is indeed true of the recordings of NZ explosions made at YKA. The average station 
magnitude at YKA is over half a magnitude lower than the myL (the correction is +OS5 f 0.13). At YKA 
the amplitude of PcP is very similar to that of P, whereas at EKA and GBA P is 9 and 6 times larger 
respectively than PcP. 



Further evidence of attenuation of P as the cause of the reduced amplitude is the broadening 
of the pulse and this is observed in the YKA P seismograms. However, an alternative explanation of the 
observed broadening is multipathing along the path between NZ and YKA. To test this hypothesis an EKA 
P seismogram is scaled and added to illself twice with delays of 0.3 and 0.8 S. A t* = 0.15 attenuation filter 
is also applied. The result is SP and IIB seismograms (figure 34) which look like those of a NZ explosion 
recorded at YKA. A thorough examin~ation of the cause of complexity at YKA is beyond the scope of this 
report but it is important that the cause be identified if an understanding of explosion generated P 

L seismograms is to be achieved. 

The smallest explosior~ at NZ for which P seismograms are available is that of 9 October 
1977. The YKA magnitude is 3.98 (whereas myL is 4.36. The SNR is only about 3 which indicates a 
detection capacity of a little under m';fL4 at YKA for NZ explosions. Given that PcP is recorded with a 
similar amplitude to P this magnitude represents the limit of detection for PcP too. 

Gauribidanur 

The P seismograms, rccorded at GBA (figures 15 to 17) at a distance of 61" from NNZ, 
are simple and similar to those recorded at EKA. The PcP seismograms (figures 25 to 27) are also simple. 
For all of the NNZ explosions for whic.h data are available at GBA the SNR is high. The station magnitude 
correction is -0.3 1 f 0.21 which indicates that relative to myL the signals are larger than average although. 
there is greater variation in the mean value than at the other array stations. The explosion of 9 October 
1977 is recorded with a SNR of at least 10 which implies a detection capacity for NNZ explosions of about 
myL 3% at GBA. However, for this explosion the GBA magnitude is 5.2 compared with the myL of 4.36 
which means that this explosion is recorded with an unusually large amplitude. 

Some PcP data are available although limited by an artifact of the automatic signal detector 
used at GBA. For a period of time t1.11e only data available from GBA is the beamed P signal which was 
of limited duration and included the PcP arrival but was not processed using the PcP velocity. 
Unfortunately the tapes of continuous data were not available to reprocess using the PcP velocity. However, 
the PcP data that are available suggests that the amplitude of PcP is about six times smaller than P. 

Warramunna 

At 106O, the distance 01' WRA from NNZ, the P waves are diffracted around the earth's outer 
core and the amplitudes are significan~tly reduced relative to amplitudes observed in the 30" to 90" range. 
Further, the diffraction preferentially attenuates high frequencies so that in general the signals recorded at 
distances of more than 90" should be of lower frequency than those observed between 30" and 90". The 
WRA P seismograms (figures 18 to 20) are complex and, as expected for a diffracted arrival, the period of - 
P is greater than observed on the SJ' seismograms at the other array stations. The lowest magnitude 
explosion for which WRA data are available is that of l l October 1982 with a myL of 5.58. At WRA the 
amplitude of P is about 4 nms and is recorded with a SNR of about 3. The detection capacity of WRA is 
thus about myL5 1/4 . 

The complexity of the P seismograms is assumed here to be due to discontinuities in wave 
speed at the core-mantle boundary (CI'VIB). Within the P coda there are two or more discrete arrivals, the 
first arriving about 6 seconds after the: onset. The low amplitude of the initial P-wave probably accounts 
for the clarity with which the arrivals are observed. Such arrivals have been associated with lateral 
variations in theWD" region which exte:nds 200-300 km above the CMB. The evidence for this is provided 

C by Vidale & Benz [35] who analysed1 recordings of the Chinese explosion of 21 May 1992 morded at 
stations in Canada and the US in the distance range 85-103". The arrival time, relative to the P onset, of 
the large amplitude secondary arrival at WRA is in excellent agreement with the observations of Vidale & 
Benz [35]. 

RESULTS 

In this section the relationship between the observations made on the seismograms from the 



NNZ site and myL is investigated. There is insufficient data from explosions at the SNZ site for the P 
waves from that site to be analysed. The little data that are available are given in Appendix C. 

6.1 Arrav Magnitude and mfL 

It might be expected that the relationship between the array magnitudes and myL (see table 5 
and figures in Appendix A) would nolt differ significantly from unity. However, for the three arrays EKA, 

a YKA and GBA it seems probable that the slopes are less than 1. For WRA the best estimate of the slope 
is 1 but the uncertainty in the estimate is so large that the possibility that the true slope is less than 1 cannot 
be ruled out. One possible explanatior~l of why the slopes of the lines relating m, to myL are apparently less 
than unity at EKA, YKA and GBA is that at low myL the m, estimates are biased high because those signals 
which by chance would have been rccorded by the arrays with below average amplitudes lay below the 
detection threshold and so were not recorded. However, the smallest magnitude explosions recorded at each 
array have amplitudes well above the detection threshold so perhaps any bias is minimal. 

Alternatively, the amiy m, might be picking up evidence of a decrease in the corner 
frequency of the P pulse with yield which is not seen by myL because most stations that report amplitudes 
to the ISC have narrower band recort:l.ing systems and may be on paths of lower Q from NZ than are the 
arrays. 

Sufficient data are available to effectively calibrate PcP amplitudes to estimate an equivalent 
P wave magnitude. The PcP observalions for each array are given in Appendix A in tables and as figures 
showing logloA/T against myL. The :l'actor to add to PcP logloA/T values to determine an equivalent mFL 

.ii 

for each array is estimated to be 

EKA +4.31&0.12 
YKA +4.34 * 0.22 
GBA +4.32 * 0.19 

which is a remarkably consistent fac11:or given the range of distance between EKA and GBA (29.2' and 
61.2"). The station corrections for thli: P wave m, are 

EKA -0.41 f 0.13 
YKA + O S 5  f 0.13 
GBA -0.3 1 f 0.21 
WRA -0.03 f 0.31 

which indicates that for NZ explosio~ns EKA and GBA record above average amplitudes whereas YKA 
c amplitudes are below average. This i:; in contrast to the amplitudes of PcP recorded at YKA which appear 

to be normal. Given the station magnitude corrections relative to myL for P and PcP at the array stations 
it is possible to use either or both pha~ses to make an estimate of myL based on a single station reading. 

Conventionally the loj;,,A/T of the P wave is used to determine m,. To investigate whether 
this is the best estimator of source size, some other amplitude measurements have been analysed using 
unfiltered data and data filtered 'h-4 E[z and 1-4 Hz; namely logloAo and logloA. The main conclusions that 
can be drawn from this analysis (summarised in table 5) are: 

(i) with only one exception log,,A has the largest variance; 

(ii) logloAo has the minimum variance in almost every example; 

(iii) when logloA/T is used the variance is only marginally greater than that observed for log,?A,, 
which suggests that any error introduced by the measurement of T is minimised by dividlng 
by T; 

(iv) the effect of the periotl of the P wave on the slope and intercept of the relationship between 
source estimator tern,,; and myL is small. 



A problem could arise in the measurement of the period T with for example, a complex P- 
wave seismogram resulting from multi,pathing on the path between the source and the receiver. If the arrival 
of two or more pulses resulted in an apparent period significantly different to the true period this would 
increase the variance of the observaticlns. 

v, and mpL 

U/, measured on the BB t* corrected, P and PcP seismograms for each explosion are given 
in the tables in Appendix A. To prl~wide the best estimate of the mean value of log,,tp, the data are 
analysed using the LSMF procedure. The source terms for the P and PcP data are summarised in table 1 1  
and the station terms are given in ta1I)le 12. If data from only one station or phase are available for a 
particular explosion the station correct~~ons can be applied to improve the estimate of tp, for that explosion. 
yr, for WRA (A=106') is not included ibecause the geometric spreading factor G(A) is not accurately known. 
The relationship between myL and log,,tp, (figure 35) determined using the double-error regression 
procedure described by York [36] is 

RMS Amplitudes and ,myL 

The RMS amplitude of different time windows of P, PcP and their coda, in two different 
frequency bands, are shown as a function of myL in the figures in Appendix A. The slope, intercept and 
variance of the least squares line through the data points are summarised in tables 8 to 10. 

If the criterion for the best estimate of relative source size is minimum variance then the 
RMS amplitudes are almost as good as measurements made using A, which, like RMS amplitude, is a 
measure of source size which does not depend on the period of the signal. The variance of the RMS 
measurements for P are all lower than those for PcP. 

In both filter bands the minimum variance observed for RMS amplitudes at EKA and YKA 
are those which include the direct P, whereas at GBA and WRA it is the amplitudes that exclude P which 
have minimum variance. This observation is not explained by the complexity of P and its coda at the 
different array station but is probably related to the nature of the scattering between the source and receiver. 

All of the measuremelllts of RMS amplitude of P and its coda are larger than the RMS 
amplitude of the noise preceding the (signal. This can be seen in the figures in Appendix A showing the 
relationship between RMS amplitudes and myL. [The noise levels are indicated by the asterisks on the 
graphs]. However, for observations rr~ade on PcP, only those made on the first 3 seconds have amplitudes 
significantly greater than the pre-signal noise. This is because the SNR is low for PcP from low magnitude 
sources and not because the phase arrives in the coda of the P wave since the PcP-P time varies from about 
42 s at GBA to more than 3 minutes i ~ t  EKA. 

The RMS amplitude is  a useful measure of relative source size but only at test-sites where 
a number of explosions have taken pli~ce. Relating of RMS amplitudes to yield requires the knowledge of 
at least one yield at the test site. It is very unlikely that procedures will be developed which will make it 
possible to predict the relationship between RMS amplitudes and yield for a particular test-sitelstation pair, 
or to use the relationship observed at lone test-site and apply it to another. 

6.4 Rise. Fall and Duration Times Relative to myL 

There are a number of factors that affect the shape of the BB P-pulse and hence the rise and 
fall times and the duration of the obsa:rved pulse. One major factor is the arrival of any reflections from 
surfaces above the explosion. For example, the pp-P time may be so short that interference between the 
two arrivals results in a wrong measure of fall-time and duration. The rise-time is the measurement least 
likely to be affected by later arrivals imd so should only be a function of yield and the medium in which 
the detonation occurred. The relationship between rise-time and yield is a measure of how the source 
function scales with yield. 



For P waves the average slope of the line relating all the observations of rise and fall times 
and duration to mTL is 0.09 f 0.06 which shows that the observations scale roughly as (yield)"", assuming 
that myL and log yield are linearly rebated. This result is in agreement with similar measurements made on 
explosions at the East Kazakhstan test-site (Stewart [l]). 

M- and mFL 

The individual array values of M, for each explosion are given in Appendix A. The least 
squares estimate of M, for each explosion (table 11) were determined using the LSMF method. The 
relationship between log,,M, and my'. determined using the York [36] procedure, is 

log,,M, = (1.15 f 0.18)mp + (8.92 f 1.05). 

6.6 Estimates of pP Time;; fiom Explosions at NZ 

The identification of pP has proved difficult for shallow focus explosions in which the pp-P 
times are very small. It is often possil)le to identify an arrival (A,,) of opposite polarity to that of the direct 
P, which could be pp. However, suc111 arrivals are usually much later than expected, given a knowledge of 
the wave speeds in the material abovcr the explosion and the depth of firing. 

For an explosion at shallow depth the pp-P times should be almost the same at all 
teleseismic recording stations. However, this has proved difficult to demonstrate. The arrival of the first 
clear negative pulse after P at a number of stations often produces a wide range of times for the arrival of 
4,. This is true for the explosions analysed here. This may be because the reflection did not occur directly 
above the shot point, or because S-P clonversions at layers between the shot point and the free surface arrive 
shortly after the P to produce a coml:~licated pulse which makes recognition of true pP difficult. 

An analysis of A,,,, fiom recordings at EKA, YKA and GBA indicates that the phase is very 
likely to be the free surface reflection in that its arrival time relative to PcP is consistent at the three arrays, 
being on average between 0.4 and 0.'5 S. This is the same as the A,,-P time measured at WRA which is 
around 0.5 S. If the P-wave speed ill the overburden is assumed to be about 4.0 km.secm', a reasonable 
assumption for the rocks found at NZ (Press [37]), then the estimated firing depth is around 1000 m which 
is close to the thickness of the overburden available with a horizontal adit at the NNZ test-site. Thus it 
would appear that the best estimates of the depth are obtained from an analysis of PcP rather than direct P. ., 

The estimates of pP tj~mes are about half those determined by Burdick [38] and Burdick et 
a1 [39] who use intercorrelation and  metw work spectral methods to determine pp-P times. It is difficult to 
accept the depth estimates that result from using Burdick's estimates of pP times and wave speeds in the 
overburden. 

CONCLUSIONS 

Although data from tlne two test-sites at NZ are available, only for the NNZ site is there 
sufficient data for a detailed analysis of the P and PcP from the explosions. In the absence of yield data 
the measurements made are analysed as a function of m y  which is assumed to be a good indicator of the 
relative yield of the explosions. The main conclusions of the study are listed below. 

(0  The relationship between log,,yl, and myL is 

(ii) The results of the analysis of rise and fall times and durations indicate that the source 
scaling is roughly prclportional to (yield)"" which is similar to that found for explosions at 
the East Kazakhstan l est-site. 



(i i i) The relationship between log,,M, and myL is 

(iv) The apparent pp-P times differ from station to station whereas the pPcP-PcP times 
consistently lie in the Irange 0.4-0.5 s indicating a depth of firing of around 1000 m. 

(V) The best estimate of source size is given by the P-wave amplitude (A,) measured on the 
seismogram uncorrectc:d for the instrumental response at period T. However, in terms of 
variance the RMS am1:)litudes are almost as good but only as a measure of relative source 
size. Such amplitude!:; are thus useful for test-sites where a number of explosions have 
occurred but an expl~s~ion of a known yield is required to calibrate the test site. 

The authors would like: to express their sincere appreciation to the staff at the EKA, YKA, 
GBA and WRA seismometer array stations without whose conscientious efforts to record the data the 
analysis reported here would not have been possible. The editing of the data and the subsequent processing 
was only possible with the help of 1:he staff at Blacknest. Professor A Douglas kindly reviewed the 
manuscript and made many useful sug;gestions; his help is much appreciated by the authors. 
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TABLE 1. 

Epicentres, Origin Ti,mes and Mamitudes of the Novaya Zemlva Exvlosions 

Date Origin time ~atitude* ~ o n ~ i t u d e *  flrea(km2) mb ~i I 
Epicentr 
640918 
641025 
66 1027 
671021 
681107 
691014 
701014 
7 10927 
720828 
7309 l2 
740829 
750823 
751021 
760929 
76 1020 
770901 
771009 
7808 10 
780927 
790924 
791018 
80101 1 
81 l001 
821011 
8308 18 
830925 
84 1025 
870802 
880507 
881204 
901024 

'PS for northern No' 
8: 0: 0.35t0.78 
7:59:58.10+0.12 
5:57:58.09~0.06 
4:59:58.49+0.07 

ua a Zemlya expl 
Y3.667~11 l. 1 
73.387Ni 1.8 
73'3 387Ni 1. l 
73,. 390Ni 1.2 
73.387Nt l l 
73.390Na l. l 
73.304Na 1.0 
73.393Na 1 1 
73.388Ni 1.0 
73.314Na 1.0 
73.397Nt 1.0 
73.334Na 1.0 
73.307Ni 1.0 
73.360Nt 0.0 
73.398Nt 1 3 
73,, 339Na 1 0 
73.409Nt 1 8 
73.291Nt 1.0 
73.349Na 1.0 
73.343Ni 1 0 
73.316Nt 1.0 
73.336Ni 1 1 
73.304Nk l 0 
73.339Nt 1.1 
73.354Nt 1 0 
73.328Nt 1.0 
73'b 355Na 1 0 
73.326Ni 1 0 
73.314Ni 1.0 
73.366Nt 1.0 
73.33lNi 1.0 

Iosions estimated relative to that 01 

54.533Ea 2.8 43.5 4.19sO.1 
54-994Ei 0.5 4.5 4.82tO. 1 
54.845Et 0.4 1.8 6.49tO.O 
54.819Et 0.4 2.0 5.98t0.0 
54.867Et 0.3 1.7 6.13t0.0 
54.796Et0.3 1.8 6.18t0.0 
55.036Ei0.3 1.5 6.79tO.O 
54.929EtO-3 1.6 6.6720- 0 
54.856Ei 0.3 1.5 6.49*0.0 
55.065Ei0.3 1.4 6.97t0.0 
54.914Ei 0.3 1.5 6.58iO.O 
54.691Ei 0.3 1.4 6.55t0.0 
55.019Ei 0.3 1.4 6.60iO.O 
54.880Ei 0.0 0.0 5.83t0.0 
54.82lEi 0.4 2.3 4.98t0.0 
54.628Ei0.3 1.4 5.66t0.0 
54.936Ei0.6 4.8 4.36t0. 0 
54.892E*0.3 1.4 6.00t0.0 
54.685Ei 0.3 1.5 5.63t0.0 
54.681Ei 0.3 1.4 5.77t0.0 
54.825Et 0.3 1.5 5.79~0.0 
54.949Ei0.3 1.5 5.76t0.0 
54.827Et 0.3 1.5 5.97t0.0 
54.617Et 0.3 1.6 5.58tO. 0 
54.983E+ 0.3 1.5 5.91tO.O 
54.550Ei 0.3 1.5 5.77t0.0 
54.999Et0.3 1.5 5.82t0.0 

the 29 
6 

September 

Epicentres for southern Nouaye Zsml ya explosions estimated relative to that 06 the 2 November 1974 1 

Confidence limits in kilometres 

Number of stations used in computing m: 



TABLE 2. 

The Arravs 

d 

To Novaya Zemlya (North) Element 
Spac i ng 

(km) 

0.9 

2.5 

2.5 

2.5 

Date 
Operational 

17 May 1962 

26 Nov 1962 

1 Feb 1966 

1 Mar 1966 

t r  

A" 

29.16 

44.23 

61.15 

106.00 

D ig i t a l  
Recording 

'14 Nov 1983 

4 Mar 1979 

7 Jun 1977 

Station 

Eskdalemuir 
Scot Land 

Yellowknife 
Canada 

Gauribidanur 
India 

Uarramunga 
Austral ia 

BB0 

30.1 

4.4 

352.7 

342.8 

AZO 

263.7 

353.0 

154.7 

105.8 

I 

Code 

EKA 

YKA 

GB A 

URA 

Location 

55'19' 59I1N 
3'09' 33I1U 

62'29' 34I1N 
114'36' 1711U 

13"36' 15"N 
77'26' 10"E 

19"56' 39"s 
134O20' 27"E 



TABLE 3. 

Availabi1,itv of Array Data for Novaya Zemlya Explosions 

(a) Northern test-site 

t 

(b) Southern test-site 

* Data available and included in the analysis 
0 Overloaded data 

Data files unavailable 
S Strong motion channel available; calibration uncertain therefore not used in analysis. 
(D) Double explosion 

1 641025 
2 661027@) 
3 671021@) 
4 681107 
5 691014(D) 
6 701014 
7 710927 
8 720828 
9 730912 
10 740829 
11 750823 
12 751021 
13 760929 
14 761020 
15 770901 
16 771009 
17 780810 
18 780927 
19 790924 
20 791018 
21 801011(D) 
22 811001 
23 821011 
24 830818 
25 830925 

P 

* 
0 * 
* 
0 

- 
- 

S 

- 
* 
* 
* 
* 
* 
* 
W 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 88 1208 * 

* 
0 
0 
S 
S 
0 
0 
0 

O I  * 

YKA 

PcP 

0 * 
* 
* 

S 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
oc 
* 
* 
* 
* 
* 
* 
* 

WRA 

P 

- 
* 
* 
* 
* 
* 
* 
- 
- 
- 
- 
* 
- 
- 
* 
- 
- 
- 
* 
* 
* 
* 
* 

- 
* 
* 
* 
- 

P 

0 
S 
* 
o 

0 
0 

* 
S * 

* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 

GBA 

PcP 

- 
0 * 
* 

* 
0 

- 
- 
- 
- 
* 
- 

* 
- 
* 
* 
- 

* 

* 

0 1 * * * l *  * 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 

h 

- 
* 

* I *  

- 1 -  

* 
* 

* 
* 
* 



TABLE 4. 

P-wave Sueed and Densiity for the Array Stations and Novaya Zemlya Source Reaion 

c, 

The P-wave speed (v,) and density (p,) in the Novaya Zemlya source region is assumed to be 4.0 km S-' [ref 401 and 
2500 kg m-3 [ref 371 respectively. p, and v, are taken from [ref 21. 

Array 

EKA 

YKA 

GBA 

WRA 

1:)ensity (pJ 
(kg m-3) 

1800 

2670 

2800 

2800 

P wave speed (v,) 
(km S-') 

6.14 

5.64 

5.60 

5.60 

#L 

1.31 

1.23 

1.25 

1.25 



TABLE 5. 

Summary of the Analysis of P-wave Measurements Tabulated and Presented in Graphical Form in Appendix A. 
(S indicates slope of the least squares line, I the intercept and d the variance. DOF gives the degrees of freedom.) 

J-Q~Io V- Rise-time sec Fall-times sec Duration sec 
Station 

S I 02 S I d S I o2 S I C? 

EKA 0.96 -1.63 0.0158 0.01 -0.85 0.0023 0.16 -1.73 0.0047 0.09 -0.80 0.0017 
, 



TABLE 5. (continued) 

Station 

EKA 

YKA 

GBA 

WRA 

Station 

EKA 

YKA 

GBA 

WRA 

(0.54) Hz station m (log,& (0.54) Hz station m (logloA) 

S 

0.84 

0.82 

0.64 

1 .M 

DOF 

12 

18 

12 

14 

S 

0.88 

0.85 

0.73 

1.01 

(14) Hz station m (logl&) 

S 

0.89 

0.85 

0.63 

1.05 

I 

0.82 

0.27 

1.68 

-0.04 

I 

1.38 

0.64 

2.43 

-0.29 

(14) Hz station m (IO~,~A,J 

02 

0.0066 

0.0374 

0.0360 

0.1267 

a2 

0.0075 

0.0105 

0.0085 

0.1 165 

S 

0.83 

0.80 

0.64 

1 .OS 

PP-p (S) 

I 

0.70 

0.08 

2.05 

-0.54 

S 

0.35 

0.17 

0.09 

-0.02 

02 

0.0070 

0.0147 

0.0123 

0.1476 

I 

1.40 

0.74 

2.34 

-0.62 

02 

0.0067 

0.0130 

0.0085 

0.1208 

I 

-2.18 

-1.01 

-0.82 

-0.15 

02 

0.0126 

0.0032 

0.0189 

0.0009 



TABLE 6. 

Summary of the Analysis of P RMS Arnvlitudes in Different Windows, Filtered in the band 0.5-4 Hz. 
(S indicates slope of the least squares line, I the intercept and d the variance. DOF gives the degrees of freedom.) 



TABLE 7. 

Summary of the Analysis of P RMS Amplitudes in Different Windows, filtered in the Band 1-4 Hz. 
(S indicates slope of the least squares line, I the intercept and d the variance. DOF gives the degrees of freedom) 



Table 8. 

Summary of the Analysis of PcP Measurements. 
S indicates slope of the least squares line, I the intercept and d the variance. DOF gives the degrees of freedom 
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TABLE 9. 

Summary of the Analvsis of PcP RMS Amplitudes in Different Windows, filtered in the Band 0.5-4 Hz. 
(S indicates slope of the least squares line, I the intercept and 02 the variance. DOF gives the degrees of freedom.) 



TABLE 10. 

Summary of the Analysis of PcP RMS Am~litudes in Different Windows, Filtered in the band 1-4 Hz. 
(S indicates slope of the least squares line, I the intercept and the variance. DOF gives the degrees of freedom) 



Table 11. 

gL, Array m,, log,, v, and log,,-,M, for Ex~losions at Novaya Zemlva 

Date 

Southern Test Site: 

Indicates double explosion 

Area 

NE 
NE 
NE 
NE 
NE 
S 

NE 
NE 
S 

NE 
W 
S 
S 

NE 
W 
NE 
S 
W 
W 
S 
S 
S 
S 
S 
W 
S 
W 
W 
S 



TABLE 12. 

Station Corrections for log,& 

Station - 
EKA 

EKA 

YKA 

YKA 

GBA 

GBA 

Phase 

P 

PcP 

P 

PcP 

P 

PcP 

Correction 

.t0.054 

-0.274 

at0.208 

at0.192 

-0.027 

-0.153 

n 

14 

22 

20 

19 

13 

7 

95% Confidence Limits 

H.123 

f0.121 

k0.104 

k0.105 

k0.124 

iO.167 



Captions to Fimres 

Figure 1 Location of the two test-sites at Novaya Zemlya. 

Figure 2 The geology of Novaya Zemlya. 

Figure 3 Location of the four medium-aperture arrays relative to Novaya Zemlya. 

Figure 4 Relative amplitude response of the broad band and the YKA short period systems. 

Figure 5 An example of the short period and broad band seismograms and observations for the NZ 
explosion on 20 Oct 1976 recorded at GBA. On the lower left the figure shows where the SP 
peak-to-peak amplitude is measured and its half-period. Underneath is the BB P-wave 
showing the rise-time, fall-time, duration and pp-P interval. The measured area pulse H,, is 
shown by the filled area on the t* corrected BB seismograrn. The box to the lower right gives 
details of the measurements made on the different seismograms. 

Figure 6 Location of explosions at the Novaya Zemlya (Northern) test-site: 

(a) ISC epicentres; (b) the JED locations. 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure l 1  

Figure 12 

Figure 13 

Figure 14 

Figure 15 

Figure 16 

Figure 17 

Location of explosions at the Novaya Zemlya (Southern) test-site: 

(a) ISC epicentres; (b) the JED locations. 

Areas of NNZ based1 on the appearance of the seismograms. 

P seismograms and their sum for explosions in the North-east area of the NNZ test site 
recorded at EKA. 

P seismograms and their sum for explosions in the South area of the NNZ test site recorded 
at EKA. 

P seismograms and their sum for explosions in the West area of the NNZ test site recorded 
at EKA. 

P seismograms and their sum for explosions in the North-east area of the NNZ test site 
recorded at YKA. 

P seismograms and their sum for explosions in the South area of the NNZ test site recorded 
at YKA. 

P seismograms and their sum for explosions in the West area of the NNZ test site recorded 
at YKA. 

P seismograms and their sum for explosions in the North-east area of the N N Z  test site 
recorded at GBA. 

P seismograms and their sum for explosions in the South area of the NNZ test site recorded 
at GBA. 

P seismograms and their sum for explosions in the West area of the NNZ test site recorded 
at GBA. 



Figure 18 P seismograms and their sum for explosions in the North-east area of the N N Z  test site 
recorded at WRA. 

Figure 19 P seismograms and their sum for explosions in the South area of the NNZ test site recorded 
at WRA. 

Figure 20 
C 

P seismograms and their sum for explosions in the West area of the NNZ test site recorded 
at WRA. 

Figure 21 PcP seismograms and their sum for explosions in the North-east area of the NNZ test site 
recorded at EKA. 

Figure 22 PcP seismograms and their sum for explosions in the South area of the NNZ test site recorded 
at EKA. 

Figure 23 PcP seismograms and their sum for explosions in the West area of the NNZ test site recorded 
at EKA. 

Figure 24 

L 

Figure 25 

Figure 26 

PcP seismograms and their sum for explosions in the North-east area of the NNZ test site 
recorded at YKA. 

PcP seismograms and their sum for explosions in the West area of the NNZ test site recorded 
at YKA. 

PcP seismograms and their sum for explosions in the South area of the NNZ test site recorded 
at YKA. 

Figure 27 PcP seismograms and their sum for explosions in the North-east area of the NNZ test site 
recorded at GBA. 

Figure 28 PcP seismograms and their sum for explosions in the South area of the NNZ test site recorded 
at GBA. 

Figure 29 PcP seismograms and their sum for explosions in the West area of the NNZ test site recorded 
at GBA. 

Figure 30 

Figure 31 

The SP P-waves from the three regions of the NNZ test-site. 

P waves from nuclear explosions recorded at distances of around 3250 kms: 

(a) explosion at the NNZ site recorded at EKA; 
(b) explosion at the Chinese test site recorded at GBA. 

The complexity at GBA is presumably caused by variations in the upper mantle structure on 
the path between the Chinese test-site and GBA. 

Figure 32 Double explosion (lower trace at each array) compared with the average P signal from the 
south area of the W% test-site. 

G 

Figure 33 Double explosion (lower trace at each array) compared with the average PcP signal from the 
south area of the W% test-site. 

Figure 34 Simulation of the YKA P seismograms using a scaled and delayed EKA P signal. 

Logv,, against maximum-likelihood magnitude for explosions at NZ. Figure 35 



Figure 1 1,ocation of the two test-sites at Novaya Zemlya. 



Cambrian:Ordovician.Silurian and Middle and Upper Devonian. Mainly 
Devonian. Limestone,grey-wacke limestones,some sandstones and shales 
type sandstone and shale. Clastic 
sediments predominant in lower parts 

Carboniferous,mainly limestone 
Permian. Sandstones,shales.Lirnestone 

R present but rare 

----- Faults 

Figure 2 The geology of Novaya Zetnlya. 



Figure 3 Location of the four medium-aperture arrays relidve to Novaya Zemlya. 



Figure 4 

l 

1 0 - ~  1 oO' 
Frequency (Hz) 

Relative amplitude response of the broad band and the YKA short period systems. 



Figure 5 

Rise Cime 4.14s Pulse area =38.69nm S 
F& l time -0. Its 
DuraCion =0.41(2¶)s P-PP OuraCion 4.36I25)s 

Relative Start *15.18I75lS Relative SCarC =l5.4SIOOIs 

Resuits for picked SP (GBA $PI charnel 
naif Pk-Pk a37.66nn Amp Corr. applied 4.765 

Period 4.70s LopIA/TI -1.73 

Results -for 0.5-4.0Hz SP IliBA 3PI channel 
RRS 0.0- 3.0 =26.79m Rms 0.0- 6.0 =19.94nm 
RmS 0.0- 9.0 =16.61nm RFlS 0.0-15.0 =13.11nm 
RmS 3.0- 9.0 =7.40nm RmS 3.0-15.0 95.35~ 
RPlS 9.0-18.0 =3.70nm RmS Noise =0.8Onm 
Half Pk-Pk ~ 3 2 . 8 9 ~  fimp Corr. a~pIied 1.845 

Period m0.68~ LogIR/TI 11.69 

Results For 1.0-4.OHz SP IGBR SPJ channel 
RElS 0.0- 3.0 ~22.33nn RElS 0.0- 6.0 =16.60nm 
RmS 0.0- 9.0 =l3.83nm RFlS 0.0-15.0 =IO.B8nm 
RmS 3.0- 9.0 =B. lSnm RRS 3.0-15.0 84.84nm 
RRS 9.0-18.0 =2.83nm RRS Noise =0.36nm 
Half Pk-Pk =25.96nm Ano Corr. apolied *.331 

Period r 0 . 6 5 ~  Loa(A/T) -1.59 

An example of the short period and broad band seismogams and observations for 
the NZ explosion on 20 Oct 1976 recorded at GBA. On the lower left the figure shows where 
the SP peak-to-peak amplitude is measured and its half-period. Underneath is the BB P-wave 
showing the rise-time, fall-time, duration and pp-P interval. The measured area pulse H,, is 
shown by the filled area on the t* corrected BB seismogram. The box to the lower right gives 
details of the measurements made on the different seismograms. 



1 .  bl 
53.8 54.0 54.2 54.4 64.6 54.0 55.0 

Longitude (Ea) 

J 
53.6 54.0 54.2 54.4 54.6 54.8' 55.0 

1 
Longitude (Eo) 

Figure 6 Location of explosions at the Novaya Zemlya (Northern) test-site: 

(a) ISC epicentres; (b) the JED locations. 





si.8' 54.6 54.2 54.4 54.6 54.8 - 
Longitude (E') 

Figure 8 Areas of NNZ based on the appearance of the !seismograms. 



B - 
L 

L 
d L. 

F! 
iii 













































Novaya Zemlya recorded a t  EKA 

Chinese explosion recorded at GBA 

Distance to GBA from Singer East: 3275. km 

Distance to EKA from Novaya Zemlya: 3240 ka 

Figure 3 1 P waves from nuclear explosions recorded at distances of around 3250 kms: 

(a) explosion at the NNZ site recorded at EKA; 
(b) explosion at the Chinese test site recorded at GBA. 

The complexity at GBA is presumably caused by variations in tlhe upper mantle structure on 
the path between the Chinese test-site ancl GBA. 







EKA 

% / ~ - - Y ~ + W - I I , ' L ~ + ~ . . - L - , ,  

Input data: SP and BB recorded a t  EKA on 821011 

(a) YKA 880507 ?b 

BB 

( C )  YKA 880507 

V ( d )  Simulation 

l 0  I S  seconas 110 1 I S  120 125 130 135 

Figure 34 Simulation of the YKA P seisnlograms using a scaled and delayed EKA P signal. 



P 

Figure 35 

1 I - 
00 6.00 

8.00 
W LIKE MC 

Logyl, against maximum-1ike;lihood magnitude for explosions at NZ. 



APPENDIX A -- 
GRAPHS AND TABLES OF INDIVIDUAL IMEASUREMENTS :MADE ON P AND PCP 

FROM EXPLOSIONS A.T NOVAYA ZEMLYA 
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T a b l ~  4R Eskdalernuir a r r a y  - Broad band and s h o r t  p e r i o d  obsoruat ions  PcP 
Oate $3 

moment Oura t ion  R i se  Fa1 l pp-P I/2 Pk-Pk Pe r i od  Frequency Gain 
(m ) (N m) i s )  t i m e  t i m e  t ime (nm) i s )  (Hz) 

Table SA Eskdalemuir a r r a y  - Observat ions i n  the 0.5-4.OHz band PcP 
Oate 1/2 Pk-Pk P e r i o d  Frequency Gain r.m.s. r.m.s. r.m.s. r.m.5. r.m.5. r.m.5. r.m.s. r.m.s. 

(nm) ( S )  iHz 0-3s 0-6s 0-9s 0-15s 3-9s 3-15s 9-18s no i se  



m u  ~ w - ~ o ? - ~ ~ - ~ w ~ ~ ~ o o N o P N I I ) W P ~ ~  m m m r - m o o ~ ~ m  - O - W N N W ~ ~ W W ~  

€ - S . .  L ~ ~ o w m m ~ m ~ ~ ~ ~ = ~ & & & & d & & & & & m  . .  . .  



Table 7FI Yellowknife array - Broad band and short period observations 
Date I moment Ouration Rise Fall pP-P 1/2 Pk-Pk Period Frequency Gain 

m') (N m) ( S )  time tine time (nm) (S) (Hz) 

Table 8A 
Oate 

64 1025 
67 102 1 
681107 
760929 
761020 
77090 1 
771009 
7808 10 
780927 
790924 
791018 
80101 1 
81 1001 
82101 1 
830818 
830925 
841025 
870802 
880507 
88 1204 

Yellowkniie array - 
1/2 Pk-Pk Period 
(nm) (S) 

Oiservai i o i i s  
Frequency 

(H21 

- in  +L- n c - r  4-T.u.., nu, band 
Gain r.m.s. r.m.s. 

0-3s 0-6s 
r.m-S. 
noise 
(null 

2- 25 
1.41 
0.70 
0- 99 
1.00 
0.99 
0- 53 
0.59 
0.79 
0.53 
0.83 
0-91 
2-81 
0.42 
0.50 
1 33 
2.20 
1.33 
0.20 
0.32 



Table 9C1 
D a t e  

Yellowknife 
1/2 Pk-Pk 

(nm) 

array - 
Period 

(S )  

Observations 
Frequency 

(Hz) 

i n  the 
Gain 

band 
r.m.s.  
0-6s 

r.m.s. 
noise 



Table 10A Yellowknife array - Broad band and short period observations PcP 
Oate +f 

moment Duration Rise Fall pp-P I/2 Pk-Pk Period Frequency Gain 
(m ) IN  m) (S) time time time \nm) \S) IHz) 

Table 1IA 
Oate 

Yellowknife array - 
1/2 Pk-Pk Ppriod 
(nm) ( S )  

Observations 
Frequency 

(Hz) 

in the 
Gain 

2.52 
2-00 
2- 09 
2.65 
0.57 
2- 52 
0.95 
2- 80 
2.52 
2.19 
2.95 
2.80 
2.95 
0- 95 
2-52 
2.52 
2.80 
2. 52 
2.40 
2.40 

0.5-4.OHz band PcP 
r.m.5. r-m.s. 
0-3s 0-6s 
(nm) (nml 

15-76 11-94 
29-73 21.81 
31.90 25.69 
18.14 14.78 
1-80 1.73 
12.27 . 9.61 
l. l0 1.25 

32.22 24.22 
6.33 5.21 
14-32 10.66 
25-16 18.61 
32.70 23.93 
25-19 18.93 
7.41 5.51 
34.19 24.98 
9.48 7.01 
30.44 22- 16 
13.74 10.98 
6.25 4.83 
34.09 25.11 

r.m.s. 
noise '"),- 
1l.UU 
21.42 
24- 34 
1.78 
0.83 
6.09 
0.74 
2.73 
5. I2 
7.05 
1.93 
13-01 
3- 85 
43.51 
2 -  53 
6- 10 
3- 33 
6.85 
4.93 
3.30 



Table 12A 
Date 

Yellowknife array - 
1/2 Pk-Pk Period 

hn) (S)  

Observations 
Frequency 

(H2 

in the 
Gain 

2.52 
1-83 
2-09 
2.80 
2-29 
2.40 
1.28 
2.95 
2.29 
2.29 
3- 13 
2-60 
2.65 
2.40 
2.65 
2.65 
2.80 
2.52 
2.65 
2.40 

band PcP 
r.m.5. 
0-6s 

r.m.s. 
noise 
(nml 
10.16 
16.64 
19.93 
1.49 
0. S7 
4.16 
0.51 
2- 34 
3.72 
4.66 
1.55 

22-59 
2.82 
42.25 
2.22 
5.07 
2.85 
4- 73 
4-06 
2.89 



Table 13A Gauribidanur array - Broad band and short period observations 
Oats t Roment Duration Rise Fall pP-P 112 Pk-Pk Period Frequency Gain 

( m') IN m) (S) time timc time (nm) ( S )  (Hz) 

Table 140 Gauribidanur array - Observations in the 0.5-4-OHz band 
Date 112 Pk-Pk Period Frequency Gain S .  r.m.5- r.m.s. r.m.s. r.m.s. r.m.s. r.rn.5. r.m.5. 

(nmJ (S) (Hz) 0-3s 0-6s 0-9s 0-15s 3-9s 3-15s 9-18s ' noise 
lnm) (nm) Inn) lnml tnm) Inm) lnml tnm) 

Table 15A 
Date 

751021 
760929 
76 1020 
771009 
7808 l0 
780927 
80101 1 
81 1001 
82101 l 
8308 18 
830925 
84 1025 
870802 
880507 
88 1204 

Gaur i bidanl 
I/2 Pk-Pk 
(nml 

array - 
Period 

ts) 

0.00 
0.50 
0.65 
0.57 
0.55 
0.55 
0-  60 
0.55 
0- 50 
0.63 
0.63 
0.57 
0- 60 
0.65 
0.60 

Observations in the 
Frequency Gain 

fHz) 
r.m.s. 
noise 
(nm) 
0.00 
0.22 
0.36 
0- 43 
0- 55 
0.69 
0.17 
0- 93 
0- l4 
0.31 
0.24 
0.22 
0.22 
0.33 
0.25 
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~ ~ h ~ e  ton 
Oate 

tab le  19n Varramungs ar ray - Broad band and ~r t p e r i o d  obsarvat i ~ n s  
Oate t Plornent O*.ratiort Rise T a l l  pr-P I / 2  PI:-?l: Per iod Frequency i a l n  

imTt i F I  m) IS) time t ime tin? IIHI~I ( S 1  I l lzt  
l s l  Is1 l a l  

661027 2489Q.00 0.1251€'17 0 -82  0.33 0.15 0.51 131.10 0.05 1-19 1.34 26 
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APPENDIX B 

STATION TIME AND MAGNITUDE EFFECTS WITH 95% CONFI~ENCE LIMITS 



J .- z E a 3 o 0-N o 9 5 5  E I Z Z ~ P ~ ~ P I : ; ~ E B ~ ~ : : : ; E ~ ~ ~ % : : Z S ~ ~ S ~ ~ ~ " J S ~ B ~ ~ ~ I ~ ~ ~ ~ ~ ~ P ~ ' ~ Z ~ ; ; ~ " L ~ L ~ ~ L B Z B ~ E Z ~ Z Z Z Z % ~ E E E Z , Z ~  
a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a  

m'" 



!;tat ion 
Sta t ion  

AURF 
AUTN 
AVE 
AVF 
AVY 
AYN 
AZ I 
BRB 
B AC 
BRF 
BAG 
BA l 
BAR 
B AS 
BBS 
BBTK 
BCAO 
BC 1 
BCK 
BCN 
BCR 
BCT 
BOB 
BD I 
BDS 
BDT 
BDV 
BDW 
BEE 
BE 1 
BE0 
BER 
BES 
BFD 
BFW 
BGF 
BGG 
BGO 
BH A 
BHG 
BH J 
BHL 
BHO 
BHP 
BIR 
B1Z 
BJI 
BKR 
BKS 
BL A 
BLC 
BLF 
BLR 
BLS l 
BLS2 
BL Y 
BNE 
BNN 
BNO 
BNR 
BNG 
BNH 
BN I 
BNS 
BNT 
BOB 
BOC 
BOCO 
BOD 
BOG 
BOK 
BOL 
BON 
BOZ 
BPT 
BRR 
BR0 
BRG 
BRK 
BRL 

t ime and 
Time term(s) 

magnitude effects 
N: N Now Zemlya N; 

amp. term 

3 0.00+0.00 0 
3 0.00*0.00 0 

22 0.00*0.00 0 
14 -0.10a0.09 12 
5 o.oo*o.oo 0 
3 0.00*0.00 0 
2 0.00*0.00 0 
4 0.00*0.00 0 

16 O.OOt0.00 0 
8 0.00t0.00 0 

14 O.llt0.18 3 
2 0.00*0.00 0 
4 0.00~0.00 0 
7 O.OOtO.OO 0 
4 O.OOtO.OO 0 
3 0.00*0.00 0 
2 O.OOtO.OO 0 
2 O.OOtO.OO 0 

16 O.OOtO.00 0 
8 0.00t0.00 0 
5 o.00to.oo 0 
4 0.00*0.00 0 
3 0.00*0.00 0 
4 O.OOtO.OO 0 
6 0000t0.00 0 

10 -0.29t0- 12 8 
3 O.OOtO.OO 0 

11 -0.64tO. 12 7 
2 0.74t0.22 2 
4 O.OOtO.OO 0 

17 O.OOtO.00 0 
27 -0.04t0.31 1 
5 O.OOtO.OO 0 

18 0.85t0.19 3 
3 O.OOtO.OO 0 
5 0.53t0.18 3 
3 0.00*0.00 0 
4 0.00t0.00 0 
7 -0-18t0.13 6 

14 0.09t0.17 4 
6 0.00t0.00 0 
2 0.00*0.00 0 
5 -0.05a0.18 3 
0 0.00*0.00 0 
8 0.00t0.00 0 
2 O.OOtO.OO 0 

10 -0.46t0.19 4 
3 0.00*0.00 0 

26 -0.26t0.08 19 
18 0.22t0- 11 10 
12 0.17tO-17 5 
3 0.00*0.00 0 
3 O.OOtO.OO 0 
3 O.OOtO.OO 0 
2 O.OOtO.OO 0 
4 0.00*0.00 0 
3 o.oo*o.oo 0 

14 -0.61tO.16 4 
l 1  -0.34r0.11 9 
7 0.00*0.00 0 

19 0.65t0.22 2 
14 0.02t0.22 2 
5 0.00*0.00 0 

20 0.30t0.10 14 
4 0.00*0.00 0 
3 0.00*0.00 0 
3 0.00*0.00 0 
6 0.00t0.00 0 
3 0.00*0.00 0 

14 0.00t0.00 0 
3 0.00a0.00 0 
2 0.00a0.00 0 
3 0.00*0.00 0 
4 0.02~0.20 3 
3 0.37t0.32 1 

12 -0.22tO-19 3 
3 0.00*0.00 0 

23 0-23t0.07 20 
5 0.00t0.00 0 
5 O.OO*0.00 0 

wi th 95% cor 
S Nov Zemlya 

amp. term 

0.00i0.00 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
0.00aO.00 
O.OOtO.OO 
0.00*0.00 
0.00*0). 00 
O.OOtQ.OO 
0.0010.00 
0-24tO. 32 
0.0010.00 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
0.00*0.00 
O.OOtO.OO 
0.00*0.00 
0.00*0.00 
0.00*0.00 
0.00*0.00 
0.00i0.00 
0.00*Q.00 
0.00tQ-00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00a0.00 
O.OOtO.OO 
0.00r0.00 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 

-0.51a0.31 
0.00*0.00 
0.00i0.00 
o.oo*o. 00 
0.00*0.00 

-0.27t0-33 
o.oo*o. 00 
0.00*0.00 
O.OOtO.OO 
0. ooto. 00 

-0- 14t0.17 
O.OOtO.OO 
0.18t0.31 
o.oot0.oo 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0. oo*o.oo 
0. Llt0.22 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00*0.00 
0.32a0.19 
o.oo*o.oo 
O.OOtO.OO 
o.oo*o.oo 
O.OOtO.OO 
0. 00*0.00 
0. ooto. 00 
0.00*0.00 
O.OOtO.OO 
0.00*0.00 
0.00a0.00 
O.OOtO.OO 

-0.36t0.22 
0.00*0.00 
0.38i0.22 
0.00*0.00 
0.00*0.00 

3 f  ide 
N; 

!rice limits ~ 
A" v" 



Station 
Station 

BRN 
BRS 
BRT 
BRW 
BRY 
BRZ 
BSF 
BSI 
BSL 
BSS 
BTO 
BTY 
BUB 
BUC 
BUC l 
BUD 
BUH 
BUL 
BUR J 
BUT 
BWA 
BW06 
BYA 
BY 1 
BZS 
C AF 
CRL 
CRLN 
CAN 
CAR 
CBN 
CBN 
CBZ 
CCH 
CDF 
COR 
CD2 
CE I 
CEN 
CEY 
CFF 
CFR 
CFTV 
CGN 
CGP 
CHA 
CHC 
CHG 
CH1 
CHN 
CHT 
CHTO 
CH2 
CIN 
C10 
C I R  
C I T  
C12 
C JR 
CJRl 
CK I 
CLC 
CL€ 
CL I 
CLK 
CLL 
CL0 
CNB 
cmc 
cmp 
cms 
CNCB 
CNG 
CNIL 
CNN 
CNS 
CN2 
COB 
CO1 
COL 

time and 
Time term(s) 

magn 
N; 

~itude effects with 95% confidence limits I 
N Now Zemlya 

amp. term 

O.OOtO.OO 
O.Jlt0. 32 
O.OOtO.OO 
0. 00*0.00 
0.00*0.00 
0.0010.00 
0.01r0.09 
0.00r0.00 
0.00*0.00 
0. ooto. 00 
O.OOtO.OO 
0.00r0.00 

-0.26t0.17 
O.OOtO.OO 
0. 00*0.00 

-0.09a0.18 
0.08r0.21 
0.19t0.07 
0.00*0.00 
0.00r0.00 
0. ooto. 00 
0.00a0.00 

-1.lOt0.32 
0.00*0.00 
0.00*0.00 

-0.36t0.11 
0. ooto. 00 
0.00r0.00 
0.54tO. 14 

-0.02t0.08 
-0.28t0.16 
o.oo*o. 00 
0.00*0.00 
0.00a0.00 

-0.21tO.09 
0. 00*0.00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
0.00*0.00 
0.00*0.00 
0.42r0.31 
0.00*0.00 
0.00*0.00 

-0.34a0.12 
0.00t0.00 
O.OOtO.OO 
0.00*0.00 

-0.27t0.14 
0. ooto. 00 
O.OOtO.OO 
0. ooto. 00 

-0.59a0.09 
o.oo*o. 00 
O.OOtO.OO 
O.OOtO.OO 
0.00~0.00 
0.00*0.00 
O.OOtO.OO 

-0.93t0.30 
O.OOtO.OO 

-0.04r0.09 
-0.06t0.07 

O.OOtO.OO 
O.OOtO.OO 
0.38t0.22 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
0.00*0.00 

-1.07t0.35 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 

-0.08t0.08 

N; S Now Zemlya 
amp. term 

0 O.OOtO.OO 
1 0.00*0.00 
0 0.00*0.00 
0 O.OOtO.OO 
0 0.00*0.00 
0 0.00*0.00 

13 O.OOtO.00 
0 O.OOtO.OO 
0 O.OOtO.OO 
0 0.00t0.00 
0 O.OOtO.OO 
0 0.00*0.00 
4 0.23t0.31 
0 0.00~~.00 
0 O.OOtO.OO 
5 -1.12iQ.23 
3 0.00*0.00 

26 0.06t0.18 
0 O.OOtO.OO 
0 0.00*0.00 
0 0.00*0.00 
0 o.oot0.oo 
1 O.OOtO.OO 
0 0.00*0.00 
0 0.00*0.00 
8 O.OOiO.00 
0 0.00*0.00 
0 0.00r0.00 
6 O.OOt0.00 

16 -0.16t0.18 
4 O.OOtO.OO 
0 0.00*0.00 
0 0.00*0.00 
0 0.00*0.00 

13 O.OOt0.00 
0 O.OOtO.OO 
0 0.00t0.00 
0 O.OOtO.OO 
0 0.00t0.00 
0 0.00*0.00 
0 0.00r0.00 
0 0.00*0.00 
0 0.00~0.00 
0 0.00t0.00 
1 0.00*0.00 
0 O.OOtO.OO 
0 0.00*0.00 
9 0.00r0.00 
0 O.OOtO.OO 
0 0.00t0.00 
0 O.OOtO.OO 
5 0.00*0.00 
0 0.00*0.00 
0 0.00*0.00 
0 0.00*0.00 

13 -0.27t0.25 
0 0.00~0.00 
0 0.00t0.00 
0 O.OOtO.OO 
0 o.ooto.0o 
0 0.00*0.00 
0 O.OOtO.OO 
3 O.OOtO.OO 
0 0.00*0.00 

14 0-02tO.18 
24 0.28t0.18 
0 O.OOtO.OO 
0 0.00r0.00 
2 O.OOtO.OO 
0 0.00r0.00 
0 0.ooto.oo 
0 O.OOtO.OO 
0 0.ooto.oo 
0 o.0oto.oo 
1 O.OOtO.OO 
0 O.OOtO.OO 
0 0.00a0.00 
0 O.OOtO.OO 
0 O.OOtO.OO 

14 O.OOt0.00 



S t a t i o n  

Station 

com 
CON 
COO 
COOL 
COP 
COR 
coz 
CPO 
CPP 
CPX 
CRC 
CRE 
CRO 
CRT 
CRZ 
CS I 
CSS 
CTFE 
CT I 
CTT 
cum 
CVF 
CVL 
CV0 
CUP 
cwc 
CUF 
CYA 
CYP 
cz I 
0 AC 
OAF 
OAG 
0 AL 
OAR 
OAU 
OAV 
OBN 
OBQ 
OCN 
OCU 
00 I 
ODK 
OOR 
OEV 
OHR 
OlN 
O I X  
DKN 
OLE 
OL2 
OrnK 
ONN 
omu 
OOC 
00 I 
DON 
OOU 
OPS 
OR A 
ORB 
ORV 
OSH 
OS I 
OST 
DUG 
DUI 
OUR 
ozm 
E AB 
EALH 
EAU 
EBAN 
EBH 
EBL 
EBR 
EBS 
ECB 
ECH 
ECHE 

I t ime  and 
Time term(s) 

magnitude ef fec  
N Nov Zemlye 

amp. term 

O.OOtO.OO 
0. 00*0.00 
O.OOtO.OO 
0.00*0.00 
0.69*0.09 
0.00*0.00 
0.00*0.00 
0.04a0.10 
0.00a0.00 
0. ooto. 00 
0.00*0.00 
O.OOto.OO 
0.21t0.31 
0.00a0.00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
o.oo*o. 00 
0.00a0.00 

-0.42a0.23 
0.61t0.09 
0.00r0.00 
0.0010.00 
0.00*0.00 
O.OOtO.OO 

-0.17aO. 19 
o.oo*o. 00 
1.31t0.19 
0.00*0.00 
O.OOtO.OO 
O.OOaO.OO 
O.OOtO.OO 

-0.51*0.31 
0.llt0.31 
O.OOtO.OO 

-1.25+0.31 
0.52t0.31 
0. ooto. 00 
0.52t0.15 
0.00*0.00 
0.00a0.00 
0.40t0.20 
O.OOtO.OO 
0.00*0.00 
o.oo*o. 00 
0.oot0.oo 
0.07tO. 13 
0.36a0.15 
0.2610- 12 
O.OOtO.OO 
o.oo*o. 00 
0.51t0.37 
0.25t0.14 
0.00*0.00 
O.OOaO.OO 
0.27t0.22 
0.10a0.18 
o.oo*o. 00 
o.oo*o. 00 
0.00a0.00 
o.oo*o. 00 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 

-0.43a0.13 
o.oo*o. 00 
o.oo*o. 00 
0.00a0.00 

-0.12a0.12 
0. 0050. 00 
0.46tO. 12 
0.00a0.00 
0.04a0. l l 
0.23t0.10 
0.00*0.00 
O.OOtO.OO 

-0.02t0- 23 
0.00*0.00 
0. ooto. 00 

t s  w i t h  95% cor 

N; S Nov Zcml ya 
amp. term 

0 0.00t0.00 
0 0.00*0.00 
0 O.OOtD.OO 
0 0.00*0.00 

21 0.48t0.30 
0 0.00i0.00 
0 O.OOaO.OO 

10 0.10tO. 18 
0 0.00*0.00 
0 o.0oto.00 
0 0.00*0.00 
0 O.OOtO.OO 
1 O.OOtO.OO 
0 O.OOtO.OO 
0 0.00*0.00 
0 0.0010.00 
0 O.OOto.OO 
0 O.OOtO.OO 
0 0.00*0.00 
0 0.00*0.00 
2 -0.52t0.20 

11 0.00*0.00 
0 0.00*0.00 
0 0.00t0.00 
0 O.OOtO.OO 
0 0.00t0.00 
3 0.00*0.00 
0 0.00*0.00 
5 0.0010.00 
0 0.00*0.00 
0 0.00*(7.00 
0 O.OOtO.OO 
0 0.00*0.00 
1 0.00t0.00 
1 O.OOtO.OO 
0 O.OOtO.OO 
l 0.0010.00 
l O.OOtO.OO 
0 O.OOtO.OO 
7 0.00t0.00 
0 0.00t0.00 
0 O.OOtO.OO 
3 0.00*0.00 
0 0.00t0.00 
0 0.0010.00 
0 O.OOtO.OO 
0 O.OOtO.OO 

11 0.00t0.00 
4 O.OOtO.OO 
8 0.00t0-00 
0 o.ooto.0o 
0 O.OOtO.OO 
1 O.OOtO.OO 
7 0.ooto.oo 
0 0.00*0.00 
0 O.OOtO.OO 
2 O.OOtO.OO 
3 0.00*0.00 
0 O.OOtO.OO 
0 0.ooto.0o 
0 0.0010.00 
0 0.0010.00 
0 O.OOtO.OO 
0 O.OOaO.OO 
0 O.OOtO.OO 
8 -0.16t0.31 
0 0.00*0.00 
0 O.OOtO.OO 
0 0.00t0.00 
7 0.0110.22 
0 0.0010.00 
8 O.lla0.22 
0 O.OOtO.OO 
8 0.03t0.22 

10 0.1ot0.22 
0 0.00*0.00 
0 0.00*0.00 
2 0.00*0.00 
0 O.OOtO.OO 
0 0.00*0.00 

l f i dence  l i m i t s  
~f b0 (PO 



Station time and magnitude effects with 95% confidence limits 
Station Timoterm(s) ~f NNovZea lya  N; SNovZemlya N; A' 8 

amp. term amp. term 

ECP 
ECR I 
ECT 
EOC 
E0 I 
EDN 
EOU 
EGL 
EHOR 
EIL 
EKR 
ELC 
ELL 
EL0 
ELY 
ENM 
Ems 
ENI J 
ENN 
EPF 
EPLA 
EPRU 
ERC 
ERE 
EROQ 
ERUR 
ER.? 
€SA 
ESEL 
ESK 
ESY 
ETA 
ETER 
ETOR 
EUR 
EVAL 
€VIA 
EZN 
FA I 
FAN 
FAR 
FAV 
FBR 
FBC 
FCC 
FEL 
FFC 
FOG 
FGU 
F62 
FG4 
FHC 
FIN 
FIR 
FKO 
FLN 
FLO 
FLR 
FOC 
FOUF 
FRB 
FRF 
FR I 
FRR 
FRU 
FSJ 
FUQ 
FUR 
FV I 
FUN 
FYU 
GAP 
G AR 
GB A 
G80 
GBR 
GBTN 
GCA 
GCC 
GOH 

0.46t0.12 
0.00*0.00 

-0.28tO. 33 
0.00*0.00 
0.10*0.11 
0.32tO. 08 
0.15*0.12 
0.54t0.11 
O.OOiO.OO 
0. ooao. 00 
0.40*0.07 
0.00*0.00 
0. ooao. 00 

-0.14t0.12 
0.00t0.00 

-0.11a0.32 
0.07tO- 31 
0.00*0.00 
0.57a0.14 
0- 19t0.09 
0. ooto. 00 
0. ooto. 00 
O.OOtO.OO 
0.00t0.00 
0.00a0.00 
0.00~0.00 
O.OOtO.OO 
O.OOtO.OO 
0. ooto. 00 
0.47t0.08 
0.00*0.00 
0.29t0.23 
O.OOtO.OO 
0.00*0.00 
0-28tO. 16 
0.00*0.00 
0. 00*0.00 
O.OOtO.OO 
0.00*0.00 
0. ooio. 00 
0.00r0.00 
0.3OiO. 30 

-0.18tO. 15 
-0.06t0.22 
-0.37t0.16 
-0.29t0.31 
0.20i0.09 
0.00*0.00 
O.OOaO.OO 
0.00*0.00 
0 . 00*0.00 
0.00*0.00 
O.OOtO.OO 
O.OOaO.OO 
0.00*0.00 
O.28t0.08 
0.34t0.30 
O.OOtO.OO 
0. 00*0.00 
o.0oio.oo 

-0.06tO. 10 
0.21a0.12 
0.00*0.00 
0.00i0.00 
O.OOtO.OO 

-0.05to. 12 
0.00i0.00 

-0.05a0.08 
0. oo*o.oo 

-0.42t0.17 
0.00*0.00 
0. ooao. 00 
0. ooao. 00 
0.23t0.10 
o.0oao. 00 
0. 00*0.00 
O.OOtO.OO 
O.OOiO.OO 
0.00*0.00 

-0.49t0.09 

o.oo*o. W 
0.00i0.00 
0.00*0.00 
0.00*0.00 
0.03*0.22 
0.16t0.18 
0.18a0.31 
0.00t0.22 
0.00*0.00 
0. ooto. 00 
0.14i0.18 
O.OOaO.OO 
0.00*0.00 
0. l ii0.31 
0.00i0.00 
0.00t0.00 
O.OOtO.OO 
O.OO*O.OO 
0.00t0.00 
o.ooto.0o 
0.00*0.00 
0. ooio. 00 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
0.00*0.00 
0.00i0.00 
1.24t0.31 
0. ooao. 00 
O.OOtO.OO 
0.00*0.00 
0.00a0.00 
o.oot0.oo 
O.OOtO.OO 
0.00~0.00 
0.00*0.00 
0. ooao. 00 
0.00i0.00 
0. ooio.OO 
0.00*0.00 
0.00*0.00 
0. oo*o.oo 
0.00a0.00 
0.00i0.00 
0.22t0. 30 
O.OOtO.OO 
0. ooi0.oo 
O.OOtO.OO 
0.00t0.00 
O.OOtO.OO 
0.00t0.00 
0.00~0.00 
0.00a0.00 
0.00i0.00 
O.OOtO.OO 
0. ooao. 00 
0. ooao. 00 
0.00i0.00 
O.OOtO.OO 
0.00*0.00 
0. ooto. 00 
0.00i0.00 
0.00r0.00 

-0.16i0.32 
O.OOtO.OO 

-0.26r0.22 
O.OoiO.OO 
0.00*0.00 
o.00i0.00 
0.00t0.00 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00t0.00 
0.00*0.00 
o.ooto.oo 

-0.13t0.18 



Station time and 
Station Time termts) 

GEN 
GEO 
GE T 
GIB 
G IL 
GKN 
GL A 
GLD 
GLP 
GmA 
GmB 
GmW 
GNZ 
GO A 
GOL 
GPA 
GRC 
ORE 
GRF 
GRFO 
GRO 
GRR 
GRS 
GSC 
GSP 
GTA 
GU A 
GUD 
GUM0 
GWC 
GWF 
GY R 
GZR 
HAD 
HAL 
H Am 
H AU 
HCC 
HCY 
HDM 
HEE 
HE I 
HEN 
HFS 
HHC 
HHM 
HKC 
HKL 
HKT 
HLG 
HLW 
HNH 
HNME 
HOF 
HOK 
HON 
HPK 
HQL 
HR I 
HRT 
HSS 
HU A 
HVRR 
HVO 
HYA 
HYB 
I AS 
I FR 
I LG 
ILT 
I NA 
I mu 
INK 
I NR 
IN1 
I N2 
I N3 
I N4 
I Pm 
IRK 

magn 
N: 

itude effects with 95% confidence limits 
N Nou em1 ya N; S Nou Zem l ya N; A' (p0 

amp. term amp. term 

0.00i0.00 
-0.02t0.22 
o.oo*o. 00 
0.00~0.00 
-0.21i0.12 
0. ooio. 00 
0.00*0.00 
-0.36iO. 17 
0.00~0.00 
0. ooio. 00 
O.OOtO.OO 
o.oo*o. 00 
0.00i0.00 
0.00i0.00 
-0.54~0.09 
0.00*0.00 
O.OOiO.OO 
-0.36iOn 14 
0.32i0.08 
0.00i0.00 
0.00i0.00 
-0- 10t0.08 
0.00i0.00 
O.OOtO.OO 
0.00i0.00 
O.OOiO.OO 
-0.4OiO. 17 
0. ooio. 00 
0.00i0.00 
0.31i0.23 
0.00i0.00 
O.OOtO.OO 
O.OOtO.OO 
0. ooio. 00 
0.00i0.00 
0.00i0.00 
-0.14tO. 08 
O.OOiO.OO 
0.00i0.00 
-0.04t0.23 
0.00tO.M) 
O.OOtO.OO 
0.00i0.00 
0.99tO. 08 
0.00*0.00 
0.00i0.00 
0.00i0.00 
0.00i0.00 
O.OOtO.OO 
0.00i0.00 
0.00i0.00 
0.00i0.00 
0.00i0.00 
O.lli0.12 
0.00i0.00 
o.oo*o. 00 
0.00i0.00 
0.00i0.00 
0.00i0.00 
o.oo*o. 00 
0.00i0.00 
o.oo*o. 00 
0.00i0.00 
0.00i0.00 
o.oo*o. 00 
0.36t0.07 
O.OOtO.OO 
0.00i0.00 
0.23iO. 30 
0.00i0.00 
0.06i0.31 
0. ooio. 00 
-0.10t0. 10 
0. ooto. 00 
0.00t0.00 
o.oo*o. 00 
o.oo*o. 00 
0.00i0.00 
0- 18tO. 13 
0.00i0.00 

0. ooio. 00 
O.OOtO.OO 
0.ooto.oo 
0.00t0.00 
O.OOtQ.OO 
0.00*0.00 
0.00t0.00 
O.OOtO.OO 
0.00*0.00 
0.o0to.oo 
0.00*0.00 
0. ooto. 00 
O.OOtO.OO 
0.00i0.00 
-0.57i0.18 
O.OOtO.OO 
0.00t0.00 
-0.23t0.18 
0.53t0.30 
0.0010. 00 
0. ooio. 00 
-0.19tO. 31 
0. OOhO. 00 
0.OOt0.00 
0.00*0.00 
o.oo*o. 00 
-0.66tO. 20 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0. ooto. 00 
0.00*0.00 
0.00*0.00 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 
0.OOt0.00 
O.OOtO.OO 
0.00t0. 00 
O.OOtO.OO 
0.00i0.00 
O.OOtO.OO 
0.00i0.00 
O.OOtO.OO 
0.0010.00 
O.OOtO.OO 
O.OOtO.OO 
0. ooto. 00 
0.0oto. 00 
0.00*0.00 
o.ooto.oo 
0.00*0.00 
0.00i0.00 
0.67t0.18 
0.00i0.00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00t0.00 
0. ooto. 00 
O.OOtO.OO 
0.00t0.00 
O.OOtO.OO 
-0.36t0.23 
O.OOtO.OO 
o.oo*o. 00 
0.00i0.00 
0.00t0.0o 
O.OOtO.OO 
O.OOtO.OO 
-0.24t0.3 1 
O.OOtO.OO 
0.00i0.00 
0.00*0.00 
0. ooto. 00 
O.OOtO.OO 
O.OOtO.OO 
o.oo*o. 00 



Station 
Station 

iR1 
I R2 
IR7 
I SA 
I SK 
I SO 
I SR 
I SSF 
I ST 
I TA 
I VA 
t zm 
JAN 
JARJ 
JAS 
JAY 
JCT 
JER 
JRB 
JA I 
JNE 
JNW 
JOS 
JSC 
K A0 
KAR 
K AS 
KRT 
KAV 
KB A 
KBC 
KBL 
KBN 
KBS 
KCT 
KDC 
KDS 
KO2 
KEB 
KEP 
KER 
KES 
KEV 
KEW 
KFNJ 
K Gm 
KHC 
KH I 
KHT 
K I C  
KIN 
KIP 
KIR 
KIS 
KJF 
KJN 
KKB 
KK A 
KKN 
KKR 
KLG 
KLL 
Km I 
KRR 
KRSA 
KRU 
KRY 
KNR 
KNT 
KOR 
KO0 
KOGH 
KO1 
KON 
KONO 
KOT 
KOU 
KPH 
KPK 
KRR 

time and 
Time term(s) 

magnitude effects 
N; N Nov Zemlya N; 

amp. term 

2 O.OOtO.OO 0 
3 o.oo*o.oo 0 
2 O.OOtO.OO 0 
8 O.OOt0.00 0 

26 0.00t0.00 0 
8 O.OOtO.00 0 
9 0.00*0.00 0 
2 O.OOtO.OO 0 

17 0.00t0.00 0 
2 0.00*0.00 0 
3 O.OOtO.OO 0 

14 O.OOtO.00 0 
9 O.OOtO.OO 0 
3 0.00*0.00 0 

21 -0.70tO-23 2 
9 0-28t0.35 1 

10 -0.28t0.12 7 
17 0.00t0.00 0 
6 O.OOtO.00 0 
3 O.OOtO.OO 0 
2 0.00*0.00 0 
3 O.OOtO.OO 0 

14 -0.06t0.14 5 
5 0.00a0.00 0 
6 O.OOt0.00 0 
7 0.00*0.00 0 

20 O.OOtO.OO 0 
3 0.00i0.00 0 
2 O.OOtO.OO 0 
7 0.40t0.14 5 
2 0.00t0.00 0 

12 0.00*0.00 0 
2 0.00*0.00 0 

25 O.OOt0.00 0 
3 O.OOtO.OO 0 

23 0.00t0.00 0 
4 O.OOtO.OO 0 

18 0.00t0.00 0 
3 0.00*0.00 0 
2 0.00*0.00 0 

16 0.00t0.00 0 
3 O.OOtO.OO 0 

30 O.OOtO.00 0 
2 0.00~0.00 0 
3 0.00*0.00 0 

l 1  0.02tO-l9 4 
29 -0.05t0.07 22 
11 0.00*0.00 0 
3 0.00*0.00 0 

22 0.00t0.00 0 
4 O.OOtO.OO 0 

10 0.01t0.23 2 
29 0.00t0.00 0 
2 O.OOtO.OO 0 

20 0.00*0.00 0 
6 0.00t0.00 0 
2 O.OOtO.OO 0 
5 -0.27t0.40 l 
5 O.OOtO.OO 0 
2 0.00*0.00 0 
8 0.50t0.18 4 
4 0.00*0.00 0 
8 0.00t0.00 0 

10 0.00*0.00 0 
2 O.OOtO.OO 0 

13 -0.28t0.15 4 
3 0.00*0.00 0 
5 0.23t0.24 2 
5 O.OOtO.OO 0 
2 O.OOtO.OO 0 

25 -0.05t0.10 17 
2 O.OOtO.OO 0 
7 0.00*0.00 0 

23 -0.39t0.31 1 
4 0.00*0.00 0 
2 0.00*0.00 0 

13 0.00t0.00 0 
4 O.OOtO.OO 0 
3 O.OOtO.OO 0 

28 0.67t0.10 23 

with 95% confidence limits 
S Nov Zemiya NI b0 (p0 

amp. term 

O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 
0.00t0.00 
0.00*0.00 
O.OOtO.OO 
0.ooto. 00 
O.OOtO.OO 
0.00~0.00 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00t0.00 
O.OOtO.OO 
O.OOtO.OO 
0.00~0.00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00s0.00 

-1.34t0.35 
0.00*0.00 
0.00t0.00 
0.00t0.00 
0.ooto.0o 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
o.oo*o. 00 
o.oo*o. 00 
o.oo*o. 00 
0.00~0.00 
O.OOtO.OO 
o.oo*o. 00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
0.00~0.00 
0.00t0.00 
0.00*0.00 

-0.16tO. 15 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00*0.00 
0.00t0.00 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00*0.00 
0.00t0.00 
O.OOtO.OO 
0.0oto.0o 
0.00~0.00 
0.00t0.00 
0. ooto. 00 

-0.11a0.22 
O.OOtO.OO 
0.42tO. 32 
O.OOtO.OO 
o.oo*o. 00 
0.03tO. 31 
0.00*0.00 
O.OOtO.OO 

-0.07t0.30 
0.00t0.00 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 

-0.23t0.22 



Station 
Stat lon 

KR I 
KRK 
KRL 
KRP 
KRR 
KRU 
KSA 
KSH 
KSP 
KSU 
KTG 
KUG 
KUK 
KUL 
KVG 
KUN 
KUT 
KYS 
KZN 
LAH 
LA0 
L AR 
LAT 
LAW 
LBF 
LBFN 
LCG 
LC 1 
LDF 
LDN 
LD 1 
LD3 
LEE 
LEGH 
LEN 
LEN 
LFF 
LFK 
LF I 
LGN 
CGP 
LGR 
LHC 
LHE 
LHN 
LHS 
LIC 
LIS 
LIT 
LJU 
LLA 
LL l 
LLS 
LNG 
LNR 
LNS 
LNU 
LOE 
LOF 
LON 
LOmF 
LON 
LOR 
LPB 
LPF 
LPG 
LP0 
LPS 
LRG 
LRPl 
LSA 
LSD 
LSF 
Lsm 
LUB 
LUG 
LUX 
LUN 
LW 1 
LZH 

time and 
Time term(s) 

magnitude effects 
N; N Nov Zeml ya N; 

amp. term 

-0.38i0.13 
0.00i0.00 
0.23i0.21 
0.06t0.38 

-0.28r0.09 
o.oo*o. 00 
0.00i0.00 
0.00a0.00 
0.39t0.11 
0.00i0.00 

-0.26t0.10 
0.00i0.00 
0. OO*O.DO 
o.oo*o. 00 
O.OOtO.OO 
0.00*0.00 
o.oo*o. 00 
O.OOtO.OO 
0.00i0.00 
0.00~0.00 

-0.04a0.14 
o.oo*o. 00 
0.00i0.00 
0.00i0.00 

-0.16i0.08 
0.00*0.00 
0.00*0.00 
0. 00*0.00 
O.OO*O. 13 
0.00*0.00 
0.00t0.00 

-0.17i0.31 
0.00i0.00 
0.00i0.00 

-0.53*0.38 
0.00*0.00 
0.21t0-09 
O.OOtO.OO 

-0.05i0.22 
0.00+0.00 
0.00i0.00 
0. ooio. 00 
0.56t0.13 
0.00*0.00 
0.00i0.00 
o.oo*o. 00 
O.OOtO.OO 
0. ooio. 00 
0.00*0.00 
0.29i0.12 
0.00i0.00 
O.OOtO.OO 

-0.14iO. 13 
0.00i0.00 

-0.17i0.09 
0.00i0.00 
0.00*0.00 
0. ooao. 00 
0. ooto. 00 
0.00a0.00 
o.oo*o. 00 

-0.1610.09 
0.44i0.07 

-0.05i0.24 
-0- 10i0.08 
-0.14i0.19 
-0.21i0.08 
0.05iO. l 5  
O.ll i0.08 
0.00i0.00 
O.OOtO.OO 
0.00a0.00 
0.45i0.09 
0.00i0.00 
0.00*0.00 
0.00a0.00 
0.00a0.00 
0.00*0.00 
0.00i0.00 

-0.44t0.17 

with 95% cor 
S Nov Zemlya 

amp. term 

0.00+0.00 
0.00*0. 00 
0.00i0.00 
O.OOtO.OO 

-0.41t0.15 
O.OOtO.OO 
0.00~0.00 
0.00Y0.00 
O.OOaO.OO 
0.0010.00 

-0.48t0.18 
0.o0to. 00 
0.0010.00 
0.0010.00 
O.OOtO.OO 
0.00t0.00 
0.00~0.00 
0. 00*0.00 
0.00*0. 00 
O.OOtO.OO 

-0.03tO. 31 
O.OOtO.OO 
0.00*0.00 
0.ooio. 00 
o.oo*o.oo 
O.OOtO.OO 
0.00i0.00 
0.00i0.00 
0.0010.00 
0.00*0.00 
O.OOtO.OO 
0.00i0.00 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00t0.00 
o.ooto.0o 
O.OOtO.OO 
0.00*0. 00 
O.OOtO.OO 
O.OOiO.OO 
O.OOtO.OO 
0.14~0.31 
0.00~0.00 
O.OOtO.OO 
0.ooio- 00 
o.oo*o. 00 
O.OOtO.OO 
0.0oto. 00 
0.29iO. 22 
0.oot0. 00 
0.00t0.00 
O.OOtO.OO 
0.00t0.00 
o.oo*o. 00 
0.00*0.00 
0.00*0.00 
O.OOtO.OO 
O.OOaO.OO 
O.OOrO.OO 
0.o0to.00 
0.00t0.22 
0.57t0.31 
0.07t0.31 
0.00t0.00 
0.00t0.00 
0.0010.00 

-0.2lt0.22 
0.46t0.31 
O.OOtO.OO 
0. ooto. 00 
o.oot0. 00 
O.OOiO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOaO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOaO.OO 
o.oo*o. 00 

-~ f  ida 
N; 

!rice limits: 
A" (p0 



magnitude effects with 95% confidence limits Station time and 
Stat ion Time term(s) 

NROF 
NAF 
NAIO 
RAL 
N AN 
NAO 
NASJ 
NAT 
NAW 
N8C 
NBH 
NB0 
NB1 
mcc 
mca 
NC T 
mcv 
mcw 
NDB 
NDC 
m0 I 
NO J 
NDR 
NDZ 
NED 
NE I 
NEN 
NE0 
NES 
NEU 
NFF 
NFS 
NF T 
NGD 
NON 
NGR 
NHC 
NH1 
NHK 
m10 
mr r 
mrm 
NIN 
NIR 
m12 
NJZ 
NKL 
NKR J 
NKS 
MLR 
NLS 
NNA 
NNB 
NNE 
NNK 
NNN 
NNA 
NNE 
NNG 
NN I 
NNK 
NNL 
NNO 
NNS 
NNT 
NNV 
NNW 
NNY 
NOR 
NOF 
NOK 
NOL 
NON 
mom I 
moo 
mos 
NOT 
mox 
NOY 
NRG 

N Nou Zemlya 
amp. term 

O.OOtO.OO 
-0.09t0.22 
0.05~0.15 
O.OOtO.OO 
O.OOtO.OO 
0.0010.00 
0.00*0.00 

-0.42a0.12 
0.58t0.22 
0.59t0.10 
0. ooto. 00 
O.OOtO.OO 
O.OOtO.OO 
0. ooto. 00 
0.00*0.00 
0. ooto. 00 
O.OOtO.OO 
o.oo*o. 00 
0.00aO. 00 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
0.00*0.00 
0.00a0.00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
0.00m0~00 
0.07t0.08 
O.OOtO.OO 
0. ooto. 00 
0.0ot0. 00 
0.00*0.00 
0.00*0.00 
0.31a0.31 
0.23a0.16 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 

-0. 11t0.16 
0. oo*o.oo 
0.00*0.00 
O.OOtO.OO 
0. 0010. 00 
O.OOtO.OO 
0. 00*0.00 
0.00tO.00 
0.00*0.00 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 
o.oo*o. 00 
0.33a0.13 
0.00a0.00 
0.00*0.00 
0. ooto. 00 

-0.16t0-31 
0.00*0.00 
0.00*0.00 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00t0.09 
0. 00*0.00 
O.OOtO.OO 
O.OOtO.OO 
0.00r0.00 
0.00t0.00 
0.00*0.00 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
0.00*0.00 

-0.19t0.07 
0. oo*o.oo 
0.0010.00 

N; S Nou Zemlya 
amp. term 

0 O.OOtO.OO 
2 0.ooto.0o 
4 0.00*0.00 
0 0.00*0.00 
0 0.00i0.00 
0 O.OOtO.OO 
0 0.00*0.00 
7 O.OOtO.OO 
2 0.00*0.00 

15 -0.23t0.31 
0 O.OOrO.OO 
0 O.OOtO.OO 
0 O.OOtO.OO 
0 0.00a0.00 
0 O.OOtO.OO 
0 0.00*0.00 
0 0.0010.00 
0 O.OOtO.OO 
0 0.00*0.00 
0 O.OOtO.OO 
0 0.00t0.00 
0 0.00*0.00 
0 0.00t0.0o 
0 O.OOtO.OO 
0 0.00*0.00 
0 0.00*0.00 
0 0.00*0.00 
0 O.ODtO.OO 
0 0.00*0.00 
0 0.00*0.00 

14 0.00t0.00 
0 O.OOtO.OO 
0 O.OOtO.OO 
0 O.OOtO.OO 
0 0.00*0.00 
0 0.0010.00 
2 O.OOtO.OO 
4 0.0oto.0o 
0 0.00*0.00 
0 0.00*0.00 
0 0.00t0.00 
4 0.00r0.00 
0 0.00*0.00 
0 0.00*0.00 
0 O.OOtO.OO 
0 0~00t0.00 
0 O.OOtO.OO 
0 0.00~0.00 
0 0.00r0.00 
0 O.OOtO.OO 
0 0.00*0.00 
0 O.OOtO.OO 
0 0.00*0.00 
0 O.OOtO.OO 
6 0.00a0.00 
0 0.00*0.00 
0 0.00*0.00 
0 0.00*0.00 
1 O.OOtO.OO 
0 0.00*0.00 
0 0-00*0.00 
0 O.OOt0.00 
0 0.00i0.00 
0 0.00t0.00 

15 0-00iO. 16 
0 O.OOtO.OO 
0 0~00t0.00 
0 0.00r0.00 
0 0.00*0.00 
0 O.OOtO.OO 
0 0.00*0.00 
0 O.OOtO.OO 
0 0.00r0.00 
0 O.OOtO.OO 
0 0.00*0.00 
0 0.oot0.oo 
0 0.00t0.00 

23 -0.07t0.15 
0 0.00*0.00 
0 0.00*0.00 
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Station time and 
Station Time term(s) 

OTT 
OUR 
OUL 
OUO 
OXN 
OYN 
PRO 
PAE 
PRIG 
PAL 
PAS 
PB A 
PB J 
PC A 
PCC 
PC I 
PCN 
PC0 
PCT 
PO A 
PEC 
PEL 
PET 
PGB 
PGC 
PG0 
PGP 
PHC 
PI 1 
PIN 
PJO 
PJG 
PK I 
PLAT 
PLO 
PLOF 
PLE 
PLG 
PL I 
PLN 
PLP 
PLU 
PNA 
PRE 
PNG 
Pm0 
PNR 
PN I 
PN J 
PNL 
PNS 
PNT 
PO0 
POW 
PPCY 
PPE 
PP I 
PPN 
PPR 
PPT 
PRA 
PR€ 
PRG 
PR I 
PRK 
PRN 
PRN 
PRO 
PRS 
PRT 
PRU 
PRY 
PRZ 
PSH 
PS I 
PSN 
PS0 
PSZ 
PTH 
PTJ 

magnitude effects 
N; N Nov Zemlya N; 

amp. term 

24 0.14i0.07 22 
3 O.OOtO.OO 0 
4 0.00*0.00 0 
5 0.00i0.00 0 
2 0.00i0.00 0 
12 0.00*0.00 0 
3 0.00i0.00 0 
7 -0.10i0.23 2 
2 0.00*0.00 0 
2 0.00i0.00 0 
16 0.00i0.00 0 
2 0.00*0.00 0 
3 0.00*0.00 0 
3 O.Wi0.00 0 
4 0.00*0.00 0 
2 -1.72i0.41 1 
3 0.00*0.00 0 
3 O.OOtO.OO 0 
6 -0.70iO. 16 5 
4 0.00i0.00 0 
4 0.00*0.00 0 
7 O.OOtO.OO 0 
3 0.00i0.00 0 
2 0.00i0.00 0 
10 0.03i0.27 2 
4 0.00*0.00 0 
3 0.00*0.00 0 
14 -0.35i0.17 5 
2 O.OOtO.OO 0 
2 0.00*0.00 0 
2 0.00*0.00 0 
4 0.00i0.00 0 
5 0.61i0.19 4 
2 0.00*0.00 0 
4 O.OOtO.OO 0 
4 o.ooa0.oo 0 
2 0.00+0.00 0 
10 0.00i0.00 0 
2 0.00*0.00 0 
6 0.00t0.00 0 
5 -0.06i0.23 2 
2 0.00~0.00 0 
4 0.00i0.00 0 
2 0.00~0.00 0 
14 0.37iO. 10 9 
7 0.02i0.23 2 
23 -0.17t0.08 19 
3 0.00i0.00 0 
3 O.OOiO.OO 0 
5 0.00i0.00 0 
5 -0.08iO.22 2 
25 -0.38i0.09 14 
22 -0.29iO. 14 6 
4 0.00*0.00 0 
3 O.OOtO.OO 0 
4 0.00i0.00 0 

1 1  -0.29i0.25 2 
9 -0.32t0.20 3 
8 0.01i0.21 5 

l 1  -0.16tO. 19 3 
19 0.34a0.09 14 
8 -0.14i0.14 7 
4 0.00i0.00 0 
27 O.OOi0.00 0 
13 0.00i0.00 0 
12 0.00*0.00 0 
2 0.00*0.00 0 
2 0.00*0.00 0 
6 O.OOiO.00 0 

1 1  0.00~0.00 0 
30 0.26i0.07 24 
3 0.00*0.00 0 
3 0.00i0.00 0 
6 0.00t0.00 0 
12 -0.28i0.23 2 
6 O.OOiO.00 0 
4 0.00*0.00 0 
10 O.OOtO.OO 0 
3 0.00*0.00 0 
3 0.00*0.00 0 

with 95% confidence limits 
S Nov Zemlya N; A' 

amp. term 

-0.08iO. 17 4 57 320 
0.00~0.00 0 116 75 
0.00t0.00 0 13 246 
0.00i0.00 0 38 234 
0.00t0.00 0 86 336 
O.OOi0.00 0 55 84 
0.00i0.00 0 34 239 
0.16i0.31 1 123 28 
O.OOiO.OO 0 37 221 
O.OOiO.00 0 61 317 
O.OOiO.OO 0 73 354 
0.00i0-00 0 65 139 
O.OOi0.00 0 88 332 
0.00t0.00 0 46 10 
0.00t0.00 0 69358 l 

0.00~0.00 0 84 114 
0.00i0.00 0 35 241 
O.OOi0.00 0 69 336 
O.OOi0.00 0 64 129 
O.OOiO.00 0 52 274 
0.00*0.00 0 73 353 
O~OOiO~OO 0 131 295 
O.OOi0.00 0 44 58 
O.OOiO.OO 0 34 222 
0.00i0.00 0 58 359 
O.OOiO.00 0 36 238 
0-OOiO.00 0 70 109 
0.06i0- 18 3 56 2 
O.OOtO.00 0 36 239 
O.OOiO.00 0 87 338 
0~00t0~00 0 41 14 
O.OOiO.00 0 77 86 
0-OOiO.00 0 49 143 
O.OOiO.00 0 47 253 
0.00i0.00 0 34 222 
0.00i0.00 0 36 249 
O.OOiO.00 0 34 228 
0.00t0.00 0 36222 
0.00i0.00 0 40232 
O.OOiO.OO 0 73 353 
O.OOiO.00 0 74 106 
O.OOtO.00 0 60 122 
O.OOiO.00 0 49 26 
O.OOiO.00 0 44 16 
0.23i0.18 3 100 91 
-0.03t0.31 1 120 26 
-0.05i0.18 3 44 16 
O.OOiO.00 0 36 244 
0.00t0.00 0 61 318 
o.oo*o.oo 0 47 10 
0.00t0.00 0 115298 
-0.06i0.22 2 S8 356 
-0.2OiO.30 1 56 158 
0.00~0.00 0 68 331 
0.00i0.00 0 40209 
O.OOi0.00 0 30 220 
0.00i0.00 0 79 133 
-0-12iO.31 1 123 28 
o.ooio.oo 0 73112 
0.15t0.31 1 123 28 
0.40i0.23 2 29 239 
0.04i0.22 3 100 204 
O.OOtO.00 0 36 237 
0.00t0.00 0 71 356 
0.00i0.00 0 37 219 
O.OOiO.00 0 69 323 
O.OOi0.00 0 69 352 
0.00t0.00 0 35 237 
O.OOt0.00 0 71 357 
O.OOi0.00 0 36 239 
-0.06t0.30 1 29 239 
0.00i0.00 0 102 205 
O.OOiO.00 0 33 147 
O.OOtO.00 0 40 159 
O.OOiO.00 0 75 134 
O.OOtO.00 0 32 218 
O.OOiO.00 0 100311 
O.OOiO.00 0 30 231 
O.OOiO.00 0 46 l49 
0.00t0.00 0 33235 



Station time and 
Station Time term(s) 

PTL 
PTN 
PTO 
PTS 
PTT 
PUK 
PUL 
PVL 
PVY 
PWLA 
PYA 
PYN 
PZ [ 
PZZ 
QASN 
QCP 
Q I Z  
Qme 
QUE 
QU I 
QZH 
QZO 
RAB 
RAC 
RAN 
RA0 
R AR 
RB A 
RBL 
RBZ 
RC I 
ROP 
RES 
REY 
RGS 
RHO 
RHP 
RIV 
RJF 
RKG 
RKT 
RLO 
RPlP 
RPlQ 
RNU 
RrnW 
ROB 
ROC 
ROF 
R0 I 
ROL 
RON 
RRL 
RRO 
RSCP 
RSL 
RSPl 
RSNT 
RSNY 
RSON 
RSP 
RSSO 
RUV 
RVR 
RXF 
RYO 
RZN 
SAC 
SAL 
SALJ 
SAN 
SAN 
SA0 
SAOF 
SAP 
S AR 
S AV 
SAX 
S8 A 
SBB 

magnitude effec 
N; NNov emlya 

amp. term 

5 O.OOtO.OO 
5 O.OOtO.OO 

19 -0.23tO. 33 
2 O.OOiO.OO 
3 0.0010.00 
2 O.OOtO.OO 
3 0.00t0.00 

19 0.00t0.00 
3 O.OOtO.OO 
2 O.OOtO.OO 
2 0.00*0.00 
9 0.00a0.00 
2 0.00*0.00 
2 O.OOtO.OO 
3 0.00*0.00 
6 0.00r0.00 
3 0.00*0.00 
5 0.00*0.00 

14 -0.49i0. 31 
5 O.OOtO.OO 
3 0.00*0.00 
2 0.00*0.00 
5 0.00t0.00 
7 O.OOtO.OO 
2 0.00*0.00 
2 O.OOtO.OO 
8 O.OOtO.00 
5 o.ooto.oo 
3 0.00t0.00 
5 O.OOt0.00 
5 O.OOiO.OO 
5 O.OOtO.OO 

19 -0.54i0.08 
12 0.00*0.00 
2 O.OOtO.OO 
3 O.OOtO.OO 
4 0.00t0.00 
8 0.51t0.12 

18 0.03t0.08 
3 0.00*0.00 
5 O.OOtO.OO 
8 0.00t0.00 

22 0.0010.00 
3 O.OOtO.OO 
3 0.00r0.00 
4 0.00t0.00 

10 0.00t0.00 
2 0.0ot0.oo 
3 0.00*0.00 
3 O.OOtO.OO 
3 -0.30tO-30 
2 O.OOtO.OO 
2 0.00t0.00 
2 O.OOtO.OO 
4 O.OOtO.OO 
9 O.OOtO.OO 
3 O.OOtO.OO 
3 0.00t0.00 
5 0.06*0.31 
5 0.2LtO.22 
2 O.OOtO.OO 
4 O.22t0.31 
5 -0.04t0.24 
5 0.00r0.00 
7 0.00t0.00 
4 O.OOtO.OO 
2 O.OOtO.OO 
2 0.00*0.00 

13 0.00t0.00 
2 0.00r0.00 
3 0.00t0.00 
8 O.OOt0.00 

20 o.oot0.oo 
3 o.ooto.0o 
4 O.OOtO.OO 
2 O.OOtO.OO 

15 O.OOtO.00 
7 -0.17tO. 16 

22 0.00a0.00 
7 O.OOtO.OO 

with 95% c 
S Nov Zemlya 

amp. term 

O.OOtO.OO 
0.00*0.00 
0.00t0.00 
0.00t0.00 
o.oo*o. 00 
0. ooio. 00 
O.OOtO.OO 
0.0010.00 
O.OOtO.OO 
O.OOiO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00~0.00 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
O.OOtO.OO 
0.00*0.00 
O.OOtO.OO 
0.00i0.00 
0.OOt0.00 
o.ooto. 00 
O.OOtO.OO 
O.OOtO.OO 
o.oo*o.oo 
O.OOtO.OO 
0.00*0.00 
O.OOtQ.OO 
0.00*0.00 
0.00*0.00 
0.00tQ. 00 

-0.31t0.22 
O.OOtO.OO 
0.00*0.00 
0.00tQ.00 
0.00*0.00 
0.24t0.31 
0.00*0.00 
0.ooto. 00 
0.00i0.00 
O.OOtO.OO 
O.OOtO.OO 
o.oot0. 00 
0.00*Q.00 
O.OOiO.OO 
0.00*0.00 
0.00*0.00 
0. oo*o. 00 
0.00*0.00 
0.00*0.00 
0.00r0.00 
O.OOtO.OO 
0.00t0.00 
0.ooto. 00 
O.OOtO.OO 
0.00t0.00 
0. ooto. 00 
o.00t0.00 
0. 00*0. 00 
O.OOtO.OO 
O.OOiO.OO 
0. ooio. 00 
o.oot0.oo 
0.00i0.00 
O.OOtO.OO 
O.OOtO.OO 
o.ooto.oo 
0.00t0.00 
0. ooio. 00 
0. ooio. 00 
O.OOtO.OO 
0.00t0.00 
0.00*0.00 
0.00~0.00 
O.OOiQ.OO 
0.00*0.00 
o.00to.oo 
o.oot0. 00 
0. ooto. 00 

onfidence limits 
N; A' 



Station 
Station 

SBF 
SCB 
SCG 
SCH 
scm 
SCO 
SCP 
SDB 
SDI 
SON 
SOU 
SEA 
SE0 
SES 
SET 
SFA 
SFF 
SF I 
SFS 
SGG 
SGH 
SGO 
SGR 
SGS 
SHB J 
SHD 
SHGH 
SH I 
SHK 
SHL 
SHW 
SIC 
SID 
S10 
SIT 
SJG 
SKA 
SKI 
SKO 
SLC 
SLD 
SLE 
SLL 
SLY 
SNF 
SMY 
SN A 
SNF 
SNG 
SNY 
SOB l 
SOD 
SOF 
SOH 
SO 1 
SOP 
SPFl 
SPC 
SPF 
SR I 
SRN 
SRO 
SRC3 
SRS 
SRY 
SSB 
SSC 
SSE 
SSF 
SSR 
STB 
STC 
ST 1 
STK 
STR 
STS 
STU 
STV 
SUD 
SUE 

I time and 
Time tormls) 

magnitude effects t 

N; N NOW Zeml yo N: 
amp. term 

4 0.00a0.00 0 
2 0.00*0.00 0 
3 0.00a0.00 0 
22 -0.16t0.09 16 
2 0.00*0.00 0 
7 -0.23tO. 14 5 
2 O.OOtO.OO 0 
8 0.00a0.00 0 
5 0.00*0.00 0 
4 0.00~0.00 0 
10 0.12t0.22 3 
2 O.OOtO.OO 0 
3 0.ooto.00 0 
20 -0.45tO. 18 4 
3 O.OOtO.OO 0 
8 -0.12t0.18 3 
2 O.OOtO.OO 0 
3 O.OOtO.OO 0 
2 0.00*0.00 0 
2 O.OOtO.OO 0 
4 0.00*0.00 0 
8 0.00t0.00 0 
6 O.OOtO.00 0 
2 0.00i0.00 0 
2 O.OOtO.OO 0 
7 0.00*0.00 0 
2 0.00*0.00 0 
19 0.00t0.00 0 
14 -0.66t0.12 7 
22 -0.07t0.22 2 
2 0.00*0.00 0 
3 0.00*0.00 0 
5 0.00*0.00 0 
8 0.00t0.00 0 
23 -0.39t0.33 1 
12 -0.48t0.13 6 
3 o.oo*o.oo 0 
7 0.01a0.16 4 
23 -0.08t0.23 2 
7 0.00*0.00 0 
6 0.00t0.00 0 
8 0.07t0.18 4 
3 0.00*0.00 0 
2 0.00*0.00 0 
16 0.08t0.09 13 
7 0.00*0.00 0 
15 -0.14a0.30 l 
4 O.OOtO.OO 0 
14 O.OOt0.00 0 
4 O.OOtO.OO 0 
3 0.00*0.00 0 
31 0.00t0.00 0 
9 0.00*0.00 0 
2 0.00*0.00 0 
2 0.00*0.00 0 
14 0-07t0.31 1 
22 -0.05*0.09 15 
15 0.00t0.00 0 
l 1  0.07t0.13 6 
6 O.OOtO.00 0 
2 0.00*0.00 0 
19 O.OOiO.00 0 
2 0.00*0.00 0 
2 o.ooto.0o 0 
14 0.00a0.00 0 
9 0.00a0.00 0 
20 -0.06iO. l0 11 
9 -0.73tO. 18 4 
27 0.34t0.08 17 
10 O.OOtO.OO 0 
3 0.00*0.00 0 
4 O.OOtO.OO 0 
15 -0.43t0.19 3 
IS 0.00*0.00 0 
17 0.00tO-00 0 
9 0.00*0.00 0 
23 0-OOtO.08 17 
5 0.00*0.00 0 
3 0.1810.22 2 
4 O.OOaO.OO 0 

S Nov Zeml ya N; 
amp. term 

O.OOiO.OO 0 
O.OOtO.OO 0 
0.00*0.00 0 
0.08t0.22 2 
0.00a0.00 0 
0.00*0.00 0 
0.00a0.00 0 
0.00*0.00 0 
0.00*0.00 0 
o.ooto.0o 0 
0.00*0.00 0 
O.OOtO.OO 0 
0.0010.00 0 
0.00a0.00 0 
0.00a0.00 0 
-0.26t0.26 2 
0.00*0.00 0 
0.00*0.00 0 
O.OOtO.OO 0 
0.00*0.00 0 
0.00*0.00 0 
0.00*0.00 0 
0.00*0.00 0 
0.oot0.00 0 
0.00*0.00 0 
0.00*0.00 0 
0.00a0.00 0 
O.OOtO.OO 0 
-0-26*0.22 3 
o.ooio.0o 0 
O.OOtO.OO 0 
0.00*0.00 0 
O.OOtO.OO 0 
0.00*0.00 0 
0.00*0.00 0 
-0.39iO.22 2 
0.00a0.00 0 
0.21i0.22 2 
O.OOtO.OO 0 
0.00i0.00 0 
O.OOtO.OO 0 
0.00*0.00 0 
0.00*0.00 0 
0.00*0.00 0 
0.00*0.00 0 
o.ooio.0o 0 
0.00i0.00 0 
0.00*0.00 0 
0.00t0.00 0 
0.00*0.00 0 
0.00*0.00 0 
0.00*0.00 0 
O.OOto.OO 0 
0.00a0.00 0 
0.00a0.00 0 
-1.12i0.32 1 
0-25t0.22 2 
0.00*0.00 0 
o.oo*o.oo 0 
0.00*0.00 0 
O.OOtO.OO 0 
0.00*0.00 0 
O.OOtO.OO 0 
0.00*0.00 0 
0.00*0.00 0 
O.OOtO.OO 0 
-0.04i0.31 1 
0.00i0.00 0 
0.00i0.00 0 
0.00*0.00 0 
o.ooio.0o 0 
0.00*0.00 0 
0.00*0.00 0 
0.ooio.oo 0 
0.00i0.00 0 
0.00*0.00 0 
0.51t0.18 3 
0.00*0.00 0 
0.00*0.00 0 
0.00*0.00 0 

w e  limits, 
AO $ 



Station 
Station 

SUF 
SUE 
SVT 
svv 
SVW 
SYO 
SYP 
TAB 
T RC 
TRF 
TAPl 
TAN 
TAS 
TAU 
TBR 
TBT 
TBY 
TBZ 
TCE 
TCF 
TDD 
TDJ 
TOS 
TEC 
TEH 
TEN 
TET 
TFO 
T G I  
THT 
T I A  
T I C  
TIK 
T IPl 
T I O  
T I R  
T I Y  
TJC 
TKL 
TLB 
TLG 
TLL 
TLS 
TNR 
TPlT 
TNG 
TNN 
TNO 
TNP 
TNR 
TNS 
TOR 
TOL 
TOO 
TOUF 
TOV 
TPC 
TPH 
TPN 
TPP 
TPT 
TRO 
T R I  
TRN 
TRN 
TRO 
TRR 
TRT 
TRZ 
TSK 
TTA 
TTG 
TTN 
TUC 
TUL 
TUPl 
TV0 
U AV 
UBO 
UCC 

time and 
Time term(s) 

magni 
N: 

. tude effects 
N Now Zeml ya ~f 

amp. term 

O.OOaO.OO 0 
O.OOtO.OO 0 

-0.05t0.18 5 
0.00*0.00 0 
O.OOtO.OO 0 
0.00a0.00 0 
o.oot0.oo 0 
0.00*0.00 0 
0.00*0.00 0 
0-00a0.00 0 
0.00t0.00 0 
0.12t0.19 3 
O.OOtO.OO 0 
0.00*0.00 0 
0.00*0.00 0 
0.00*0.00 0 
O.OOtO.OO 0 
0.00*0.00 0 
0.00*0.00 0 
0.05t0.08 16 
0.00*0.00 0 
O.OOtO.OO 0 
0.00*0.00 0 
O.OOtO.OO 0 
0.00a0.00 0 
O.OOtO.OO 0 
0.00*0.00 0 

-0.34t0.16 5 
0.00*0.00 0 
0.00*0.00 0 
O.OOtO.OO 0 
0.00*0.00 0 
0.00*0.00 0 
0.00aO.00 0 
O.OOtO.OO 0 
0.00*0.00 0 
0.00*0.00 0 
O.OOaO.OO 0 
0.00a0.00 0 
0.00a0.00 0 
0.00*0.00 0 
0.00*0.00 0 
0.00+0.00 0 

-0.01t0.15 5 
-0.07a0.22 2 
0.00*0.00 0 
0.00*0.00 0 
0.00*0.00 0 
o.oo*o.oo 0 
0.00*0.00 0 
0.00*0.00 0 
O.OOaO.OO 0 
0.61t0.12 19 
0.48t0.14 7 
o.oo*o.oo 0 

-0.04t0.34 1 
0.00*0.00 0 
0.00a0.00 0 
0.00*0.00 0 
O.OOaO.OO 0 
0.OOtO. 19 3 
O.OOtO.OO 0 
0.00*0.00 0 
0.00*0.00 0 
0.23a0.08 15 
0.00*0.00 0 
0.00*0.00 0 
0.10*0.20 3 
0.00a0.00 0 

-0.48*0.14 8 
O.OOtO.OO 0 
O.OOtO.OO 0 
O.OOtO.OO 0 

-0.32tO.09 13 
0.09*0.07 22 
0.00*0.00 0 
0.09t0.24 2 

-0.12t0.23 2 
-0.18+0.13 6 

O.OOtO.OO 0 

with 95% cc 
S Nov Zemlya 

amp. term 

0.00*0.00 
O.OOtO.OO 
0.76tO. 22 
O.OOtO.OO 
O.OOtO.OO 
0. ooto. 00 
0.00*0.00 
o.oo*o. 00 
0.0oio. 00 
O.OOtO.OO 
O.OOtO.OO 
0.ooto. 00 
O.OOtO.OO 
o.oot0. 00 
O.OOtO.OO 
o.oo*o. 00 
0.00*0.00 
O.OOtO.OO 
0.00t0.00 
0. ooto. 00 
O.OOtO.OO 
0.00*0.00 
0.00a0.00 
0.00t0.00 
0.00*0.00 
0.00t0.00 
O.OOtO.OO 
o.0ot0.00 
0.0010.00 
0. ooto. 00 
O.OOtO.OO 
0.0010.00 
O.OOtO.OO 
0.00*0.00 
0.00i0.00 
O.OOtO.OO 
O.OOtO.OO 
o.oo*o. 00 
0.00*0.00 
0.00*0.00 
0.00~0.00 
o.oo*o.oo 
0.00*0.00 
0.00*0.00 
0.00t0.00 
0. 00*0.00 
0.00r0.00 
O.OOiO.OO 
0. ooao. 00 
0.00*0.00 
O.OOtO.OO 
O.OOtO.OO 
0.18tO. 15 
O.OOtO.OO 
0.00*0.00 
0.ooto.oo 
0.00r0.00 
O.OOtO.OO 
0.0010.00 
O.OOtO.OO 
0.19t0.31 
O.OOtO.OO 
O.OOtO.OO 
0.00t0.00 
0.19t0.15 
O.OOaO.OO 
o.ooto.oo 
O.OOt0.00 
0.00*0.00 
o.oo*o. 00 
O.OOtO.OO 
0.00r0.00 
0. ooto. 00 

-0.04tO. 30 
0.02tO. 16 
o.ooto.OO 
0.0020.00 
0.12tO. 31 
O.OOtO.OO 
0.00*0.00 

mfidence limits 
N; AO v0 





Station time and magnitude effects with 95% confidence limits 
Stat ion T ina te rm(s )  N; NNovZemlya N; SNovZemlya N; AO 8 

amp. term amp. term 

Z AG 
ZRK 
ZGN 
ZLA 
ZLP 
ZOBO 
ZST 

i ZUL 

N, i s  the number o f  a r r i v a l  times used t o  estimate the t i n e  term. 
N,,N2 and N3 are the number o f  amplitude observations used t o  estimate the amplitude terms. 
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