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INTRODUCTION

During the past ten months, Sierra Geophysics has been conducting a
research program aimed at understanding the m biases observed for under-

ground tests located at the Nevada Test Site (NTS). This report summarizes

this ARPA-supported research which was monitored by AFTAC/VSC.

The research program was divided into three princinal tasks. The
first task was an analysis of both incoming and outgoing seismic energy
at NTS to determine tow the waveforms are affected by local geologic
structure and intrinslc attenuation. The second task involved a theoretical
analysis of wave propagation with models representing the complex, three-
dimensional structure at the NTS. The final task was to combine the results

of the first two tasks and to estimate the sensitivity of the data to vari-

ations in the structural model for the region or parts of the region.
The program summarized in this report does not represent a final answer
to the question of NTS m bias. Additional work on this problem, including
the acquistion and integration of seismic data from other Special Data
Collection Systems (SDCS) stations (NT-NV, GQ-NV, etc.) and the inclusion
of additional structural information (expected shortly from studies by Herrin),
is needed.
This report is divided into six sections. The first two sections
summarize research on teleseismic source functions appropriate for

NTS events and on teleseismic attenuation measurements. These first two

e -

summaries have been extracted from the Quarterly Reports SGI-R-79-002 and
SGI~R-79-003.. The third section deals with on-goirg studies of the

frequency dependence of seismic attenuation and the implications for yield




_determination and discrimination. The fourth section discusses research
conducted on both incoming seismic energy recorded by the SDCS stations

{8 at Yucca Flats and at Climax Stock and outgoing energy from tests at

Yucca Flats. The fifth section is a discussior of model studies of

wave propagation at Yucca Flats and a comparison of those results with

the conclusions reached in the data analysis of the YF-NT data (Section IV).
Finally, the last section reports on amplitude comparisons between the

SDCS stations 0B2-NV, RK-ON, and HN-ME and WWSSN stations within the

continental United States.
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distance the initial seismic energy represents diving rays and hence is
suitable for comparison with more distant regional and teleseismic
observations. Using a modified Von Seggern and Blandford (1972) source
representation, and including near-field terms, it has been possible to
obtain source functions which not only accurately model close-in records

but also match teleseismic observations. Having once defined the explosion
source description, it is a straightforward task to determine the effective
t* for teleseismic observations without the usual ambiguity of what are the
source influences as opposed to the anelastic effects. For WWSSN short
period observations of these events, we obtain an average t* of about 1.3
for compressional waves with a scatter of about *0.2. There are systematic
azimuthal trends in the observed t* values which are not strongly correlated
with the Silent Canyon caldera but may be correlated with part of the central
Rocky Mcuntains. It is not possible at this time to rule out systematic
receiver function biases as the cause of the amplitude variations. A
principal, although for present purposes not critical, limitation on

the source function determination made in this study is the uncertainties

in the precise crustal structure and seismological properties along the 8 km
paths between the events and the strong motion sites. Since these
uncertainties directly affect the resolved scurce function, this structure
needs to be more precisely defined in the efforts to reduce the observed
yield variations at NTS. A complete description of this research project

is contained in the Sierra Geophysics Quarterly Technical Report "Seismic
Source Functions and Attenuation from Local and Teleseismic Observations of

the NTS Events Jorum and Handley" (SGI-R-79-002).
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II. OBSERVATIONAL STUDIES OF THE PILEDRIVER AND HARD HAT TESTS

This study represents the second part of a project to define both the
teleseismic path-averaged attenuation operator appropriate for sources
located at NTS and the deviation from the average associated with distinct
geologic structures. In section I of this report we summarized the first
part of this program. In this section we summarize research on the Pile-
driver and Hard Hat testsconducted in granite at Climax Stock. A detailed
description of this work may be found in the Sierra Geophysics Quarterly
Technical Report "Seismic Studies of the Nevada Test Site," Section 3
(8GI~-R-79-003).

In this study, we have tried to relate the near-field and teleseismic
data for the test Piledriver (yield ~56 kt; Springer and Kinnaman, 1971).
Data from a second event, Hard Hat (yield ~5.9 kt) were also examined as
a check on the Piledriver »esults. Hard Hat was located within the Climax
Stock and was separated in distance from Piledriver by about three hundred
meters. Although this shot was much too small to be recorded by the WWSSN
array, both Hard Hat and Piledriver were well recorded by the short period
Benioff instruments operated in Southern California (A ~ 500 km) by Caltech.
This research project combined and interrelated near-field data from Pile-
driver, scaiing relations for a 56 kt source, teleseismic waveforms from
Piledriver, regional amplitude data from both Hard Hat and Piledriver and
RDP's from Hard Hat. Unfortunately, thece data sets are not internally
consistent and the results must depend, to some extent, on which data are

heavily weighted in the analysis.
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If the velocity records recorded at the distances of 204 m and 470 m
from Piledriver are employed to calculate an effective RDP for the source,
we find that the teleseismic short period P waves predict a t* of 1.3.
However, some question remains as to the degree in which these near-field
records have been contaminated by non-linear effects. The calculation of
an effective RDP implicitly assumes that such contamination is negligible.

This source description was also compared via several source scaling
techniques to the experience from other tests. On the basis of this
comparison, the RDP strength derived from the close-in velocity records
appears to be a factor of 2 too high. This factor is roughly equivalent
to that obtained from a comparison of regional amplitude data recorded in
southern California from the Hard Hat and Piledriver tests. The reduction
in the RDP strength would reduce the predicted t* from 1.3 to about 1.0.
The present informztion does not provide a conclusive basis to decide which
data set should be given the most weight. TFor periods of about 1 sec.,
the present data only constrain t* to the range [1.0-1.3] for sources

located at Climax Stock.
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III. FREQUENCY DEPENDENCE OF SEISMIC ATTENUATION: A MECHANISM TO UNITE
AMPLITUDE AND SPECTRAL RATIO TECHNIQUES

The attenuation of short-period body waves, commonly described by ;
the parameter t* (the ratio of travel time toQ), is an extremely important
factor in both the detection problem and in the source description analysis
of underground nuclear explosions. The attenuation of short period seismic
energy has been the source of major controversy within the seismological
community. A large part of the disagreements may be traced to differences
in technique and the frequency bands being considered. The time domain
determinations of t* are dominated by .5 to 2 hertz energy, the frequency
domain estimates have concentrated on higher frequencies and have resulted
in smaller t* values.

We have approached the problem of defining a useful attenuation model |
by first modeling the time domain waveforms, and then narrow-band filtering
(center frequency = 1, 2, 4, Hz) the observations and the synthetics, and
by comparing spectral amplitudes. This dual approach provides both a time
domaiﬁ and frequency domain check on the interpretations. This study was
initiated primarily to investigate the trade-offs between the frequency
behavior of the attenuation operator and absolute (b%) amplitudes of |
synthetic teleseismic waveforms. The study to date has been necessarily ]
limited to just five tests recorded at 0B2, HNME and RKON. Within this
report we will restrict the discussion to the simplest event and to just
the RKON and HNME data. The generation of the synthetic seismograms
requires a source description and a t* opervator. Following previous work,

we have used a von Seggern and Blandford (1972) source parameterization




and have adjusted the rise time, on the basis of the Piledriver/Hard Hat/
Shoal experience, to be approximately representative of a 100 Kt underground
explosion (K-7.6),

Figures 1 and 2 show the raw seismograms (top traces) for a Russian
underground explosion. This event was located at the Northern Novaya
Zemlya test site and the date was September 1, 1977. Traces 2-4 are narrow
band-passed (zero phase shifted) filtered records computed after the raw
data were corrected for the instrument response. The log spectral amplitude
plots, Figures 3 and 4, show the instrument corrected data. For HNME very
little 4 Hz energy arrived at the P-wave onset. However, for RKON the 4 Hz
energy arrived with the 1 sec P-wave, Next, synthetic seismograms were
computed for these two records. The t* chosen for each station was based
on the observed amplitude variations for Russian underground explosions,
i.e. RKON/OB2 = 4 and HNME/OB2 = 1.7 (see Section VI). Assuming t*OB2 = 1.3,
these observations approximately translate to t*RKON ~ 0.65 and t* HNME ~ 1.05.
The pP reflection time was adjusted in order to obtain the best visual fit.

Finally, the synthetics were superimposed on the noise Preceeding the
observed records and the resulting seismograms analyzed with the same
program used on the actual data, Figures 5 z.d 7. Perhaps as expected,
these synthetics visually fit the observations quite well. Note also
that the chosen t* values (and hence mb) Predict the observed amplitude
ratios between RKON and HNME (data = 3.4, synthetics = 3.7). For HNME
the amplitude observed in each frequency band is fairly consistent with
the synthetic. The spectral plot, Figure 6, indicates that the Synthetic
is slightly depleted at frequencies around 3 Hz. However, the synthetics
for RKON, Band 4 Hz, Figure 7, are down about a factor of five from the
data. The spectral plot, Figure 8, shows that the discrepancy is somewhat

larger than a fuljl decade. Although this is only one example, significant
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Figure 1: Waveform recorded at HINME from a Russian test. The lower three
traces have been narrow band-pass filtered after correcting the
top trace for the instrument response. The ratio is the maximum

amplitude of the filtered trace divided by the maximum of the
recorded record.
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4 Hz energy is routinely observed (Der and McElfresh, 1975). However,
decreasing t* to accommodate the 4 Hz data would strongly violats the
observations at 1 sec. The RDP's at 1 sec are reasonably accurate and the
teleseismic amplitudes require an operator with the characteristics
described by t* ~ 1. One reasonable compromise discussed by Liu,
Anderson, and Kanamori (1976); Kanamori and Anderson (1977); Anderson,
Kanamori, Hart, and Liu (1976); Anderson and Hart (1977, 1978); and
Hart (1977) is to move the high frequency edge of the absorption band
into the range 2.5 Hz. . have coded the Minster (1978a, b) description
of an attenuation operator defined by an absorption band model. The
relative spectral amplitudes of this operator as a function of Tm (~1/27f),
are shown in Figure 9. The attenuation for 5 possible postions of the
absorption band and t* = 1.0 are shown. Note that this range affects the
1 Hz data by about a factor of two but can potentially alter the 4 Hz data
by many Qecades. For the data presented for RKON, moving the edge of the
absorption band to about 2 Hz (1~0.08) would more than account for the
high frequency energy. As an example, synthetics for RKON (t* = .75)
and for HNME (t* = 1,15) for TS 0.08 are shown in Figures 10 and 11.
A comparison between either of the band-passed records or the spectral
plots, Figures 12 and 13, and the actual data show that the synthetics
now have too much high frequency energy. For this single example it
seems that the position of the absorption band is not constaqt: HNME
is fairly well modeled with T .001 for RKON T < 0.08.

Currently there are two distinct methodologies in the analysis

of seismic attenuation: Amplitude Jdata from both short and long period
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by an absorption band model. Five possible positions
of the high frequency corner of the band are shown.
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Figure 12: Synthetic waveforms for the record at HNME. The attenuation

operator used is described by t*=1.15 and 7 =.08. The ro-
flection time for pP was changed to 0.35 sce. The source

model 1is the same as described on rigure 5.
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seismographs (which are closely related to mb) and spectral ratios. The
amplitude data for each source region and each site have been shown by
Butler (1979) to be quite stable. For the first-order estimate of m
this amplitude data is crucial. However, éowards the goal of modeling a
range of seismic bands (i.e., 1, 2, and 4 Hz) the spectral slope data
should be incorporated into the absolute level estimates at ~ 1 Hz. The
above paragraphs discuss a smooth model that can connect the 1 and 4 Hz
observations. Since the absorption band model represents a temperature
activated proceés, we expect some relationship between temperature, the
position of the band, and t*, i.e., high temperatures imply large
attenuation and short diffusion times (small Tm). As discussed above,
this model is well founded in previous theoretical works.

The limited modeling study presented above should not be interpreted
as demonstrating the existence of frequency-dependent a;tenuation. The
principal objective of this study has been to examine for a few simple cases

the proposition that a frequency dependent Q operator can unite the diverse

Yor. et

£

views of t*. Consideration of Figure 9 and the results from the modeling of

a simple source strongly suggest that a frequency-dependent attenuation

i . T

model can unify the current divergent views.
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IV. ESTIMATION OF RECEIVER FUNCTIONS FOR STATIONS LOCATED AT THE NTS

4.1 THEORY

The method that has been used in estimating receiver functions is a
two stage procedure., The first stage uses deconvolution and complex log
spectral stacking to produce transfer functions that map seismograms re-
corded at a reference station into those recorded at other stations. The
second stage uses a Minimum Entropy Deconvolution method (Wiggins, 1978)
to estimate receiver functions for all stations, including the reference
station, from éhe transfer functions obtained in stage one.

In order to obtain a transfer function relating near receiver re-
sponses of a reference station to another station we must remove the
effects of the source and near source structure. This may be done by
deconvolution if the apparent source, including near source structure
effects, is the same for both stations. To ensure this condition is met,
we must either use stations that are close together, and thus have
similar source receiver azimuths and ray parameters, or use non-directional
sources. Further, due to the presence of near receiver lateral inhomogene-
ities, we should limit events in any stack to a relatively narrow azimuth
range.

Assuming that the above conditions are met, deconvolution of the
reference seismogram from the seismograms recorded at other stations will
effectively remove source, instrument and some attenuation effects. Let
Ej (w) and 5? (w) be, respectively, the Fourier transforms of the seis-
mogram of the ith event at the reference and jth station. The deconvolution

for the ith event and jth station is just E; (w) = Ej (w)/s_;' (W)
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We may now produce an average transfer function ¢t J (w) for the jth

station relative to the reference station by a complex log spectral stack.

log T, () = —i—%l log EJ? (w) (2)

It should be noted that the same formal esfimate for tj(w) may be
obtained by stacking the log spectra of the seismograms first and then
deconvolving the stacked seismograms. However, by performing the deconvo-
lution first it is possible to avoid the Phase unwinding problems that
usually plague complex log spectral methods. While there is no problem deter- 1
mining log ] f5 W] = %-g log | a? W) |, determining the phase is somewhat
problematic, due to 2mi ambiguities in the complex log function. However,
by deconvolving first and detrending the'E;'(w) over a specified frequency
band, which corresponds merely to an absolute time shift cof s?(t) with re-
spect to‘si(t) it is possible to concentrate the E;‘(w)in one half of the
complex plane or less for a given w. Phases may then be averaged and pro-
blems of EEE phase shifts are avoided, since the same 2mm absolute phase
shifts are ignored for all n deconvolved signals,

An alternative approach to producing the functions'Ej(w) is the stand -

ard deconvolution procedure. This involves determining fi (w) that minimizes

the functionals ey = P [ ;; (w) - Ej (w) E; [l TR e several advantages

to using the log spectral stack, as opposed to standard deconvolution methods.

]
:
;
i
3
i
§
s

The first is the relative insensitivity of the log spectral method
to absolute timing information. This permits higher frequency information

to be retained than is possible with conventional methods. Also, while




standard methods are effective in dealing with random'additive noise, the
principal noise in many seismograms is not stationary additive noise but
rather signal controlled noise, Such noise may be modeled by convolution
in the time domain. Since time domain convolutions become additions in
the log spectral domain, we see that log spectral stacking tends to effec-
:"f tively cancel such noise processes. Causes of such noise include amplitude

and moveout changes of later arrivals due to local near receiver inhomogene~

ities, azimuthal changes from event to event, and changes in the apparent

source from station to station for a single event.

The transfer functions E&(w) obtained from the deconvolution and

stacking procedure contain not only the desired receiver functions,

rj(w), but also the inverse of the reference station receiver function,

ro(w) thus, we may write

-+
~
£
~
[}

?j (w)/?o(w) il 24l (3)

rt
~
£
~
1]
—

In order to recover ;;(w), and hence ;ﬁ(w)wenmst impose an additional con-
straint on the problem. The constraint we shall use is that the r, (t) be,
on the average, as simple or "delta-like" as possible. This may be done

by minimizing a weighted varimax norm

n /‘r/f(t)dt
V=100 S VI = 5 S T e ; 9
=0 i T r;(t)dt)

e R P T

SO8ids
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This procedure, known as Minimum Entropy Deconvolution (MED) and the
properties of the varimax norm have been discussed by Wiggins (1978). 1In
addition to producing the "simplest' possible estimates of T eeeT s the
MED procedure has the property of rejecting incoherent high frequency
energy. Thus, while the ratios of Tj(w)/rb(w) are fixed by the f&'s, the
absolute amount of energy in any frequency band for LR is determined
by the coherence of the Es's in that band. In this way, the MED process
aids in stabilizing the results of the deconvolution and stacking procedure.

It may be shown that minimization of the functional in equation 4 is
equivalent to solving the system of non-linear simultaneous equations

v.,w W 3

r* Dt (ept) = I Tee) (5)
b, gl u

where u, =~/;iz(t)dt, * denotes convolution and » denotes correlation.

These equations may be solved for r iteratively, either in the frequency

or time domain. Wiggins had adopted a modified Levinson recursion algorithm
in order to obtain a time domain solution. However, since we expect that
the time duration of ro(t) may well be comparable to the duration of the
ri(t), we have adopted a frequency domain solution. Through the use of FFT
algorithms, it is possible to save considerable computer time in this manner.

In the frequency domain, we may express equation 5 as

= 63 -
;‘_“_1_ R, (w) ti(m)
1 2
SR (L) s Yy
[¢)
i Viwifﬁ* (m)fi(w)
v

i

T T T NN Y T e ey

oy g P

i
5
:
;
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i

*
where Ri(t) = riB(t) and f denotes the complex conjugate of f. This

; equation may be solved iteratively by first assuming r (t) = 5(t-to), and

hénce Ri(t) = ti3(t-to). We may then solve for ro(w) and in this way

k. generate a new estimate of Ri(t). In general, this procedure must be

; repeated only 4 or 5 times before convergence is obtained. By replacing

Ri(t) with Ri(t) H(t), 1(t) is a heavv stde function, at each iterative step,

we may introduce some semblauce of causality into our solution, without, |
in general, adversely affecting the convergence rate,

It should be noted that, while the minimum obtained in iteratively

solving (7) is not unique, a useful minimum may easily be obtained by
i_ adjusting the weighting functions W In general, however, experience has
shown that the solution obtained is not critically dependent on the choice

'

of w,'s. It should also be noted that, except for possible problems

with multiple minima, the entire stacking and MED process is invarient to the
#: choice of which station is to be used as the reference station. That is, with
: proper choice of ‘&, the same set of T, functions is obtained, independent
of the choice of the reference station.
It should also be noted that there is no guarantee that the simplicity

criterion of MED in fact produces the true receiver functions for the set

of stations. 1In particular, if some feature is common to all receivers, it

.?"; will probably be removed from all receiver estimates. This, however, is

not considered a likely occurrence. One possible check is provided by
cgmparing the varimax norms for synthetic seismograms at all stations
produced using a reasonable source function, attenuation operz“or, etc., with
the norms computed for a simple event, well recorded at all stations. If ?

the degrees of complexity, as indicated by tke varimax norms, agree for

data and synthetic, then this is an indication that no large scale common 3

4k
£ ‘ﬁwwdﬁi‘*?mmmw} »
e
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structure has been eliminated. Additional tests are possible for sources

where independent near field estimates of the source are available.
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4.2  APPLICATION TO DATA

The methcds of the previous section have been applied to events recorded
by the SDCS stations located at Yucca Flats, denoted by YF1 through YF4,
and a ;tation OB2 locat:d at Climax Stock. In general, seismograms
recorded at the YF stations, which are located in a dipping basin, show far
greater complexity than do the same events recorded at OB2. FEvents from 3
azimuthal windows (northwest, southwest and southeast) have been examined
in detail.

In order to test the deconvolution and stacking procedure, transfer
functions obtained from the procedure were used to predict the seismograms
at the YF stations from those recorded at OB2. This also provides a
check on the assumption that near station structure varies sufficiently
slowly that variations in azimuth and ray parameter from event to event
within ezch azimuth window do not produce large amounts of scatter in
the receiver function estimates.

As may be seen from Figures 14, 15, and 16 there is very good agree-
ment between observed and predicted waveforms for the YF stations. While
many of the differences that do exist may be attributed to the presence
of high frequency noise at the YF stations, there are variations associated
with small changes in azimuth or ray parameter that must result f{rom three
dimensional near receiver structure. These appear primarily as lufge,
incoherent arrivals late in the record. Since a large degree of interference
is present late in the record, particularly for complex sources, it i, not
surprising that deviations from an "average' transfer function become

apparent in this portion of the recora.
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h The transfer functions obtained from the deconvolution and stacking

TR

i procedure were then processed using the MED technique in order to obtain

estimates of actual receiver functions. Receiver functions obtained in

3 this manner are shown in Figures 17, 18, and 19. The small, precursory

BT

- arrivals present in the YF receiver functions are largely the result of
noise in the YF records., The finite width of the pulses in the receiver
function is due to the band limited nature of the data and the presence
of high frequency noise at the‘YF stations.

'fﬂ As expected, receiver funcfions for the station 0OB2 are considerably

simpler than those for the YF stations. In general, receiver functions

for the YF stations are characterized by three or possibly four moderately
sized negative arrivals following the first large positive arrival.

These, in turn, are consistently followed by a large positive arrival. The

early negative arrivals appear to show some moveout and amplitude
variation as we move from YF1 to YF4., These arrivals also exhibit
significant amplitude variation as a function of azimuth. This azimuthal
variation is sufficiently large that transfer functions derived for one

azimuth do not, in general, act as particularly good predictors for other

azimuths. Interpretation of these early arrivals, in light of the known

average structure, will be done in the next section.

Due to the finite width ¢f arrivals, it is not possible to predict the
amplitude variations of incoming arrivals directly from the receiver
function maximum amplitudes. We may, however, use the receiver functions

and a synthetic incoming waveform to predict amplitude variations. Figure 20

shows the waveforms obtained using a synthetic undergzround explosion source
convolved with a short period instrument and attenuation operator with t*=1, As

'@: expected, the YF waveforms show considerably more complication than the
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OB2 waveforms. The YF receiver functions result in a factor of two ampli-
fication of the synthetic waveforms relative to OB2. ‘This amplification

is fairly well explained by the contrast in the shallow velocity structure
between OB2 and the YF array. Figure 21 shows a range of waveforms and ‘ i

amplitudes that result from various near-surface velocity structures.

In order to compare the virious synthetic amplitudes, we have normal-
ized by the amplitude of the OB2 waveform at each azimuth. The log of the ]
maximum amplitude for each station and azimuth, referenced to the maximum
amplitude of the YFl station for the northwest azimuth, is shown in Table 1.
This table shows a 0.15 magnitude variation that is a function of both
azimuth and station location.

It should be noted that azimuthal amplitude variation can be caused
either by azimuthal variation at the YF stations or at OB2. With the
present data set, there is no way of discriminating between these two
possibilities. However, within each azimuth the data show a consistent, steady
increase in amplitude from YFl to YF4 corresponding to about .1 magnitude
units.’ On the basis of reciprocity, this correlates with the east-west
trend ‘in magnitude bias observed by Alewine (1977), as shown in Figure 22,
for nuclear events in the Yucca Flats region. The bias found in this study

is less than that discussed by Alewine. However, the YF array extends

across only the eastern portion of Yucca Flats. The bias reported here is
based strictly.on reciprocity and is clearly not related to any questions

of lateral variation in near source material properties or source coupling.
As discussed in the following section, the receiver functions are the

result of complex wave propagation in the basin. The 0.1 magnitude bias
across the YF array is most probably the result of elastic wave interference

controlled by the shallow structure of the basin.
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Table 1

Magnitude Anomaly Associated with Receiver Functions
For Yucca Flats

NW SW SE

YF1 0.0 -0.04 -0.05

YF2 0.05 0.02 0.00

YF3 0.08 0.03 0.01

YF4 0.10 0.07 0.03
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4.3 TINTERPRETATION OF THE Y RECEIVER FUNCTIONS

The shallow crustal structure of Yucca Flats has been extensively
studied by Herrin (1979) using a combination of gravity and seismic data.
Based on this study, it is possible to develop a simplified crustal model
for use in interpreting the receiver functions obtained in the previous
section. The model used is shown in Figure 23. 1t consists basically of
a tuff layer, dipping west, overlying a paleozoic basement. An additional,
non-dipping discontinuity is introduced in the tuff layer by the presence
of the water table. Further complications in the structure are introduced
by the presence of faults near the westernmost station, YF4.

Both the glorified optics (G.0.) method of Hong'and Helmberger (1978)
and plane wave theory for simple dipping structure were used to derive
synthetic receiver functiong for this structure. The results of the G.O.
calculations for one azimuth are shown in Figure 24. These results show
reasonable qualitative agreement with the early portion of the observed
receiver functions in Figure 17. The synthetics consist primarily of a

direct arrival, a P reflection from free surface and then the water table,

and a P reflection from the free surface and then the basement. Multiple
reflections and converted phases are small and although included in Figure
24, the amplitudes are quite small. The amplitude of the water table
and basement reflectipns agrees reasonably well with the average size of
early negative reflec?ions in the data, and the moveout exhibited by the
basement reflection, relative to the water table reflection agrees
with the data,

The application of the G.0. technique to the simplified basin structure

produces a receiver function that approximates the early portion of the
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observational receiver functions. However several details observed in the
data are not predicted in the model. 1In particular, the simplified basin
model does not predict at least one early negative reflection. Nor does
this model correctly predict the timing between the first arrival and the
water table reflection. Both of these discrepancies may be explained by
the presence of a shallow sediment layer not included in the model. Some-
what more serious is the fact that the‘proposed model does not correctly
predict i.2 large ubserved station to station and azimuthal amplitude
variations of the early reflected arrivals. Nor are any of the large

arrivals following the early negative reflections predicted.

The failure of the model to account for the station to station
amplitude variatlons 0f the receiver function is reflected by the failure
to predict correct amplitude variations for synthetic seismograms
constructed in a similar manner to those in Figure 20, but using a synthetic
rather than an observed receiver function. As may be readily seen,
seismograms in Figure 25 not only fail to show the structure of those in
Figure 20, but also fail to show any significant station to station amplitude
variation.

There are several possible causes for the discrepancies between
observed and synthetic receiver functions. These include large lateral
variations in alluvium and basement depth, irregularities in the base-
ment, and systematic changes in the velocity of materials as a function of
location in the basin. Several of these factors are known to exist. For
instance, basement maps of Yucca Flats show a large closed depression in
the basement several kilometers to the north of YFNV. Rays coming through
this depression could well have their ray paths altered sufficiently to
produce critical or near critical reflections from water table or base-

ment lavers. Similar effects may be associated with discontinuities
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i caused by faults which are known to occur in the region. In general, the
: only way to differentiate between these possible causes is to fully

5 incorporate the detailed crustal models that are now being constructed

into the modeling procedure.
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V. STUDIES OF OUTGOING SEISMIC ENERGY FROM YUCCA FLATS, NTS

This section discusses waveform calculations for outgoing =nergy from
sources located across the Yucca Flats basin and a comparison between some
of these calculations with teleseismic observations Tijeras, Tan and Commodore.
Earlier studies (Alewine, 1977) have detected an east-west magnitude variation
for events located at Yucca Flats. In Section 1V we demonstrated that
the receiver functions for stations YF-1 through YF-4, computed from
incoming teleseismic P-waves, result in a magnitude bias across the array
of 0.1. It was the aim of this study to determine if the best current
estimates of the shallow structure of the basin combined with the Glorified
optics (G.0.) technique of Hong and Helmberger (1978) could model the observed
bias.

The basin structure shown in Figure 23 was used as the basis for
computing the theoretical near source crustal response. This profile
represents, in simplified form, the shallow basin structure near the YF array.
The three-dimensional character of the basin was modeled by smoothly closing
this structure to the north and south. The closure was based on data from
stratigraphic maps of Yucca Flats. In the previous section receiver functions
calculated from this structure were not in good agreement with the observational
receiver functions. This model correctly predicts the relative amplitudes and
moveout across the array of the first reflections from the water table and
the basement complex. The calculated one way travel-time across the sﬁallowest
layer is systematically .lg—.Z sec too long. In addition, one significant
first multiple, negative pélarity arrival is not predicted by the model.
Finally, a large positive arrival, arrival time = 1.2 sec after the first

P-yave is also not predicted by the model. The inadequacy of the model to

bl
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account for the complexity of the observed receiver function suggests the
model may not describe in sufficient detail the strucfures that control the
magnitude bias observed at Yucca Flats. .The Glorified Optics technique has
has been shown in previous tests to adequately model wave propagation in
smocthly varying three dimensional structures (Hong and Helmberger, 1978).
The technique retains information on the amplitude, timing and phase
distortion (critical reflections) of geometric rays. The technique does not
model diffracted wave propagation. Hence, to the extent that diffracted
energy is important to the complete modeling of the structure, G. O.

will be inadequate. Within this project, discontinuous fault structures have
been modeled as slightly smoothed structures. The normal faults in the
center of the basin have been replaced with half cosine functions that deviate
from the structure shown in Figure 23 by less than a hundred meters. The
structure used in the computer program and the ray paths for the four most
significant rays are shown in Figure 26.

In the initial stages of calculating the elastic response of the basia,
for bofh the vertical component for incoming teleseismic energy and outgoing
P-waves from local sources, a large family of rays was examined. For the
Yucca Flats structure, G.0O. predicts that converted phases (e.g. P-waves
converted at a boundary to S-waves and then later converted back to P-waves)
are relatively unimportant. This suggests that the receiver functions
calculated from incoming teleseismic P-waves should provide a good estimate
of the outgoing wave shapes provided the function is corrected for the
effect of source depth. To a first approximation, this can be accomp.iished
by adding in thephasepP.l This approximation élearly assumes that reflections

from layers between the source and the surface are negligible. The event
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Tijeras was located midway between stations YF-1 and YF-2. Synthetic
waveshapes have been calculated using the receiver functions from Section IV
for the WWSSN stations COL, MAT and ARE, Figure 27. The receiver function
for the northwest azimuth from YF-1 was used for COL and the receiver function
for YF-2 was used for MAT. The ARE waveform was generated with the south-
east function for YF-1. As may be seen in Figure 27, the timing and amplitude
of the first four peaks and the approximate amplitudes and timing of later
arrivals fit quite well. This result confirms the predictions from the G.O.
calculations that for a simple or smooth structure such as exists in the
eastern portion of Yucca Flats, converted phases are not important.
An example of the waveshape calculated with G.0. for a source located
approximately at YF-1 is shown at the top of Figure 25. This synthetic
contains a von Seggern and Blandford (1972) source, a WWSSN short period
instrument response and an attenuation operator (t* = 1,0). The relative
amplitudes of the first five peaks are in fair agreement with the synthetics
calculated from the receiver function for YF 1, Figure 27, COL.

The event Tan was located about 1 km south of the station YF 4 and was
juxtaposed to the Yucca fault system. The source depth was roughly the
same as Tijeras and the emplacement media was similar. As seen in Figure 28,
the teleseismic waveforms from Tan are considerably more complex than was
observed for Tijeras. Further, this degree of complexity cannot be
obtained from any of the receiver functions from Section IV. The event
Commodore is located well north of the YF stations, on the opposite side of
the mapped Yucca fault ana shows marked similarity in waveform to Tan,
Figure 28. This argues strongly that the complex waveforms that characterize
events located in the western portion of the basin are not simply associated

with geometric rays. Calculated amplitudes and waveforms from G.0. for
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sources located in the vicinity of the faults change rapidly with small

i changes in position and azimuth, Figure 25, This is in conflict with j

the apparent similarity of the waveshapes for events Tan and Commodore and

with the general pattern of magnitude bias discussed by Alewine (1977). !

The goal of this task has been to combine the available computer code

R b

% for three-dimensional wave propagation with the velocity model for Yucca

F | Flats in order to investigate the origins of the magnitude bias discussed

3 by Alewine (1977). The general conclusion at this time is that the forward
calculations with G.0. and the basin model shown in Figure 23 cannot explain
the observed magnitude bias. At least three possible causes for this
failure exist. First, the model may be inadequate. The discussions in
Section IV show that several arrivals observed in the receiver functions are
not predicted by the model. If the magnitude bias is controlled by elastic
wave propagation in the basin, then the apparent inadequacy of the model is
very disappointing. It seems unlikely that we will have information even as
detailed‘as that shown in Figure 23 for Russian test sites. A second possible

explanation is that magnitude bias may be to first order the result of

coupling at the source and not strongly dependent upon the basin structure.

Material properties within the basin could grade from east to west. However,

the receiver functions calculated from the observed teleseismic P-waves predict

a 0.1 magnitude bias across the YF array that is consistent with the results

from Alewine (1977). This leads us to believe that the basin structure does 1

play an important role in the observed magnitude bias. As a third explanation,

G.0. does not include diffracted wave propagation effects. The attempts

to model teleseismic waveforms for sources located near the Yucca fault show

B T

b that the techunique is inadequate for such complex structures and further
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suggests that diffraction is an important aspect of this problem. During
FY 80, Sierra Geophysics is developing a more advanced technique for wave

propagation in complex media that retains diffracted effects.
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VI. AMPLITUDE STUDIES OF THE STATIONS OB2, RKON AND HNME KELATIVE TO THE
WWSSN_MEAN :

This section examines in detail the amplitude anomalies at the SDCS
stations HNME at Houlton, Maine; RKON at Red Lake, Ontario: and 0B2-NV
at the Climax Stock, NTS. These amplitude anomalies are determined
relative to the suite of WWSSN stations in the coterminous United States.

A complete study of amplitude anomalies associated with these WWSSN stations
is presented in the technical report SGI-R-79-011. This section will deal
only with the three aforementioned SCDC stations and their relationship with
the WWSSN stations in the United States.

Figure 29 shows the location of WWSSN stations in the United States
relative to the approximate physiographic provinces. Relative amplitude
anomalies were determined for these stations for seismic sources from
three separate azimuths. To the north, Russian nuclear explosions located
in five separate Russian test sites were utilized. In all, high quality
data from thirty-six Russian explosions were obtained. The events and their
locations are listed in Table 2. The amplitude measurement utilized in
this study was the peak-to-peak amplitude of the first cycle of P-wave
motion as measured on the short period vertical component of each seis.ogram.
As explosions have theoretically spherically symetric radiation patterns.
no corrections for source radiation were necessarvy. To obtain amplitude
coverage in other azimuths for receivers in the United States, earthauake

sources must be utilized. However. earthquakes have an amplitude radiation

pattern due to the double couple nature of the source and may also
exhibit directivity effects due to the propagation of the fault. To iini-

mize these effects, earthquakes were sought which were simple and shoct-
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Table 2

Explosion Data Set*

Northern Novaya Zemlya i

27 Oct 66 5:57:58 73.44N 54.75E 1
21 Oct 67 4:59:58 73.37N 54,81E 3
7 Nov 68 10:02:05 ' 73. 40N 54.86E -
14 Oct 69 7:00:06 73. 40N 54, 81E
14 Oct 70 5:59:57 73.31N 55.15E
27 Sept 71 5:59:55 73.39N 55.10E
28 Aug 72 5:59:57 73.34N 55.08E
12 Sept 73 6:59:54 73.30N 55.16E
29 Aug 74 9:59:56 73.378 55.09E
23 Aug 75 8:59:58 73.37N 54.,64E
21 Oct 75 11:59:57 73.35N 55.08E
Southern Novaya Zemlya i
27 Sept 73 6:59:58 70:76N 53.87E 1
2 Nov 74 4:59:57 70:82N 54.06E -
18 Oct 75 8:59:56 70:84N 53.69E !
é
Semipalatinsk East :
15 Jan 65 5:59:59 49. 89N 78.97E 3
30 Nov 69 3:32:57 49.92N 79.00E - §
2 Nov 72 1:26:58 49.91N 78.84E  §
23 Jul 73 1:22:58 49.99N 78.85E |
L 14 Dec 73 7:46:57 50.04N 79.01E
| 31 May 74 3:126:57 49.95N 78.84E
E | 4 Jul 76 2:56:58 49.91N 78.95E

Semipalatinsk East-Additional Data

‘ 23 Nov 76

5:03:00 50.00N 79.00k |
7 Dec 76 4:57:00 49.90N 78.90E
29 May 77 2:59:00 49.90N 78.9CE
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Table 2 (continued)

Semipalatinsk West
19 Oct 66 3:57:58 49.75N 78.03E
20 Apr 67 4:07:58 49.74N 78.12E
17 Oct 67 5:03:58 49.82N 78.10E
29 Sept 68 3:42:58 49.77N 78.19E
28 Jun 70 1:57:58 49.83N 78.25E
b 22 Mar 71 4:32:58 49.74N 78.18E
E | 25 Apr 71 3:32:58 49.82N 78.09E
o 30 Dec 71 6:20:58 49,75N 78.13E
20 Feb 75 5:32:58 49, 82N 72.08E

Kazakh

6 Dec 69 7:02:57 43.83N 54.78E
12 Dec 70 7:00:57 43, 85N 54.77%
23 Dec 70 7:00:57 43.83N 54.85%

*Locations and origin times from Dahlman and Israelson (1977), or Bulletin of

| the International Seismological Centre.
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duration in character. That 1is, the pulses as observed on
short period records across the United States were similar in waveform,
short in duration, all had the same first motions, and were similar in
frequency content.

Table 3 lists earthquakes at a northwest azimuth. These earthquakes
occur in the KurileIslands region, in Japan, the Izu-Bonin Islands, the
Alaskan peninsula, and other places in Northeast Asia. Earthquake data
from a southeast azimuth are listed in Table &4 and are comprised of South
American events.

Earthquake data in two time periods were used in this study. Simple
earthquakes in the Kurile Islands region and in South America were obtained
for the period 1966 through 1968. A second selection of simple earthquakes
were chosen from the period September 1976 and August 1977. Table 5 lists
the events and SDCS seismograms utilized in the tie to the WWSSN stations.

Figure 30 plots the amplitude response of the WWSSN short period
instrumeﬁ:. Figures 31, 32, and 33 plot the amplitude responses of the SDCS
stations utilized in this study. To provide a standard basis of comparison
of these data, appropriate filters were constructed to change the instrument
response of the SDCS stations te the response of the WWSSN stations. To
illustrate the band response of the instruments relative to sources used
in this study, Figure 34 plots the power of the Piledriver explosion
source at NTS relative to frequency. Figure 35 illustrates the effect of
filtering the SDCS seismogram at OB2-NV to have the same response as a WWSSN

short period instrument.
Three examples of the earthquake data utilized in this study are shown
in Figures 36, 37, and 38.

on April 22, 1977. The frequency content of the record at RKON is slightly

Figure 36 plots a deep focus earthquake in Kamchatka

cncenr 50
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i
TABLE 3
‘* Earthquakes in a Northwest Azimuth *
Date Origin Time Location Depth (km)
Z Kurile Islands Earthquakes ' Q
11/22/66 6:29:52. 4 48.0N 146.8E 443 |
3/20/67 12:31:34.0 45.6N 151.4F 51 3
8/10/67 11:21:22.3 45.4N 150.3E 37 i
2/10/68 10:00:05.8 46.0N 152.3E 87 *
4/28/68 4:18:15.7 44.8N 174.5E 39 !
7/25/68 10:50:31.5 45.7N 146.7E 16 g
! 10/26/76 5:58:56 46.1N 159,74 130 :
3/19/77 10:56:06 43.0N 149.0E 0 i ;
| Japanese Earthquakes E
: 1/1/77 11:33:42 30.6N 137.2F 483 ;
ﬁf o 1/5/77 22:44:57 23.3N 143.8E 0 : :
: 2/18/77 20:51:26 34.0N 143.0E 0 g %
3 6/12/77 8:48:05 43.0N 142.3E 241 f
Q -%
Bonin Islands Earthquakes ] 'E
| 9/22/76 8:20:28 23.3N 142.1E 110 :
i 12/5/176 22:01:22 23.0N 140.0E 393
12/22/76 1:01:42 24.0N 145.0F 0

1/5/77 22:44:57 23.3N 143.8E 0

b M T e ety MR TSR] o



TABLE 3 continued

Earthquakes in a Northwest Azimuth#*

Date Origin Time Location Depth (km) Region

Other Events

68 T
3
|
|
|

10/22/76 18:35:24 56.1N 153.3W 0 Kodiak Islands

4/22/77 0:58:56 52.5N 138.8E 408 Kamchatka

4/23/77 14:49:06 75.0N 134.9E 0 New Siberian Is.

7/20/77 13:24:21 50.6S 161.9W 0 Alaska Pen. {
8/7/77 23:26:55 52.2N 176.2W 125 Andreanof Is. i

%[.ocationis Before 1975 from International Seismological Centre, after {
1975 from Seismic Data Analysis Center. 1
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TABLE 4

South American FEarthquakes#

Date Origin Time Location Depth (km)
4/25/67 10:26:14.3 32.6N 69.0W 39
11/15/67 21:35:51.5 28.7S 71.2% 15
2/6/68 11:19:23.1 28.55 71.0W 23
4/21/68 9:24:35.5 23.4S  70.5W 41
4/30/68 23:51:17.9 38.4S 71.1W 40
9/30/76 8:04:11 24,2S 68.2W 0
12/3/76 5:27:34 21.08 69.0W 79
12/4/76 12:32:35 20.0S 69.0W 103
3/8/77 22:46:44 8.05 63.0W 810
3/13/77 4:55:55 2.0S 58.0¢ 0
4/15/77 23:35:38 22.95 68.8W 109
6/2/77 16:50:36 29.95 68.6W 94
6/5/77 2:46:07 24.0S 70.5W 30
6/8/77 13:25:16 22.1S 67.3W 135
6/18/77 16:49:42 21.0S 68.7W 125

*Locations Before 1975 from International Seismological Centre, after
1975 from Seismic Data Analysis Center.
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Table 5

SUMMARY OF EVENTS & SEISMOGRAMS USED IN TYING SDCS
STATIONS TO WWSSN

- Event SDAC Seismogram Number
| OB2NV RKON HNME
L 11/23/76 34029 34031
12/4/76 33789
12/7/76 33857 33859
3 12/5/76 33797
g 12/22/76 33923
12/31/76 33947 33943
. 4/15/77 34657 34659 35147
4/22/77 34695
4/23/77 34705 34703
- 5/29/77 35231 35229 35233
6/2/77 35206 35205
a 6/5/77 35168 35169 35170
f‘j B- 6/8/77 35191
E | ’ 6/12/77 35285 35287
( 6/18/77 36493
M B 6/21/77 45425
- { 7/20/77 35483 35485 35487

8/7/77
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greater than the other stations shown in the figure. A systematic stuay
of the waveforms observed at RKON indicated that this station occasionally
shows anomalously different frequency content than other WWSSN or SDCS
stations used in this study. TFigure37 plots an intermediate-depth earth-
quake in South America which occurred on June 8, 1977: The event was
simple and shows similar waveshapes at stations across the United States.
Figure 38 plots a deep-focus earthquake located in Japan which occurred
on June 12, 1977.

The following series of figures plot the amplitude data for the
WWSSN and corrected SDCS stations. Figure 39 plots amplitude data obtained
from explosions at the five Russian test sites. The data at each test site
were averaged separately, and the mean for each site and each station are
plotted in Figure 39. Amplitude data for the SDCS stations were obtained
only from the Semipalatinsk east test site. Some of the WWSSN stations in
the United States are located at distances from the Russian test sites as
to be affected by the core-mantle boundary. Those stations which suffer
from thé effects of diffraction at the core-~mantle boundary have not been
plotted in this study or included in the analysis of relative station
amplitudes. Figure 40 plots the mean and standard error of the mean for ali
of the explosion data from the Russian test sites. The vertical scale in
the plot is a logarithmic scale ranging from 1/10 of the mean to a factor of
10 greater than the mean. The stations listed horizontally are arranged in
roughly a west to east arrangement. This format is utilized in all figures
of this type in this section. The solid line in the center of the gravh
represents the geometric me&n of all the stations used in the study.

Station OB2-NV (listed as OB2N) shows slightlv greater amplitudes than the

S St e
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mean. RKON shows amplitudes that are nearly a factor of 5 greater than the
mean and HNME shows amplitudes roughly a factor of 2 gfeater than the mean.
Figure 41 plots earthquake data from the northwest azimuth. The data show
greater scatter than the explosion data, but the means for each source
regicn are well determined. Figure 42 plots the mean and standard error
of the mean of the data shown in Figure 41. Station OB2~NV shows a value
slightly lower than the mean: RKON shows a value approximately a factor of 2
greater than the mean and HNME shows a value at the mean. Figure 43 plots
data from South American earthquakes. The mean and standard error of
the mean of these data are plotted in Figure 44. Station OB2-NV shows a
value slightly greater than the mean. Table 6 shows the mean, standard
error of the mean, and the number of determinations in the calculations for
each station for a northern azimuth to the Russian test sites. It should be
noted that N in this case indicates the number of test sites utilized in the
determination of the mean. As the primary SDCS data were obtained only for
the Semipalatinsk east site, a separate listing is indicated in Table 7 for
this test site alone. It should be noted that diffracted data is included in
this list and that the mean of these data will be different than the mean
for all of the Russian test sites that exclude the diffracted data. The
P-waves measured at the SDCS stations for this test area are not diffracted
and the relative mean amplitudes are ﬁot affected by the more distant,
diffracted arrivals. Tables 8 and 9 list the mean, standard error of the
mean, and number of data used for earthduakes located along azimuths to the
northwest and earthquakes from South America, respectively.

Before comparisoﬁs of a more quantitative nature can be considered,

effects due to differences in the ceolowic siting of the stations must be

evaluated. Gutenbere (1956, 1957) and Borchardt (L970) have noted that

T




=, TOUIT PTTOS |yl
4q pajussaadaa sajeas pairup Y3 Ul SnTeA uwsw syl o3 dArIR[a1 pajjord aie ersy uwmm:uuuz
| 3O sStadr 19430 pue uordad spueTs] aT1any oyl ur sayenbyjave woxj evjep apnitjdue aarleyay Ty 2andyy

INH 090 d0S UV UHS  NOX

o 100 03 203 9n0 N2S0- N0 SX3
i

Dﬂgggggggﬁgng

84

LSIMHINON 3 ‘ "SI NINOS ‘NUSRN ‘°SI FTIIMDI NI SDRNDHLMNYT

PH1S PAGE IS BEST QUALLTY PRACTICABLE

SRUM COFY FURNISHED TODDC ____——

e RS A R AL VAT T U




85

piL)

HiE W X0 RO

BHS HOMN 1Or 70D 208 O3 K2E0-

# 2and1d uIl BIEP Y] 10J UMOYS 91F UEBSW Byl JO I01Id PABPUBR]S PUB UBAW 3YJ, *g# 2i1n3T1]

NOl  Sod

e G6W Il OSW 3S9D  ¥30

%Im

L T S —— ._—,-'Mm-lil .@ltl e

mmmzu

ﬁ

E

F:ll:::::::

r %ﬁm G O

..-a@:--

HINWIZY LE3-HIBON 3HL 01 STRNOHLINYE

.0\

THIS PAGE IS BEST QUALITY PRACTICABLE

PRl G 1 1 G WISHED T0 DDC




86

“2UT | PITOS 941 — S9ILIAS PIILU] DY UL POALISQO ANTBA UBAW
a3 03 aarleiead peijord 2ae sajyenbyjaes uedoraswy yjnog woal eiep spnirjdue aarieialy

gy odudig

TuNH O30 <35 WY URS Nasd 1o WD Z26d@8 0 N0 NeE0. WO

SEM 050 vid W L0 Wd e oW Hl 08 I59

S0

sl

X ™

) l.-ll_.H.a.._...F_....-.q.....Wm II_I...II..I_I.I-.I..I.I..II_I.II_I.I-I._I'.“ﬂ”:nnT.l_l.lln. ; ....l.ll_l.m...... x-

..-III-...nv....Izaiﬂtl.-.hw.ﬂuﬁ.mi% __.w....lll.il!.llo.. ————p e

ol
e
W
LR
13

t

I Q

a/




87

*p23301d 24e ¢y aandT woll eIEp BYI jO UBBW BY] JO 10113 paepueris pue uesw ayj,

3 00 dOS UV UHS NOM L1OF 0D 203 90 M230 NO sdg

S3M 0303 Yl WU N0 Wd a1 OW XU O0sd I89 ¥

_a

oo se '.'...'".'....'-"'-.'".'J

ek B

= 11

STANDHLNYI NJOTEIN HLINOS

"oy oandpyg

/-9

S-a

a/

T e

vial AR

Ry




88
Table 6
Five Russian Test Sites
STATION MEAN S.E.HM, N
BKS 1.10 0.14 4
COR 0,87 0.10 2
LON 1.27 0.28 &
GsC 0.75 0.11 4
QBZNV 1.22 1
MSO 0.87 0.16 z
DuG 0.54 0. 09 2
TUC 0.66 G.02 2
BOZ 1.44 1
ALQ 0.37 0.04 4
GOoL 0.32 0.06 5
LUl 1.15 B Tt 2
JCT 0.83 0.03 %
DAL 209243 1
RKCN 4.87% 1
OXF 1.19 0.08 4 E
SHA 1.44 0.15 2 g
AAM 1.48 0.10 5 ;
ATL 0. 60 0.07 S 3
BLA 0.81 0.20 5 é
SCP 1.26 OS5 S ﬁ
: GEO 1.40 0.20 4 %
cGh 0,469 0,09 5 g
WES 0;52 0,10 L} ?
HNME 2.14 1

The amplitude response of the SDCS station HMME.
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Table 7
Semipalitinsk East Including Additional Events
STATION MEAN SHERbT N
BKS 1.2¢4 0. 03 2
COR 3. 26 0.5 o
LON 1.5 0. 04 S
G3C 0.77 0. 03 7
0B2NV 1.34 1
MSO 0,22 0.05 &
UG 2.8C 0.12 3
TUuC 0.15 0.01 &
BOZ 1.47 1
ALR 0.32 0.02 &
GOoL | 0.89 0.04 7
LUB 0.4&7 0.05 Z J
| JCT 0.12 0.03 4
' DAL t.21 0.13 2 |
RKON 5.75 0.37 3 :
1.14 0.13 ] .
3
:
1.90 0.18 & "'
0.62 0.03 &
0.59 0.05 ’
3 1.16 0. 09 €5
1.49 0.21 5
0.9% 0.05 <
0.53 0,05 q
2.3¢% 0.02 P

e —



Table &

All Earthquakes to Northwest

STATION MEAN S.E.M. N
BKS 1. 26 0. 14 13
COR . 20 0.17 @
LON 0. 38 0.10 7
GSC 0.76 0. 02 13
OH2NYV 0. %1 0.08 7 1
M30 0.75 0.0 12
DUG 1.18 0.10 17
TUC 0.351 0,04 15
BOZ 1.24 0.13 4
ALQ 0.%57 0. 0% 12 |
GOL 0.34 0.03 12 ;
LUB 1.0z 0.09 & 4§
JCT 1.22 0.24 4 fg
DAL 1.42 0.23 4 | &
RKON 1.77 0. 20 & !5
OXF
SHA
AAM
ATL
BLA
SCP
N GEO
B . DD
ili WES
.
k- HNME
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f Table 9

‘ South American Earthquakes

§ STATICON MEAN S.E.M. N

3 BKS 1.09 0. 03 10

4 COR 1.23 0.18 7

: LON 0.52 0.13 5

f] GEC 9. 5% 0.0% 1z
DE2NV 1,39 0.18 4

. MSO 0.87 0.10 g

'; DuG 1,07 0.12 12

f% TUC 0.69 0.07 14

3 BOZ 0. 58 g

. ALG 0.68 0.06 7

1 GOL 0.583 0.03 &

4 LUE 2.15 0.31 4
JCT 1.26 0.76 2
DAL 2.53 1.20 3
RKON 1,85 0. 30 4
DXF 2.10 0.55% 4
SHA
AAM .81 0.22 2
ATL 0.94 0.14 11
BLA 1.11 0.23 &
SCP 0.75 0.04 5 |
GED 0.94 0.17 & 1
oGn 0.53 0.1z & ;
WES .69 0.02 3 q
HINME 1.1€ 0.00 7

S S N N St
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stations situated on low velocity sediments are amplified relative to nearby
stations situated on bedrock. Booth et al. (1974) invoked sediment ampli-
fication to explain high magnitude residuals for long period LRSM stations
along the Guif coast. This sediment amplification effect is illustrated in
Figure 21. The receiver effect of a variety of different sediment structures
overlying bedrock are compared with simple bedrock site (upper left) using
Thompson-Haskell propagator matrices and a synthetic explosion waveform
assuming Poisson's ratio for the shear velocity and a 0.2 g/cm3 bedrock-
sediment density contrast. Sediment thickness of 300 meters show appreci=-
able amplification. Near surface P wave velocities of 2 km/sec amplify a
factor 1.6 to 1.8 relative to bedrock; surface velocities of 3 km/sec amplify
by 1.4 to 1.5. As stations in the central United States (from RCD to AAM)
are situated on slower sedimentary materials in contrast to the hard rock
siting of the west and eastern coastal stations, some amplitude corrections
must be made. The handbook of the WWSSN countains a short description of the
local geology at each station: RCD, 2700 feet of shale, sandstone, and some
limestone; LUB, Pliestocene terrestrial deposits; JCT, Cretaceous Edwards
limestone; FLO, 50 to 60 feet of recent clay overlying Missippian bedrock;
OXF, 2100 feet of Cenozoic and Mesozoic sediments; SHA, sands and gravels

of Plio-Pleistocene age underlain by clays and sand of Miocene age; AAM,

200 feet gravel, 800 feet of shale, 4800 feet of limestone. Composing a
velocity section from the geologic descrirtions is pretty much creative
guesswork. Shallow lying sandstones and shales have compressional velocities
from 1.4 to 3.3 km/sec. Limestones velocities are sensitive to the extent

of crystallization and range between 1.7 and 6.1 km/sec. Seismic refraction
surveys provide only general control as sediments are grouped in a single

layer characterized by the highesé velocity arrival, Well log velocity depth
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data provide the only accurate control, but such information was obtainable
only from SHA. The lower right velocity-depth section in Figure 21 was
simplified from a well log 25 km from SHA, and shows a factor of 1.8
amplification relative to bedrock. Given the lack of velocity control in

the surface layers at RCD, LUB, JCT, DAL, and AAM, only an approximate
sediment amplification correction of a factor of 1.4 to 1.8 may be estimated.

Figure 45 summarizes the amplitude data obtained in this study. These
data are uncorrected for the sedimentary amplification effects discussed
above. Data from three azimuths are all plotted on the same figure to
illustrate the extent of variations observed in the data. The SDCS station
at OB2-NV shows a value that averages slightly greater than the mean value
of all data. RKON on the other hand shows values that are consistently
greater than the mean value. HNME shows values from the north which are
larger than the mean but shows values similar to the mean for earthquakes
from the northwest or south. These data are replotted in Figure 46 relative
to statién location and physiographic provinces in the United States. The
symbol size indicates the amplitude factor greater or less than the mean.
Upward pointing triangles indicate values greater than the mean, downward
pointing triangles indicate values less than mean. The location of the
triangle relative to the point indicating the station represents the azimuth
to the events used in the study.

In summary, a collection of 36 nuclear explosions from the Soviet
Union, 22 simple earthquakes from the Kurile Islands and surrounding regions
of northeast Asia and 16 simple earthquakes in Soutn America have been
studied to obtain relative amplitude patterns for WWSSN stations in the
United States.. SDCS stations at OB2-NV, RKON and HNME were analyzed and

tied to the amplitude patterns observed for the WWSSN stations by using a
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subset of the explosion and earthquake data. The results indicate that
station OB2-NV at thr Nevada Test Site shows amplitudes that are systemat-
ically slightly greater than the mean amplitude in the United States for
sources in the Soviet Union or earthquakes in South America and shows
amplitudes that are slightly smaller than mean for earthquakes in north-
ecast Asia. RKON shows amplitudes that are consistently greater than the
mean for all azimuths, and are significantly greater by a factor of five
for explosions at the Semipalatinsk east test site. Station HNME shows
amplitudes which are very near the mean for earthquakes from the northeast
and from South America and shows amplitudes about a factor of two greater
than the mean value observed in the United States for explosions at the

Semipalatinsk,
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