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I. INTRODUCTION

This report presents the results of a theoretical
calculation of the teleseismic body and surface waves for
the underground explosion, KASSERI, and a detailed compari-
son of the synthetic seismograms with those recorded at
stations of the Special Data Collection System (SDCS). A
similar exercise was previously carried out for the event,
MAST, and was reported by Barker, et al., (1976). For all
comparisons we show the results for both MAST and KASSERI.

We have carried out a comprehensive analysis of both
MAST and KASSERI using computer modeling of the close-in
nonlinear ground motion produced by the explosion, propaga-
tion of the resulting seismic wave through the earth and
computation of synthetic seismograms at designated teleseis-
mic stations. One of the important questions ‘addressed by
this exercise is: What pre-shot measurements of the near-
source medium are required in order to predict the amplitude
of the seismic signal to within some specified range? This
question is kept in mind throughout.

Fundamental to the prediction is the calculation of
the exp.iosion reduced displacement potential (RDP) which
represents the source coupling into elastic waves. This is
the subject of Section II. An important material property
for which good data are not available for the KASSERI em-
placement material is rock strength. A number of calculations
were carried out to determine the effect of plausible varia-
tions in strength for the KASSERI tuff. The results of these
source calculations are discussed in Section II.

The computation of synthetic teleseismic seismograms
and the comparison to observations for both MAST and KASSERI
are discussed in Section III. In our MAST report (Barker,
et al., 1976) we showed results for a number of earth models.
The best of those models was selected for the synthetic




I I

R-2937

seismograms shown here. The only variation in travel path
parameters in the seismograms presented is in the attenua-
tion factor (T/Q) which is taken to be 0.95 and 1.05. The
results are not very sensitive to variations on this scale.

We return to the question of the effect of imprecision
in material strength estimates in Section 3.4. In this sec-
tion short period body wave synthetics are computed for the
range of source functions discussed in Section II. Study of
these seismograms and comparison to the observations allows

selection of the source function most appropriate for
KASSERI.

A vexatious problem is the specification of the seis-
mometer instrument response that is appropriate for deter-
mining ground motion amplitude from observations and for
computing comparable synthetics. The amplitudes given in
the SDCS Event Reports appear to be based on nominal response
curves which differ significantly from the individual station
calibration data provided by the Project Officer. Unfortu-
nately, the "apparent ground motion" (seismogram amplitude
corrected for instrument response at the apparent period of
the cycle measured) is dependent on the shape of the instru-
ment response curve. Therefore, accurate calibration data
are imperative if very precise comparison of theoretical and
actual ground motion is to be made. In Appendix A we dis-
cuss in some detail the awkward fact that the relation be-
tween "apparent ground motion" and actual ground motion is
dependent on the instrument characteristics even among a

class of short period instruments with superficially similar
response.

The theoretical and observed short and long period
seismograms are compared with respect to amplitude and wave-
form. The most important result is that the scaling between
the synthetic KASSERI and MAST seismograms closely matches
the scaling observed. This is important because the body and
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surface waves sample different portions of the source
spectrum and are sensitive to different properties of the
source medium. The agreement at individual stations is
well within a factor of two in amplitude nearly everywhere
and could be improved with more refined travel path models.

P AR T VR S 1T
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II. CALCULATION OF THE EQUIVALENT ELASTIC SOURCE

Coupling of the explosive energy into elastic waves
was computed using the one~-dimensional (spherically sym-
metric) finite difference code, SKIPPER. Description of
the technique and the constitutive models may be found in
Cherry, et al., (1975).

KASSERI was detonated in ash flow tuff at Area 20,
Pahute Mesa. The working point was well below the water
table. Standard measurements for density, grain density,
overburden density, water content, saturation and P wave
velocity were available. It should be noted that the P
wave velocity was not measured but was estimated from events
in similar media.

No material strength data were available. Therefore,
we were forced to estimate the material strength from other
information. A study of the effect of plausible strength
variations on the seismic signal was carried out as part of
the KASSERI investigation and will be discussed.

The equation of state table (pressure as a function
of specific volume and specific internal energy) for the
saturated tuff was generated using the TAMEOS scheme (Riney,
et al., 1972). 1In this scheme grain density tuff is mixed
with the appropriate amount of water, assuming pressure equi-
librium between the mixture and its components. From the
bulk modulus (K) obtained from the TAMEOS table at the over-
burden pressure and P wave velocity (&), the shear modulus
is calculated from pa? = K + 4u/3. The hydrostatic over-
burden pressure is obtained from the given depth of burial
and overburden density.

All calculations used an effective stress law to
account for the effect of pore fluid pressure on the stress
state. The material was assumed to fail in tension; that is,
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a tension failure model was invoked if any principle stress
became tensile.

Since no data were available on the shear strength
of the KASSERI tuff or similar materials in Pahute Mesa, a
series of calculations were made in which the material
strength was varied. All other material properties required
for the calculation (bulk density, grain density, percent
water by weight, percent air-filled voids, P wave velocity,
overburden pressure, bulk modulus of overburden, shear
modulus) were held fixed at the given values.

Previous calculations for Pahute Mesa rhyolite
(Cherry, et al., 1975; Barker, et al., 1976) used a labora-
tory determined failure envelope for granite. Taking this
as a starting point, we then perturbed the failure envelope
to values that might be appropriate for the almost certainly
weaker tuff. The parameters controlling the failure envelope
are summarized in Table 1 for the four calculations completed.
The parameters in the table are defined as follows:

e 3 F\| s
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where J3 is the third deviatoric stress invariant, P 1is
the pressure including the overburden and e is the specific
internal energy. The Y is the maximum stress difference

or twice the maximum shear stress. The meaning of these
parameters is indicated schematically in Figure 1.
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Y +Y

Shock Loading

1-20

Figure 1. Assumed relationship between the material strength
(Y) and the hydrodynamic component of stress (P)
for small e/e,. When P is used for the abcissa
the shock loaging path has a slope of 1-20.
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Table 1. Failure Envelopes for KASSERI Calculations

10
Yo(kbar) Ym(kbar) Pm(kbar) em(lO ergs/gm)

Calculation
146 (5331 9 9.0 2.0
147 0l<3 7 9.0 2.0
148 0.15 3.85 9.0 2.0
149 0.075 1.925 9.0 2.0

From the table we see that only the parameters Yo
and Ym were changed from calculation to calculation. The
granite failure surface was used for 147. Calculations 148
and 149 are for the same failure surface with the strength
cut by a factor of 2 and a factor of 4. Calculation 146
was done to see the effect of changing the shape of the
failure surface while leaving the high pressure strength
(Yo - Ym) unchanged.

. The amplitude of the reduced velocity potential,
I@(w)l, is plotted in Figure 2 for the four sources of
Table 1. Also shown is the rhyolite source used for the
%AST calculations reported by Barker, et al., (1976). The
¥(w) is essentially the far-field displacement spectrum.
in fact;

1

%
log « ¥ (1 BZ) ,

b
(2)

M log u ¥ (0.05 Hz) ,

1

as has been demonstrated theoretically in a number of past
S® reports (e.g., Bache, et al., 1975a, 1975b).

In the following section we will be discussing the
teleseismic body and surface waves that result from the
source functions of Figure 2. However, we can draw some
conclusions from the character of the source spectra alone.
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Figure 2. The source function amplitudes for the tuff

sources of Table 1 and the rhyolite source used
for MAST. The source functions are all scaled
to 1000 KT.
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In Table 2 are summarized the main characteristics of the
spﬁctra: The zero frequency limit (Y¥_ ), the peak value
(l@pl), the ratio of peak to zero frequency limit, the peak
frequency (fp) and the widtg of the peak at the amplitude
halfway between Y¥_ and IWPI. Comparing 146 and 147, we
see that the low strength portion of the strength curve
significantly narrows the peak while having a relatively
minor effect elsewhere. Comparing 147, 148, 149, as the
strength is decreased the spectrum gets larger. Also, the
peak becomes narrower and moves to lower frequencies. The
MAST source exhibits behavior between that of 147 and 148.

For MAST and KASSERI the important parameters con-
trolling the teleseismic coupling are o = 4.2 km/sec,
U = 169 kbar for MAST and o = 3.1 km/sec and u = 90 kbar
for KASSERI. These values together with the source functioas
in Figure'2 and Table 2 give a first estimate of the rela-
tive size of the body and surface waves for these two events.
Detailed comparison of theoretical and actual seismograms
is made in the following section.

Table 2. Source Function Characteristics at 1000 KT

SRR BT L |3p](x105m=) |§p|/w°° £, (Hz) PeafHZ§dth
146 2.25 5.05 3.24  0.96 0.70
147 1.60 4.30 2.69  0.93 1.18
148 2.90 5.35 1.8 0.67 0.76
149 4.40 8.95 2.08  0.47 0.54
MAST 2.10 5.70 2,71  0.84 1.00
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III. TELESEISMIC GROUND MOTION PREDICTIONS FOR KASSERI

In our report on MAST (Barker, et al., 1976) we out-
lined the procedure followed to predict the short and long
period seismograms at selected SDCS stations. For KASSERI
we follow the same procedure. Using the best available in-
formation for the rock properties at the working point, we
compute an equivalent elastic source (RDP) for the explosion.
This was discussed in the previous section. We also construct
a layered earth model for the source vicinity from available
information. The remainder of the calculation is identical
for the two events.

In this section we discuss the theoretical body and
surface waves for KASSERI and compare them to observations.
For comparison we also include the MAST results.

3.1 EARTH MODELS FOR THEORETICAL BODY WAVE CALCULATIONS

The source region crustal structure for KASSERI is
tabulated in Table 3. The top two kilometers of this
structure are different from that for MAST; below that the
two structures were taken to be the same.

Modeling of the remainder of the travel path is as
described in our MAST report. For the structure at the re-
ceiver an average crustal model having little effect on the
seismograms was used at all stations. This model, which is
tabulated in Table 4, was chosen for the lack of any better
information. For the upper mantle we chose a slightly modi-
fied version of the Helmberger and Wiggins (1971) model HWNE.
The P wave-depth profile for this model, together with the
revised version, HWNE-3, is shown in Figure 3.

The other factor to be selected is the parameter T/Q
which characterizes the attenuation along the path. Results
will be shown for two values of T/Q, 1.05 and 0.95.

10
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Table 3.
Depth Thickness
(km) (km)
0.11 0.11
0.33 0.22
0.42 0.09
0.50 0.08
0.91 0.41
1.50 0.59
2.10 0.60
6.00 3.90
12.00 6.00
20.00 8.00

Depth
(Jem)

2.58
4.84
11.61
i 20.00

-~

v

Table 4. Receiver Region Crustal Structure

Thickness
(km)

2.58
2.26
6.77
8.39

o
(km/sec)

3.05
2.75
3.00
4.40
2.88
311
4.30
4.70
5.40
6.00

R-2937

B8

(km/sec)

1.70
1.50
1.70
2.40
1.60
1.80
2.40
2.60
2.70
3.50

(km;sec) (km?sec)
3.67 2,31
5.42 3.27
5.80 3.45
6.00 3.50

11

Source Region Crustal Structure for KASSERI

(g?cm’)
2.10
1.85
2.05
2.15
1.95
2.20
2.60
2.60
2.70
2.80

P
(gm/cm?)

2.40
2.60
2.60
2.80
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200 1

400 |

600 |

DEPTH (KM)

800

1000 1

1200
6.0

Figure 3.

7.0 8.0 9.0 10.0  11.0 r12.0
P VELOCITY (KM/SEC) o

P velocity versus depth for the upper mantle model
HWNE-3. This model is a slightly modified ver-
sion of HWNE (Helmberger and Wiggins, 1971) with
the differences as indicated in the figure.

12
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3.2 COMPARISON OF THEORETICAL AND OBSERVED SHORT PERIOD
RECORDINGS

We chose the source 148 (Figure 2) to be the most
appropriate for the KASSERI event. In Section 3.3 we will
compare seismograms for the four KASSERI sources with dif-
ferent failure envelopes, but for the comparison of theory
aﬁd observations made here, 148 is the source. Note that
this is the source with strength (Y° + Ym) half that of
granite.

The waveform comparisons are shown in Figure 4. For
each of the five SDCS stations at which theoretical seismo-
grams were made, we show first the comparison of theory and
observations for MAST from Barker, et al., (1976), then the
comparison for KASSERI. Comparing seismograms for the two
events at each station, we can see how much the signals vary,
both theoretically and as observed.

The differences between the two events are in the
source material, as mentioned, and in the yield which is
about twice as large for KASSERI as MAST. The distance to
the stations of Figure 4 is approximately 10 km greater for
KASSERI than MAST, a seemingly trivial change. Also, the
near-source geology and burial depths change. The depths
are H = 0.91 km for MAST and H = 1.26 km for KASSERI. The
theoretical P - pP lag time is then approximately 0.50
seconds for MAST and 0.82 seconds for KASSERI.

Examining the observations, we see an extraordinary
change in the shape of the RKON recording between the two
events. At the other stations the differences are much
less pronounced. In fact, at the other stations one could
argue that the waveform differences are primarily the result
of the change in P - pP lag time.

The theoretical seismograms were computed with T/Q =
0.95. We also computed the same stations with T/Q = 1.05

13




R-2937

*apeu

919M sjulwaxnsesw 3pn3trdwe ,p, IO wnuwixew 3Y3 YoTym 3e 9T2AD 9yl Moys

sxeq ayJL

*PI0OO3X Yoes uo 3BT 9Y3} e pajedTPuTr ST ZH T 3¢ o@pn3jrTrduwe ayg

*IYISSYM PU® LSYW S3USA® 9Y3 I0J SUOTILIS SOAS 9ATJ 3o sueibowsTas juauod
-~wod [edT3IdA poTaad 3I0YS PaAISSqo pue (3I8T) OT3I8Y3juis 3Jo uostredwo)

AP rraAAAA AN A Ay 4 >>'Bb>>>>>>b>>>.> B_

L4008 "2 Adk Asamn van an g 1A R LS | A <<<<<<<_ 88°Z

3%

MIL

‘yp @anbrg

OZ 6L R LLALSLFICILZILILONGE 8 L 9 S ¥ € Z + ©

<<<

10+€14°~
TESSY
° 05D
10+S01°
00+255"-
ISWW
°  0sd
00+£Z9"
10+£02 "~
o
c\//\ /)\({\A\< o nom
104222°
1002214~
Sl >> i
- ‘\'d (« %\b;\ Pl 0

Ll A

14

e



R-2937

fé%}h APAA ACA-A >.>>> ﬁ
. VAP AR A <<<<< gj 140

?>>2>g:c?q$<?<><s<><><><><<b<><><>¢$?><>i><> ><>é> ﬁ?& w ik

(penuT3uo)) °*y Lanbrg
. ®s o1 !
\/\> 00+$2S° -
THISSW
<<s M - A o < '8 °  TaH
00+9LL"
> 00 PUE "~
ISV
r"bll%’hﬂup\/\\’g‘f\' 0 TAH
00+S6b"
g 00+9CL" -
L s el
bz./\(lddc/\\/\i AN
00+LEL"
> 00+22¢ "~
JSWW
<,<—<-<><><§< .M 890° eV \/\L/H <><b<)\wp -4 0 AN
00+ 11Lp"
10021~
DIISSW
& 1% MAZHM
10+2Z€4°
00+085° -
JISWW
9z1° >< 0 MAZHM
00+6C9"

15




R-2937

and will be discussing measurements made from both sets.
For a visual comparison as in Figure 4, the difference be-
tween the two is hardly apparent. At each station the
instrument response was taken from calibration data pro-
vided by the Project Officer. The calibration was done
just prior to MAST but was used for KASSERI as well.

Regarding the comparison of theoretical and observed
waveforms, we can only make the same comments as in the MAST
report. The interference phenomena that seem to control the
shape of the waveform at the nearer four stations are not
adequately represented in our models. Our theoretical sig-
nals also fail to include much of the high frequency energy
that appears after the first few seconds of the record.

The important facﬁ is that it does appear that we
have properly included the factors controlling the ampli-
tude of the b phase, the first cycle on the record. This
phase is least affected by phenomena not related to the ex-
plosion coupling into elastic waves — the feature presumably
most indicative of explosion yield. Evaluation of the com-
parison should rely most heavily on the b phase data.

The comparison between theoretical and observed ampli-
tudes from the seismograms of Figure 4 is shown in Figures 5
and 6. The data in Figure 5 are for the "b" phase; those in
Figure 6 are for the maximum amplitude in the first three
cycles, the "d" phase. Along with the plotted b and 4 am-
plitudes, the periods of the cycles at which these were
measured appear on the figures.

With regard to the data of Figures 5 and 6 there are
two important observations to be made. First, the amplitude
and period of the "apparent ground motion" is dependent on
the characteristics of the recording instrument. Unfortu-
nately, it is not necessarily true that a plot of actual
versus theoretical "true ground motion" amplitudes would

16
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Figure 5. Comparison of theoretical and observed b ampli-

tudes for MAST and KASSERI at five SDCS stations.
Seismograms were computed for two values of T/Q

as indicated.

The KASSERI source function is

denoted 148 and the upper mantle model is HWNE-3.
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Figure 6. Comparison of theoretical and observed d ampli-
tudes for MAST and KASSERI.
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have the same appearance as the plots of Figures 5 and 6.
This is because the instrument correction to true ground
motion, as conventionally used, has an erratic effect.

This subject is discussed in some detail in Appendix A
where we show the results of the following numerical ex-
periment: (1) The theoretically computed ground motion

for the KASSERI event at HNME is filtered by six different
short period instruments; one being specified by LRSM
nominal instrument response curves and the others specified
by calibration data provided by the Project Officer for the
five SDCS stations. (2) Synthetic seismograms were com-
puted. (3) Amplitudes were measured in the conventional
way; since the entire process is done digitally, the errors
in the measurement of amplitude and apparent period can be
reduced to nearly vanishing.

The result of the numerical experiment outlined
above is somewhat surprising. The apparent period is used
to determine an instrument correction to what we shall call
"apparent ground motion". Even though the actual ground
motion is identical, the apparent ground motion varies over
a large range; as much as a factor of two! It turns out
that the discrepancy would be much reduced if no instrument
correction were applied.

The second point is closely related to the first
made above. We find that we must know the instrument
response quite accurately to be able to compute theoretical
seismograms that are comparable to the actual observations.
But how well do we know this response? How carefully are
the instruments calibrated? At present we have no way of
making a judgement.

The "observed" data plotted in Figures 5 and 6 are
based on amplitude and period measurements made at S?. Once
again, the instrument correction problem arises. We believe
that the amplitudes appearing in the SDCS Event Reports
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(No. 18 for MAST and No. 41 for KASSERI) were corrected for
instrument response using LRSM nominal curves. We used the
specific instrument curves provided by the Project Officer.
These were based on calibrations carried out just before
MAST and we can only hope that they remained valid for
KASSERI — both for the observations and for synthesizing
seismograms.

From the comparison of Figures 5 - 6 we draw the
following conclusions:

® The scaling of observed amplitudes between the
two events is quite consistent except for RKON.
We previously pointed out the marked dissimilarity
in waveforms at RKON for these two events.

e The match between theoretical and observed ampli-
tudes is about the same for the two events. The
exceptional stations are RKON and FNWV. It will
be very difficult to explain the RKON anomaly
with present techniques since the epicentral
distance variation between events is only 0.1
degrees. Waveform similarities at WH2YK, CPSO
and HNME discourage attempts to attribute the
anomaly to near-source effects. Even in our
theoretical model the interference pattern at
FNWV is enough to make the b amplitude behave
erratically as we see by comparing results for
the two events. However, it is unlikely that
current modeling techniques, no matter how ac-
curately used, would permit a very accurate
duplication of observed records at this station.

e The scaling between the two computed source
functions seems to be approximately correct.
Perhaps the MAST source is slightly large com-
pared to KASSERI.
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e Differences between theoretical and observed
amplitudes are less than a factor of two nearly
everywhere. A goodly portion of the discrepancy
can likely be attributed to inaccuracy in the
upper mantle model. More extensive studies em-
ploying much more data could improve this model
and therefore the agreement at individual stations.

e Changing T/Q from 0.95 to 1.05 increases the period
of the phase measured by = 0.03 - 0.07 seconds.
The increase in amplitude is 15 - 25 percent.

e The periods of the b phase generally agree with
the observations. If anything, they may be a
little too short on the average. For the d phase
the theoretical periods tend to be a bit too long.

e Clearly, the further weAgo into the record, the
poorer the match between theory and observations.
However, the further one goes into the record,
the greater the effect of factors other than the
coupling of explosion energy into elastic waves.
Hence the emphasis on the b phase. :

3.3 THE EFFECT OF MATERIAL STRENGTH ON TELESEISMIC BOLY
WAVE RECORDINGS

The KASSERI calculations of the previous section were
done with the source 148. How much different would the results
be if we had used one of the other three sources of Table 1?
We compare the four sources, which vary only in the specifica-
tion of the material strength, by computing seismograms for
station HNME with T/Q = 1.05. The seismograms are shown in
Figure 7. The b amplitudes were measured from these records
and are plotted versus the limiting material strength
(Y° + Ym) in Figure 8. Also shown is the period of the b
measurement. Since these seismograms were computed with the
LRSM nominal instrument response, direct comparison with the
KASSERI observations is not possible. However, in Appendix A,
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Figure 7. Synthetic seismograms at HMNE for the four tuff
source functions of Table 1. The parameters of
the calculation are the same as for Figure 4 ex-
cept T/Q = 1.05 and the LRSM instrument response
was used.
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23




R-2937

Table A.2, we show that the HNME specific instrument gives
a b phase amplitude that is 0.46 as large and a period that
is 0.19 seconds shorter than that for the LRSM applied to
the ground motion from source 148.

The b phase data of Figure 8 is consistent with our
discussion of the spectral characteristics of the four source
functions (Figure 2) given in Section II. The amplitude in-
creases with decreasing strength and the rate of increase is
more rapid at lower strength. The period of the waveform
increases rapidly with decreasing strength due to the shift
in corner frequency. For b amplitude there is essentially
no difference between the two sources (146 and 147) that
have the same ultimate strength as granite, even though the
shape of the yield surface is different.

Which of the sources is most appropriate for KASSERI?
In the previous section we saw that 148 was reasonably suc-
cessful. If in error, one would think 148 to be too low in
amplitude and to have too little energy (relatively) in the
high frequencies. We see in Figure 7 that improvements in
these two features require adjustment in the strength in
opposite directions. Also, a strength of about half that of
granite seems reasonable. If we are satisfied with the MAST
source, a KASSERI source which scales to the MAST source in
a manner consistent with the observations is also required.
Source 148 seems to fulfill this criterion fairly well. For
all these reasons, we selected the source 148 as being most
representative of KASSERI. The data of Figure 8 are quite
important as an indication of the effect of erroneous esti-
mates of material strength.

3.4 COMPARISON OF THEORETICAL AND OBSERVED RAYLEIGH WAVES
FOR KASSERI

In the MAST report (Barker, et al., 1976) we selected
an appropriate average crustal model for the travel path be-
tween NTS and the five SDCS stations. Basically, we began
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with published models that seemed appropriate, then per-
turbed them slightly to bring the theoretical group velocity
dispersion curves and travel times into close agreement with
the observed. The observed curves were computed directly
from the MAST observations using the S? data analysis program
MARS (Savino, et al., 1975). The dispersion curves for the
revised models fit the observations to within 0.04 km/sec

for periods between 10 and 30 seconds. The models were
CIT109-A for WH2YK, MCEV-J for RKON and MCEV-B for CPSO and
FNWV. Velocity-depth profiles for these models appear in

the MAST report. The published models on which they are
based are CIT109 (Archambeau, et al., 1969) and MCEV (McEvilly,
1964). Only the model MCEV-J differs to any substantial de-
gree from the starting model. For the attenuation we used
the model of Tryggvason (1965).

For the theoretical Rayleigh waves for KASSERI, we use
the same earth models as for MAST. We had previously verified
the fact that the group velocity dispersion is egsentially un-
changed from one NTS event to another. For the station HNME
for which there were no MAST observations, we developed a new
model, MCEV-¢, which matches the group velocity dispersion.

Comparison of the theoretical and observed Rayleigh
waves at the five SDCS stations are shown for both MAST and
KASSERI in Figure 9. The radial and vertical components are
both shown.

Regarding the observations, we first comment on the
remarkable similarity in the recorded waveforms for the two
events. The fact that they are so similar allows us to point
out with some confidence that the radial component for
KASSERI at RKON has polarity reversed. Also, the time marks
given in the SDCS Event Reports for these two events are
certainly incorrect in many instances. We have indicated
(T) the reported travel time for the Airy phase on each
seismogram. The inconsistencies in T between MAST and
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KASSERI and the deviation from previous experience at these
stations are considerable.

In computing the KASSERI synthetic seismograms the
only thing different from MAST is the source and the source
depth. As we see in the synthetics of Figure 9, this dif-
ference has little effect on the waveform. The agreement
between synthetic and observed waveforms is then the same
for the two events and seems to be reasonably good consider-
ing the simple procedure followed to select an earth model.

One question that must arise in discussing the seismo-
grams of Figure 9 is the instrument response. We discussed
the instrument effect on body wave amplitudes at some length
in previous sections. As mentioned, we were given instru-
ment calibration data for the seismometers at each of the
five SDCS stations. The calibration data indicated that the
LPZ instrument response differed from the LRSM nominal
response by a not insignificant degree. We first computed
synthetics using the LRSM nominal response curves. When we
then computed with the calibration response, we found the
match between synthetic and observed seismograms to deterio-
rate considerably. 1In fact, in some cases no satisfactory
seismogram could be computed at all. We conclude that the
calibration data is incorrect or not sufficiently complete.
All of our results are then based on seismograms computed
with the LRSM nominal responses and these appear in Figure 9.
The effect of this inconsistency is unknown.

We still must make amplitude measurements from the
observations and an instrument correction must be applied.
For the surface wave amplitudes given in the MAST and
KASSERI shot reports, we believe the instrument correction
was based on the LRSM nominal LP response curves. But are
these appropriate? We decided that the amplitude response
portion of the calibration data is probably correct and our
problems are due to the phase data. Therefore, we recomputed
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the Airy phase amplitude using the amplitude calibration
data for the specific station.

The comparison between theoretical and observed Airy
phase amplitude for the vertical component of the Rayleigh
wave is shown in Figure 10. Also shown on the figure are
the amplitudes given in the SDCS shot reports. We see that
at the Airy phase period there can be a rather large dif-
ference between the LRSM nominal instrument response and
that from the individual instrument calibration.

The agreement between theoretical and observed ampli-
tudes is essentially the same for the two events. Certainly
the agreement at individual stations can be improved and we
will say more about that below. First, we want to point out
that, as with the body waves, the scaling between the MAST
and KASSERI source functions seems to be nearly correct. This
is important because the body and surface waves sample dif-
ferent portions of the source spectrum and are proportional
to different source material properties as was pointed out
in (2). In our theoretical formulation the vertical com-
ponent of surface wave spectrum is computed from (Harkrider,
1964),

KS

" 47 u Y (w) qéR

w

(2)
Ho (k.r) (3)

where Ar is the amplitude response of the layered medium,
Cr is the Rayleigh wave speed and kr = w/cR. These quan-
tities all depend only on the propert%es of the average path
crustal model. Then, observing that Y(w) + ¥  at the low
frequencies of interest, we see that for two explosions with

a common travel path,

T ) ) )
=t ST R (4)
wo U 4 KS
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where KS is a depth dependent Rayleigh wave excitation
factor. For MAST and KASSERI the u values are 169 kbar

and 90 kbar, respectively. The VY_  for the two events

are given in Table 2, scaled to 1000 KT. The K is fre-
quency dependent, but in the Airy phase period rgnge of

13 - 17 seconds, the KS for MAST is about 0.81 times that
for KASSERI. Using 148 for KASSERI, this theoretical scaling
of surface waves seems to be the same as the scaling of the

observations as we see in Figure 10.

The procedure used to select an average crustal model
for the travel path is fairly crude and better models could
certainly be obtained. The discrepancy in the observed and
theoretical relative amplitudes from station to station in
Figure 10 must be in large part due to deficiencies in the
travel path models. This assertion is born out by'comparison
of the MAST and KASSERI observations with data from previous
NTS explosions. Von Seggern (1973) analyzed some 686
Rayleigh wave amplitudes from North American LRSM recordings
of 43 NTS explosions. Using a procedure he calls Joint
Magnitude Determination, he fit these data to the unified
distance relation:

log A;s = 4.25 - 0.90 log ry; + ﬁj * Gy o (5)
where A is amplitude, r is epicentral distance, ﬁj is an
event correction and 6i is a station correction. Using
Von Seggern's ei we can determine how the SDCS sites have
coupled on the average. These data, normalized to RKON
amplitudes, are summarized in Table 5. We notice that the
relatively high amplitude at CPSO is consistent with past
experience. Von Seggern's data suggest that WH2YK should
also give a relatively large amplitude, but we do not see
that with MAST or KASSERI. For FNWV no Ei is available and
the KASSERI HNME observation seems to be low compared with
past experience.
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Table 5.
Station e
RKON -0.20 -
CPSO 0.17
WH2YK 0.12
FNWV i
HNME -0.20

R=2937

Relative Rayleigh Wave Amplitudes for MAST and
KASSERI Compared to Average Values Given by
Von Seggern (1973)

Average MAST KASSERI

Relative Relative Relative

Amplitude Amplitude Amplitude
1.0 1.0 1.0
2.0 2.7 2.4
Yo7 0.7 0.83
- 1.2 0.83
0.60 -— 0.14
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APPENDIX A
EFFECT OF INSTRUMENT RESPONSE ON MEASURED AMPLITUDES

Standard procedure for determining ground motion
amplitudes from seismograph recordings requires correction
for the instrument response at the apparent period of the
cycle being measured. There are several possible sources
of error in this procedure:

l. The signal is not monochromatic and a single
period correction factor can never entirely
remove the instrument effect.

2. The amplitude and phase response of the
instrument at the time the signal is recorded
may not be accurately known.

3. It is often difficult to accurately measure the
dominant period of the cycle being measured.

These are all sources of error that refer to a single record-
ing by a single instrument. While everyone knows they exist,
a quantitative estimate of their effect is not so widely
known.

If we are comparing measured amplitudes from a series
of events that have similar waveforms and are recorded by the
same (nominal) instrument, then the errors 1 - 3 listed above
should be normally distributed and can be accounted for by
statistical methods. Let us here pose a different question.
Assume that the same ground motion is recorded by a number
of different instruments and that the measurements are
accurately made. After correcting for the instrument response
at the apparent period of the cycle being measured, how
closely do the estimates of ground motion agree? In this
appendix we give the results of several numerical experiments
that indicate that the differences can be surprisingly large.
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First, let us consider the effect on body wave
measurements. The instruments to be discussed are as fol-
lows. For the standard of comparison let us take the LRSM
Benioff short period instrument for which nominal response
curves were given in all the old SDAC shot reports. We have
been interested in computing the ground motion at five SDAC
stations, RKON, CPSO, WH2YK, FNWV, HNME. Calibration data
from June 12, 1975 was supplied by the Project Officer for
each of these stations. This was in the form of = 5 ampli-
tude response values and a series of phase response values.
The data were not entirely consistent and had to be smoothed.
Certainly, it is valid to ask how trustworthy these cali-

bration data are, but they are the best we have. The amplitude

response of these six instruments is plotted in Figure A.l.

Let us view the same explosion-like ground motion
through the six instruments which we denote as LRSM and by
the names of the five SDCS stations. The ground motion is
that computed for KASSERI at HNME with T/Q = 1.05. The re-
sulting seismograms are shown in Figure A.2. 1In terms of
signal shape, the main difference is that distinguishing the
LRSM record from the other five. We also notice that the
1 Hz peak amplitude values given with each record vary over
a substantial range (1.02 - 1.36 u) with the LRSM record
again being exceptional.

What are the amplitudes associated with the seismo-
grams of Figure A.2? With these theoretical records we can
reduce the measurement errors to nearly vanishing. Rather
than measuring by eye, a parabola is fit to the digital data
defining the peaks. The amplitude and apparent period of
the cycle of interest can then be determined with sources
of human error removed. Since the instrument is input to
the code in digital form, we can determine the (theoretical)
instrument response at the apparent period with essentially
zero error. The amplitude and period data for the b and 4
phases are summarized in Table A.2. The maximum or d phase
is indicated on the seismograms by a bar.
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Figure A.2.
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Theoretical ground motion for KASSERI at HNME as
viewed with six different instruments.
strument designations appear on each seismogram
For the calculations T/Q = 1.05.

as I/name.
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Table A.l. Amplitude and Period Data for the Records
of Figure A.2

T T

Instrument b b (mu) e - d (mu)
I/LRSM 1.16 1079 1.52 3373
I/RKON 0.97 493 1.38 2589
I/CPSO 1.05 607 1.43 3093
I/WH2YK 0.99 $37 1.37 2670
I/FNWV 1.06 686 1.39 2725
I/HNME 0.97 491 1.32 2390

The amplitude and period differences are startling.
If we just consider the SDCS instruments, the period varies
by 0.1 second and the amplitude by = 40 percent. However,
including the LRSM, the b amplitudes vary by more than a
factor of two! Unfortunately, the instrument correction
acts in the wrong way. If we were to make no instrument
correction other than to the gain at 1 Hz, the discrepancy
in amplitddes in the data of Table A.l would be much reduced.
For example, with no correction the b amplitudes for the
SDCS instruments vary from 523 - 596 mp and the LRSM ampli-
tude is 783 mu. Perhaps we should not make instrument cor-
rections!

What about when the actual ground motion is different
from that used in the comparison above? Let us consider
KASSERI as computed at each of the SDCS stations with earth
model HWNE-3 and T/Q = 1.05. We compute seismograms at each
of the stations, first with the LRSM nominal instrument,
then the instrument response specific to each station. The
results are shown in Figure A.3 and the amplitudes are sum-
marized in Table A.2.
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Table A.2. Amplitude and Period Data for the Records of

Figure A.3
: T T

Station Instrument b b - § d

RKON LRSM Nominal 1.09 2682 1.48 9345
Specific 0.95 1337 1.35 2589

CPSO LRSM Nominal 1.29 2061 1.84 6986
Specific 1.17 1249 1.43 3093

WH2YK  LRSM Nominal 1.19 646 1.38 4452
Specific 1.03 336 1.37 2670

FNWV LRSM Nominal 1.43 1078 1.49 2024
Specific 1.38 732 1.39 2725

HNME LRSM Nominal 1.16 1079 1.52 3373
Specific 0.97 491 1.32 2390

In Table A.3 we show the same kind of comparison for
ground motion from the MAST event. In this case the dominant
period of the actual ground motion is somewhat shorter than
for KASSERI. Only the data for the b amplitude are shown as
they illustrate our point — the instrument response can make
a big difference in the apparent ground motion determined
from seismograms by conventional means.

Table A.3. Amplitude and Period Data for MAST Seismograms
Computed with the LRSM Nominal and Station
Specific Instruments

Station Instrument EQ b
RKON LRSM Nominal 0.93 1154
Specific 0.86 775
CPSO LRSM Nominal 0.94 603
Specific 0.92 478
WH2YK LRSM Nominal 0.9%4 237
Specific 0.89 167
FNWV LRSM Nominal 1.08 248
Specific 1.02 168
HNME LRSM Nominal 0.93 415
Specific 0.86 270
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