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ABSTRACT

Results of the analysis of two long-period noise samples
from Tonto Forest Seismological Observatory (TFO) and three from Uinta
Basin Seismological Observatory (UBO) are presented. Analysis methods
include single channel power density spectra, determination of multichannel
coherences, and computation of two-dimensional frequency-wavenumber
spectra. Results are compéred to results obtained earlier from the Montana
Large Aperture Sieismic Array; the noise fields at the three sites are found
to be generally similar. Comparison of array processing methods for the
UBO and TFO data indicate that little more than 2 db noise suppression
improvement above the 6-7 db obtainable by beamsteer Processing can be
expected from multichannel filter Processing. There is some evidence of

acoustically coupled low-frequency Propagating noise in the TFO data,
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SECTION I

INTRODUCTION AND PRINCIPAL CONCLUSIONS

This report presents the results of the analysis of two long-
period noise samples from Tonto Forest Seismological Observatory (TFO)
and three from Uinta Basin Sei‘smological Observatory (UBO). Results are
presented principally in terms of single channel power density spectra, two-
dimensional frequency-wavenumber power density spectra, and multichannel
coherences. Also presented are comparisons between some of the character-
istics of the noise fields at TFO and UBO and the noise field at the Montana
Large Aperture Seismic Array (LASA),

The following are the most significant conclusions reached:

° The long-period noise fields at TFO and UBO
are basically similar to the noise field at LASA,
The most significant points of similarity in the
three noise fields are these:

— Single channel power density spectra at
each array show spectral peaks betwee=n
0.05-0.07 Hz and 0.11-0, 14 Hz, and con-
siderable variability in the spectra at each
array below 0, 05 Hz however, noise levels
are generally lower at TFO and UBO,

— The noise fields at all three arrays showv
relatively high coherence near the lower
spectral peak (0.05-0. 07 Hz),

— Most of the propagating noise at each array
appears to be fundamental Rayleigh mode
energy, with some evidence of higher fre-
quency P-wave noise appearing in quiet
summer data,

° There is some evidence of acoustically coupled
propagating low-frequency noise at TFO,

I-1 services group
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A comparison of array processing methods
indicates that little more than 2 db average
noise reduction above the 6-7 db achievable
by beamsteer processing could be expected
from MCF processing of TFO and UBO data,
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SECTION J1

. DATA PROCESSING

A. DATA RECORDING

The two TFO noise samples analyzed were selected from a series

]

of noise samples recorded digitally from the seven.element array of 3-component

long-period seismometers during the ':period from 27 January 1969 through 3

March 1969,\ Quality of the recorded data v;as generally poor; each of the two
noise sar.nples selected, which represent the best of the data, has at léast one
bad channel among‘ each set of components. There are also short segments of

1

bad data on the generally good channels.

The first TFO noise sample begins at 1351 Z on 21 February

1969 and covers a period of 2 . burs, 4 minutes, The second begins at 0250 Z

on 1 March 1969 and covers a period of 1 hour, 55 minutes. The original sample -

period (At) was 0,096 sec; the data was decimated by a factor of 20 to yield a
sample period of 1,92 sec and a Nyquis.t frequency of 0,26 Hz., Since the seis-
mometer response has a sharp cut-off,no anti-alias filtering was necessary
prior to re-sampling. ’

The three noise samples recorded digitally from the seven
element array of 3-component long-period seismometers at UBO were obtained
from Seismic Data Laboratories. Each noise sample was one hour and 15 min-

utes long; the dates and starting times of the three noise samples are 1225 Z,

27 July 1969; 1800 Z, 27 July 1969; and 1227 Z, 30 July 1969. The sample

iI-1 services group
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period of this data is two seconds, giving a Nyquist frequency of 0.25 Hz. Data
quality is similar to that of the TFO data,

B. COMPUTATION OF POWER DENSITY SPECTRA

_ Power density spectra were computed by the maximum entr opy

methodl t:or each useable channel from each noise sample and were plotted.

The vertical scale for each spectrum is expressed in db in terms of millimicrons

squared per Hz relative to one millicron squared per Hz of. ground motion power

deneity. In the case of the TFO data, the necessary calibration information ip
terms of digital units per millimicron of ground motion for each channel was
obtained from a digitally recorded statiop calibration tegt. The frequency
employed in the test was 0,04 Hz. The information for the UBO recorded data, valid
at 0.04 Hz, was supplied by Seismic Data Laboratores., No correction for instru-
ment response at other frequencies has been madg for either the iIBO or TFO
data. |

The program which computed the single channel power density
spec;;ra albso output the RMS lt.avel for each cha;nnel; this information was used
along with the calibration infarmation to arrive at tables of RMS noise levels

in millimicrons for each channel,

C. FOURIER TRANSFORWTION OF THE DATA

The data v;rere transformed from the” time to the frequency
domain using the fast'F;ourier transform algorithm. The segment length used
for the Fourier tx";;sforms was 128 points for the TFO data; since the sample

lengths were shorter, 64 point segments were used to transform the UBO data,

[
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~The transform program was run in two versions; one employed

no smoothing in the frequency domain and the other smoothed the data in the
frequency domain by Hanni‘ng. ¢ To compensate for the uneven weighting of the
time series data introduced by Hanning in the frequency domain, overlapping
gates were used in transforming the time series ;fata - each new data’'segment
transformed b:egins at the center of the last segment transfox:med. The short
segments of bad datz which occurred in each noise sarjple were skipped over by
the transform pProgram; also, bad channels were omitted from the computation,
The transforms for all channels from each segment were multiplexed so that

each output transform contained the transformed data for 'al] good chaunels in
x ! | 2

~
4

the segment, g

D. CROSSPOWER MATRIX GENERA TION

The transforms from this prégram were input to a crosspower |
matrix generation program which computes from each input tran&fprm F(f)
the crosspower matrix elements ,

83500 = E*) F (1)
at each frequency., The re”sulting matrices are stacked at each frequency to
form a single crosspower n—;atrix at’each frequenc.y for each noise sample. In

the case of the north-south and east-west components in the firsf and second

UBO noise samples, less than four channels were useable. Since this is too

I1I-3 servicus group
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these noise samples. Two sets of crosspower matrices were computed, one
from the Hanned and one from the un-Hanned data,

E. MCF-RELATED PROCESSING

The crosspower matrices were used to compute two-dimensional
frequency-wavenumber (f-k) power density spectra for each useable set of like
components for each noise sample. Both conventional (beamsteer) and high
resolution (maximum likelihood) spectra were computed in each case., The
frequencies at which the spectra were computed for display were chosen from
regions of the single channel power density spectra which showed significant
peaks or troughs, Because iqspection of the first set of f-k spectra computed
showed very similar results for both the Hanned and un-Hanned data, only
the un-Hanned data were used in the remaining data processing and in data
displa);. Also, for 'similar reasons, the conventional f-k spectra plots are not
presented below.

Using azimuth intervals of ten degrees and wavenumber values
corresponding to the fundamental Rayleigh mode wave velocity at the chosen
frequency, the f-k power density program also computed for each chosen fre-
quency the ratio of the noise power from a single sensor to the noise power
from the array processor. The computation was done for both the maximum
likelihood and beamsteer processors. The Rayleigh wave velocities used were
obtained from theoretical dispersion curves calculated from estimated crustal

modeis.

The crosspower matrices were also used to obtain multiple

coherences, which show the degree to which a given element can be predicted

11-4 - services group
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from a linear combination of other elements of each array. The results are pre-
sentgd below in terms of the prediction error at each frequency where

prediction error = (1-coherence squared), >
The prediction error computed is a biased estimate of the true prediction error;
a correction factor3 has been applied to each computed prediction error to com-
pensate for this bias. The coherence between the vertical component and the
two horizontal components at each instrument location and between each compon-
ent at the center of the array and other like components of the array were deter-

mined and are presented along with the other results in the following section,
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SECTION II1
RESULTS OF DATA PROCESSING

Results of the TFO and UBO long-period data analysis are pre-
sented in chronological order below, In addition to the results of the methods
of analysis described above, wave height charts for the twelve hour interval
closest to the noise sample are presented,

A. FIRST TFO NOISE SAMPLE - 1351 z, 21 FEBRUARY 1969

Single channel power density spectra for the vertical (Z),
north-south (N), and east-west (E) components for the first TFO noise sample
are presented in Figure III-1, along with a diagram of the array configuration.
All spectra display two epectral peaks - one in the 0,05 to 0, 07 Hz range and the
other in the 0,11 to 0, 14 Hz range, Below 0.05 Hz there is generally more
power'in the horizontal than in the vertical spectra, Also, the spectra fall off
sharply above 0, 14 Hz,

The RMS noise levels for this poise sample are given in Table
III-1. The noise levels cf like components at different siteg vary by more than
a factor of two, with LP1 being the quietest and L.P6 the noisiest site, Mc;st of
this difference appears to be accounted for by differences in spectral ievels
below 0,05 Hz,

Plots summarizing the spatial organization of the noise sample
are shown in Figure III-2, In this condensed presentation the f-k spectra for
all selected frequencies for a given set of components are shown on the same
plct, with only the most significant peaks from the contour plot at each fre-

quency being displayed. In this presentation and those following which show

III-1 services group
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Figure II-3. Vertical Component Wavenumber Spectrum at 0. 065 Hz-
First TFO Noise Sarnple
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more than one frequency, the db levels indicated for each peak are given with
respect to the highest power level in the f-k spectrum for that frequency, and
not with respect to the db levels shown for the peaks at other frequencies.

To compare this form of presentation with an example of the
f-k plots from which it was derived, the 0.065 Hz f-k contour plot for the
vertical components of this noise sample is shown in Figure III-3,

The peaks in Figure III-2 show that most of the noise peaks
fall within the Rayleigh-wave velocity band (~ 3.2 - 4,0 km/sec) and that most.
of this energy comes from azimuths near 050° - 070° and 240° - 250‘0. Néarl)"
all the energy in the single channei spectral peak at 0.065 Hz comes from
050° - 070°,

Figure III-4 is the wave height contour chart for 1200 Z, 21
February 1969, on which are shown azimuth lines from TFQ at 160 increments,
The strongest wave activity appears to be along the Atlantic Coast at an azimuth
of approximately 65°. This wave acﬁvity appears to be the source of the propa-
gating noise coming from the northeast in this noise sample. The energy from
240° - 250° does not appear to be related to wave activity,

In Figure III-5 the ratios in db of the noise power from a single
sensor to the ndise power from the ariay processor are shown as a function of
fre(iuency. The ratios, which for each frequency had been calculated as a
ftuncﬁ;)n of azimuth at wavenumber magnitudes corresponding to the Rayleigh
wave velocity, have been averaged to obtain a single value for each frequency.

The results here show that the improvement of the array processors over a

111-7 services group
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single sensor is hest at frequencies corresponding to the peaks in the single
channel power density spectra. In the case of the vertical components, the
beamsteer processor shows an average improvement of about 6.5 db over a
single sensor and the maximum likelihood processor an improvement of about
8.5 db. For the other components also the maximum likelihood processor
does”only about 2 db better than the beamsteer processor on the average,

To show an example of the variability of this ratio with azimuth,
the ratios for both processors are presented in Figure III-6 as a function of
azimuth at 0.065 Hz. The vertical component data were used for this plot;
The improvement of the maximum likelihood processor varies more than 10 db

for different azimuths,

The multiple coherences computed from the first TFO noise sample

are shown in Figure III-7. There is significant coherence between the vertical

and the two horizontal components at the same site near 0,057 Hz, which is in

the region of the lower single-channel power spectral density peak. The coherence

between each center component and other like components is significant at this
frequency, 0.057 Hz, and also in the region of 0,037 Hz.
B. SECOND TFO NOISE SAMPLE — 0240 Z, 1 MARCH 1969

Single channel power density spectra from the second TFO noise
sample are presented in Figure III-8. These spectra are very similar to those
of the first noise sample: there are spectral peaks in the ranges from 0. 05 -
0.07 Hz and from 0.11 - 0, 14 Hz; there is substantially more power in the
horizontal than in the vertical component spectra below 0,05 Hz; and the

spectra fall off above 0. 14 Hz,

I11-11 services group
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Table III-1

R.M.S. NOISE LEVELS FOR TFO
NOISE SAMPLES (in myu)

Location LPZ LPN LPE
First Sample
LP1 24.3 20.9 22.1
LP2 26,2 : 25,2 21.2
LP3 " 35.8 44.4 *
LP4 * | % *
LP5 * 43.3 *
LP6 56.6 47.7 54,4
LP7 28.1 X 40,3

Second Sample

LP1 ' 27.3 25.6 29. 5
LP2 32.3 55.5 35.7
LP3 34,3 45,5 43,5
LP4 * 113,2 94, 9
LP5 * * | * -

LP6 - “ | 70.2 * 110.3
LP7 - 31.1 ' 32.2 39,7

* — Indicates bad channels

Io-12 services group
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The RMS levels for this noise sample are given in Table III-1,
Again, most of the differences in RMS levels among d1fferent gites for this
noise sample occur below 0.05 Hz. This observation also holds true for
differences between spectra of the same site for the two noise samples

The condenced f-k spectra for this noise sample are shown in

Figure III-9, The energy falls generally within the Rayleigh wave band, Most -

of the energy comes from azimuths centered near 75° 2350, and 300 5

The wave height contour chart for 0000 Z, 1 March 1969 is

shown in Figure III-10. There is strong‘ wave activity along the New England
Coast at azimuths near 075° ; this is probably the source of the Rayleigh wave
energy coming from this azimuth in the f-k spectra. There is a region of
high wave activity along an azimuth of 300° from TFO, but the arca is not near

a coastline, The energy appearing at azimuths near 235° in the f-k spectra

P

seeme to be unrelated to wave activity, 4

The noise power ratios as a function of frequency are shown in
I':‘igure III-11. In the case of the vertical components, the improvement in

noise rejection over a single channel averages about 8.6 db for the maximum

likelihood processor and 6.5 db for the beamsteer processor. This average

difference of approximately 2 db between the processors also holds for the

other two sets of components,

Multiple coherences computed from the second TFOQO noise

sample ure shown in Figure III-12,
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These coherences are roughly similar to thosge of the first noise
sample; however, the region of most coherence occurs at‘lower frequencies in
this noise sample,
C. FIRST UBO NOISE SAMPLE - 1225 Z, 27 JULY 1969

Single channel pPower density spectra computed from the first
UBO noise sample are shown in Figure III-13, along with a diagram of the UBQO
array configuration, Thesge summer noise spectra exhibit many of the features.
observed in the TFO winter noise. The most significant feat::es are again the
two spectral peaks, the first in the 0,05 - 0,07 Hz range and the second in the
0.11 - 0,14 Y range, Also, the horizontal channel noise levels are significantly
higher than the verticals in the region below 0, (li Hz. Here, however, the spectra
of most of the channels are nearly white except fo;- the regions of the two noise peaks,
The near whiteness of the spectral levels outside the regions of the peaks, indicates

that the data is system noise limited. The levels of the two spectral peaks average

The RMS noise levels for the first UBO noise sample are given
in Table III-2, The noise levels show a somewhat smallﬁr site-to-site variation
than the TFO RMS noise levels. The overall noise levels are significantly lower
than those at TFO; this is very possibly due to the fact that the UBO noise samples
were recorded in the summer,

The condensed f-k spectra for this noise sample are‘shown in
Figure III-14, A1l the significant Propagating energy occurs in the range of

fundamental Rayleigh mode velocities, and most comes from azimuths near

230°,

III-18 services group
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Table III-2

&

R.M.S. NOISE LEVELS FOR UBO

NOISE SAMPLES (in mu)

Location LPZ
First Sample
LP1 28.4
LP2 19.6
LP3 17. 8
LP4 *
LP5 i 23.4
LP6 26.1
LP7 *
Sécond Sample
LP1 28.8
LP2 19. 1
LP3 19.0
LP4 *
LPS5 22.9
LP6 24,3
LP7 o *
N Third Sample
LP1 30.1?
LP2 19.7
LP3 17.7
LP4 *
LP5 225
LP6 22,5
LP7 24,6

* — Indicates bad channels

LPN

*

3%

3*

26.3
23,1

*

*

*

*

3

¥*

23.0

¥*

3%

24,7
20.1
20.3

LPE

3¢

*

10.3
26.3
25,6

*

3

3

3%

25, 4

¥*

*

19. 4
18.5
10.3
26. 4

22,7
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includes this noise sample is presented in Figure III-15, The propagating

The wave height contour chart for the twelve hour period which

energy shown on the f-k plots appears to be unrelated to wave activity,

The noise power ratios calculated as described earlier are
presentud for the vertieal components of this noise sample in Figure III-16,
A maximum in the noise rejection improvement "for both the maximum likeli-

hood and the beamsteer processors occurs at a frequency corresponding to the

lower peak in the single channel power density spectra. The noise rejection
improvement of the beamsteer processor over a single channel averages
%

approximately 6.4 db, The average noise rejection improvement of the maxi-

mum likelihood processor is less than 2 db above this figure.

A
»

A\

The coherence between the center vertical component and the
cther vertlcal components of the array for the first UhO noise sample is shown
in Figure III-17, The region of must. coherence is narrower and appears at a
higher frequency than for the sdme set of compon?xts at TFOQ, in this case
be1ng Centered in the same frequency region as the lower single channel power
spectral density peak, The degree of coherence is less in this case, also,

D, SECOND UBO NOISE SA"MPLE — 1800 Z, 27 July 1969
" The single channel power density spectra computed from this
neise sample are shown in Figure III-18, These spectra are almost identical

to those of the first UBO noire sample both in shape and in level, and the same

comments apply. The RMS noise levels for this noise sample are given in

111-22 oorvlc’. group

[S—r—




0°140° U

180° 1n° 160°

n -
A - " ame | . [ ] L] o L] L L L] -

1200 z, 27 ¥

uly 1969

Figure III-15. Waveheight Chart at

services



~—

SAMPLE 1
VERTICAL

a—a
=1
T

w0

o
T

IMPROVEMENT (db)
-]

6 S
5 i = A L i L
8- &
- l'l]]
a SAMPLE 2
;l 9} VERTICAL
5
W 8f
y
|
5
4
£
5 i ' i i ’ i L i
0 0.02 0.04 0. 06 0.08 0.10  0.12

FREQUENCY (Hz)

MAXIMUM LIKELIHOOD PROCESSOR
—————— BEAMSTEER PROCESSOR

o

Figure III-16. Noise Rejection Improvement vs Frequency-Flrst and
Second UBO Noise Samples

w’h ,‘

I111-24 - & . . sdarvices ﬁroup

‘h-nm




(ZH) ADNIND3IYS
B60°0 90°0 £E0°0 0
T

sajdureg astoN Od-89duaxayo) dINN  *L1-III 2anB1g

1 1 I I I 1 I | I I T
£ I1dWVS — € I1dWYS
£3's3 %3 ‘eI WoNd 23 _ IN 9N ‘SN WOu4d 2N
_ 860D £90°0 EE0°0 0
I T I | T I | J { I ! I ! I | | | l l
£ I1dWYS -1 € 1NdWVS I € 31dWVS
1Z'9Z 'SZ "€Z '2Z WOU4 12 L3 ‘INWOY 12 $3 'SN WOu4 §Z
— I'\\/>\//\/|/\n :
I T ‘_ I I ! I I | | | | | I I I L 1 i
€ IdWYS Iy - ¢ I1dWvVS - [ 31dWVS
- 23 "IN WOY4 22 9Z °SZ ‘€2 ‘22 WO¥4 12 92 'SZ '€Z "2Z WO¥4 12

00

vo

80

00

LA

80

0°0

vo

80

J0Y¥¥3I NOILI103Y¥d

I1I-25

services group

-



._
=
-

é A
T

(PO NS Y o ELATIN B LoV AT L
w
®
i
M..______
5

__ kY JWUL. : f ”\ jﬁ,ﬁ%ﬂ =
N W \an !

|
L , |
SR LY

vl.\ Bohs e Uﬂwj
VL 7,
- | 1
. i 7 i [ IL l 1) 7 (13 1] in T 1] [1°) [ ig
R [ T G
ARRAY CONFIGMRAT 10N
w ‘
d i
)
[-)
(L8
[-]
w
. e
[-)
s ["]

Figure II-18,

Single Channel Power Density Spectra-Second UBO Noise
Sample

I11- 26 services group

emd

bl bemd  md



1 _

Table III-2, There is less than 2 millimicrsas difference in ground motion at

any one site between this and the first noise sample.

The condensed f-k spectra of the vertical components in the
second UBO noise sample are shown in Figure III-14, The significant peaks of
pPropagating energy occur in the fundamental Rayleigh mode velocity range; the
most significan* peaks are in the northeast and southwest quadrants in azimuth
ranges centered near 040° and 225°, The wave height contour chart appropriate
to this noise sample, Figure III-15, shows no significant wave activity along the
coasts,

The noise power ratios are presented for the vertical components
of this noise sample in Figure III-16, Again, ‘the maxlmum likelihood processor
does less than 2 db better than the 6,5 db average improvement of the beamsteer
Processor over the frequenc‘y range,

The coherence between the center vertical component and the
other vertical ¢components is shown in Figure III-17, Again, the results are
similar to those of the first UBO noise sample and the Same comments apply,

E. THIRD UBO NOISE SAMPLE — 1227 z, 30 JUuLYy 1969

The single channel power density spectra for 'the third UBO
noise sample are shown in Figure III-19, These spectra show the same
h1gher spectral levels on the horizontal corr;ponents below 0. 05 Hz when com-
pared to the vert1ca1 component at the same site. The two broad spectral
peaks appear to be shifted downward in frequency in this noise sample, cover-

ing bands from 0.04 to 0, 06 Hz and 0,10 to 0, 13 Hz, ?

I11-27 services group
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These levels are very close to those of the two preceding UBO noise samples,

RMS noise levels for this noise sample are given in Table III-2.

The maximum variation in the level of any component among the three noise
samples is less than 3,6 millimicrons.’ |
The condensed f-k spectra for the thr:e setsvof components are
shown in Figure III-20. While most of the propagating noise peaks appear to
“occur in the Rayleigh velocity range, some of the peaks at 0.094 Hz and 0. 125 Hz
occur at velocities greater than 15 km/sec, indicating the presence of P-wave
energy at these frequencies, The dominant azimuths in this noige sample are
those near 1950, 2400, and 3200. : [
The wave height chart for the twelve hour period in which this
noise sample occurs is shown in Figure III-21. There appears to be no explana-
tion of the propagating energy in this noise sample in terms of wave activity
along the coasts.,
The noise power ratios for the three sets of sensors are shown in
Figure III-Z;‘?,.‘ Again, there is less than 2 db average difference between the
noise rejection capabilities of the maximum likelihood and beamsteer pr;)cessors.
The multiple coherences computed for this noise sample are
shown in Figure III-17. In contrast to the TFO data, there is very little . J
coherence in this data between the vertical component anfl the horizontal com-
ponents at the same loéation. The coherence between the center vertical com-
ponent and the other vertical components shows two regions of relatively high

coherence corresponding roughly to the two single-channel power sﬁectral
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peaks, asg incthe first two UBO Ssamples, 'However, the regions are slightly
3y * ] DB
; E R : y g o & '
wider and occur at slightly lower frequencies in this noise sample. Since the
the horizontal coinpoﬁén_ts of the Center (LP1) seismometer were not

. ! n the LP2 east-west. coniponent and the other®
£ B - ' '

 east-west ¢omponents has a more normal appearance, showing the same general
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SECTION IV

LOW VELOCITY PEAKS IN THE LOW FREQUENCY _ .
* " -k SPECTRA AT TFO ,

5
£
4
i

R

Examination of the fak spectra of the TFO néise samples
showed evidence of an unusual low velocity spectral peak., The peak occurred
only in the 0 0163 Hz frequency-wavenumber plots for the east - west compon-

ents of the first noiTe samples and the nérth - south compcnents of the second )
. ‘| o 7

At

noi ﬁe sample’ The energy appeared to propagate from the southwest ata veloclty

In order to determine whether this peak was an alias of a stlﬁ

lower velocity spectral peak the f-k spectra were re -computed using a O .25

e

km/sec edge velocﬂ:y These f-k spectra are shown in Figures IV-1 and IV-2,
The peak from the southweﬁt at approximately 2 km/sec is an alias of a peak _
wh1ch in both plots appears at an az1muth of approxlmately 80° and a velocﬂ:y

of approximately 0,41 km/ ec, or 1350 ft/sec, This is somewhat lugher than

' ~ near the odge veiocﬂ:y of the plots, two km/sec. ' = -
l

a . the velocityof sound in air, 1‘100 ft/sec. There appears to be no obvmus . /

explanatlon of this peak in terms of either ordinary acoustlc or seismic wave

'

velocities, but the peak is susplcmusly' elose to acoustg_i,c velocities.
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SECTION V

CONCLUSION-COMPARISON QF THE LASA, TFO,

AND UBO NOISE FIELDS

Analysis Final Reporl:4 are reproduced here.

The conclusions reached through the foregoing analysis are
presented here principally in terms of a comparison with results obtained
earlier through the analysis of LASA long-period noise samples. To facilitate

| - .

the comparison certain of the figures from the Large Array Signal and Noise

The single-channel power density spectra of seven winter noise

b

\

apparent similarities among the spectra from the three arré.ys a]'e these:

Variations in the noise level on a given channel

at different times are most pronounced below
0.05 Hz

Al 9

" .o I
In general, below 0, 05 Hz the horizontal com-

ponents are several db noisier than the vert1ca1
component at the same site

The spectra at each array exhibit two peaks, one

lying in the 0.05 - 0,07 Hz region and the other in
the 0.11 - 0, 14 Hz region

samples and five summer noise samples recorded in 1966 - 1967 at the center

LP seismometer (AO) of the LASA array are shown in Figures V-1 and V-2,

The spectra at TFO, UBO, and LASA exhibit an overall similafity. The most
r v
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The main differences in the spectra are the following:

e The TFO spectra are all very similar in shape,
as are the UBO spectra; the LASA spectra for
different components and times vary more sub-
stantially ) f

e The upper spectral peak (= 0.11 - 0, 14 Hz) is i
broader in frequency and more variable in level L

~ at LASA than at TFO or UBO

X
® The LASA summer noise spectral levels are for i
most of the examples more than 5 db above the ‘ ,
UBO spectral levels - ' ;

e In the 0.05 - 0.07 Hz region, the LASA winter
noise spectral levels rangeé up to 10 db higher - o i
than those 'of the TFO data, !\

Multiple coherences determined for varions gets of components

; | |} I
at LASA are shown in.-Figures V-3 through V-6. These show some of the ;ame , | _,') "y
features noted in the coherences computed from the TFO and UBO data., For ! -i ‘
example, a vertical-horizonta} coherence peak generally occurs in the 0.05- ﬁ } y
B . =

0.07 Hz region. Also, the vertical coherences.in the first two UBO noise 1 b
¢ . i
_sarnples are like those at LASA in“that there is little cohereh(;e belévﬁ 0.05 Hz. j Y
In the noise samples studied, the ve;-tical cdl;erence does not fall off as rapidly ".'
below 0. 05 Hil at TFO as at LASA, UIﬁ general, -both thevertical and horizontal :

. : &
éqhere(nc\es are higher at LASA than at eithef TFO or UBO. -

The results of the analysis of the f-k spectra for TFO and

UBO show that these exhibit most of the characteristics of the LASA f-k "spec;t;-a:

[

e Fundamental Rayleigh mode energy appears to
dominate the propagating component

/ ) "
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Some evidence of a higher frequency P-wave
component occurs in certain quiet summer
noise samples ‘

Winter f-k noise peaks can often be rélatetj to
coastal wave activity; this relationship is much
less prominent in summer noise f-k spectra

Beamsteer processing of the TFO and UBO data resulted in
an average signal-to-noise ratio improvement of approximately 6.5 db over
the frequency range of n;ost interest. (<.1 Hz). This figure is very close
to the /N improvement expected for the N channels in u.se (from
four to six channels in these éxarr"xples). Maximum likelihood MCF array pro-

.
v

‘mere than 2 db average improvement above the 6.5 db

Il

cessing resulted in little

achieved by the beamsteer processor, '
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