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ABSTRACT 

Re.uU. of the analysis of two long-psriod noiss sample, 

from Ton.o Forest Seismologieal Observatory (TFO) and three from Uinta 

Basin Seismologieal Observatory („BO) are presented.    Analysis methods 

include single channel power density spectra,  determination of multichannel 

coherences,  and computation of two-dimensional frequency-wavenumbe, 

spectra.    Result, are compared to results obtained earlier from the Montana 

Large Aperture Seismic Array; the noise field, at the three sites are found 

to be generaUy simiiar.    Comparison of array processing methods for the 

UBO and TFO data indicate that little more than 2 db noise suppression 

tmprovement ,bove 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 Seismological Observatory (UBO).    Results are 

presented principally in terms of single channel power density spectra,   two- 

dimensional frequenpy-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 between 
0.05-0. 07 Hz andO. 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 shov 
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. 

1-1 «ervlces group 



A comparison of array processing methods 
indicates that little mdre tham 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 JI 

V DATA PROCESSING 

i 

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 was generally poor; each of the two 

noise samples selected, which represent the best of the data, has at least one 

bad channel among each set of components.    There are also short segments of 

bad data on the generally good channels. 

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

1969 and covers a period of 2 > jurs,  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 Nyquist 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 

XI- 1 services group 



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 entropy 

method    for 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 

density.    In the case of the TFO data,  the necessary calibration information in 

terms of digital units per millimicron of ground motion for each channel Was 

obtained from a digitally recorded station calibration test.    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 made for either the UBO or TFO 

data. 
X ■ o 

^ The program which computed the single channel power density 

spectra also output the RMS level for each channel; this information was used 

along with the caUbration information to arrive at tables of RMS noise levels 

in millimicrons for each channel. 

C.    FOURIER TRANSFORMATION OF THE DATA 

The data were transformed from the time to the frequency 

domain using the fast Fourier transform algorithm.    The c^gment length used 

for the Fourier transforms was 128 points for the TFO data; since the sample 

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

I 
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These 8egment length» and the ea.np.e period, etated ahove give frequency incre- 

| -The traneform program wa. rnn in two versions; one employed 

no smoothing in the frequency domain and the other smoothed the data in the 

frequency domain hy „anning. 2   To compensate for the uneven weighting of the 

«me series data introduced hy Manning m the frequency domain, overlapping 

gates were used In transforming the time series data - each new data segment 

transformed bigin.at the center of the last segment transformed.    The short 

|- segments of had dats which occurred in each noise samp.e were skipped over by 

«he transform program; a^o. had channels were omitted from the computation. 

(. The transforms for al, channe.s from each segment were multiplexed so that 

[^ each output transform contained the transformed data for al, good channels in 

the segment. /* 

'■ D-    CROSSPOWER MATRIX GENERATION 

l " The tran8form8 from this program were input to a crosspower ' 

matrix generation program which computes from each input transform F(f) 

the crosspower matrix elements , 

»lj(f) = i;*(f)Fj(f)  - 

at each frequency.    The resulting matrices are stacked at each frequency to 

fo. m a single crosspower matrix at each frequency for each noise sampie.   m 

«he case of the north-south and east-west components in the first and second 

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

few channels to permit the calculation of satisfactory wavenumher spectra, 

these components we're omitted from the crosspower matrix calculation, fir 

••nric«#« group 
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these noise samples.    Two sets of crosspower matrices were computed,  one 

from the Manned 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 j 

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 inspection 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 

display.    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 modewave 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 

models. 

The crosspower matrices were also used to obtain multiple 

coherences, which show the degree to which a given element can be predicted 
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from a linear combination of other elements of each array.    The results are pre- 

sented below in terms of the prediction error at each frequency where 

prediction error = (1-coherence squared).5 

The prediction error computed is a biased 

3 
has been applied to each eammimA ^—j^-i..-  

corn- 

estimate of the true prediction error; 

a correction factor" has been applied to each computed prediction error to 

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 in 

RESULTS OF DATA PROCESSING 

R..-I.. of the TFO „d „BO long.pariod data analyai. are pre- 

sented in Chronological order Wow.    to addition to the resnite of the tnethod, 

of anaiysi, de.crihed above, „ave height charts for the twelve honr interval 

closeat to the noise sample are presented. 

A.    FfRST TFO NOISE SAMPLE - 1351 Z.  21 FEflRUApy I969 

Single channel power density spectra for the vertical (Z). 

north.sonth m. and east-west ,E, components for the first TFO noise iample 

are presented in Figure Uf-l,  along with a diagram of the array configuration. 

All spectra display two 8pectral p<!ak8 . _ in ^ „_ 05 ^ o_ ^ ^ ^^ ^ ^ j 

otter in the 0. U to 0. U Hs range.    Below 0. 05 „. there is generally more 

power in the hori.onta! than in the vertical spectra.    Also.  the spectra fall off 

sharply above 0. 14 Hz. 

■ 

The RMS noise levels for this noi«P «ar^io xur mis noise sample are given in Table 

III-l.    The noise .evels of li.e components at different sites vary by more than 

a factor of two, with LP. being the quietest and LP6 the noisiest site.    Most of 

this difference appears to be accounted for by differences in spectral levels t 

below 0.05 Hz. 

Plots summarizing the spatial organization of the noise sample 

are shown in Figure „1-2.    to this condensed presentation the f.k spectra for 

all selected frequencies for a given set of components are shown on the same 

Plot, with only the most significant peaks from the contour plot at each fre. 

quency being displayed.    In this presentation and those following which show 
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Figure 111-3.    Vertical Component V/avenumber Spectrum at 0. 065 Hz- 
First TFO Noise Sample 
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Figure III-4.    Waveheight Contour Chart at 1200 Z,   21 February 1969 

! 
III-5 services group 



Ä 10.5 VERTICAL 
/ 

SI /     | 
2 / 
H    9.5 ■                                      / 
Z y'    ^"^^^                        / 
U S             ^^"^^               / 
^    8.5 1- /                          ^v^       / 

> 
■ 

/       ^       ^ 
O    7-5 . s 

'         ,''"~~~-~~~       ,'-''' 
g    6.. 

5.5 1  ■                             1                              .                              . 

2 

u 

s 
s 

J3 
2 
H 

W 

w 
> 

s 

.] 

0.04 0.06 0.08 
FREQUENCY (Hz) 

0.10 0. 12 

MAXIMUM LIKELIHOOD PROCESSOR 
BEAMS TEER PROCESSOR 

Figure III-5.    Noise Rejection Improvement vs Frequency-First TFO 
Noise Sample 

III-6 services group 



■ 

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 111-3. 

The peaks in Figure 111-2 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°.    Nearly 

all the energy in the single channel spectral peak at 0.065 Hz comes from 

050° - 070°. 

Figure 111-4 is the wave height contour chart for 1200 Z,  21 

February 1969,  on which are shown azimuth lines from TFO at 10    increments. 

The strongest wave activity appears to be along the Atlantic Coast at an azimuth 

of approximately 65  .    This wave activity appears to be the source of the propa- 

gating noise coming from the northeast in this noise sample.    The energy from 

o o 
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 noise power from the an ay processor are shown as a function of 

frequency.    The ratios, which for each frequency had been calculated as a 

fxihction of azimuth at wavenumber magnitudes corresponding to the Rayleigh 
i 

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 
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Single sensor is best 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 111-6 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 111-7.    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 111-8.    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. 
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Location 

LP1 

LP 2 

LP3 

LP4 

LP5 

LP 6 

LP 7 

LP1 

LP 2 

LP3 

LP4 

LP 5 

LP 6 

LP 7 

Table III- 1 

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

LPZ 

24.3 

26.2 

35.8 

56.6 

28, 1 

First Sample 

LPN 

20.9 

25.2 

44.4 

« 

43.3 

47.7 

Second Sample 

27.3 25.6 

32.3 55# 5 

34.3 45#5 

* 113.2 

* * 

70.2 * 

31.1 32.2 

LPE 

22. 1 

21.2 

54.4 

40.3 

29.5 

35.7 

43.5 

94.9 

* 

110.3 

3 9.7 

*— Indicates bad channels 
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The RMS levels for this noise sample are given in Table III-l. 

Again,  most of the differencpa in uivyfc i       i 
auierences in RMS levels among different sites 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 ener^ falls generally within the Rayleigh wave band.    Most      ' 

of the energy comes from azimuths centered near 75°,  235°. and 300°. 

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

III-13 
i 

services group 
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sho»„ in Fisar, m.10.    ^ .. Btron. ^ actJvity ^ ^ ^ ^^^ 

Coa8t a. asimuths noar 075o; thi8 is ^^^ the ^^^ ^ ^ ^.^ ^ j 

«.ergy comi„6   £rom ^ azlmuth in ^ f_k ^^    ^ ^ ^ ^ ^ 

high Wave acnvi^r along an a2imu.h of 300° (r„m TFo, bn. «,. ^u Kot „„ 

a coastUne.   The energy appearing at azimnthe near 235° in eh. f-k spectra 

seems to be unrelated to wave activity. /" 

The noise power ratios as a fnnction o£ fre^ency ari shown in 

Fignre HI-11.   m the case of the vertical components, the improvement in 

noise rejection over a single channel averages about 8.6 db tor 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 TFO noise 

sample ire shown in Figure 111-12. 

.. 
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Figure 111-9.    Wavenumber Spectra-Second TFO Noise Sample 
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Figure III-10.    Wavelv« ight Contour Chart at 0000 Z,   1 March 1969 

III-15 services group 



&>. 

12 

11 VERTICAL 

2 10 

3 

§    7 0,    7 

0.02 0.04 0.06 0.08 0.10 

FREQUENCY (Hz) 

MAXIMUM LIKELIHOOD PROCESSOR 
BEAMSTEER PROCESSOR 

0. 12 
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TheSe coherence, are ro„ghly .imllar to „,„., o£ ^ ^ ^^ 

.ample; ho„ever. ^ regioii of ^^ ^^^^ ^^^ M ^^ ^^^ ^ 

this noise sample. 

C    FIRST ÜBO NOISE SAMPLE - 1225 Z. 27 JULY „,, 

Slngie chann.! power den8ity spectra computed ^ ^ ^^^ 

UBO noise »ample are shown in Fieure m  13    ,1 
rigure m.13, along with a diagram ol the UBO 

-ay confignration.    x^ese snmmer noise spectra „Mhit many of the leatures 

ohservea in the XEO winter noise.    The most significant leat.. es are again the 

- spectra! peaKs.  the «rst in the 0. 05 . „. „7 Hz range ^ ^ ^ ^ ^ 

0. U - 0.14 ^ range.   A1so. the hor.onta, channei noise ieveis are signi«cantly 

higher than the vertiralo ir. «.u« « verticals in the reg1on below 0. 05 Hz     H^^s.    u 
^ Hz.    Here, however,   the spectra 

- most ol the channe.s are nearly white e.e, ^ the regions ol .e two noise peak. 

several dh iower lor fte UBO noise samples than lor the TFO samples. 

The RMS noise leveta for the «rs. UBO noise samp,e are gi.en 
- -Me UI.3.    The noi8e ,_, 8how a ^^^^ ^^^ ^^ ^^ 

-n the TFO HMS noise levels.    The overall noise lmltM 8ignificailtIy ^ 

were recorded in the summer. 

The condensed t.k spectra tor this noise sample are shown in 
«.ure 11I.U.    AU the sigIllflcaat ^^^ ^^^ ^^^ ^ ^^ ^ ^ 

rnndamental Rayleigh mode velocities, and most comes Irom asimnths near 
230°. 

Ill-18 
••rvic«s group 



■ 

m 

■   ' • r      V: '■- 

[■   ' 

_J 

I- 

£ 

I 

A,,     , ■ 

•/•; V, 

•«        •» aa in 

v-/ 

^'M* 

nuunc« •» 

' 

P 
ufXn 

titkM 
< 

nUMMCVflftt 

•"»» COWICUMTI» 

(I 
i 

Fi6u'e III-U- ÄcxrPo- —^s—- "BO 

- 

Ill- 1 9 
services group 

J 



^ Table m-2 

R.M.3.  NOISE LEVELS FOR UBO 
NOISE SAMPLES (in m^i) 

Location LPZ LPf 

LP1 28.4 

First Sample 

* 
LP2 19.6 * 
LP3 17.8 * 

■ 

LP4 

LP5 

LP6 

LP7 

* 

/   23.4 

26. 1 

* 

* 

26.3 

23.1 

* 

LP1 28.8 

Second Sample 

* 
LP2 19.1 * 
LP3 19.0 * 
LP4 * * 

... ■ 

LP5 22.9 * 
LP6 24.3 * 
LP7 *-- * 

LP1 30.1 

Third Sample 

* 
LP2 

LP3 
i 

19.7 

17.7 

23.0 

* 
LP4 

LP5 

LP6 

LP7 

* 

22.5 

22.5 

24.6 

* 

24.7 

20.1 

20.3 

* - Indicates bad channels 

LPE 

* 

10.3 

26.3 

25.6 

* J 

* - 

* - 

* 
■ 

* -1 
25.4 

* .1 
:i 

* . 

19.4 j 
18.5 

10.3 ] 
26.4 

* 
i 

- 

22.7 

] 
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Figure m-14.    Wavenumber Spectra-First and Sec 
ond UBO Noise Samples 
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The wave height contour chart for the twelve hour period which 

includes this noise sample is presented in Figure HI-IS.    The propagating 

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

The noise power ratios calculated as described earUer are 

presents for the vertical components of this noise sample in Figure 111-16. 

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 Ejection improvement of the maxi- 

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

The coherence between the center vertical component and the 

sample is shown 

rence is narrower and appears at a 

ether vertical components of the array.for the first UBO noise 

in Figure HI-17.    The region of most cohe 

higher frequency than for the same set of components at TFO. in this case 

being centered in the same frequency region as thi lower single channel power 

spectral density peak.    The degree of coherence is lessen this case, also. 

D.    SECOND UBO NOISE SAMPLE - 1800 Z. 27 July 1969 

The single channel power density spectra computed from this 

nois* sample are shown in Figure 111-18.    These spectra are almost identical 

to those of the first UBO noi.e sample both in shape and in level, and the same 

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

III-22 services group 
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Figure HI-15,    Waveheight Chart at 1200 Z,  27 July 1969 
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Table in.2.    There is less than 2 millimicrons di 
difference 

any one site between this and the first noise sample. 
in ground motion at 

The condensed f-k spectra of the 
vertical components in the 

second UBO noise sample are shown in Figure III-14      The „•     ,« 
gure iii-14.    The significant peaks of 

propagating energy occur in the fundame 
lental Rayleigh mode velocity range; the 

most significant peaks are in the northea 
st and southwest quadrants in azimuth 

ranges centered near 040° and 225°.    The 

to this noise sample.   Figure 111-15.   shows no significant 

coasts. 

wave height contour chart appropriate 

wave activity along the 

The „„i8e p„„er ««„, are presellted for ^ ^^ ^^ 

of this noise sample in Fieure TTT  1A      A     •      ^ 
igure 111-16.   Again,  the maximum likelihood processor 

does less than 2 db better than rt.. A   c JI. 
than the 6. 5 db average improvement of the beamsteer 

processor over the frequency range. 

The coherence between the center vertical component and the 

other vertical components is shown in Figure HI  17     A^-      .u 
figure m-17.    Again,  the results are 

similar to those of the first Tmr> • 
first UBO noise sample and the same comments apply. 

E.    THIRD UBO NOISE SAMPLE - 1227 Z.  30 JULY 1969 

The single channel power density spectra for the third UBO 

noise sample are shown in Figure ni-19.    Thes. spectra show the same 

higher spectral levels on the horizontal components below 0. 05 Hz when com- 

pared to the vertical 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. 
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Figure 111-19.    Single Channel Power Density Spectra-Third UBO Noise 
Sample 
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RMS noise levels for this noise sample are given in Table III-2. 

These levels are very close to those of the two preceding UBO noise samples. 

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 three sets of components are 

shown in Figure 111-20.    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 noise sample are 

those near 195°,  240°,  and 320°. 

The wave height chart for the twelve hour period in which this 

noise sample occurs is shown in Figure 111-21.    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 111-22.    Again,  there  is less than 2 db average difference between the 

noise rejection capabilities of the maximum likelihood and beamsteer processors. 

The multiple coherences computed for this noise sample are 

shown in Figure 111-17.    m contrast to the TFO data,  there  is very little 

coherence in this data between the vertical component and the horizontal com- 

ponents at the same location.    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 spectral 
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Figure III-20.    Wavenumber Spectra-Third UBO Noise Sampl, 
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Figure III-21.'   Wavehe'ight Contour Chart at 1200 Z,  30 July 1969 
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I Peaks, as inü.e first two UBO samples.    However    th • 
wider anH r HOWeVer'  the reg^s are slightly 
wxder and occur at slightly lower frequencies in th' • 
data from ^he h    ■ "^ 8ample-    SinCe the 

from .he hor1Zontal components of the center (Lp,)       , 
useable    th.      u nter (LP1> 8ei^ometer were not 
«seable,  the coherence between earh w - -_ comp_ was cr9rr :nent at LP2—- 

.oBa. ^ at Lp2 and ^ ^^^^       V 
Thep,„toflIlecoher<iicebetwe<!n-.ih o 

«'"■' =°mponent and the other" 
-t-w.,. c<)lnpoaent8 hM a ^ ^^ 

. / »«owing the same genera? 
characterises as the equivalent vertical coh 

;/' vertical coherence plots for the 3 UBO 
sample^ .   , u noise 
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SECTION IV 

LOW VELOCITY PEAKS IN THE LOW FREQUENCY 
f-k SPECTRA AT TFO 

Exa^naBoii of the M spectra of lie TFO n6i.e samples 

showed ^dence of aD „„usual low velocity spectral peak.   The peak occurred 

o„ly i„ the 0.0163 Ha fre^cy-waveiamher plots for the east . west compo„. 

e„ts of the firs, „oi^e samples a„d the „orth . so„th compels of «,e secOTd 

„oige sampu.    The e„ergy appeared to propagate froui i. southwest at a ve^ocly 

near the edge velocity of the plots, two km/sec. '     • 

; to order to determiTC whether this peak was a„ aUas of a atijl' 

lower velocity spectral peak, the f-k spectra were re-«mp„ted „smg a 0.25       '  ' 

km/sec edge velocity.    These f-k spectra are shoum i„ Fig„res IV-l id tV-Z. 

-fte peak from tte soathwe^t at approaimately 2 km/sec is ai. aUas of a peak 

which i„ hoth plots appears yt „ a.im„th of approaimately 80° a„d a velocity 

of approximately 0.4. km/^c, or .350 ft/sec.    IM. is som^hat higher tha„ 

the velocity of so„„di„ air,  1.00 ft/sec.    There appears to he „o obvi^s 

expUM.io„ of this peak i„ terms of either ordLary aco„stic or seismic wave 

velocities, b„t the peak is s„spicio„sly close to aco„st|c velociBes. 
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FIRST NOISE SAMPLE-EAST 

Figure IV-1.    TFO Wavenumber Spectrum at 0. 0163 Hz 
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Figure IV-2.    TFO Wavenumber Spectrum at 0. 0163 Hz 
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SECTION V 

CONCLUSION-COMPARISON OF THE LASA,  TFO, 
AND UBO NOISE FIELDS 

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 

4 \ 
Analysis Final Report   are reproduced here. 

The single-channel power density spectra of seven winter noise 

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-l and V-2 
i 

The spectra at TFQ,  UBO,  and LASA exhibit an overall similarity.    The most 

apparent simUarities among the spectra from the three arrays are these: 

Variations in the noise level on a given channel 
at different times are most pronounced below 
0. 05 Hz, 

■   ,. •   ' < 

In general, belöw Ü. 05 Hz the horizontal com- 
ponents are several db noisier than the vertical 
component at the same site ) 

The spectra at each array exhibit two peaks, one 
lying ih the 0. 05 - 0. 07 Hz region and the other in 
the 0. 11 - 0. 14 Hz region 

\. 
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The main differences in the spectra are the following: 

• 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 

• The upper spectral peak (» 0. 11 - 0. 14 Hz) is 
broader in frequency and more variable in level 
at LASA than at TFO or UBO 

• The LASA summer noise spectral levels are for 
most of the examples more than 5 db above the 
UBO spectral levels 

• In the 0.05 - 0.07 Hz region,  the LASA winter 
noise spectral levels range up to 10 db higher 
than those of the TFO data. 

Multiple coherences determined for varimiR «et« of coniTtonents 

at LASA are shown in Figures V-3 through V-6.    These show some of the same 

features noted in the coherences computed from the TFO and UBO data.    For 

example,  a vertical-horizontal coherence peak generally occurs in the 0.05- 

0.07 Hz region.    Also, the vertical coherences in the first two UBO   noise 

samples are like those at LASA in that there is little coherence below 0.05 Hz. 

In the noise samples studied,  the vertical coherence does not fall off as rapidly 

below 0. 05 Hz at TFO as at LASA.    M general, both the'vertical and horizontal 

coherences are higher at LASA than at either 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 spectra.- 

• 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 related 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 most interest.  (<. 1 Hz).    This figure is very close 

to the /N improvement expected for the N channels in use (from 

four to six channels in these examples).    Maximum likelihood MCF array pro- 

cessing resulted in little more than 2 db average improvement above the 6. 5 db 

achieved by the beamsteer processor. 
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