UNCLASSIFIED

AD NUMBER

AD871959

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors; Critical Technol ogy;
1970. Ot her requests shall be referred to Air
Force Technical Applications Center,

Al exandria, VA 22313. This docunent contains
export-controll ed techni cal data.

AUTHORITY

USAF |tr, 25 Jan 1972

THISPAGE ISUNCLASSIFIED




ab871959

g 1 Fei )

En W= .;1_ ¥ ..
.I i I.
g-ﬁa‘? e

3 i
h'.'J_ j".l',qi": IR o

_ LONG-PERIOD SEISMIC NOISE AND ATMO

_I =
g

TECH JICAL REPORT

] e G
L S s

I'.I
I
}
y IRy & B

=




BEST
AVAILABLE COPY



TECHNICAL REPORT NO. 70-12

LONG-PERIOD SEISMIC NOISE AND ATMOSPHERIC PRESSURE VARIATIONS

by
G. G. Sorrells
and
Zoltan Der

Sponsored by

Advanced Research Projects Agency
Nuclear Test Detection Office
ARPA Order No. 624

Availability

Qualified users may request copies
of this document from:

Defense Documentation Center

Cameron Station
Alexandria, Virginia 22314

Acknowledgement

This research was supported by the Advanced Research
Projects Agency, Nuclear Test Detection Office, under

the technical direction of the Air Force Technical
Applications Center under Contract No. F33657-69-C-0757.v

NOTICE

THIS DOCUMENT IS SUBJECT TO SPECIAL
EXPORT CONTROLS AND EACH TRANS-
MITTAL TO FOREIGN GOVEHRNMENTS
OR FOREIGN NATIONALS MAY BE MADE
ONLY WITH PRIQR APPROVAL OF CHIEF,

AFTAC. ; <
— 7 ]g . }
/4 67",,_/4"//‘{2/’14(1// ., 228N\

TELEDYNE GEOTECH

3401 Shiloh Road
Garland, Texas




AFTAC Project No:
Project Title:

ARPA Order No:
ARPA Code No:
Contractor:

Date of Contract:
Amount of Contract:
Amendment 002:
Contract No:

Contract Expiration Date:

Program Manager:

T B T TN N U AR

IDENTIFICATION

VT/8703

Long-Range Seismic Measurements
624

8F10

Geotech, A Teledyne Company
1 January 1969

$1,185,191

$236,064

F33657-69-C~0757

31 December 1969

R. G. Reakes, 271-2561,
Garland, Texas



, . CONTENTS
age
ABSTRACT
1. INTRODUCTION 1
2. DATA COLLECTION 1
3. DATA ANALYSIS 6
4. DISCUSSION OF RESULTS 6
4.1 Records taken during calm periods 6
4.2 Records taken during turbulent periods 10
5. SUMMARY OF RESULTS 21
6. EXPLANATION OF RESULTS 21
7. SIGNIFICANCE OF RESULTS 23
8. RECOMMENDATIONS " 25
9. REFERENCES 26

APPENDIX 1 - The response of an isotropic half space to a
plane pressure wave

APPENDIX 2 - Static loading of a layered elastic half space
by atmospheric pressure variations

APPENDIX 2a - Propagation matrix for two-dimensional deformation
of a layered elastic half space due to surface line
stresses

APPENDIX 2b - Integration in the kj - k, plane

APPENDIX 2c¢ - General description of computer program LOAD 2

TR 70-12




Figure

10

11

12

13

TR 70-12

ILLUSTRATIONS

Block diagram of the instrumentation systems operated
at Grand Saline, Texas

System response of the long-period seismographs
operated at Grand Saline, Texas

System response of long-period microbarograph
operated at Grand Saline, Texas

Sketch map of Kleer mine showing the relative
location of the mine and surface systems

Power spectra typical of the data recorded in the
mine and on the surface by the vertical seismographs
during a calm period

The coherence between data recorded by the mine and
surface vertical seismograph during a calm period

The ratio of the power spectrum observed on the
surface relative to the power spectrum observed
within the mine during a calm period

Power spectra typical of data recorded in the mine
and on the surface by the transverse horizontal
seismographs during a calm period

The coherence between data recorded by the transverse
horizontal seismographs located in the mine and on the
surface - data recorded during a calm period

The coherence between the vertical and horizontal
transverse seismographs located at the surface and
the microbarograph - data recorded during a calm
interval

Power spectra computed from data taken from mine and
surface vertical seismographs during a turbulent period

Power spectra computed from data taken from mine and
surface horizontal transverse seismographs during a
turbulent period

The ratio of the power spectra computed from data
observed at the surface during a turbulent period
relative to those computed from data recorded during
a calm period

-ii-

Page

11

12

13

14

15

16



ILLUSTRATIONS, Continued

Figure Page
14 The coherence between the seismic data recorded 18

at the surface and the microbarograph during a
turbulent period

15 The ratio of the power spectra computed from data 19
observed in the mine during a turbulent period
relative to those computed from data recorded
during a calm period

16 The mean increase in seismic noise power level 20
observed at the surface versus thc mean increase
in the microbarographic noise power level

17 The mean increase in seismic noise power level 22

observed in the mine versus the mean increase
in the microbarographic noise power level

-iii-

TR 70-12




ABSTRACT

Preliminary studies of the long-period seismic noise and the atmospheric
pressure fields were made at the Kleer mine near Grand Saline, Texas, during
the winter of 1968. The results of the studies indicate that during periods
of atmospheric turbulence the vertical and horizontal components of the
seismic noise field observed at the surface may increase in total power by

as much as 16 and 34 dB within the period range from 20 to 60 seconds. In
contrast, long-period systems operated in the mine show little change in
power levels regardless of the atmospheric conditions at the surface. The
observations are consistent with the hypothesis that the increase observed

at the surface is caused by atmospherically-generated deformations of the
earth. However, because of questions regarding the surface vaults capability
to attenuate pressure changes, the possibility that the noise was caused by
vault leakage must be considered an equally likely explanation at the present
time. The results indicate that atmospherically-generated seismic noise can
seriously degrade the capability of a long-period surface installation to
detect surface waves. Because of this finding, further more definitive studies
are reconnended.
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PREFACE

The AR method and its derivatives provide a reliable discriminator between
seismic signals generated by large magnitude underground nuclear explosions
and earthquaxes. Unfortunately, the technique cannot be applied to lower
magnitude events because of a relatively high surface wave detection threshold.
Since the identification of small magnitude events is cf particular importance
to undergound nuclear test detection, there is obviously a need to develop
technigques to reduce the surface wave detection threshold or equivalently to
attenuate the Jong-period seismic noise ficld. To date our studies have been
devoted to an investigation of the relationship between long-period seismic
noise and local variations in the atmospheric pressure field. The results

of these studies are contained in this report.

This report is a compendium of three related studies. The first study describes
the observations of the long-period seismic and ainospheric pressure fields

made at the Kleer Salt Mine near Grand Saline, Texas. The basic result of

this study is that the long-period noise power observed at the surface increases
significantly during periods of atmospheric turbulence.

The second study is a preliminary theoretical investigation of one possible
cause for the observed noise increase. In this paper, the response of an
elastic half space to a plane pressure wave is evaluated in order to determine
the conditions under which the pressure-generated displacements and tilts can
contribute significantly to the seismic background. The basic result of this
study is that at periods greater than 20 seconds and, in media with moderately
low rigidities, displacements and tilts associated with pressure waves with
amplitudes on the order of 100 microbars can contribute significantly to the
seismic background. The results further indicated that if the speed of the
pressure wave was small compared to the speed of the seismic waves in the
medium the deformation could be described by the mathematics of static rather
than dynamic elasticity.

The third study is devoted to the development of the mathematics necessary to
describe the static deformation of a layered half space caused by an arbitrarily
distributed surface load.

It is to be emphasized that the results presented in this report are of a
preliminary nature. Observations with more sophisticated systems are presently
being made, and more definitive studies of the relationship between long-period
seismic noise and local atmospheric pressure fluctuations are underway. The
results of these studies will be published in a later report.
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LONG-PERIOD SEISMIC NOISE AND ATMOSPHERIC PRESSURE VARIATIONS

1. INTRODUCTION

Recent theoretical studies by Sorrells (1969) and Der (1969) have indicated
that variations in the atmospheric pressure field as small as 50-100 microbars
can generate significant seismic noise at periods greater than 20 seconds.
Experimental observations by Capon {1969) at the Montana LASA tend to confirm
the theoretical studies and imply that elastic distortions of the surface of
the earth induced by variations in atmospheric pressure are indeed a major
source of long-period seismic noise.

During the winter of 1968, a long-period micorbarograph and two long-period
seismograph systems were operated at the Kleer Mine near Grand Saline, Texas.
The records produced by these systems were examined in order to obtain more
information regarding the possible ielationship between long-period seismic
noise and local fluctuations in the atmospheric pressure field. The purpose
of this particular report is to document the resuits or the preliminary study,
to evaluate their significance, and to outline plans for further study.

2. DATA COLLECTION

A three-component long-period seismograph system, a long-period microbarograph,
and an anemometer were operated at the surface. In the mine, the basic sensor
systems included not only a three-component long-period system, but a vertical
and horizontal short-period system as well. Block diagrams of the surface

and mine data sensing and recording systems are shown in figure 1. The systenm
responses of the long-period seismic and microbarographic systems are shown in
figures 2 and 3, respectively. The seismi- sensors used at the surface were
installed in typical portable system vaults, which consist of a hole approxi-
mately 2 feet deep, plywood-earth retaining walls set in approximately 4 inches
of concrete. The space around the seismometer was filled with fiterglass
batting. Then the vault was closed with a plywood cover, two layers of fiber-
glass batting, and a sheet of clear polyfilm. The seismometers used in the
mine were set on the floor. Both the mine and surface long-period vertical
seismometer cases were sealed while the horizontal seismometer cases were not.
The vertical separation of the mine and surface systems was approximately 600
feet while as shown in figure 4 the horizontal separation was approximately

400 feet.
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3. DATA ANALYSIS

Power density spectra for individual records and cohkerency spectra for
selected pairs of records were the basic analytical tools used during this
investigation. These were computed from record segments chosen to represent
various conditions of atmospheric pressure variations. A total of six such
segments, each approximately 30 minutes in duration, were selected for the
preliminary analysis. The selection was made from 16-mm film reproduction of
the data stored on magnetic tape. Within each of the selected time intervals,
the outputs of both sets of seismographs and the microbarograph were low-pass
filtered to prevent aliasing, digitized at the rate of two samples per second,
then multiplexed and stored on digital tapes. Prior to computing the power
and coherency spectra, the seismic data were normalized by dividing by the
magnification at 25 seconds; and linear trends were removed from both the
seismic and microbarographic records. Both the power density and cross power
density spectra were computed from blocks of 3700 points using 127 lags and
Parzen smoothing. Power density spectra were computed for all records. Cross
power density, coherency and phase spectra were computed for corresponding
seismic records taken on the surface and in the mine. In addition, cross
power density, coherency, and phase spectra were computed for records taken
from the microbarograph and the surface horizontal seismographs. Examples

of the results of the computation are displayed and discussed in the next
section,

4. DISCUSSION OF RESULTS

4.1 RECORDS TAKEN DURING CALM PERIODS

The power spectra shown in figure 5 are typical of the seismic data recorded

on the vertical seismographs during calm periods. Note that for periods less
than about 20 seconds, the spectral content of the noise observed on the

surface and in the mine is virtually the same. This was not unexpected since
the seismic noise in the period range from 6-20 seconds is known to consist
primarily of fundamental mode Rayleigh waves with wavelengths mucn greater

than the distance separating the two observation points. The coherency measure-
ments shown in figure 6 confirm that within this period range the noise recorded
by both systems is identical. At the longer periods, however, the situation is
quite different. As seen in figure 6, there is a progressive reduction in the
coherence between the noise observed on the surface and within the mine. This
is accompanied by a monotonic increase in the noise power observed on the sur-
face relative to that observed in the mine (see figure 7). C(Clearly, there is
no apparent relationship between the seismic noise observed by the two systems
within this period range.
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The data recorded by the horizontal seismographs during calm periods show some
chiracteristics similar to those described in the previous paragraph. An
example of the power spectra computed from data taken from the transverse
horizontal seismographs located on the surface and in the mine are shown in
figure 8. These were computed from data taken during the same interval of

time as the vertical data discussed previously. The coherence between the two
sets of horizontal data is shown in figure 9. Like the vertical data the
horizontal spectra may be divided into two period ranges; a short-period range
characterized by high coherence in which the power levels observed upon the
surface and within the mine are the same, and a long-period range within which
the two data sets are incoherent and the noise power cbserved upon the surface
is considerably higher than that observed in the mine. The principal difference
is that, whereas, the 15-second microseism peak is clearly visible on both
vertical spectra, it is almost completely obscured on the horizontal spectra.
The interfering fields as recorded by the two horizontal seismographs are
apparently generated by independent sources as shown by the reduction in the
ccherence of the 15-second peak. The fact that even during calm periods the
noise at periods greater than about 15 to 20 seconds is considerably higher

on the surface than in the mine merits further consideration. It cannot be
related to variable atmospheric conditions because the samples analyzed were
specifically selected from intervals of time during which there were no measure-
able wind and microbaric activity was minimal. This conclusion is further
reinforced by the fact that there is no coherence between data recorded by the
microvarograph and by the vertical and horizontal seismographs (see figure 10).
There are several possible explanations for the existence of the high noise

at the surface. First of all, the noise could be system generated. This seems
unlikely since it is found at a relatively high level only on the surface
systems. A more likely explanation is that it is in some way associated with
the type of installations used on the surface. It will be recalled from
section 2 that while the surface vaults were covered, no specific attempts were
made to tightly seal them. Thus, it is possible that some of the noise observed
at the longer periods could be related to disturbances within the vault.

Another possibility is that the roise is related to local surface activity
associated with the operation of the mine. No conscious effort was made

during this particular investigation to select samples during periods when
activity associated with the mine was likely to be low. Thus, it is possible
that the samples could be contaminated to some de-ree by noise generated through
local surface activity. This possibility will be thoroughly examined during

a forthcoming investigation.

4.2 RECORDS TAKEN NHMRING TURBULENT PERIODS

The power spectra shown in figure 11 and figure 12 display features that are
typical of the data recorded by the vertical and horizontal seismographs during
turbulent periods. The basic difference between these spectra and those taken
during calm periods is the relatively large increase in the noise power observed
at the surface. The nature of this increase may be seen more clearly from
figure 13. In this figure, the ratio between the spectra observed at the
surface during a calm and turbulent interval has been plotted as a function of
period in the range from 20 to 64 seconds. Note that both the surface vertical
and transverse ratios show a trend similar to the microbarographic ratio. All
ratios tend to decrease in a regular manner as a function of increasing period.

-10-
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However, both the values of the microbarographic ratios and their rate of
decrease with increasing period is greater than for the seismic data. The
results shown in this figure strongly suggest that the increase in the long-
period noise field observed at the surface during turbulent intervals is
directly related to increases in the atmospheric pressure field. Additional
support for this contention comes from estimates of the degree of coherence
between the data recorded by the microbarograph and the surface seismographs.
These estimates are plotted as a function of increasing period in figure 14.
Notice that at periods greater than about 20 seconds, a significant fraction
of the total noise power observed by the transverse seismograph can be
correlated atmospheric pressure variations. The degree of coherence between
the microbarograph and the surface vertical is considerably smaller, indicating
that the percentage of atmospherically-generated noise relative to the total
field observed by this system is much lower than by that observed by the
surface transverse. This is consistent with the observations given in

figure 13, which show that the increase in the power of the vertical component
of the noise field is about 6 dB less than the increase in the horizontal
component,

In contrast to the seismic data observed at the surface, there is little
significant change in the data recorded in the mine regardless of the atmo-
spheric conditions. This may be seen from figure 15, in which the ratio of the
power observed in the mine during calm and turbulent periods is plotted as a
function of increasing period. The shaded area shown in this figure indicates
the 90 percent confidence interval., Ratios which fall in this range cannot

be considered significantly different from 1 (0 dB). Note that there is no
significant difference in the power levels observed by the transverse hori-
zontal seismographs in the period range from 20 to 64 seconds. The vertical
component of the seismic noise field observed in the mine shows a small in-
crease at periods less than about 30 seconds, but the inc:rease is about 10 dB
less than that observed at the surface. It is clear from these results that
atmospheric turbulence at the surface does not contribute significantly to the
seismic noise field in the mine,

In addition to the specific fz2atures described in the previous paragrajhs,

there is a general tendency lor the seismic noise observed at the surface to
increase as the noise recorded by the microbarograph increases. This tendency
is illustrated in figures 16a and 1%b. The diagrams were constructed in the
following manner. First, both the s:ismic and the microbarographic spectra
collected during various intervals of atmospheric turbulence were normalized

to a common base by dividing them by the spectra collected during a calm period.
Then, the normalized spectra were averaged over the period range extending

from 21.3 to 64 seconds. The resulting number is a measure of the relative

mean change in long-period power, which occurred during that interval as com-
pared to the power observed during a calm interval. Then in order to delineate
any possible relationship between changes in microbarographic power and changes
sn seismic power, the mean seismic values that were computed from data collected
at the surface were plotted against the mean microbarographic power change
characteristic of that interval. As shown in figures 16a and 16b, both the
horizontal and vertical components of the surface seismic field tend to increase
monotonically as the microbarographic power increases, but not at the same rate.
The horizontal rate of increase appears to be considerably larger than the

"]\7"
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vertical. If similar seismic quantities computed from the data collected in
the mine are plotted against relative increases in microbarographic power, the
results shown in figures 17a and 17b are obtained. These data show that
atmospheric pressure fluctuations at the surface have no apparent effect on
the horizontal component of the long-period seismic noise field observed in
the mine. The vertical component does show a weak tendercy to increase as

the microbarographic power increases; however, the rate of increase is much
less than that observed on the surface.

5. SUMMARY OF RESULTS

The basic results of this preliminary investigation may be summarized in the
following manner.

a. During calm intervals and in the period range from about 6 to 20
seconds, the power levels recorded in the mine and on the surface are quite
similar and show a high degree of coherence indicating identical sources. At
periods greater than 20 seconds, the coherence between the data recorded at
the surface and within the mine decays rapidly and the power levels observed
at the surface increase dramatically relative to those observed within the
mine. The cause of the higher noise at the surface is not known at the present
time,

b. During periods of atmospheric turbulence, the seismic noise field
observed at the surface contains a component which is related ‘o fluctuations
in the atmospheric pressure. The addition of this component to the surface
seismic field results in a general tendency for the total field to increase
as the atmospheric pressure fluctuations intensify. This component appears
to be absent or at least strongly attenuated in the seismic field observed
in the mine.

6. EXPLANATION OF RESULTS

As stated previously, the cause of the relatively high noise levels observed
at the surface during calm periods is not presently known. It could be caused
by a variety of factors, none of which were specifically examined during the
course of this investigation. Among these are the presence . £ higher system
noise on the units operated at the surface; unspecified local noise associated
with the nature of the surface installations; and noise created by activities
associated with the operation of the mine.
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Figure 17. The mean increase in seismic noise power level observed in the
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The results presented display several attributes which suggest that during
turbulent periods a significant fraction of the surface noise fizld could be
related to elastic distortions of the surface caused by atmospheric pressure
variations. The strongest argurents in favor of this interpretation are:

a. There is a significant reduction in the atmospherically-generated
component of the long-period seismic noise field observed in the mine. This is
in qualitative agreement with earlier calculations by Sorrells (1969), which
indicated that if the noise were caused by variable atmospheric loads imposed
upon the surface then at the depth at which the seismic systems were located
(approximately 600 feet below the surface) it should be reduced by roughly
40 dB relative to its strength at tne curface. Consequently, the general lack
of an atmospherically-related component is consistent with the hypothesis of
elastic loading by atmospheric pressure.

b. Durings periods of increased atmospheric noise power, the noise
observed by the horizontal system increases more than the noise observed by
the vertical system. This observation agrees qualitatively with Sorrells'
results, which indicate that at periods greater than about 20 seconds a given
pressure change will generate apparent horizontal displacements due to tilt,
which are at least an order of magnitude greater than the corresponding vertical
displacements. Thus, if the increase in the seismic noise field observed at
the surface were caused by pressure-generated distortions of the surface, then
the increase in noise power should be much greater on the outputs of the hori-
zontal systems than on the vertical.

It must be stressed that these observations do not prove the hypothesis that
the noise increase observed during turbulent intervals is caused by pressure-
generated distortions of the earth. They merely argue for its plausibility.
Until steps can be taken to assure that the surface vaults do not pass atmo-
spheric pressure variations in the period range from about 20-60 seconds, the
possibility that the noise increase is caused by pressure variations within the
vaults must be considered an equally likely explanation.

7. SIGNIFICANCE OF RESULTS

The observations reported have a direct bearing on the problem of detecting
long-period surface waves. It has been shown that during intervals of moderate
atmospheric turbulence and within the period range from 20-60 seconds the
vertical component of the surface seismic noise field can increase by as much
as 16 dB in power, while the horizontal component can increase by as much as

34 dB in power. These numbers imply that a station's capability to detect
surface waves can be seriously degraded during periods of atmospheric turbulence.
This phenomena is by no means isolated to the Grand Saline area. Capon (1969)
has shown that at the Montana LASA and within the period range 20-40 seconds
atmospherically-generated noise makes up at least 40 percent of the total power
at least 50 percent of the time.
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It alsc has bren shown-that the noise levels observed within the mine stay
essentially the same regardless of the atmospheric conditions at the surface.
This phenomena is apparently related to the fact that the seismic disturbances
created by variable atmospheric loading dissipate very rapidly with depth as
predicted by Sorrells (1969). Van Saggern (1970) has reported similar observa-
tions at Murphy Dome, Alaska, so that thé absence of atmospherically-generated
seismic noise at moderate depths is not unique to Grand Saline.

These observations when taken together imply that the surface wave detection
capability of a given site or array cf sites can be significantly improved by
locating the sensors at moderate depths. This improvement would be the result
of two factors. First of all, the observations documented in this report
indicate that the vertical component of the noise field would be reduced by as
much as 6-8 dB in amplitude and the horizontal components would be reduced by
as much as 17 dB in amplitude. Secondly, after removal of the atmospherically-
generated fraction, the remainder of the noise field, at least in the period
range from 20-40 seconds, is anticipated to be coherent over relatively large
distances (Capon, 1969). Thus, arrays and multichannel filtering techniques
could be employed to achieve a further reduction of about 6 dB. Therefore,
the total increase in surface wave signal-to-noise ratio could be as much as
12-14 dB. If such a gain could be realized it would raise the surface wave
detection capability to u level comparable to the present short-period P wave
detection capability.

One further point should be made. Recently there has been considerable interest
in alterinf the response of long-period systems so that reliable observations of
seismic data with periods up to 100 seconds can be made. The observations
reported in the previous paragraphs are pertinent to this problem in that they
indicate that a significant fraction of the noise in the period range extending
from 20 seconds is related to atmospheric turbulence. It is anticipated that
this noise will become even more intense as the period range is extended. The
reasons for this are as follows:

a. It has been generally observed that the atmospheric pressure increases
linearly with increasing period.

b. The earth's vertical displacement response to atmospheric pressure
variations also increases linearly with the period (Sorrells, 1969).

c. The horizontal seismometer's tilt response increases as the syuare
of the period (Rodgers, 1968).

Since significant atmospherically-related seismic noise has already been observed
at the shorter periods, it can be concluded from the statements listed above

that it will constitute an even greater fraction of the noise observed at the
longer period ranges. Thus, it appears likely that in order to achieve high
magnifications with the extended range long-period systems they must be operated
at depths on the order of 200 to 300 meters or greater.
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8. RECOMMENDATIONS

In view of the significance of these preliminary observatiuns to the problems
of surface wave detection, it is recommended that the studies be continued at
Grand Saline. The basic objectives of these studi~s will be:

a. To determine the source of the relatively high noise levels observed
at the surface during calm periods &nd, if possible, eliminate;

b. To estimate the fraction of seismic noise power, within a pass band
extending from about 30 to 100 seconds, which can be attributed directly to
atmospherically-generated deformations of the earth.

In order to satisfy these basic objectives, the following tasks must be
accomplished:

a. Seismic systems that possess relatively high magnifications in the
pass band from 30 to 100 seconds must be designed, fabricated, tested, and

installed both on the surface and within the mine at Grand Saline.

b. The vaults containing the seismometers must be sealed to the extent
that pressure variations with periods as great as 400 seconds are strongly
attenuated within the vault.

C. A microbarograph array must be operated at the surface in close
proximity to the seismometer vaults in order to determine the frequency wave
number content of the ztmospheric noise.

In the event that atmospherically-generated seismic noise does prove to contri-
bute significantly to the surface seismic background within the pass band of
interest, methods to reduce its effect must be developed and evaluated. At

the present time, it appears that this contribution could be significantly
reduced by either of the following methods.

a. Installation of the sensors at moderate depths;

b. Estimation of the atmospherically-generated component of the seismic
noise using microbarograph array data. This estimation would then be used to
eliminate the actual component by subtracting it from the observed field.

Both methods should be evaluated thoroughly. It is recommended that the estima-
tion process be evaluated during the studies at Grand Saline since high quality
microbarographic data will be available. The degree of attenuation with depth,
however, cannot be studied at Grand Saline since it is difficult, if not
impossible, to move the seismic system vertically within the mine. A more
effective technique for evaluating this method would be to operate a long-period
triaxial seismograph system at various depths within a borehole and compare the
results with observations taken at the surface. More specific recommendations
regarding a study that will employ borehole observations to study the attenuation
of atmospherically-generated noise with depth will be made at a later date pending
the ocutcome of the studies at Grand Saline.
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