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-INTRODUCTI ON

TWO profiles have been occupied in the program (Project VT/078)
Li of relating seismic noise and signals to geology and topography.

The California profile has been completed. Work on -he Pacific
Northwest has been started. Although both these profiles are sim-
ilarly oriented relative to the Pacific Ocean, there is marked
contrast in the geologic aspects. The California profile extends
from the coast range across the central valley into the ridge andIvalley province of the Great Basin. The Pacific Northwest Profile
extends from the Pacific Coast near Grays Harbor across the Puget

,Sound Trough, the volcanic and batholithic core of the Cascades into

%ihe Blue Mountains of northeastern Oregon.

The method of establishing noise levels and relative signal re-
sponse of the various sites occupied (10 in California) consists of
using two essentially identical tripartite seismic recording systems,
one fixed and one which is relocated about once a month. The fixed
station is the/Master and the relocated station is theelave. The
triangular array of short period seismometers at the slave station is
expanded at one week intervals from mile from a central point by
mile intervals to a total central distance of one mile. The results
are simultaneously recorded on film and magnetic tape and brought to
an analysis office for processing.

Because of the large amount of d~ta obtained and the relativeK rapidity of machine methods, it was erly decided that machine methods
be used. This results in establishing an average noise level of a

[site, rather than the peak level of noise as is commonly obtained by
visual methods. The machine output is average peak squared of the
noise. One of the reasons for using this function of the noise is
the large body of statistical communication theory literature which is
developed in this format.

The wave analyzer used is essentially a device which looks at a
noise sample with a very narrow (nominally 2 cps wide) filter which is

swept across the sample. The values obtained from the system are the
coefficients of the Fourier expansion of the sample, defining the am-
plitude of each component part of the complex wave form.

IU
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Analysis work is continuing on the data from the California profile.
A station factor has been defined which represents the ratio of the
average signal to noise ratios of the sites. This factor varies from

0.37 to 1.4 and can be thought of as a measure of the relative capabil-
ity of a station to detect seismic signals relative to the MasterlStation on granite in the Sierra Nevada. The stations in the Sierra
Nevada and east had a factor between 1.0 and 1.4 those in the San
joaquin valley and west were less than 1.0. One example of this data
is the station in Death Valley, where although the noise level was
high the signal level was also high and the station factor was 1.3.

Data from the Washington profile is limited since work began in
Washington in November. Preliminary indications are that the noise
level is the same order of magnitude as in California.

Work is continuing along the profile in the Pacific Northwest.
The analysis group is presently located in Pasadenai The work in the
Pacific Northwest is scheduled for completion in June, prior to which
time a third profile will be selected.

L
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0California- Profile
Field work was completed on the California profile on 10

November 1961. At that time the Master and Slave field recording
systems were moved to the Pacific Northwest. They were back in
operation south of Yakima, Washington on 27 November 1961.

1.1 GeologTanidTOoqraphvof-the California Profile

Figure 1.1 is a regional tectonic map of the western
United States adapted from P. B Kingl. The California Profile
is located a short distance (about 50 kilometers) north of the
east-west interruption of the trend of acidic-plutonic rocks which
appears to be associated with the Murray fracture zone, which
extends at least 1500 kilometers across the Pacific. The general
trend of tectonic belts in far western North America, is parallel
to the Pacific shorelineT the California profile is located far
enough north of the Murray fracture zone to cross the tectonic
belts where they are essentially parallel to the Pacific shoreline.

There are from west to east, the coast range province
I I of complexly folded and faulted Cretaceous and Tertiary rocks,

the deep asymmetric Tertiary basin of the San Joaquin Valley,
the Sierra Nevada intrusive, the complex horst and graben struct-

U ural and topographic province which includes Owens, Panamint and
Death Valleys. The eastern part of the profile includes the
western part of the Great Basin area, which lies mainly in Nevada.
Slave Station locations were selected to occupy at least one
location in each of those tectonic belts.

Figures 1.2 and 1.3 illustrate in the form of a map and
geologic cross section the location, topography and geologic

environment of each of the Slave Station sites along the California
profile.

1.2 Geology and Topography of the Huasna River and Carrizo
Slave Station Sites

These two Slave Station sites are located in the
Coast Range province of California and north of the transverse
range province. The Garlock and Big Pine Fault (see Figure 2.2),
mark the northern boundary of the transverse range province.

The Coast Range province may be subdivided into the
Salinas-Cuyama Basin, the portion we t of the Naciemiento Fault,
and the portions of the Temblor range east of the San Andreas

1. Kxng, P. B. - The Evolution of North America, Princeton
University Press, 1959

- 1 - UNITED ELECTRODYNAMICS, INC.
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Fault. The Carrizo site is located in the Salinas-Cuyama basin
and the Huasna River site is near the Suey Fault about halfway
between the coast and the Nacimiento Fault.

Topographically, the Coast Range is a series of sharply
divided ridges and valleys with an average elevation difference
of about 600 meters. These ridges and valleys are generally an
echelon (see for example, the relation of Cuyama valley and the
Carrizo plain as shown on Figure 2.2).

In addition to the major right lateral strike slip
faults which trend northwesterly parallel to the topographic
trends, there are a number of normal and reverse faults. The
cuyama Valley oil field, where quite close control is available,
illustrates the complex local geology of the Coast Range.

There is a good discussion of the general area of the
Carrizo and Huasna River Slave Station sites in Habitat of Oil1 .
This reference is the principal source material for the previous
discussion.

Figures 1.4 and 1.5 are photographs of the Huasna River
Slave Station site which illustrate the topography. Figure 1.6
illustrates the complex geology of the area. There are several
ridges such as that illustrated in Figure 1.6 in the area, which
indicate the presence of forces to produce normal, reverse and
lateral faulting.

Figures 1.7 and 1.8 are photographs of the Carrizo
Slave Station site. This area is somewhat more arid than the
Huasna River location.

Figure 1.9 is a photograph of a recent fault trace which
occurs in the zone east of the Carrizo site where the San Andrea*
rift cuts through the Temblor Range.

1.3 Geology and Topography of the Elk Hills and Mannot
Creek Locations.

Two slave station locations occur in the San Joaquin
Valley, the northwesterly trending valley which divides the Coast
Range and the Sierra Nevada. The Elk Hills site is on the south-

1. Habitat of Oil - Geologic Environment of Cuyama Valley Oil
Fields, California, by Schwade, Carlson
and O'Flynn - American Association of
Petroleum Geologists, 1958 pgs. 78-98

2 - UNITED ELECTRoDYNAMICS. INC.
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Figure 1.4 Huasna River Slave Station site. The ridges on the
horizon appear to be fault scarps.

Figure 1.5 Detail Photograph of the Huasna River site. Dense
stands of scrub oak occur in the valley,

UNI1TEo ELECTto DYNAMICS. INC.
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Figure 1.7 Carrizo Slave Station site. The Nacimiento fault, a
major right-lateral fault, is parallel to the ridge
on the horizon and the slope opposite this photograph.

Figure 1.8 Carrizo Slave Station site. There is a fault scarp
at the apex of the first hill in the center of the
photograph.
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Figure 1.9 Fault trace of a segment of the San Andreas -rift in
th enbo age 20 kilometers northeast of the

Carrizo Slave Station.
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west side of the valley and the Mannot Creek site on the north-
west. Geologically, the San Joaquin is a wedge of Tertiary
sedimentary rock (principally sand and shale) which thickens
spproximately linearly from zero to about 8000 meters0 The
deepest portion is northeast of the Temblor Range on the south-
west side of the valley. Topographically, the valley is nearly
lying, except near its margins, where foothills occur.

The Elk Hills Slave Station is located north of the
Elk Hills which is topographic and structural anticline in the
Tertiary sediments of the valley0  Estimated depth to granite is
7100 meters. This estimate was obtained from one of the oil
companies operating in the San Joaquin Valley and is considered
reliable. At the Mannot Creek location, depth to granite is
about 900 meters.

Figures 1010, 1.11 and 1.12 are photographs of the Elk
Hills and Mannot Creek Slave Station sites.

1.4 Geology and Topography of the Stations in the Sierra
Nevada.------

Three stations were located in the Sierra Nevada, which
is a major granite intrusive0  This intrusion occurred during
Jurassic time and is the source of the Tertiary sediments in the
San Joaquin and Sacramento Valleys. The Sierra Nevada extends
from the latitude of Bakersfield nearly to the northern boundary
of California. Two stations were located near the western edge
of the uplift at elevations of about 900 meters and one is in
the central part of the uplift at about 2700 meters. These are
Round Mountain, Cedar Creek and High Sierra respectively. The
station at Round Mountain was the Master station,remaining fixed
in location from March through November 1961. The topography is
gently rolling hills. The surface rock is weathered granite.
At the Master Station it was possible to dig through the weathered
layer about a meter to hard granite. There is some Quarternary
sedimentation in creek valleys.

Figures 1.13 and 1.14 are photographs of the recording
equipment at the Master Station and at Cedar Creek about 5
kilometers northeast.

The High Sierra Station was occupied to determine the
effect of elevation on seismic noise level. Because of various
factors, the attempt failed. Firstly, the local effect of a
filled lake caused very high noise levels, secondly, it was
necessary to abandon the site because of danger to equipment and
personnel from lightning. Some data was obtained and will be
discussed in a later section of this report. Figure 1.15 is a
photograph of the High Sierra site.

- 3 - UN,TED ELECTRoDYNAMICS. INC.
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Figure 1.10 Elk Hills Slave Station site looking south towards
the elk Hills.

Figure 1.11 Elk Hills Slave Station site from the Elk Hills.
The approximate center of the area occupied is
marked with an X.

UNITIEo ELECTODYNAMICS. INC,
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Figue 113 astr ad SaveRecrdig Systems at Round mountain
during initial check-out.

Figure 1.14 Cedar Creek Slave Station. The Cedar Creek and Round

Mountain sites are 5 kilometers apart.
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Figure 1.15 High Sierra Slave Station. The foreground is a
meadow,apparently a lake filled during recent times.
The trees are growing on a granite outcrop. The
noise level of seismometers planted in the filled
lake was about 100 times higher than noise on the
granite at the edge. The filled lake apparently
acts as a gelatinous material.
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1.5 Geolooy and Togoaraghy of the Darwin Slave StationSite.

West of the Sierra Nevada, the detail geology is some-
what less well known than in the San Joaquin valley. However,
because of desert conditions, outcrops are well exposed and the
principal features of the geology are known.

The Darwin Slave Station site is in a topographic
saddle between the iny mountains and Argus Range east of iens
Valley. The principal rocks in the inyo mountains and Argus
Range are Jurassic granite which form an uplift axis parallel
to the Sierra Nevada. Owens valley, which separates the
parallel uplifts, is a graben. Kane and Pakisor" have con-
cluded that the valley fill (principally Tertiary rocks) vary
from 300 to 1500 meters and that the margins of the valley are
steeply dipping faults.

Locally, the Darwin site is a north-south trending
valley with a thin layer of Quaternary sediments. The east
side of the valley is Pennsylvanian limestone and the west side
is Quarternary volcanics. The Darwin Tear Fault crosses the
array about 0.3 kilometer north of the center. There are in-
active copper mines in the Pennsylvanian rocks east of the site.

Figure 1.16 is a photograph of the Darwin Slave Station
site.

1.6 Geology and Topography of the Panamint and Death
Valley Slave Station Sites.

Northeasterly from the Darwin Slave Station, the
profile along which the slave stations are located crosses
Panamint Valley, the Panamint Mountains and Death Valley. The
Panamint Station is near the apex of the Panamint Mountains.
The Death Valley station is on the floor of Death Valley on the
west side. These two stations thus occupy sites on the up and
down thrown sides of the major down to the northeast fault, the
scarp of which forms the northeast face of the Panamints. This
fault scarp is about 1500 meters. The core of the Panamints is
a granitic intrusive with a cap of older Paleozoic sediments.
Death valley is a fill of Tertiary and recent sedimentation to
a depth of about 2000 meters (P. B. King opcit. pg 157). The

net vertical displacement of the Death Valley Fault is thus
about 3500 meters.

1. M. F. Kane and L. C. Pakiser Geophysical Study of Sub-
surface Structure in Southern Owens Valley,
California - Geophysics Vol. XXVI, pg. 12-26.

4 - UNITED ELECTRODvNAMIC9. INC.
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0 in detail, the Panamint site is a fenster which ex-
poses granite, the upper plate is Cambrian limestone. There
is a veneer of Quaternary alluvium in the valley in which the11 array center is located.

The Death Valley site is located partially on the
valley floor, which is silt and salt and partially on an
alluvial from the Panamint Mountains. The alluvial fan is
a poorly consolidated conglomerate.

I I Figures 1.17 and 1.18 are photographs of the Panamint
1 1and Death Valley Slave Stations.

Ii
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Figure 1.17 Slave Station site in Death Valley. The Paniamint
Mountains are in the background.

11F

Figure 1.18 Death Valley. This photograph is of the Panamints and
north portion of the valley.
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2. Washington-Profile

During October 1961, as the work in California neared com-
pletion, it was proposed to occupy a profile in the Pacific
Northwest as the second major work area, This is -part of the
program as originally proposed, namely; that various sites in
the continental United States be occupied to determine the
relation of seismic noise to geology and topography. (Ref. 1).

A letter was written on 17 October 1961 (Ref. 21), requesting
-permission to occupy a profile line extending from Gray's Harbor
on the Pacific Coast of Washington southeasterly to the Blue
Mountains in northeastern Oregon. Permission was granted 25
October 1961. (Ref. 23).

2.1 General _Geolog ofthe PaCific Northwest.

Figure 2.1 illustrates the relation of both the Calif-
ornia and Pacific Northwest profiles to the regional geology at
western NorthAmerica. The Pacific Northwest profile extends
from the Tertiary sediments acrOss the Puget Sound-Willamette
trough, through the Cascade mts. south of Mt. Ranier, and across
the Columbia basaltic plateau into the granite outcrop area in
the Blut Mountains. Figure 2.1 is adapted from P. B. Kingl and

l illustrates the relation and marked difference between the
geology in California and Pacific Northwest profile. Figure 2.2
is a more detailed geologic map of the northwest which illus-
trates the interpreted re-entrant in the Nevadan orogenic belt.
This figure is also adapted from King (op.cit). From both a
topographic and geologic aspect, the most striking phenomena in

T7 the northwest is the line of recently active volcanic peaks about
Li 150 kilometers from the coast line and eleven to twelve hundred

kilometers in a north-south extent. It is interesting to note
that this volcanic trend crosses the Nevadan orogenic belt and
thus has a distinctly different set of geologic forces as its
origin.

In an earlier report (Ref. 24), the controversy concern-
ing the origin of the northwest volcanic province was briefly
discussed. From all that can be determined, the concept of an
off-shore volcanic archipeligo seems to be unnecessary mechanism.
Also, there is no residual evidence in sea floor topography of

1. King, P. B. - The 8volution of North America - Princeton
University Press, 1959
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iiJ0
its existence. From the point of view of this work, the present
land-form situation is of greater interest

in contrast to California where considerable is known
concerning the geology from commercial oil and gas development,
the results of oil and gas drilling in Washington are quite
limited. A number of shallow (less than 300 meteErs wells have

iI been drilled. These, although widespread, are so poorly logged
as to be nearly unuseable for geologic control.

From west to east the Pacific Northwest can be divided
into geomorphological provinces which, from a seismic noise Study
aspect, seem to be significant. These provinces are illustrated
in Figure 2.3 in the form of a diagrammatic cross section,because
of lack of well Control depths as shown are questionable.

Preliminary locations have been made to occupy each of
these provinces with a slave station location. They are from
west to east (see Figure 2.3)s the costal Tertiary province, the
Puget Sound-Willamette trough, which is both a structural and
topographic trough and the axis line of late Tertiary and Qua-
ternary volcanism illustrated in Figure 2.2 The tentative Slave
Station locations in the Cascade Mountains and west have been
located only by map study. The stations east of the Cascades
have been visited on the ground and permission obtained for their
occupancy. From the Cascades east the Slave Station sites are on
the east slope of the mountains, near the axis of the basin east
of the mountains, in the Blue Mountains where the granite is
several thousand feet below in the surface, and in the eastern
Blue Mountains on a granite outcrop.

2.2 Detail Geology and Topography of Master Station Site
East of the Cascades.

The Master Station is located 73 kilometers nearly due
east of Mt. Adams (3750 meters-elevation), one of the major
volcanic peaks of the Cascades., This places the station on the
topographic east slope of the mountains and about 65 kilometers
west of the topographic axis of the Columbia River Basin. The
station is located on an east-west trending ridge, one of several
that cross central Washington. These ridges have steep to over-
turned north flanks and relatively gentle dipping south flanks.
There is some faulting along the north flanks. Dips are defined
in successive layers of basalt. Several wells have been drilled
near the axis of these folds in an effort to penetrate the pre-
sumed underlying Tertiary sedimentary sequence. One such test
located in the Rattlesnake Hills 85 kilometers northeast of the
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Master Station was abandoned in basaltic rock at 3250 meters.
Figure 2.4 illustrates the location of several of these ridges
and the course of the Columbia River during recent geologic time,
A recent publication of the Washington State Division of Mines
by J, Hoover Mackin1 is of interest. Of particular relevance is
his description of methods of identification of particular basal-
tic flows. From his description, each of the flows has upon
careful examination, a distinctive pattern which can be identi-
fied over considerable distance. This publication is also of
interest from the aspect of the geologic methods used in a lava
flow area. Figures 2.4 and 2.5 are photographs which illustrate
the rolling topography of Toppenish Ridge near the Master Station.
These photographs were taken in late November during the initial
test period at the Master Station. This location is about 8
kilometers South of the steep north flank of the Toppenish Ridge.

One of the features of the Master Station is elongate
east-west trending captive dunes of loess soil. Locations were
made on hard basaltic rock without resorting to blasting to ob-
tain a pit for the seismometers by making the locations fall on
one of these dunes. They are two to three feet above hard rock
level, the right distance for the seiSmometer pits. Figure 2.6
is a photograph of one of the dunes. The surface is rough with
occasional lava boulders. The sage brush is sparse and attains
a maximum height of about 0.5 meters. Figure 2.7 is a photograph
of rigging-up operations at the Master Station array center.

L 2.3 Geologvyand Togocraphy of the Mabton Site.

Following a preliminary checkout period when both the
Master and Slave instrumentation systems occupied the Toppenish
Ridge Site, the Slave Station was moved 19.5 kilometers S 75OE
to the Mabton Site. Occupancy at this site began 4-December and
was completed 23 December. Total recording time was about 210
hours.

The Maton Site is located on the steep north side of
the Horse Heaven Hills. These hills are an approximate east
trending ridge with steep north slope and gentle south slope
which are described in Section 2.1. The center of the Mabton
Site is about 6 kilometers north of the apex of the ridge.

1. Mackin, Jo Hoover - A Stratigraphic Section in Yakima Basalt
and the Ellensburg Formation in South-

Centra! Washington - Washington Division
of Mines and Geology, 1961
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Figure 2.4 Topoigah narfo the Master Station. Thenilh Ridge

the background is the apex of Toppenish Ridge. The
north slope of this hill is relatively steep.
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Figure 2.6 Captive easterly trending "dune" of loess soil near
the Master Station. The rock is barren lava between
the "dunes". There was snow on the ground when thisp! photograph was taken.

1!p

Figure 2.7 Rigging-up operations at the array center of the
Master Station. The ridge of loess allowed buried
seismometer locations without blasting.
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A conglomerate is exposed in the canyons near this site.
These have been interpreted as originating from the Pliocene
channel of the Columbia River (see Figure 2.4). Figure 2.8 is a
photograph of the Mabton site.

Ii The basalt is probably at least 3000 meters thick at
this point.

2.4 Geology and Topography of the Paterson Slave Station
Site-

The Paterson Slave Station Site is located on the south
flank of the Horse Heaven Hills (see Figure 2.4). This station
with Mabton and Toppenish Ridge are located to occupy the south
slope, the steep north flank and the apex respectively of the east-
erly trending ridge topography of south-central Washington.

Occupany of this station is scheduled to begin 2 January,
with actual recording beginning 8 January.

The topographic basin east of the Cascades is rather
poorly defined as to its margins; however, in over-all aspect, it
is a definite topographic low. The Paterson site is roughly at the
center of this basin. It is located in an area where the course
of the Columbia has been moved east by the rise of the Horse Heaven
HillS. It is approximately 50 kilometers due south of a deep test
for petroleum, which was in basalt from the surface to total depth.
Although some authors have hypothesized a zone of Tertiary sedi-
mentary rocks underlying the basalt layers, there is no real evi-
dence for its existence. The nearest outcrop evidence is east in
the Blue Mountains where the basalt overlies granite. It would
seem that projecting this information to the center of the basin,
near Paterson, would be ill-advised.

Figures 2.9 and 2.10 are photographs of the Patersonsite. They illustrate the flat to lightly rolling topography and
the grassland cover. The soil in this area is mineral rich and in
a less arid climate, would be excellent farm land,

2.5 Gibbon and Arnim Slave Station Sites.

Two additional Slave Station sites have been located
and permitted to the east of the Paterson site. They are both in
the Blue Mountains which are rather poorly defined as to their
extent. Approaching the area from the west there is a gradual
increase in elevation and of the ruggedness of the topography.

-9-
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0 The Gibbon site is iocated about 15 kilometers south-
east of Milton-Freewater, Oregon in a wooded area. There is an
estimated 800 to 1000 meters of loess and basaltic layers on top
of the granite.

The Arnim site is the eastern extremity of the Pacific
Northwest profile and is 35 kilometers from the Oregon-Idaho

[j boundary and 50 kilometers south of the Washington-Oregon bound-
ary. it is on a granite outcrop.

The locations of both the Arnim and Gibbon sites-arejtentative. Their geology and topography will be discussed in
more detail in later reports.

! 2 *6 Metereoiociiconditions in the PacificNorthwest.

in the Pacific Southwest during the summer, there are
very few changes in the weather. There is little or no rain,
the days are monotonously hot. From one aspect of noise analysis
this is fortunate since it allows analysis of seismic noise that
is little affected by weather. However, since in most areas
there are weather changes and frontal movements, the Pacific South-
west presents a limited area to study the effects of weather
changes on seismic noise level. This is one of the reasons the
Pacific Northwest was recommended as a second area for a profile
line to Study noise. The area has considerable weather contrast
from west to east and has considerable frontal movement.

L The Cascade Mountains, in conjunction with the Rocky
Mountains, separate the northwestern United States into three
distinct meteorological provinces. These are the costal province
west of the Cascades which is strongly affected by Pacific storms;
the intermontane area between the Cascades and the Rockies which
is in a sense, a "weather trap* tending to hold weather, partic-
ularly a cold air mass; the Rocky Mountain area and aast which is
strongly influenced in winter months by cold fronts moving in
from Canada. Only the western slope of the Cascades and the
intermontane area will be the locale of test-sites of the Pacific
Northwest Profile.

The mechanism of weather changes in the Pacific North-
west is controlled along the coast (west of the Cascades) by
Pacific fronts which bring rain and occasional snow to the
Seattle area. They have an approximate cycle of every 3 to 4 days.

- 10 - U 4TEo ELECTRODYNAMICS. INC.

PASAOCNA CALrON A



The intermontane area is controlled in part by cold
air from Canada that originates from the northeast quadrant and
fills the basin. The frontal systems from the Pacific are warm
relative to this cold air mass. They can do one of two things in
a general way, either sweep the cold air out of the intermontane
area as a surface front, or rids over the cold air and exist only
as a front aloft.

K! It is the relation of this weather pattern to seismic
noise levels that is of interest in the Pacific Northwest.

I

i

-- 1 - UiNTZO ELECTRoDYNAMiCS, INc.
PASADENA CALIWOONIA



H ED

3. operationalSetup.

The noise analysis system consists of three separate oper-
ating units. These are the Master Station, the Slave Station,
and the Analysis Group. The Master Station and Slave Stations
are essentially identical. Figure 3.1 is a block diagram of
these recording systems. The difference is in the manner of
use. The Master Station remains in a fixed location for each
profile. The Slave Station is moved about once a month to a
new site which haS been selected to obtain noise level under
certain geologic or topographic conditions. The instruments
used were described in detail in Report Noi. VT/078-10 (Ref. 16).

The field setup at the Master Station is illustrated by
Figure 3.2, at the Slave Station by Figure 3.3.

Work on the California line was completed 10 Novezrber and
the initial work in Washington State began on 27 November 1961.
By the end of the year, the recording at the first Slave Station
location was completed.

The office analysis system presently located in Pasadena,
is essentially as described in the semiannual report for the
period ending 30 June 1961. Figure 3.4 is a block diagram of
the office analysis system,. The only change in this system
which has occurred,is the addition of cross spectral analysis
equipment which was received 29 December 1961.

- 12 - UNITEo ELECTqoDYNAMCS. INC.
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9-6Sismic NMOise6- and I-ts -Analysis

The word noise has its primary use in ordinary speech as
something disharmoninus or unpleasant to hear. it is a common
experience that noise to one person is music to another, or that
sounds may be pleasant under certain circumstances and unpleas-
ant under others. This brief discussion emphasizes that noise
is Subjective.

From the aspect of this project, noise is the continuous
motion of the earth that interferes with the recognition of theLamplitude and phase characteristics of earth motion resulting
from earthquakes and explosions. It is also the purpose of this
project to relate this interference to geologic, geographic and

[I weather parameters. It is thus necessary in the final analysis,
to determine a signal to noise ratio.

The procedure followed has been to separate insofar as
possible, noise and signals for analysis purposes and combine the
results as a final step. This section of the report is limited
to noise. It is recognized that earthquake signals, particularly
a large number of local earthquake signals, may be "noise" as far
as recognition of signals from more distant earthquakes is con-
cerned.

LThere are two broad categories of noise analysis methods.
These are machine methods and visual methods. Each of these
methods has certain advantages and disadvantages which will be
discussed in the following section.

4.1 Advantages and Disadvantages of Alternate Noise Analysis
Methods

As #Will be developed in this section, the advantages
of machine analysis methods seemed to outweigh its disadvantages
and was therefore chosen as the method to be used.

The advantages of machine methods are:

1) The rapid processing of large quantities of data

2) The capability of more detailed separation of a
complex wave into its various components

3) its ability to do a routine job without fatigue
or boredom

4) The ability to recognize lower amplitudes, lower
frequency noise in a background of high frequency
noise.

-13 -UNTo ELECTRoDvNAmics INc
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The disadvantage$ of machine methods ar:

1) The addition of Machine variable and machine
calibration problems

2) The inability of the machine to recognize an
erroneous input

The advantages of visual methods are:

1) Better control of the data being analyzed insofar
as signal and noise separation is concerned

2) The filtering and judgment that a skilled observer

uses in recognition of amplitude and phase

The disadvantages of visual methods are:

1) The practical limitations of frequency separation
unless extreme photographic enlargement of the
recorded trace is used

2) The fact that to obtain statistical reliability,
large quantities of data need to be processed,
the work is commonly delegated to unskilled
personnel, and the advantage listed under 2) above
is lost.

JT During the equipment assembly period of this project,

the above advantages and disadvantages were compared. it was
decided to use machine methods largely because of the machine's
ability to process large quantities of data rapidly.

4.2 Comparison of Results by Machine and Visual Methods

There are several machine methods and mannersof presenting
results as well ad different visual methods. It is the purpose of
this section to compare two specific methods and the results ob-
tained. It will be concluded that because of differences in
method that the results must be interpreted with respect to each
other and cannot be directly compared. This difference results

when reduced to essentials from the fact that one method deter-
mines the peak value of the noise and the other determines the
average,

The machine method in use on this project produces a
power spectral density of a noise sample in the form of a plot
on semi-log paper with frequency as one axis and voltage squared
per cycle as the vertical axis. This data can then be corrected

! - 14 -
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for system response and converted to ground motion as a function
of frequency or period. A later section will clarify the details
and how the machine works.

The visual method selects from a series of samples by
visual inspection, the maximum amplitude that occurs in a given
period band, commonly 0.3 to 1.5 seconds period. This data is
then assembled in the form of an S-curve which shows the probabil-
ity of noise occurring at a given location at or less than a
given seismogram amplitude.

The results are not readily compared, since one method
looks at all periods between 03 and 1.5 and the other separates
frequencies or periods into quite narrow bands and corrects to
unit band width, However, in the following example there is a
dominant frequency for the entire one hour period studied. The
results can be presented in the form of an S-curve for the visual
method and a vertical line which establishes the average level
of the particular frequency which has the greatest amplitude.

The first step in the analysis is to establish magnifica-
tion levels of the particular one hour sample analyzed. The
sample was chosen at random except that it was an hour when visual
inspection of the records indicated that there were no earthquakes
recorded. The seismometer used was at the center of the Master
Station array at Round Mountain. It is a Johnson-Matheson seis-
mometer, - Serial No. 6. The sample chosen was between 0850 and
0950 G C T on the 226th day of 1961 (14 August). Calibration
control is based on driving the seismometer through its calibrate
coil at three frequencies (nominally 0.5, 2.0 and 8.0 cps).

The results of the calibration as viewed on the Film
Viewer are:

Period Amplitude (P-p) ma Drive

1.0/8 5.5 mm 3.9

8.2/16 22.0 mm 7.8

8.25/4 9.5 mm 6.2

[
!
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[ Using the formula1

= G Ai _l4O4 ...

f2

to determine equivalent ground motion, where is equivalent
motion in microns (p-p),G is the calibration coil motor constant,
i is calibration coil current in amperes (p-p), and f is the
frequency of the calibrate signal, results in the following data:

Frequenc Equivalent-Ground Motion

8 cps 1.24 Mzn

1.95 cps 41.8 mgx

0.485 cps 535 m

Since film viewer amplitudes are double the (5cm 10
seconds) normal magnification used, the observed amplitudes are
divided by 2 and the following magnifications computed:

I Frequency Magnification

8 cps 2.75 mm= 222 x 106I 1.24 mg

1.95 cps 11.0 mm 2.63 x 105i 41.8 m =

0.485 cps 4.75mm .888 x 104

The attenuator level was set at -40db during calibra-
tion and operating level was -20 db. The magnifications have
been increased by a factor of 10 to compensate for this differ-
ence and plotted-on Figure 4.1.

Determination of the maximum amplitude that occurred
in each minute between 0850 and 0950 resulted in the following
data:I
1. Operation and Maintenance Manual, Johnson-Matheson Vertical

Seismometer, Model 6480. pg. 11

II i
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H Occurrences %

2.5 1 1 1,64 2.5
3.0 6 7 11.5 3.0

3,5 20 27 44.3 3.5

4.0 14 41 67.2 '.0
4.5 11 52 85.2 4.5

5.0 7 59 96.7 5.0

5,5 2 61 100.0 5.5

Figure 4.3 is a record sample of one of the records usedEto obtain the above data.
In order to obtain a comparison between the visually ana-

lyzed data and data from the wave analyzer, power spectra were
Imade at the beginning, middle and end of the one hour period

analyzed by visual means. Figures 4.4 to 4.6 are these spectra.The system response curve has been plotted on Figure 4.4 as a
dashed line. An examination of these spectra shows that the
highest power level occurs near the upper end of the period band
studied by the visual method at 0.70 cps or 1.4 seconds period.The vertical scale of these plots is in (n/sec)2/cps at 2.0 cps.

An additional correction is required for system response. There
will be a discussion of the wave analyzer and how it works in a
later section of the report. The read values of "Power" at
about 0.7 cps are:

MS 226 0850 (3.10 mP/sec)2/cps 1.76 mu/sec/cps

MS 226 0920 (2.76 nU./sec) 2/cps 1.66 mg/sec/cps

MS 226 0946 (2.36 m /sec) 2/cps 1.54 nL/sec/cps

[ The third column is the square root of the Power, that is the
velocity value corresponding to input voltage into the analyzer.
The average value is 1,65 mnWsec/cps. The voltage which the
analyzer sees is proportional to velocity of the ground, since the
Johnson-Matheson has voltage output proportional to ground velocity
in the flat portion of its response curve. The analyzer is cali-[brated at 2cps.

In order to obtain a correction from voltage out of the
amplifier to ground motion, it is necessary to divide the magni-
fications computed for view screen (5 cm = 10 sec) amplitude by
21ff, where f is the frequency of the sinusoidal drive used intothe calibrate coil. This "magnification" is plotted in Figure 4.7.

It supplies a factor to correct the velocity at 0.7 cps to that at

L
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p2.0 cps.

From the curve Figure 4.7, the magnification at O7 cps is
6.0 x 103, at 2.0 cps it is 2.15 x 104 . I :e ratio is 3.58.
This is the correction to be applied to 1.65 mWsec/cps.

1.65 mWsec/cps x 3.58 = 5.90 mp/sec/cps.

Since this is velocity at 0.7 cps, it can be converted to
amplitude by dividing by 2yr f.

5.90 mWsec/cPs - 1.35 mWcps
2 x0.7

The analyzer writes rms value; however, it is calibrated
by ratio to a sinusoidal input that automatically corrects the
output to mp.(p-p).

This last step is possible since at any given frequency,
the analyzer output is a bC analogue of nearly a single sinusoidal
frequency.

Figure 4.8 combines the results of the two methods of
IT obtaining noise level. This shows that the average level of
L noise in the one hour sample by visual means (50% level) is

3.6 mg, 2.7 times the level by machine analysis.

This result is probably only valid for this particular
example. In general, if a higher frequency band of noise is
considered,using the visual method, the machine method will give

I a lesser result by a factor of 2 rf, the value of f depending
on where in the band the dominant noise frequency occurs.

The machine analysis method has the advantage of noise
separation by quite narrow bands and seems a better way of de-
termining absolute noise level as a function of frequency. How-
ever, if relative noise level of two locations is the prime con-
sideration, then either method will give the same relative level.
It should be emphasized that this comparison is for only two
methods of analysis.
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H5. The WaveAnalyzer and How It Works.
This section of the report is a discussion of Wave Analyzers in

general and the Technical Products Wave Analyzer in use on Project
VT/078. An attempt is also made to clarify certain of the mathema-
tical aspects of the analysis.

5.1. Power as-Related-to Fourier Transform -Theory.

In order to obtain a definition of power spectral density

and add meaning to the word "power" as it appears in the definition,

it is necessary to develop a certain &mount of mathematical back-
ground.

YI (t) = O cl. (fl)1eJrfitdf, (1.1)

and

Y2 (t) ()e (1.2)
= 00

Then the product of these two functions, which in the case
of seismic noise analysis are random processes is

Y1 (t)Y 2 (t) = C1 (f,)c 2 (f 2 )eJ (f1+f2)df, df 2 (1.3)00 -0
The following development is based largely on that of

I W. R. Bennett.' It is possible to change the order of integration
3 etc., in these functions because as recorded the seismic noise wave

does not have singularities or sudden jumps in value.

Now, let

I fI + f2  f

1 then

I Y( (t)Y2 (t) = 0c (fl )c 2 (f - f, )eJ 2 ftdf:df

1William R. Bennett, Electrical Noise, McGraw-Hill, 1960 pp.204-207
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and if

M,1f = (f)€ (f f fdf (1.4)

00

then

c 2 (f)s j2ift f
y1 (t)y2 (t) C2 o h (1.5)

S0

The integral in (1.4) is by definition the convolution of the
functions c, and cg and is designated C, * c2 .

Symbolically

C12 c, (f) * c-2 (f) 1.6)

or in words, the Fourier transform of two functions of time is the
convolution of their individual Fourier transforms.

By inversion of (1.5)

c12 (f) = I (t)y2 (t)E-J2Tftdt (1.7)

Combining the two equations involving c12 (f), (1.7) and
(1.4) gives

$ YI (t)y 2 (t)E-j2ftdt = c1 (fl)c 2 (f - f,)df, (1.8)

H. If in this equation f = 0 and y1 (t) = y2 (t), then

y (t)dt = Ic(f)12df (1.9)

The following paragraph is quoted directly from Bennett
(op. cit.). "If in (1.8) we set y1 (tY as a voltage E(t) and Y2 (t)
as a current, then the integral on the left represents the total
energy over all time represented by this voltage and current pair.
The formula says that this energy can be computed by integrating
the product of the Fourier transform of one and the conjugate of the
Fourier transform of the other throughout all frequencies. Likewise

I.-20 - Upqlrro ELECTPoDYNAPAICS, INC
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H if y(t) in (1.9) represents a voltage or current, the integral on
the left is the total energy dissipated per mho or ohm, respective-
ly, in the circuit. The formula says that this energy can be cal-
culated by integrating the squared magnitude of the Fourier trans-
form over all frequencies, In this sense the function I C(f)12

thus represents an energy density on the frequency scale.

I5.2. Power-Spectral Density.
If a finite segment of y(t) is considered, say from-T toH T,, then if

CT(f) Yt) Jft t 0 YT(t) -dt (2.1)

where

yT(t) - y(t) - T _5 t _ T

and

Y(t) I0 t < - T and t > T

This limitation of consideration of the function y(t) to a limited

time corresponds to practical considerations such as that portion
which can be put on a loop of magnetic tape. It also avoids questions
concerning infinite power which would result from integration over all
time.

The average power ST into a 1 ohm load, providing y(t) is
a voltage,becomes

(2.2)

[ Is-lcT(f )12dt

[ from Parseval's Formula (1.9).

The average power in a frequency interval &f at f, involves1the assumption of an ideal band pass transmittance function, i.e.

-UNITED ELECTFoDYNAMICS INC



a constant non-zero value in the band-pass and zero elsewhere (seeBennett op. cit. Paragraph 2.2). Let Wy(f,T,Af) be the average
power in the frequency interval Af, then

Y f + c ¢X_ _ )$. - = Wy(f,T,Af) (2.3)f , f2TAf

2

As T approaches infinity

a 11f + C'P 2__ _

Wy(f,Af) lir dX (2.4)
T-+ 0 fAf 2TAf

2

1 1The power spectral density is defined as the limit Af- 0, thus

Power Spectral Density Wy(f) lim 2 .
ATf fA 2TA f

This definition is equivalent to definitions in terms ofthe cross correlation function. (See for example, Lee p. 58.)2 It
is left in this form since it is more readily used in terms of the
analyzer system.

1 5.3. Practical Limitations.

It is necessary and practical when working with an elec-
tronic wave analyzer to avoid such things as allowing the filter
band-width to approach zero. The power spectral density determina-
tions in actuality become

Wy(f,T,Af) 2 dX (3.1)

f . y f 2TAf2

12y. W. Lee,- Statistical Theory of Communication, Wiley, 1960.
UNTED ELECT ODYNAMICS INC
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[it thus becomes necessary to determine the adequacy of this
approximation which is a sample taken from the entire time series.
This involves sampling theory and will be discussed in a laterHsection.

It is also easier to work with the squared value of the

time series than its Fourier transform, therefore the form

0T v f

I ~ is used.

5.4. Filtering.

The first step is to limit the power to a finite band
width Af. In the Technical Products Wave Analyzer in use on Project
VT/078 this is accomplished by multiplying the audio signal by a

Li high frequency sinusoid generated by an oscillator. This oscillator
has a frequency range centered at 97kc and is calibrated in terms
of the audio range 0 to 250 cps, 0 to 2500 cps, or 0 to 25.kc de-
pending on the range selected.

The system is shown in block diagram form in Figure 1.

..... " iModulator 1
I~scillatr _0..] 4.... ,y (t). Cos Wc(t) ,  I a sFi t r !'

[I
If y(t) is the input function, then its Fourier transform is

!
4) (w) y, tgwtdt (4.1)

I -.

and the Fourier transform of y(t) multiplied by the carrier A cos Wct

(w) = Awt cos Wctdt (4.2)

UNITED ELCTRoDYNAICS,. INC
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lI which becomes, when the cosine is written in terms of the exponential

D I(w) = A Oe (Wc w)'ty(t)dt+ e-J(Wc + W)ty(t)dt}

I W A 0(4.3)

i- {4(Wc- w) + D (we W)}

This means that the original input audio frequency distribution has
been converted to a frequency distribution of the upper and lower
side-band of the oscillator frequency.

The output of the modulator is then passed through a
filter of band width Aw which is displaced from the carrier fre-
quency Wc by a frequency w. This acts to select from the modulator
output those frequencies between

I (Wc- W - A) and (Wc- w + a)4
2 2

By equation (4.3) this amounts to selecting the lower side
band from the modulated audio input. Since the oscillator is cali-

brated in terms of w the output has the same frequency distribution
as the audio input.

The output of the filter at any given moment (fixed

carrier) is thus a sinusoid of frequency w and amplitude proportion-I al to the amplitude of the component of the original input frequency
I w. This proportionality is constant if the system is flat in the

radio frequency range about the modulated carrier. It is strictly
true only for Af-. 0, however, it is an adequate description if Af
is small relative to the band of frequencies occurring in y(t).

5.5. Squaring.

The next step in determining the power spectral density
of the system is to square the filter output.

I Let R(t) cos Wat be the input to the squaring device,
where Wa is the center frequency of the filter. The initial stage
of the squaring device is a paraphase amplifier3 which provides two

I 3Samuel Seely, Electron-Tube Circuits, McGraw-Hill, 1950, p. 187.
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Uequal output channels which are 1800 out of phase. These outputs
are then applied through a transformer to the grids of a twin
triode, which are then combined to form the output. Seely
(op. cit., p. 151) illustrates one way of accomplishing this. In
the Technical Products Analyzer this is accomplished by using a
l2Au7 twin triode.

Ii If the plate current in the twin triode can be repre-
sented by

ipi aleg, + a+ e ... (5.1)

then for the other half

ip2 = a,(- egi) + a2 (- eg1 )
:2 + a3 (- eg,)

3  (5.2)

Then

I2
ip = ip, + ipa = 2a2 eg, + 2a4 e , + ... (5.3)

which, if terms fourth order and greater can be neglected, becomes

i ip 2a2e%

If Rk is the resistance into which ip is connected,

I eo , Rk2a2ee

In words, this states that in the circuit output, voltage1 is proportional to square of the inputs.

5.6. AveraQing.

The next step in the determination of the power spectral
density is to determine the average of the output. This is
essentially a smoothing amplifier as shown in the following simpli-
fied diagram:

i Input AAW ,Output

AmplifierI

UNTED ELECTRODYNAMICS INC
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The capacitor in the feedback loop has three values con-
trollable by a switch. The result is continuous averaging time
from 0.1 to 100 seconds. An averaging time of 2.0 seconds
(equivalent to one revolution of the 200 second real time sample)l
is commonly used. This averaging time was established experimentally.

p 5.7. Band-Width.Divisor-Circuitry.

in the integrator portion of the analyzer there is a
series of attenuators corresponding to the filters with which the

[Ianalyzers are equipped. In the case of the analyzer in use on
Project VT/078, the filters are 2, 10, 50 and 200 cps wide. The
attenuators are calibrated to compensate for the larger amount of11 energy which the broader filter "lets through" the system, reducing
the amplitude for random inputs to that of the narrowest filter.

The next logical question concerning the operation of the
analyzer has to do with sampling theory. Most of the available
literature approaches the problem from a negative aspect (see for
example, Davenport and Root, p. l07). 4 However, from a practical

Vi aspect, consistent results have been obtained using a 200 second
sample. Work is continuing in an attempt to clarify the rather
involved mathematics.

I

I
I

4 Davenport and Root, An Introduction to the Theory of RandomI Siqnals and Noise, McGraw Hil, 1958.
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6. Station Factor and Sigral Levels-in California

The purpose of this sec-ion is to discuss the results
obtained concerning a measure of the relative signal to noise
ratio of various sites in California. It also includes a
more detailed discussion of signal ratio and how the data
concerning signals was obtained.

In brief, the results are that the Station Factor is
1.0 or greater from the Sierra Nevada east and deteriorates
to 0.3 at the two sites less than 50 kms from the coast. The
Station at Darwin had the highest factor 1.4. Data is
normalized to a value 1.0 at the Master Station at Round
Mountain.

6.1 Relative Siqnal-Noise Level of California Sites

In order to present the data in summary form con-
cerning the relative signal to noise ratio for the various
sites in California, it is necessary to make certain simpli-

[I fying assumptions. These assumptions are that the noise is
limited to that between 0.8 to 1.0 seconds period and the
signal to that with a measured period of 1.0 seconds in the
first or second phase. The effect is to limit the spectrum
much as if the noise and signal were recorded through a
sharply tuned filter. The consideration of noise or signals
in other frequencies is thus eliminated. These assumptions,
for reasons that will be discussed in detail in a later
section, have a marked effect on the signal portion of the
factor. For example at Panamint, if instead of a 1.0 second
signal, that at 0.8 is chosen, the signal ratio has an
average value of 2.3 compared to 1.4 at 1.0 seconds.

Figure 6.1 is a plot of the Station Factor which in
approximate terms is a measure of the average signal to noise
improvement that can be expected between one site and another.
The data is normalized to the Master Station at Round Mountain

V which has been given unit value. This results from the signal
I. data amplitudes as recorded at each site to that at the Master

Station at Round Mountain. Figure 1.3 is a map of station
locations. The data on which Figure 6.1 is based is listed in
Table 6.1.

I2
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TABLE 6.1

AVGm SIGNAL AMPL.

H

RATIO SS/MS AT AUG.NOISE AMPL. SIGNAL SSMS
STATION 1.0 SEC. 0.8 .0 SEC. NOISE SiSZ

IR Round Mt. 1.0 0.09 1.0

Huasna R. 2.7 0.862 0.31

Carrizo 1.6 0.525 0.3

LI Darwin 0.9 0.0:63 1.4

Panamint 1.7 0.165 1.0

1 Death Valley 2.8 0.225 1.2

I

[

[

I
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1Of particular interest in Table 6.1 is the Death
Valley station which has both a high signal level and noise
level, resulting in a higher Station Factor than the Master
Station. Geologically, the contrast is a deep alluvial fill
to a massive granitic intrusive. In contrast, although Huasna
River hag a high signal ratio, the noise level is enough
higher to cause an overall degradation in the Station Factor.

Three of the stations occupied are not included in
this study. Elk Hills had a high level of apparent man-made
noise and has not been analyzed in detail. Mannot Creek will
be analyzed. The High Sierra Station was occupied for a
relatively short time before its abandonment because of hazard
to personnel and equipment fromlightning.

6.2 SiQnal-Level Comparison Slave to Master Station

A visual analysis method was used to obtain amplitude
ratios of signals between the Slave and Master Station. Earth-
quakes are selected that have reasonably well-defined first

Lmotion at both stations. The amplitudes ratios of the first
two cycles of first motion are compared and plotted as function
of period. Since both stations are located in the circum-
Pacific belt, about 50% of earthquakes recorded arrive at both
stations at nearly the same time. The sample does not have
random directionality.

Figure 6.2 is a plot of the signal data obtained at
the Huasna River site. These curves illustrate the marked
differences which occur as a function of period. Figures 6.3
to 6.6 are the signal amplitude ratio plots for other sites. A
comparison of these curves illustrates the marked differences
both in amplitude ratio and frequency which occur from one site
to another. More work is scheduled in the study of signals and
their relation to the parameters. In general, the data con-
cerning noise is better controlled than the signal data.

[
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7. Seismic NoiseAlona California Profile

The purpose of this section is to show the relations between
seismic noise and geology, topography, wind speed and weather
fronts as established along the California Profile from San Luis
Obispo Bay to Death Valley.

in general there is a well-defined rihange in noise at the
Sierra Nevada. Sites in and east of the Sierra Nevada had a
lower noise level and less variation than those in the San JoaquinHValley and the Coast Range.

Various aspects of noise as studied will be discussed in the
following subsections of this section.

7.1 Twenty Four Hour Noise Averages

Figure 7.1 is a plot of the average peak to-peak ampli-
tude of noise by bands of period between 0.2 and 5.0 seconds (0.2
to 5.0 cycles). The horizontal scale is in days of the year and
thus represents the order in which various sites were occupied.
Also plotted against the day axis is distance to weather front as
it appears on the daily weather map published by the Department of
Commerce. Distance from Bakersfield was chosen as a parameter.L Within the accuracy of the weather maps this represents a workable
average distance from the California profile to the usual weather
front which is northwest of the profile line and generally parallel
to it. Since the California profile was occupied from March to
November, only rarely did a front pass through Bakersfield. On the
plots the solid is the particular Slave Station being occupied; the
dashed line is the Master Station.

7.1.1 Cedar Creek Slave Station

Noise levels at the Cedar Creek Slave Station are nearly
identical for periods between 0.3 and 5.0 seconds. This is as
expected since the stations are 5 kms. apart. There is some differ-
ence in the 0.2 to 0.3 second noise which has no direct correlation

with wind speed. Topographically the Cedar Creek Station is in a
valley east of and 160 meters lower in elevation than the Master

V Station at Round Mountain. An interpretation of the higher noise
level in the 0.2 to 0.3 second band is that the valley shelters
the site from the prevailing wind action against the mountains,
even though the recorded wind speeds are comparable. The general
trend of the valley is perpendicular to the prevailing wind direction.
Geologically both sites are on granite of the Sierra Nevada.
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Ii 7.1.2 Death-Valley. Slave Station

The Death Valley Station is located on the floor of
Death Valley, at an elevation of minus 73 meters. At this point
the valley is an alluvial fill about 2000 meters thick. Of
interest is the greater variation of noise level at the Master
Station than at Death Valley for the longer periods (1.0 to 3.0).
The wind speed level at Death Valley was high during the time theii station was there, averaging about 15 km/hr. There is no well-
defined correlation between wind speed and noise level in the
higher frequencies. The average noise at this site in the higher
frequencies (above 5 cps) showed more correlation with wind speed.

7.1.3 Panamint-Slave Station

The Panamint Station, except in the 0.2 to 0.3 second
band, had noise level very similar to that at the Master Station.
Geologically they are dissimilar (See Section 1.4 and 1.6),. There
is an indicated correlation between wind speed and the 0.2 to 0.3
second noise. Wind speed and this period of noise do not correlate
at the Master Station. As noted earlier (Section 6), the signal/
noise ratio of this station is greater than the Master Station.

7.1.4 Darwin Slave Station

From a geological and topographic aspect, the Darwin
and Panamint stations are similar. The Darwin station is located
on hard metamorphosed Pennsylvanian limestone, with a thin cover
of Quarternary alluvium. Volcanics occur west of the area.
Darwin had the lowest noise level of all the stations occupied. Of
interest is the relatively low level of noise in the 0.2 to 0.3
second band, even though the wind speed was higher than at the
Master Station. This station also has a higher signal to noise
ratio than the Master Station.

7olo5 Big Meadow Slave Station

This station is variously referred to as Big Meadow
or High Sierra. (See Section 1.4) The very high noise level in
the 0.2 to 0.3 second period. (1.5 m i. on the 222nd day. about
5 times the corresponding Master Station amplitude, is interpreted
as standing waves in the low velocity material of the recently
filled lake, This gelatinous material is similar to the low
velocity material found in the filled channels of the Mississippi
where P-wave velocities of about 1.0 km/sec occur It is believed
that this low velocity is a result of aeration, The mechanism of
these waves is interpreted as similar t.o that of seicheso
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On the 227th day the seismometers were moved to the edge
of the meadow on hard granite. Plans to continue recording at
this site were abandoned because of severe lightning.

7.1.6 Mannot Creek Slave-Station

The Mannot Creek site is located on the west side of the
San Joaquin Valley on Tertiary fill about 800 meters thick (see
Section 143)i The noise level was higher than the Master Station
22 kms northeast. The principal source of man-made noise in the
area appeared to be pumping oil wells with a period of about 3.0
seconds. The fact that a markedly higher level of noise did not
occur at this period indicates that the noise is not man-made. TheK visual records were dominated by the 0.2 to 0.4 second noise.

7.1.7 Elk Hills Slave Station

This station was occupied in an attempt to determine noise
levels on the east side of the valley. The difficulties locating
a station in this area free of man-made noise are formidable. The
site was selected as far as possible from sources of man-made noise.
The effort was unsuccessful.

7.1.9 Carrizo Slave Station

This station is located in the Coast Range (see Section
1.2). Of interest both at this station and the Huasna River Station
is the relatively low level between 0.4 and 0.6 seconds in contrast
to higher and lower periods which are significantly greater than
the Master Station level. During this period (October) noise levels
at the Master showed more variation than they did through the spring
and summer.

7.1.9 Huasna River Station

The Huasna River Station was located as close to the
ocean as practical (16 kms.). There is a major highway, railroad
and several towns which precluded a site closer to the beach.
There appears to be a weak correlation between changes in level at
this and that at the Master Station. Of interest in this regard
is the 0.6 and longer period noise at Carrizo, where the correla-
tion is better defined.

7.2 Mean Noise Amplitude vs Distance From the Coast

In order to emphasize the variation of noise of a
particular period as a function of distance from the coast, Fig-
ures 7.2 to 7.10 are plots of the average peak to-peak noise plus
and minus one standard deviation, at each site against distance
from the coast. This is essentially the same data as presented in
Section 7.1.
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L8, Detail Nois.e Level of California Sites

1 Report No. VT/078-12 contains a preliminary discussion of

I jnoise level at one site. Because of the breakdown of noise
into eleven short period bands of period, wind into arbitrarily
chosen bands, signal levels into various periods and the
difficulties of attaching numerical values to topography and
geology, the problem of assembling the quantities of Statistics
is a formidable one. There are several unsolved problems.

IThe approach to this problem is to prepare a geologic and
topographic map of each site, mark on it various values of
the parameters and attempt to define relationships. This work
is being continued. There are certain ways of quantizing
geology and topography with respect to geology. This involves
assigning a number proportional to rock density to each site.
Topography can be quantized by methods similar to those used
in gravity exploration methods to determine residual and
second difference maps. Such techniques are being examined.

LThe various steps in the detail analysis are outlined
in Figure 8.1. This block diagram has been used in earlier
reports. It represents a somewhat idealized approach, whichidoes however, emphasize the basic purpose and that is to de-
termine how to design an array of seismometers at a particularsite from an experimental aspect.

Previous reports contain various detail studies of parti-
cular sites. These will not be repeated, since they need
synthesizing. Efforts currently being made toward better
presentation should result in detail site studies that can
be used.

8.1 Huasna River Slave Station

The following discussion includes only examples of
some of the variations at one site, which was located at the
western extremity of the California profile. Figure 8.2 is
a plot of the distribution of noise amplitudes in various
period bands. This plot is somewhat different than those
at other sites. The asymmetry of the distribution for example:
between 1.0 and 1.25 seconds indicates a fairly constant level
of noise with a (p-p) value of about 1.5 m4 and occasional levels
of noise to a maximum of about three times the base level. This
is in contrast to noise at shorter periods which is more nearly
normally distributed. The opposite case occurs at such sites

I - 33- UNITEO ELECTRODYNAMICS INC
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as Panamint where the longer period noise is more nearly normal
and the short period noise is asymmetrically distributed.

i Figure 8.3 is a comparison of noise amplitude as
function of wind at Huasna River. The solid is the noise level
curve for no effective wind (0-2.75 k,/hr.),. The dashed curve
is for amplitude regardless of wind. An interesting feature of
this curve is the apparent effect of increased, wind velocity
on noise level out to the longest periods measured (3.0-5.0
seconds.). Due to proximity to the coast f25 kms.) this is
probably due to the fact that increased wind also increases
the surf level generating a higher level of noise in the longer
periods.

Figure 8.4 and 8.5 illustrate the variation of noise
level at various locations within the Huasna River site area.
Channel 2 in each case is in the center of the array; channel
4 is southeast; channel '5 is east. The marked difference in
noise level of 0.5 to 0.6 second noise illustrates (Figure 8.4)
one array design criterion. The contribution of the seismometer
one-quarter mile east of the array, because of its high noise
level between 0.5 and 0.6 seconds would probably have a negative
effect on overall array performance.

Figure 8.5 shows that the seismometer location. three-
quarter miles southeast, has an overall slightly higher noise
level, in particular at 2.0 seconds, and for periods less than
0.5 seconds.

It is this type of data that is being processed to
obtain overall side performance results.

- 34 -
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9. Noise Levels Pacific Northwest Profile

Figure 9.1 is a plot of noise levels recorded at the Master
Station at Toppenish Ridge and the Slave Station at Mabton. This
chart is of the measured noise level of the 200 second samples
taken each 5 hours. During this period the stations were 31 kms
apart and had a rather similar noise level . The Slave Station had
a slightly higher level of noise probably correlatable with

geology. Both stations are on basalt, the Slave Station is ink
a conglomorate, area from an old channel of the Columbia River.
The noise level in the 0.8 to 1.0 second band has an estimated
average of about 0.20 m. average which is about the same level
of noise in this period commonly observed in California.

Figures 9.2 and 9.3 are examples of the type of spectra
obtained at the Paterson Site (the second Slave Station in
Washington). Of particular interest is the relatively low level
of noise between 0.7 and 1.4 cps. Should this pattern persist
a pass bant filter could be used to effectively reduce the noise
and pass frequencies between 0.7 and 1.4. (Figure 9.4 is an
example of the use of such a filter).
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Paterson Slave Station

SS 62 Onl 00 07:0 - 07:30 gI

Giharma. 4

602 -20 oMw bmdpwo filter

006 - 1o5 cps berdpass =iter

Exavile of Use of lBand"Pass Filter
for Rejection of I rg.-Azilitude Is~e

low o.6 cps andI Above 1.5 cps
(See F~g. 9.3 for Spectrum)
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10. Proiected.Proqram

During the early part of 1962 the following work is scheduled

f() Occupy Slave Station sites as described in Section 2 at the
rate of about one each calendar month. This would, if
schedules are maintained, complete the Washington profile
about 1 July.

(2) Work on the synthesis of site noise and signal information.

((3) Incorporate into the data results from the long period
instrument.

(4) Use cross spectral analysis concepts and data to study noise
source direction statistically.

(5) Develop as far as possible other uses for cross spectral
concepts.
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1 11. Financial Status

Total costs expended or obligated as of 31 December 
521,100

Total funds allotted '503',731

LOver-expended as of 31 December 17,369,
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12. Distribution:

Copies of this report are being distributed through proper chan-
j nels as follows:

20 Copies AFTAC/TD-I
Washington 25, D.C.
Attn: Captain Walter Davis

Project Officer

Transmittal letter only
1 Copy Administrative Contracting Officer

LAAPD/SBLCC Mr. George Ganz
12,016 South Maple Street1 Los Angeles 15, California

1 Copy Contracting Officer
LMEMR/HSB Mr. R.E. Mueller
AMC, WPAFB

I
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