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SHORT NOTE

EARCH FOR GEOTHERMAL SEISMIC NOISE IN THE EAST MESA
AREA, IMPERIAL VALLEY, CALIFORNIA

H. M. IYER®*

INTRODT CTION

A zeismic noise experiment was condueted in
the Iast Mesa area of Imperial Valley, Culi-
i1, by the US. Geological Survey (USGS)
i May 19720 There is a pronounced heat flow
over the area, and between July 1072
the present five deep test wells have been
1 over the anomaly by the US. Burean
damation (U.S. Burean of Reclamation,

At the time of our survey, we were
of results from & preliminary seismic
survey in Fast Mesa by Teledyne Geotech
and Sorrells, 1072). A detailed noise
was conducted by Teledyne Geotech
s after our experiment (Geothermal Staff of
vne Geoteeh, 1972). Both the Teledyne
hosurveys show noize levels (in the 3.0
D hz band) 12-18 db higher over the wrea
vwhere the thermal gradients and heat flow reach

"

axitmnm values than in the surroundines.

Gur vesulis, on the other hand, show that the
seizmie noise field in the area is dominated by
cultural noise, and it is inpossible to see a noise
ancimaly that can be velated to the geothernal
phenomena in Tast Mesa, We think that it is
important to fake into aceount this disagree-
ment between the two resuli= in order to make
a critical evalnation of the wiility of seismic
noi=e az a geothermal prozpecting tool. The
purposze of this note is to put our findines on

record.

EXPERIMENT AND DATA ANALYSIS
Slow-speed tape recording svtems and 1 hz

seismometers were used in our experiment. [ For

a detailed deseription of the experiment and
data snalysis, sce Tver (1972)]. Thirty-three
locations were occupied in order to cover the
survey area; at least 48 hours of recording was
done at each locition. Seventeen of the stations
had three instruments arranged in the shape
of an L-arvay with 0.3 km instrument spacing
(Figure 1). Station CEN, near the site for the
Mesa 6-1 well, drilled later by the U.S. Bureau
of Reclamation (USBR), and station LAN, in
the quictest part of the arca, were operated
continuously throughour the period of the ex-
periment inorder to monitor temporal varia-
tions of the regional noise.

One of the bigeest problems that we en-
countered i the data analvsis was seleetion of
representative noize samples. There are many
sources of cultural noise in the area: the heavily
traveled freeway to the south, Enst High Line
Canal and the agricultural activity to the west,
and the AlL Ameriean Canal and the small
wateriadl (power drop no. 4) in the canal
(Fignre 1). At night noise from agricultural
activity was virtually absent, but it was found

that ac most stations {he neise levels showed
large fluctnations due to freeway traftie.
Four-hour data blocks from midunight to 4
am. loeal time were digitized at 50 samples
per sceond, and root-mean-square amplitudes
were compuied for every 81.92 gee (10065 points)
segment. The resultant amplitnde  variations
with time for stations CEN, ORA, RADB, BUZ,
and SAG (2.5 1o 6.3 km {rom the freeway) ave
shown in Iigure 2. The traces show highly cor-
related variations of the noise levels. At station
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CTN, 2.5 km frow the freeway, the amplitude
Dael varies byoa factor of six, The variation
Covenses as the distanee from the freeway in-
cuses, These stations form an important pro-
< station CEN s located on the Mesu
“ermal ancmaly close to where the USBR geo-
“ermial test well MESA 6-1 was drilled. Tt 15
cear from Fizure 2 thar it is diffiealt to esti-
wmte arepresentative background noise level
the stations where fluctuations in amplitudes
e Larae, If the values of amplitude minima
1 be considered to represent sueh background
cvels, there iz no indieation that CEN has a
aher noi<e level than SAG, RADB, or ORAL
of guictest noise sam-

Power-speetral analy

lex at the various stations revealed the presence
w0205 hz moise souree, A spectral peak at this
Negueney ean be deteeted at nearly all stations

ing the USGS nolse survey in the Fast Mesa area of

tions with one vertical scismometer; triangles, three-component arvays;
Fer-rn gt stations. The small numerals ave section numbers. Location of the USBR (U. 8.
freclamation) test well MESA 6-1 is shown near station CEN.

(Fignre 3). The Geothermal Staff of Teledyne
Geoteeh (1072) alzo found this noise, which
wis attributed to power drop no. 4 in the All
American Canal. The typreal noise speetra pre-
sented in Figure 3 (uncorrected for seismice
syslem response which is almoest flat from 1 to
17 hz) show a small peak arvound 1 hz and a
broad peak between 2 and 5 hz, on which the
2.5 hz peak vides, We think the 1 Lz peak is
associated with occeanie miceroseisms (ITaubrich,
1067) and the 2.5 hz peak corresponds to the
preferential mode of exeitation of the ground
i the Fast Mesa arvea. '

SPATIAL VARIATION OF NOISE

To veduce any subjeetive bins in sample selee-
tion, four-howr digital data blocks taken from
midnight to 1 aan were divided into 175 con-
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In the Teledyne Geotech work, power spectral
estimates were made by the method deseribed
by Weleh (1967). To make the two estimates
comparable, 12 db has to be added to the
Teledyne Geotech values.

The spatial variations of neizc in the 1 to 2 hz
band (Figure 4a) and 3 to 5 hz hand (Figure
4b) show the same basic pattern. Noise level
in the East Mesa area varies by 0 to 12 db.
The quictest station is LAN, in the northeast
near the (abandoned) U.S. Naval landing
. Highest noise levels oceur along ihe free-
and Fast Highline Canal. No localized
~anomaly is seen in the arca of the Mesa
tmal avomaly marked by MESA 6-1 (Fig-
4). Thug, we see no clear evidence for the
ence of a noise anomaly associated with
the Mesa thermal anomaly. Tf seismie noise is
crated by a hydrothermal source under
momaly, the level is clearly less than that
of cultural noise in the arca, Our results are
antly different from the results of Go-
tal (1972) and the Geothermal Stafi of
ne Geoteeh (1972). Goforth et al (1072)
+ the presence of a noise anomaly of ahout
diameter over the Meza thermal anomsaly,
of the Geothermal Staff of Teledyne
(1972) show a northeast trending no
aly, extending from the frecway through
A 6-1, i the frequeney bands 1 16 2 hyz

5 to b hz.

To make certain that we did not misz the

dy, we analyzed data from three seizmic

- ospaced  scimometers op-

axs with closel
ted along the service road from the freeway
to MESA 6-1 (Figure 5a). The average noise
level in the 3 to 5 hz band, based on ten quicrest
samples, is plotted as a function of diztan
from the freeway (dots with error b 1
Figure 5b; the noise level shows no zig
increasze for stations near the thermal anornaly
centered around station CEN. Note that ‘the
plotted average noise amplitudes mea~ured nsine
the arrays in the vicinity of CEN are abour 12
db higher than the earlier estimate: of 35 db
at that station (see Figure 4b). To resolve 1his
dizerepaney, the Jowest noise levels recorded

by the arrays were estimated by digitally se:n-
ning the recorded dita as deseribed earlior
These values (shown within the shaded ares in
Fignre 5h) wre comparable (o the noi<c level st
CEN.If the quictest noise levels over o 2-hom
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T'16. 5a. Location of instrwmnents in the threce
short-term seismometer arrays operated across the
Mesa thermal anomaly.

recording period can be considered to represent
the best estimate that can be made of non-
cultural noise, we see no evidence in this plot
for the existence of a noise anomaly, The results
of the Geothermal Staff of Teledyne Geotech
show a 9 db inerease in noise level between the
freeway and the peak of the thermal anomaly
near MESA 6-1 (or CEN). The agreement -be-
tween the USGS and Teledyne Geoteeh results
iz, therefore, poor; if a noise anomaly iz present
at East Mesa it is barely discernible by our
experiment. We are unable to give any elear
explanation for this difference in results. One
source of lack of agreement ix probably the
ambiguities in determinine averasge noise levels
inan arex where cultural noize is predominant.

MISCELLANEOUS STUDIES

arched for differences in noise
L

We carefully
spectra at various locations in the Tast Mes:

arei. As abready shown (Figure 3), the shapes
of the seismic noize spectra at varvions stations
are more or less the same. Note that the spec-
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Fir
g (10 > the top: average noise levels are mdicated by dots; vertieal lines through
dntion. The average noise level at CEN and the lowest noise amplitudes
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Uil peak of the  anomaly that cannot he attributed to cultural
Lanty different noige from freeway traflic or canal and agricul-
~ations, Hence,  tural aetivity and that the amplitude of geother-
noise speetrn in mally generated noise, if present, is less than

Lot cal any informa-  cultural noise. If the noise power of 36 db (eor-
e of geothermal  vesponding to a veloeity amplitude of 63.6 my/
= see) af station CEN i3 taken to be the upper

rays were operated during

wix made up of

minometers plced at the corners
trivhgle with sides of 0.3 km.
Fven with suel elose spacing it was mmpossible
i zee any visual coherence in the array records,
wil this muade 1t difficult to use the data for
simating veloeity and azimuth of travel of
e noise waves, Cross-speetral studics, how-
ver, did show same coherence, particularly at
requencies 0.4, 24 320 and 44 hzo Artempts

roestimating diveetion and velocity of wave

“tavel drom the complex cross-speetra of the

rray data at these frequencies were not suceess-
1 Details of these studies are described by
Tver (1972),
CONCLUSIONS
Our main conclnsions are that we are unable

o detecl smie noise over the Mesa thermal

limit for the level of geothermal noise (f it
exists) over the Mesa thermal anomaly, it is
one to two orders of magnitude less than the
large noise levels in the geyser basinz of Yellow-
stone National Park (Tyer and Hitcheock, 1974).
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