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SENTURION SCIENCES, INC.

1539 NORTH 105TH EAST AVENUE, TULSA, OKLAHOMA
P.O. BOX 15447, TULSA, OKLAHOMA 74115
PHONE (918) 836-6746

. .
o~

June 2, 1975
MINERALS STAFF

Mr. Bill Mero

Chevron 0i1 Company
Post Office Box 3495 JUN 041875

San Francisco, California 94119

Dear Mr. Mero:

At long last we are transmitting, under separate cover, the report on
the detailed groundnoise survey done for Chevron near Beowawe, Nevada.
We apologize for the long delay in completing this task, but we believe
you are aware of the difficulties that were encountered. Senturion
feels that the area exhibits excellent potential for geothermal. resour-
ces, and recommendations appropriate to that conclusion are included

in the report. '

After your evaluation aﬁa?at your ‘convenience, we will be glad to
personally discuss with you our analysis, interpretation, and thoughts
on Beowawe.

Again, we are sincerely sorry for the delay which became much too pro-
tracted because of our reliance on the principal analyst who had committed
to the study effort. Please feel free to contact us should you have

any questions.

Sincerely, o
SENTURION SCIENCES, INC.

QL&

R. G. Graf

.

Keith Westhusing

RGG: KW/ rf

1MAGINEERING for EXPLORATION, ENGINEERING and ENVIRONMENT

\\
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 REPORT ON THE
PASSIVE SEISMIC SURVEYS
CONDUCTED
TO ASSESS THE
GEOTHERMAL POTENTIAL
NEAR
BEOWAWE, NEVADA
| FOR
STANDARD OIL OF CALIFORNIA
BY
SENTURION SCIENCES, TNCORPORATED
TULSA, OKLAHOMA

June 2, 1975

Senturion Sciences has performed the field work and the resu1t1ng analysis
and interpretation described in this report solely for Standard 0i1 of Ca]1forn1a.
A1l data and information associated with and resulting from these surveys

- are the property of Standard 0il of California.
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- SEISMIC GROUNDNOISE SURVEY

LOCATION: Lander Co., Nevada, sec. 13, 24, T. 31 N.; R. 47 E.,
sec. 18, 19, T. 31 N 5 R. 48 E.

DATES: October 29, 1974 through November 20, 1974.

CREW: Senturion Sciences RF #5, and GN #1. '

NO. OF STATIONS: 139 Data Stations, 19 Dase Stations.
STATION DENSITY: 500 ft. spacing.

AREA COVERED: ‘Approximately 2 square miles.
GEOPHYSICISTS: Bob Graf, Keith Westhusing*'

* Preliminary maps of the Beowawe survey that were previously submitted to
Standard .0i1 of California (Dec., 1974) were analyzed by John Bailey and
did not contain corrections for the reference station. This report

. contains those corrections and data have been interpreted by the designa-

ted geophys1c1sts
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BEOWAWE, NEVADA GROUNDNOISE SURVEY

INTRODUCTION

.

Purgose

This survey was an experimental effort to determine the resolution capa-
bilities of a high-density seismic groundnoise survey. ‘In addition to
the location of specific areas of geothermal interest as exhibited by
anomalous noise characteristics; the delineation of structural features
such as faults and other strat1graph1c discontinuities have been investi-
gated.

Geology

The Beowawe geothermal prospect is located in the Shoshone Range of north
central Nevada, approximately 25 miles southeast of the town of Battle
Mountain. The area has typical Basin and Range topography with generally
north-trending mountain ranges. The area surveyed is situated along the
southeastern margin of the northeast trending Whirlwind Valley where it
is in contact with Tertiary volcanic rocks broken by steeply dipping
faults. The geysers of the Beowawe area are related to the active Malpais
Fault (Oesterling, 1962), the prominent normal fault bordering the south-
eastern margin of the valley. Basalt and basaltic andesite make up the
faulted mountains southeast of the survey area. Quaternary alluvium and
alluvial fan material cover the valley floor and surround the prominent

topographic high inlier of basaltic andesite situated along the southeastern

margin of the area surveyed. Numerous northeast-southwest trending faults
such as the Malpais are present and hydrothermal solution moveniznt along
these thermally-active normal faults has caused significant alteration

of andesite with replacement by silica. . A number of springs associated
with valley flcor marginal faults have shown surface temperatures to 2059F
and have caused extensive deposition of siliceous sinter (Garside, et al.
1972). Eleven wells were drilled in the area from 1959 through 1965, the
deepest of which was 2,052 fg/IA The Chevron-ATR GINN. 1-13 well dr111ed
near station 1 to a depth 0f 7,900 feet showed apparent penetration of .
volcanic rocks in the 800 tS\Z"TUO feet depths. Outcrops of Plio-Pleisto-
cene basalt to the northwest of the area surveyed gives indication of a
basaltic layer overlying the andesite under valley fill. Lower Paleozoic

‘sediments underlie the volcanic rocks of the valley floor and are consi-
“derig,potent1a1 reservoirs for geothermal fluids. These rocks, possibly

the upper plate of the Roberts Mountain Thrust, are inferred from geologic
mapp1ng in adjacent areas and are probab]y, in part, limestones, which may
be a productive geothermal reservoir similar to that at Larderello, Italy.
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Data Acquisition’

In the courée of the 23 day survey, approximéte]y 160 stations were oc-

" cupied including a daily base station monitor (Station 1). See Table 1,
“Data Acquisition Calendar. Some stations were not used due to reasons

discussed in the Data Processing Section. Senturion utilized a Radio-
Frequency Telemetered System as well as a Cable System to increase the
daily production rate. On November 6, 1974, the two systems recorded
at the same stations. This information was processed to show compati-
bility and the data is summarized in Table 2. Power Spectral Density
curves reflect system similarities (see following PSD's for spectral
comparisons). It is felt that these results provide sufficient evi-
dence to support the validity of two-system acquisition. .Computer
Tistings in Appendix 4 show additional calculations concerning the sys-
tems separately and in combination.

RESULTS

Data Analysis

In this survey three separate frequency bands were evaluated: 0.5 to

15.0 Hz.; 0.5 to 7.5 Hz.; and 0.5 to 3.5 Hz. The first two were derived
from the same set of Power Spectral Density charts with a 0.5 frequency
increment as shown in Appendix 2, while data on the 0.5 to 3.5 Hz. band

‘'was obtained from a PSD chart designed with a 0.25 Hz. frequency incre-

ment as indicated by Appendix 3.

It should be noted that varying numbers of data stations (and base sta-
tions) were useable on the three bands. This was due to the inconsistency

. of the high power levels on the 0.5 - 15.0 Hz. curves; and questionable

data in the 0.75 - 1.50 Hz. range of the 0.5 - 7.5 Hz. curves used in’
the investigation of the 0.5 to 3.5 Hz. band. In the former case, the
differential of the power values between 0.5 - 8.0 Hz. and the higher

frequencies (10.5 - 15.0 Hz.) exceeded the scaling capability of the

Signal Analyzer Integrator used in the power/frequency analysis. Conseqguently,
some stations that were dropped in the 0.5 - 15.0 Hz. study proved to be
acceptable for the 0.5 - 7.5 Hz. study. A similar situation occurred in
the 0.75 - 1.50 Hz. range for the 0.5 - 3.5 Hz. analysis. PSD's not used
are included for evaluation in the appendices. Comparative data and base
station figures are shown below: :

- \ |
__SPECTRUM __DATA STATIONS BASE_STATIONS

0.5 - 15.0 Hz. 125 1

0.5 - 7.5 Hz. ) 139 Sy

0.5 - 3.5 Hz. 110 ' 19
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Table 1. Data Acquisition Calendar
STATIONS RECORDED
DATE BASE RF SYSTEM CABLE SYSTEM
10 - 29 1 3
10 - 30 1 2, 5,6, 8
10 - 31 1 9, 10, 11, 12
11 -1 1 13, 14, 15; 16, 17
11 - 2 1 18, 19, 20, 21, 22
11 - 3 1 23, 24, 25, 26, 27
11 - 4 1 28, 29, 30, 32
11 - 5 1 31, 33, 34, 35, 36
111 - 6% 1 37, 38, 39, 40, 41 37, 38, 39, 40, 41
11 -7 1 42, 43, 44, 45, 46 155, 156, 157, 158, 159,
160
1 - 8 1 47, 48, 49, 50, 51 .
11 -9 1 52, 53, 54, 55, 56 140, 150, 151, 152, 153,
154
11 - 10 1 57, 58, 59, 60, 61 144, 145, 146, 147, 148
11 -~ 11 1 62, 63, 64, 65, 66 138, 139, 140, 141, 142,
: 143
11 - 12 1 132, 133, 134, 135, 136,
137
11 - 13 1 67, 68, 69, 70, 71 126, 127, 128, 129, 130,
. . : 131
11 - 14 1 - 72, 73, 74, 75, 76 ‘ ‘
11 - 15 1 77, 78, 79, 80, 81 119, 120, 122, 123, 124,
_ 125 _
11 - 16 1 84, 85 114, 115, 116, 117, 118
11 - 17 1 82, 83, 86, 87, 88, : '
89 :
11 - 18 1 90, 91, 92, 94 108, 109, 110, 111, 112,
: 113 ,
11 - 19 1 95, 96, 97, 98, 99 - 103, 104, 105, 106, 107
11 - 20 1 100, 101, 102, 161 ' ' .

* Compatibility Test
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~ 'Table 2.

.  Individua1_Stati0nS

Systems Comparison
(Done for November 6, 1974)

SYSTEM/ INTEGRATED MEAN
STATION POWER - FREQUENCY
37 RF (RF Tele- 34.2 7.36
metered)
37 CA (Cable Sys- 37.0 7.13
tem)
38 RF . 30.1 7.15
38 CA 34.1 7.36
39 RF 30.4 6.98
39 CA 30.4 7.33
40 RF 31.2 7.09
40 CA 30.8 7.21
41 RF 28.6 7.05
41 CA 28.4 7.10
Statistics of all Stations
, . INTEGRATED POWER MEAN FREQUENCY
COMBINED RADIO CABLE | COMBINED RADIO CABLE
AVERAGE 31.50 30.87 32.12 7.18 7.13 7.23
SIGMA 2.74 2.08 3.41. .14 .14 .12
PERCENT 8.70 6.72 10.61 1.89 - 2.02 1.64
+ SIGMA 34.24 32.95 35.53 7.31 7.27 7.35
-~ SIGMA 28.76 28.80 28.71 7.04 6.98 7.11
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Data Process1ng

This portion of the report pertains to the three bands ana1yzed In
the following discussion the suffix A, B, or C will designate 0.5 -
15.0 Hz., 0.5 -'7.5 Hz., 0.5 - 3.5 Hz., respective]y.

After the acceptable PSD functions were selected, the information was
keypunched for subsequent input to the various data reduction app11ca—
tions. The process1ng sequence follows:

1. Ca]cu]at1on of integrated power, mean frequency, ratio,
and statistics of the base stations.

2. Calculation of the above on uncorrected stations.

3. Evaluation and selection of the control base station. This'
was the base station exhibiting average power characteris-
tics during the survey. See Tables 3A, 3B, and 3C.

4. Sort of the data stations to provide proper>correction
sequence and factors. In the instance where no base

station was available, the particular data for that day
was treated as an average day.

5. Recalculation of integrated power, mean ffequency, ratio,
and statistics on corrected data.

6. Computer derivation of surfaces for the above parameters.

7. Contouring of the surfaces.

8. Cross section deve]opment and plot.

Computer 11st1ngs for procedures 1 2, and 5 are 1nc1uded in Append1x 4.
Table 4 contains a statistical summary from these listings.
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1 1 1 L
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1 1
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I W

INTEGRATED
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TABLE 3A
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BEOWAWE BASE STATION |
05 - 35 H:z

NOVEMBER

4 S 6 7 8 9 10 )] 12 13 14
1 | 1 L Il 1

MEAN [INTEGRATED
FREQUENCY| POWER
— .79 —1— 11.08 —
F— 1.68 —1— 9.42 —

— 1.57 —4— 775 —

SO,V o

t+0

AVG.

—O APPARENT CORRECTION
CORRECTION TREND USING

--®

TREND
It - 03-74 BASE STATION

re

STD. DEY,

AVERAGE + | STD. DEV.

1. 66

INT. POWER 11.08

.31

IMEAN FREQ. 1.79

"PRED. POWER

TABLE 3C

SENTURION SCIENCES, INC




Table 4, Statistical Data

B

LY

A o o
_ 0.5 - 15 Hz. 0.5 - 7.5 Hz. - 0.5 - 3.5 Hz.
INTEGRATED | MEAN INTEGRATED | MEAN | INTEGRATED|  MEAN
- POWER | FREQUENCY POMER | FREQUENCY ||° 'POMER | FREQUENCY
AVERAGE 14.54 5.96 17.20 | 3.08 9.58 1.68
STD. DEV.‘ 4.23 .96 4,28 .39 1.67 .14
PER CENT 29.09 16.19 24.89 | 12.79 17.46 8.51
+ SIGMA 18.77 6.92 21.48 3.47 || 11.25 1.83
- SIGMA 10.31 4,99 12.92 2,69 || 7.9 1.54
MIN. @ STA.|| 5.39 @ 109 (3.26 @ 123 || 6.18 @ 125(1.12 @ 125({ 4.52 @ 100(1.14 @ 100
MAX. @ STA.||24.16 @ 147 |8.17 @ 147 ||25.29 @ 94 [3.83 @ 50 ||14.31 @ 75 |1.96 @ 76
| No. OF 125 139 110

STATIONS
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STRUCTURAL INTERPRETATION N S

Introduction

An objective of the high- stat1on density survey (statlon separat1ons of
approximately 500 feet) was to discern acoustical impedance m1smaw‘;ches‘5~l\""_~
caused by the juxtaposition of layered media of contrasting velocities

and densities created by the extensive faulting known to exist in the

area from surface exposures. Such acoustical impedance contrasts are

indicated on cross sectional displays of Integrated Power and Mean

Frequency by crossings of these computed values (Appendix 1). Crossover

points can be caused by both faulting and flow fronts and are not read11y-4§r”“
distinguished from the computed data. Basalt underlying the valley

floor outcrops approximately 1 1/3 mile northwest of the survey area

indicating a southeastward dip to the volcanic basement surface. In-

dividual flow units of basalt are not known nor are they distinguishable

with groundnoise data.- Accordingly, while flow front contacts. are
capable of causing acoustical impedance mismatches when in contact with
less dense, lower velocity alluvial fill, they are not distinguishable
from fault discontinuities and are not, therefore, mapped. All dis- —
continuities reflected by crossovers of mean frequency and integrated
power are indicated on plan maps as faults and joined in lineaments
according to the general structural trends indicated by the topography
and geology of the surveyed area.

' Major lineaments occur in northeast-southwest trends such as the South

and North Malpais Horst faults and in the northwest-southeast trending
cross- fau]ts that bound the topographic high located along the southeast
corner of the surveyed area. These faults extend out into the Whirlwind
Valley and apparently have possible bifurcations and numerous associated
short-length segments of varying directions. Displacement direction or
sense of faults is interpreted from the relation of mean frequency to
integrated power. Where the mean frequency value is greater than inte-
grated power an upthrown side is indicated; where the 1ntegrated power
value exceeds mean freguency, a downthrown relationship is indiczted.
Measured fault displacements were not obtained from the interpreted data
because accurate depth control was not established. Well ‘log data from
Chevron-ATR-GINN 1-13 well Tocated near station #1 was examined as a depth
control reference; however, the well velocity log showed considerable
ve10c1ty variation_for. the large number of layers penetrated and the
integrated power -and mean - frequency va]ues computed from the power

parameter changes that occurred. WJth depth. Senturion is current]y

in the process of combining telluric measurements with groundnoise
measurements to provide more accurate determination of the depth function.

Extreme northwest ends of cross sections G, M, F, and E for the 0.5 to

15 Hz and 0.5 to 7.5 Hz shown mean frequency va]ues greater than inte-

grated power values and with MF values having upward slopes which may be
indicative of thinning of the alluvial layer toward the northwest where

the known outcrops of basalt occurs. Alluvial thickness appears to .

be Jess.than 1,000 feet within thevgglley and th1nn1ng of fill material é}/”'-
is indicated toward the northwest.
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Frequency Band Fault Mapp1ng

‘Fault maps were prepared from 1ntegrated power and mean frequency compu-
tations in the frequency band .5 to 15 Hz., .5 to 15 Hz., and .5 to 3.5
Hz.  Fault locations are indicated on the fault maps as double lines
implying the limits of resolution of the method. Since station separa-
-tion is approximately 500 feet fault location accuracies can be no less

-than that value. Accordingly, actual fault Tocations may occur any-

where between the two stations whose measured values were used in
computing the integrated power - mean frequency values.

0 5 to 15 Hz. Band Fault Delineations

‘F1gure 3A shows faults mapped from IP/MF data in the frequency band .5
to 15 Hz. As previously mentioned major fault lineations were selected
on the geologic-topographic reasonableness of structures and with con-
sideration of the sense of fault displacement as indicated by the in-
tegrated power-mean frequency values measured on cross sections. The
North and South Malpais Horst faults define the upthrown blocks along
the southeast Bordér of the area surveyed. The Southwest Cross Fault
splits the horst block with the upthrown eastern portion forming the
prominent topographic high of basaltic andesite. This cross fault
extends out into Whirlwind Valley where it may have two or possibly
three branches. The region of intersection of the North_Malpais.Horst
Fault (NMHF) and the Southwest Cross Fault (SHCF) is not adequately
resolved which may result from severe scattering and attenuation of
seismic energy. The region along NMHF between stations 118 and 119
(Profile MM') has a reversal of fault displacement. This area is also
an anomalous area, hence, pawer and frequency values may be affected -
to the extent that structural interpretation is obviated. The Northwest
Cross Fault (NWCF) bounds the horst block on the northeast and extends
northwestward into Whirlwind Va]ley

Areas of geothermal interest are around stations 114, 116, and 117
where the major fault NMHF intersects the anomalous area shown in Figure
3A, and associated with the extension of the major fault, SMHF, at sta-
tions 74, 76, and 85 where an 1ntersect1on of the fault occurs with
the anomalies mapped for each of the three frequency bands.

0.5 to 7.5 Hz. Band Fault Delineations

The‘four'major faults delineated by the 0.5 to 15 Hz. band are agaih

. delineated on the map shown in Figure 3B. The _intersection_of..the

Southwest_Cross Fault (SWCF) and the North Ma]pa1s Horst. Fau1t (NMHF)
remains unresolved and the possible branching of SWCF is more com-
plicated with.a graben structure indicated between the two branches
north of NWHF. The Northeast Cross Fault is again defined as is the
short fault to the northeast. The displacement. sense change occurs
again between stations 118 and 119 where a geothermal anomaly exists.
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More numerous short length fau]ts occur over the surveyed area. If.
structure;the implication is that deeper layers of andesitic material
may be more extensively fractured than the overlying basaltic material;
however, the acoustical impedance differences between basalt and andesite

are not considered to be substantially different and therefore differences
in quantity and direction of faulting probably not discernible.

‘Geothermal areas of interest are near station 5 where the fault zone
intersects an anomalous area (Figure 2) and stations 85, 75, 74, and

73 where the major South Malpais Horst Fault intersects the four station
anomaly. :

0.5 to 3.5 Hz. Band Fault De]ineations'

Three of the major faults are demarked from computations of data in the

0.5 to 3.5 Hz. band (Figure 3C). The Northeast Cross Fault is not

defined owing to nonlinearities in narrowband data for stations in the

“hortheast section of the area surveyed. Accordingly, these stations
- were deleted from the data base. Inversion of d1sp1acement sense

along. portions.of the South Malpais Horst Fault is not easily-ex-

plained. If the longer wavelength waves of this low-frequency band

sampie deeper layers, more comp]icated relative movements may occur
along the fault zone. Variation in directions of short _segment.faults

~ also occur compared to directions indicated for similar. faults._shown.

than the previous statement can be made at this time. It is believed -
that this narrow, low frequency band is the one most likely to be com-
posed of _surface waves and, therefore, contain less contribution of
energy.from body waves. Accord1ng1y, the band has the potent1a1 for.
sampling deeper structure, and, therefore, capable.of sensing more

Ntwg_prev;ouseiault.de]ineat7on maps. g@_xgggy_ggglggat1on other

accurately the direction, of d1sp1acements of faults at greater-depths.

This hypothesis has not been adequate]y verified and is, at this time,
only suppos1t1on

Geothermal areas of interest .in the extreme southwest corner. of the area
surveyed. Stations 65, 76, 75, and 99 are associated with the probable
intersection of the South Ma]pa1s Horst Fault and warrant further

study by other geophysical methods. The 0.5 to 3.5 Hz. anomaly around

stations 83 and 89 may be related to extensions of the numerous faults
‘detected in that area and also warrants furthen examination.

-«ANOMALOUS AREAS

The Anoma]ous Areas Compos1te, F1gure 2, 1nd1cates three maJor areas of

“interest. : o _ ~

L Northern Anoma1y - located in the.center of sec. 18, T. 31 N., R.

48 E, (Stations 105, 106, 128, 114, 116, and 117), is s1tuated due
‘'west of the hot spring and The Geysers and north of the topographic
~high in the southeastern quarter of sec. 18. Parameters of coinci-

verl ?-



dence at mean +1 standard deviation include 0.5 - 15.0 Hz IP and
MF, 0.5 - 7.5 Hz. IP. and 0.5 - 3.5 Hz IP. The proximity to the
-surface geothermal manifestations are favorable indications of a
local heat/energy source at depth. The anomalous zone can also
be related to the North Malpais Horst Fault and the Northeast
Cross Fault that are delineated by groundno1se

2. \lestern Anomaly - on the western border of the survey, sec. 13,
T. 31 N., R. 47 E. (stations 5 and 51). This anomaly has ex-
pression on the low-lying relatively flat expanse of alluvium
in the center of Whirlwind Valley. Characteristics exceeding
mean +1 standard deviation are 0.5 - 15.0 Hz IP, 0.5 - 7.5 Hz

~IP and MF. The lower frequency spectra possibly reflect a
thicker alluvial accumulation in this area which filters the
higher frequencies. The anomaly may be associated with an east-
west trending cross fau]t bound1ng the topographic h1gh on the
south.

3. The Southern Anomaly - found in the southeast quarter of sec. 24,
T. 31 N., R. 47 E., (stations 83, 88, and 89 and stations 74, 75,
76, 85, and 99). Anomalous groundnoise conditions encompass
most of the southern tip of the survey. All parameters (0.5 -
15.0 Hz IP and MF, 0.5 - 7.5 Hz IP and MF, and 0.5 - 3.5 Hz IP
and MF) are indicated anomalous at Stations 76 and 89, with 74,
75, and 88 anomalous through five of the parameters. This high
coincidence establishes the very interesting possibility of a
separate geothermal reservoir untapped by prior drilling if the
surface manifestations to the northeast are associated with the
source underlying the Northern Anomaly. Again, association with
the apparent northeast-southwest trending South Malpais Horst
Fault is indicated adding credence to the possibility of a po-
tential productive geothermal source.

COMMENTS - RECOMMENDATIONS

1. The survey exhibits "edge anomalies"; however, examination of
specific station values confirms the fact that anomalous conditions
are indeed present. Furthermore, the validity of such anomalies
is reinforced by the detected presence of fault systems with
linear trend relations to surface geothermal manifestations and
high temperature measurements resulting from drilling.

2. The Southern Anomaly, with its high coincidence of anomalous para-
i meters, is a primary area of ‘interest. Additional work is re-
commended. Heat flow test holes and a resistivity survey would
give further indications of the geothermal potent1a] in this
spec1f1c locale. ‘



The GINN 1-13 well Jocation and Station 1 are situated north
of a 0.5 - 3.5 Hz integrated power high near the intersection
of two fault systems (SWCF and NMHF) but not in an indicated
anomalous area. ' , C

Isolated single-station anomalies are evident on the various
anomaly maps some of which correlate with fault structures
determined from acoustic impedance differences.

A1l station data has been saved for additional processing if-
required. '
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CAVERAGE  14.54 5,95 < 0.900 0.000

SIGHA . 4.23 96 0.000 ©  0.000 .

PER CENT  29.08 . 16.13 0.000 _0.000 24,

+ SIGMA  18.77 6.92 . 0.000 0,000 .

- SIGHMA 10,31 5.00 0.000 0.000

Wi STA TS B1/0108 T 5, 26/0123 *0.067000T %0, 9070001 SNCTY,
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T ' BEONAHE — THE FOLLOWTHG ARE PERCENTAGE DEv
EICEE STATISTICS AND DEVIATIONS
&., 0.5 - 7.5 Hz., 5 e
& INTEGRATED. MEAN PREDOMINANT
STA. . POWER PCDEV. FREQ. PCDEV. ' POWER PCDEV. FREQ. PCDEV. PO W
0001 - 174 1.0 -B.17 2.8 % 0.0, 0.0 _=0.00___0.0 .. .1
0aan 23,4 35.4% 3.39 10,1 H-ib -0.0 0,0 -0.00 0.0 W1
L0085 24.6 43,2 3.47 12.8 -0.0 0,0 -p,00  B.0 .1
Ull% © 17,4 1.3 _3.3% . 8.4 -0,9__ 0.0 -0,00 0.0 _ .1
G115 - 1.5 -1i0,1. 3.16 2.6 -0.0 0.0 -C.00 0.0 ' .2
0116 - 19.2 11.9 3.46- 12.4 . -0.0 0,0 -0,00 0.0 1
0117 22,7 32,2 3,40 10,4 . =3,9 6.9 _-0.00 0.0 o1
. 0118 22,7 31.8 3,28 6.6 -0.0 0.0 -0.060 0,0 .1
9 s 0o3L  19.1 11,3 3.05 -,9 0.0 0,0 0.00 0.0 , 1
- 0033 17.4 1.4 3.03 -1.86 ) 0.0 0.0 _0.00 0.0 __ o1
! 0034 21,2 23,5 3.19 3.7 0.0 0.5 9,00 0,0 A
) . 06335 L11.5 -32.8: 2.97 .-3.5 .0.0 . 0.8. 06.00 ~ 0.0 -
Ll 0035 19,6 ~13.8 3,26 5.8 0,0 0.5 0,00 0,0 .1
oL 0047  19.5  13.6 3.47 12,8 ‘9,0 0,0 0.00 0,0 .1
o s 0043 20,1 16.6 3,53 14,6 0,0 0,0 9,00 0.0 .1
L 0049 15,7  =-8.4% 2,93 =3.7 ! 6.0 ___ 6.0 0,00 0.0 .1
1R 0053 21,0 22,3 .3.,83 24.3 : ‘0,6 .0,00 ©.00 0.0 ol
£y kd 0051 . 21.9  27.5  3.60 17.0 0.0 ©.0 0,00 0.0 1
o D133 9.0 ~47.% . 2.60 -15.6 0.0 U0 =0,00 0.0 W2
o 0134%  12.7 -26.3. 2,79 =9.3 -0.0 0.0 -0.,00 0.0 W2
£y s 0135 1Ll.1 =35.6 2.89 =6.0 -0.0 0.0 -0.00 0.0 .2
Lo 0136 16,3 =5.% _2.95 =3.9 ~0,0_ 0.0.=0.00 0,0 _ . 1
S 0082 - 19.3 12.4 3.17 3,0 ~0.0 0,n -0,00 0,0 o1
N Q83 0 21,4 24.7 3.36 9.0 -n,8 0.8 -0.00 - 0.0 o1
foh 0086 13,6 3.1 2.98  =3.4. 0.0 0.0:=-0,00 0.0 __.. o1
ted 0087 21,1 22.5 3.31 7.4 ~0,0 0.0 -0.00 0.0 L1
00RS 22,6 31.5 3.54% 14,9 -9.0 0,0 -0.00 @.,0 o1
0089 22,5 30,9 3.48 12,9 -0,0 0,0 =-0.00 0,0 WU
- ”UU9SJ§;1: 7 -85.5 3.12 1.2 .-0.,0 6,0 -0,00 0.0 o1
T0096 V16,0 - =7.00 23,27 6.2 ~0.0° 0,0 ~0,00 0.0 T e 2i
0097, . 18,0 =6.3_"2,9% _=4.5 20,0 __0,0.-0,00__ 0.0 WL
0093 13.4 -22,1 2,74 -10.9 ~0,0 0.0 -9.00 0.0 G2t
0099 20,5 19,0 3,43 11.2 -0,0 U,0 -0,00 0.0 . 1
0100 1§A5_:2LL2¢H§,1&__;ZLL"uq*_”ﬂmmvno.o._,Q.ﬂﬂ;Q,nQ;_MQtQ"_ .20
0101 7, 19.8 15.3 3,17 = 2,9 =0,0 8,0 -0,00 0,0 TR X
o1oa'f_20 a 21,2 3,18 . 3.3 -0,0 0,0 -0G,00 0,0 T
D1A1.0 2301 34,3 Q.4:“,12,1;“m4~___,;:n 0. _0.0_=0.00_. 0.8 a1
0103 1<.5 -27.4 3,140 .6 -0,0 0,0 -0,00 0.0 Lot
0104% 15.9 =7.5 3.05 -.8 -0.0 0,0 -0,00- 0,0 .1¢
0105 20,0 15,3 _3.14% 1.9 -0.0 0.0 =0.080__ 0.0__ .15
0106, 24.3 45,4 3,28 4.6 ";LFO,U - 0.06.-0,00 0,0 R
0107 20,8 2n,9. 3,03 "=} " ©=0.,0 U.0 -0.00 0.0 RS T
0005 22,2 29,3 3,48  A1.7 4Dq,_¢j.n 0.0_~0.00__0.0._ W15
0002  20.2 "17.5 3,33 9.8 ¥ -0,0 0,0 -0.0G 0,0 . 1€
0005 21.6 25.6 3.53 14,6 o3 -0,0 0,0 ~0.00 0.0 . 1€
OBES 8.7 B9 3.3% 8.6 . =0,0__0.,0p -0,00.__0.0 _ .17
N3 16,2 -5.6 3,29 5,8 9.0 0.0 =8.00  G,0 .20
0009 © 19.3 12.4 3,23 . 5.0 1 . =0,0  U.0 -0.00 0.0 .16
0010 20.7 23,4 _3.28. 6.4 19731 m;;__:o,ﬂ“;muﬁamza;uo 0.0 P15
{ 6011 19.6 14,0 3,16 2.9 -0,0 0.7 -03.0D 0.0 c1€
2 0013 19.9 15.7 3.15 2,6 % ~0.,0 0.0 -0.00 0.0 .1€
‘ 0014 19.2 11.5  3.12 . 1.5 U7 -0.0. 0.0 -0.00 0.0 Le1E
v 0015 19.9  15.6  3.15 2.6 -0.,0 0.0 -0.00 8,0 .15
s 0016 16.0  =5.7 2.85 -T.5 -0.0 0.0 -0,00 0.0 «17
o 0018 19.3 12,2 3,17 3,3 7 -0,0 0.0 -0,00 0,0 o1€
. nnNn1aQ AN R 4 X X iz = = 1. ~ o~ o ~ - - - . .




A 9105 20,0 16.3 3.4 1.9 -0.0 0.0 -0.00___ 0
e 0105 . 24,3 41,47 °3,28 5,6 =-9,0. 0,0 -0.00 0O
s oLy 031937 20.8 20,9 3,08 -,1 - -0,0 U.0 -0.00 .0
Lo TEn05__22.2 95,3 3.6% 1.7 ¥ -0.0__ 0.0 -0.00__ 0.0 1
3 0002 - . 20.2 17.56 3.338 9.8 ¥ -0.0 0.0 —Q.OO - 0.0 1:
1 0003 21,6 25,6 3.953 14,6 lo30 ~0.0 0.0 -0.080° 0.0 . lf
[ 0005 18.7 8.9 3.3% 3.6 =0.0_..0.0.-0.00___ 0,0 ___ - .4,
; NOoU3 16,2 =5,6 3,29 6.8 . -0,0 0.0 =0.90 © 0,9 Y
™ L 009 . 19.3 12.4%.3.23 . 5.6 % -0,0 0.0 ~0.00. 0.0 1€
1S QAR 20,7 20,4 3.28_ 5.4 (=31 =0.,0_._0,0_~0,00 0.0 1s
v 0911 19,6 14.U0  3.16 2.5 -0.8 0.0 -0.00 0.0 Y
-3 0013 19.9  15.7 3.14 2.6 ¥ ~-0.9 0.9 =0.00 0.0 o1t
T 0014  19.2 11.5 3,12 1.5 01 -0.0 0.0 -0.00° 0.0 . .y¢
i 0015 19.9 15.56 3.16 2.6 -0,0 9,0 -0,00 0,0 RY:
D016 16,0 —~6.7 2.85 =7.5 -0.0 0.0 -0.00 0.0 17
- 0018  19.3 12.2 3.17 3.9 ¥ -0,0 0.0 -0.00 0,0 Y
1 0019 20.3 . 18.3 3,25 5,5 H-2 -6,0 0.0 -0,00 0,0 Y
> - 0020 18.3 6.5 2.95 -~4.1 -0.0 0.0 -0.00 0.0 J1€
1. 0021 15,5 =-4,0 2.73 -11,4 . -0.0 . 0,0 -0,00 0,0 .16
. 0022 16.9 -1.9 2,97 =3.,4 - . =0,0. 0,9 -0.00 0.0 W17
D 0023,7-:23.6 - 37.0:5 346 12:4 % - . . =0,0° 0.0 -0,00° 0.0 .15
¢ el 0024 22,3 29.7. 3.41 10,8 '3 «=0.0_~ 0,0 -0.00 - 0.8 L 1°
I 0025 ~ 20.0 18.3 3.06 -.6 --0,0 0.0 ~-0.00.- 0,0 o1f
9 . 0026 13.1 5.3 2.89 -6.,1 -0.0 0.0 -C,00 0.0 W1¢
' 0027 18.8 9.2 3,19 3.7 -0.,0 08,0 -0,00 0,0 L17
0028 +.-18,5  ~7.8.:.2.89  -6.1 ¥ . S 0,0 0,0 0,00, 0,0 - o1t
0030 " 18.6 8,0 42,77 -9,9 W4 0.0 6.0 0,00 . 0,0 W14
0032 .0 15,7  ~8:9 2,70 ~12,2 - 0.0 o.o‘Ao.oo . 0.0 - o17
0037  18.2 6.0 3.08  -.1 % 0.0 G.o0 0.G60 (0.0 L1t
00338 17.6 2.6 3;15 2.3 416 0.0 0.0 0.00 0.0 e17
0039 17,2 -.2 2,83 -8,1 0,0 0.0 0,00 9,0 . 1€
0040 15,2 -11.8" 2 74 =10.9 0.0 0,0 0.00. 0,0 w18
0041 - 15.8 =2.5 . 3.08 -.1 U.0 0.0 0.00 - D,0 .18
01536, +. 8,2 =52,1L ' 2.30.-25.2 w =0,0 0,0 -0,00 0.0 .27
CLTTTTTTTEYS8 . 12.5 2742 2475 =10.8 -7 -0,0 0.0 -0.00 0.0 22
RS 0160 7.1 -53,9 . 2.18 -29.1 -0.,0 0.0 -0.00 0.0 .30
: ou%2 15,9 -7.8 3.03 ~1.6 0.0 0.0 0.00 0,0 .19
o UoW3 16.6 ~3.27 3,10 .8 0,0 70,00 0.00 9.0 .18
5 L 0044 ;18,56 8.3 3.19 . -3.5 0.0 . 0.0 “0.00 - 0.0 .17
o 0045 1 I7.4 1.4 3414 0 71,9 0,0 - 0,0 0.00.: 0,0 218
e 00456  18.3 6.7 3418 3.3 0.0 0.0 0,00 0.0 .17
0053  20.2 17.9 3.357 9.6 + . 0.0 0.0 ©0.90 0,0 .16
0054 16,3 =5.4" 2.99 -2,9 pw-9 0,0 0.0 0.00 0,0 .18
0055 . 14.9 -15.6.-3.07. =-,5 . 0,0 6.0 0,006 -0.0 .20
0154 - "16.8  ~2.477:3542. 10,9 - .0 . 0.0 -0.00 0.0 «20
019G 10.% —33.5 2.52 <14.8 3 ~0.0  0.0.-0,00 : 0.0 .25
0147 18.9 10,2  3.59 16.5 |10 -0.0 0.0 -0.00 0.0 .19
0148 9,9 ~42.3 1.85 -40,0 -0.,0 0.0 -0.006 0.C .18
! 0057  11.1 =35.5 2.57 -16.5 0.0 0,0 06.00 0.0 .23
i 0058+ 15.8 3413 1.6 0 0 0.0 0.0 0,00 ©.0 - .19
D i 0059 . 12,3 -28.7:72.28 =26.1" 0.0° 0.0 0,00 0.0 .18
Sy 0060 71 14,7 ~14:6::2.63" -14,7" 0,0 0,0 "0.00 - 0,0 .. 17
Py 0061 15.6 -9,0 2.B6 =7.0 0.0 0.0 0.00 0.0 .18
3 - 0138  12.7 -26.0 2.60 -15.7 "  _g.0 0.0 -p.00 0.0 .20
p . 0139 12,9 -24.9 3.19 3,7 -6.0 0.0 -n.00 0,0 o2k
f 0140 15,1 -11.9 '3.06 -.,6 -0,0 0.0 =o.00 TwU.0 .20
¥ 0141 . 12.0 =30.1 2.78 -9,7 -0,9: 0.0 -0.00 0.0 .23
g 0142, 13.6 -20.8 ' 2.97 =3.6 -0.,0 . 0.0 -0.00 0,0 =2k
P 0062 . 14.4 -16.5 2.95 =~4,2 0,0 4.0 0.00 0.9 .20
5 Y 0063 16.4 ~=4.7 3.17 3.0 g.C 6.0 0.00 0.0 «19
s 0064 17,6 2.6 3.20 4.0 0.0 0.0 0.00 0.0 .18
e 00657 16.3  -5.073.40 10,40 T 0.0 6.0 8.00 0.0 77 .2n
Y 0065 “13.6 =20.7°'2,99 =-2,9° . . 0.0 0,0 0,00 0.0 .21
£ 0125 10,9 -35.6. 2,96 -=-3.9 713 0.0 0,0 -0.00. 0.0 .27
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0. OF STATIONS 139 . . ... .. ... 0.

INTEGRATED  MEAM . P REDOMINANT
© . POWER  FRtQUENCY T POWER . FREQUENCY T Po
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SIbﬂA 3”.ﬁQ:éa,~:-j_x¢},37  f””’ ;5f,'U,DdOj;_ - 0.006

" PER_CEHT__ 24.89 ____ 12.79 . . 0.090 . _ 0. 008 e
. \ S | T

: + SIGMA  21.43 3.47 0.600 - 0.000

; Z SLGMA_. 12.92 T 2les T TTolauen e TEReT T T T
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A — - . - ket S AN MNALIOLD UR FIRL:
} ~ BEOWAWE ~
STATISTICS AND DEVIATIONS SPAN IS 3.00 HER
TS T 35T 118 STATIONS
s _ ‘ . o I
2., KANGE OF .50 0.00 0.00 0.00 0.00
N FREUHtNCYc ___3B.50 __0.00 0.00 ° 0.N0 0.00
g CRRRARRRRER KR RKKIRRK KRAORKRRRR K RKRERRRRKK kK wemANm kK o
R STATION  POW. FRA. PO FRO. _POW. FRI. POW. FRG. POw. FRO. Pl
e ¥ nc23. 11.91 1.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .
> 1-23gg24° . 11.%56 1.77 0.00 ©0.00 0,00 0,00 0,00 0,00 0.00 0.00 0.
7 0025 11.60 1,76 0,00 0,00 0,00 0,03 0.00 0,00 0,00 0,00 0.
P 0026 * 11,18 -1.68 0,00 0,00 '0.00 0,00 . 0.00 .0,00 0.80 0.00 0.
> 1 0027 . 10,37 1.75 0.00 [0.00 0,00:.0,00 0,08 0,00 0.080 0.00 oO.
e 0031~ 10,73 _1.68- 0.00 0.00  0.00 0,00 0,00 0,00_0.00 0,00, 0.
Vi 0033 .98 1.,72 0.00. 0,00 0.00. 0.00 0.060 0.00 0.00 0,00 o.
il 0034 11.i4 1.6 0.00 0,00 ©.0C 0,00 0.00 0,00 0,00 0.00 o,
= 0035~ _6.6% 1,49 0,00 0.00 0,00 0,00 0,00 -0.00_ 0.80 0,00 0.
[ 0035 - 9.41 1.74 0,00 0,60 0,00. 0,00 0.00 0.00 0.00°70.00 o©.
- 0047  7.90 1.61 '0,00-0,U0 0,090,000 0,00 0,00 0.00:70.00 0.
et 0048 B.44  1.62 0.00 _0.00_0.00 0,00 08,00 0,00 0,00:.6.00 o0,
¢ 0049 . 7.98 1.46 ©0.00° 0.00 0,00  0.00 0,00 0,00 0.00 0.00 0.
- 0050 '8.27 1l.42 9,00 0.00 0,00 0,60 ©0.00 G.09 .30 0.00 0.
F ol 0051 8.3% 1,67 _0.00_0,00 0,00 0,00 0,00 0,00 0,00 0,00 o0,
i 0952 9,14 1,61 0,00 0,00 "0.00-.0.00 0,00 0,00 0.80 0.00 0.
0054 7.935 1,43 0,00 0,00 ‘¢,00 0,00 0,00 0,00 0,00: 0,00 ~,
0085 .84 1,34 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0.00 o.
to-2s 0003 10,235 1.74 uv.0C¢ 06.00 0,00 0,00 0,00 0,00 0,00 0,00 o0,
7 ‘0;90001'_ 9.54% 1i.74% 0,00 ©.00 0,00 0,00 0.00 0,00 0,00 0.00 G,
E 0002 9.%56 1,74 0,80 0,00 0,00 0.00 0,00 0,00 0,00 90,00 g,
: 0005 9,92 1.75 0.00- 0,09 0©,u0 0,00 0.60 0,00 0,00 08.00 o0,
0006 9,20 1.74 0.00 0 00 0,00 0.00 0.00 0,00 0.00° 0.00 0,
0098 7.81 _1.68 0.0G. 0,00 0,00 0,00 10,00Tm0.00“mq,09‘ .00 . 0,
= 7 000Y 9.91 1.76 0,00 n 00 0,69 0,90 9,92 6,00 0,00 G.G0 9
o 3 0910 10.75 1.83 0,00 0.00 G.00 0,00 0,00 0,00 0,003 £.00. 0,1
0011 - ’10.24 1,735 0.00 0,00 - 0,00 0.00 0,00 0.00 0,00 ©5.9¢ 0.
no12 9.11 1,71 0.00 0.00 - 0,00 0,00 0,00 _0 0o 6.000 0.39 o.¢
Liee “j 0013 11.79 1.77 0.00 0.00 0.00 0,00 '0.00 00 0,007 9.90 0 (
33@;;+~,n;WQOl&;_;;ll-Q9M_lq69;mﬂp994”O-QQ"wQ-OQMNO.ODH_Q-OO.MOQDQ;;R-QQ g.¢0 n,cC
P nu15 10,25 1.71 0,00 p.oo 6,00 0,00 0,00 0,00 0.00 2.00 o9.,¢
» ) 0016 9,45 1.59 0,00 0.00 0,00 ©.80 €.00 0,00 0.00 .09 .0_p
vl 0017 10.62 1.65 0,00 0,00 0,00 0,0 0,00 0,00 9,08 ©“.0930 0.9
P ,,g 0818 ° 10,27 1,74 0,00, 0.00 0,00.° 0,00 ~0.00 0,00 )~ 0 00: 9.00 0.0
> 0019 . ° 11,02 1.74°0400-.0.00 0.00.-0,00 ©0.00 .0,00=0:00" 3.00 a9
se 0020 11.15 1.72:.9,00-.0.00_€,00 0,00 0.00  0.00.:0,08..7.30 2.0
3f§ 0021 10.24 1.71 0.00 0.00 ©.00 0,00 0,00 0,00 0.90 9-00 2.0
N 0022 9,94 1.77_ ©0.00 0,00 0,00 0,00 0,00 0,00 0.00 ".93 a0
P ¥ oozs___10.65__1.75_ 0,00 _0.00__0.00 _0.00_ 0,00 _0.00 0,80 ".u0 a.g
P g030  1l.21 1,75 0.00 ©¢.080 6,00 0,90 0.00 0, gg,ﬁn.oo-,-.on 9,00
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SUFFIX A 0.5 - 15.0 Hz.
- SUFFIX B 0.5 - 7.5 Hz.
SUFFIXC = 0.5 - 3.5 Hz.
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