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ABSTRACTV

A frequeﬁcy—domain electromagnetic survey was conduc;ed at 19 stations
over a 200 km2 area. encompassing the McCoy geothermal prospect, Churchill
County, central Nevada. The McCoy aréa is characterized by high heat flow,

mercury mineralization, and recent volcanics. Three horizontal-loop trans-

mitters were used with receivers from 0.5 to more than 4.0 km from the loops.

Receiver stations were arranged along a pair of crossing north-south and
east-west lines. Data were interpreted first with a simple apparent resis-
tivity formula and then with a 1e§st—squares lumped-model inversion program.
The rOugﬁ terrain and complex geology introduce an element of uncertainty
to the interprétations. |

The ﬁorth—south line suggests a thinning of the volcanic surface
rocks northward‘toward the McCoy mercury mine, where a resistivity discon-
tinuity occurs. The high-temperature gradients on the south end of the
line can be correlated with a copductivé zone (<10 ohm-m) at a dépth of
200~500 m and occurring within the lower part of the Tertiary volcanics
and the underlying Mesozoic limestones. We also see evidence for a deeper
conductor, below 2 km..

The east-west line of stations indicates high resistivity associated
with exposed Mesozoic rocks, a thickening ridge of lower-resistivity sedi-
ments and volcanics at the Western end of the line, aﬁd a very thin alluvial

cover in Antelope Valley at the eastern end of the line.



INTRODUCTION

As part of thevDepartmént of Energy's program to stimulate the develop-
ment of geothermal resources by private industry, Lawrence Berkeley
Laboratory (LﬁL) has performed a series of electromagnetic surveys with
the EM-60 frequency-domain system over promising targets in ﬁevada. This
paper describes the results of our survey over the Mcéoy geothermal pros-
pect in Churchill County, central Nevada (Figurevl);

The McCoy prospect_is.ldcéted 72‘kmvnorthwest of Austin, between
Dixie and Antelope Valleys on the west and east, respectively, and atﬁthe
junction of the Dan Augusta Mountains, the Clan Alpine Mountains, and the
ﬁew Pass Range. Elevations within the mountainous'prospect afea vary
between 1200 and 1900 m, and local terrain varia;ions are severe.

The McCoy geothermal area was éhosen for gtudy for three reasons.
First, preliminary work by Amax, Inc. showed a thermal anomaly of 1afge
dimensions, indicating substantial geothermal potential. Second; because
very little other geophysical work had been done fhere previously, the

: \
EM results could be evaluated independently. Third, the area provided an

opportunity to test the EM-60 system'in mountainous terrain with laterally

discontinuous geology.

GEOLOGY

The McCoy region has been mapped on a reconnaissance scale by Stewart
and McKee (1977) and Wilden and Speed (1974), mainly in connection with
fotential mining resources. No detailed geologic maps are available‘for
the prospect area. Major rock units in the area include a thick assemb-

lage of Tertiary volcanic flows and tuffs; Triassic and Jurassic sandstones,
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Figure 1. Survey location map of the McCoy prospect.



shale, 1ime$fone, andAcongIoﬁerate; and ‘several groups of Pennsylvanian ahd E
Permian eugeosynclinal sediments. All rocks have been extensively faulted
by Basin and Range type faulting, which folldwed the main episode of Ter-
tiary voléaniém and continues into the present. The dominant trend of the
faulting is north—northeést, parallel to the range fronts. Significant
east-west faults have also been mapped, however, énd several are related to
ore deposits;' _ ‘

Hydrothermal alterétion is ex;ensive in the central part of the pros-—
pect. A fossil tfévgrting deposit 2 km2 in area and 10m thick occurs ad-
jacent to and west of the McCoy mine, aﬁd may be felated to the mercury
minefalization there. The Wildhorse mine; located 5 km south of the
:McQoy ﬁine; is also a mercury deposit, but neither site ' is being actively
mined. There are no active hot springsvin the prospect, but there is a warm

well near the McCoy mine.

GEOPHYSICS

Figure 2 is a temperature gradient map of the McCoy prospect (Olson et
al., 1979). Thermal gradients were computed from temperature variations
in 45 holes ranging from 12 to 100 m in depth. The map indicates anomalous-
ly high gradients over .an area of at least 100 kmz. Gradients are especial-
ly high near the McCoy.mine and about 3 miles southeast of the Hole in the
Wall water well no. 1. Heat flow values were calculated from these thermal
gradienté and thermal conductivity measpred from collected well cﬁttings.
The resultant heat flow dafa indicate values as high as 10 times the region-.
al average, which is 2.to 2.5 heat flow units (HFU). Chemical analysis
of a warm-water well near the McCoy mine suggests a minimum reservoir tempera-

ture of 1860C.
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Figure 2. Temperature gradient map of the McCoy regiom. -
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Magnetic,;gravity, self—potential.(SP);fand magnetotelluric (MT)
measuréments have all been made at MéCoy, but so far only the SP data and
some MT data have been interpreted (Olson et al., 1979). The general con-
téur pattern of the SP data (Figure 3) is different from that of the thermal
data; the SP indicates pronounced northeasterly and no;thwesterly brienta—
tions of equipotential contours, suggesting that regional faulting in these
two directions may be an important control. In local details, however, the
'sP and thermal anomalies show interesting similarities and correlations,
the clearest of wﬁich is in the area of the Mcpr mine. This SP anomgly
may be related to ore mineralization or hydrothermal alteration, but because
of its elongation paréllél to nearby cfoss.faults, and because it appears
to be dipolar, the SP anomaly may also be related to déep—water circulation
along faults (Olson et al,, 1979; Corwin aﬁd Hoover, 1978). The temperature
anomély near geothermal well §6—8_appears to be on the flank of a broad
SP anomaly, as yet not completely defined by survey.

ELECTROMAGNETIC SURVEY , , !

The transmitter and receiver stations occupied for the EM-60 survey
are shown in Figﬁre 1. The survey consisted of 19 frequency-domain électro—'
magnetic soundings from three horizontal transmitﬁer loops at transmitter-
receiver separations ranging from 450 m to moré than 4 km. The stations
are groﬁped in three clusters, one within the area of the southern heat flow
anomaly, a second northward near the Wiidhorse mine; and a third at the east-
ern margin of the ban Augusta Mountains.  The survey was designed such fhat
north-south and east-west trending sections could be made from lnterpreted

soundings, but the coverage is still sparse in view of the large prospect



o Dipole transmitter
x Receiver station

SELF POTENTIAL

McCoy
]

Austin

Filtered self potential in millivolts
(after Olson etal, 1979)

XBL 80I0-2861A

 Figure 3. Self-potential map of the McCoy region.




area. Soundings were made "in ‘11 field days during October an&rﬁbvember,

1979, often during periods of blizzard, hail, and subfreezing temperatures.
fhe EM-60 soundings were made by impressing square-wave currents at

frequencies within the band 0.001 to 1000 -hz into a horizontal wire loop

and.measuring the vertical and radial magnetic fields at receiver sites,

A more detailed description of the systeﬁ and procedure is giveﬁ in Appendix

A. For this survey we took data at frequencies from 0.05 to 1000 hz, with

‘data recorded for at least two to three frequency decades for each station.

Data quality for McCoy stations was fair to good at all sites. Record-
ing times varied from less than an hour for the near stations to more than
4 hours for the more distant sites. Two stations could normally be obtained

per 12 hour field day.

Data Analysis and Interpretation
EM sounding data at McCoy were reduced to a set of spectral plots cor-
responding to the observed radial and vertical magnetic fields and the el-

lipticity and ellipse inclination (or tilt angle) of the combined fields.
-

- The amplitude spectra are normalized by the primary magnetic field by cal-

culating the free-space primary field due to the dipole transmitter and
dividing the observed fields by this number. The reduced speétralldata are
given in Appendig B along with the estimated measurement errors.

After reduction; the- soundings were first interpretéd using an apparent
registivity formula, and later data were fitted to layered model curves by
least:squares inversion. The apparent resistivity célculations were used
in qualitative evaluation énd for "first guess'" models of the inversion
routine. The inversion program can fit all or any part .of observed spectral

data to layered model curves and will give parameter resolution based on



10 ”

observed standard error of data. Plots of the results of layered-model
inversions are given in Appeﬁdix C. Although successful inversions were
made for all stations, not all of the observed data &ere used in obtaining
the fits. Some data were found'to be noisy and distbrted, and these.were
deleted prior to inversion. Absolute phase data were not obtained at éeveral
stations because of the difficulty of establishing a phase-reference wire
over the rough terrain. At certain étations; the phase-reference wire was
removed when it was found to contaminate signals with noise -- a seridus

problem when signal levels were low.

The Effect of Topography

Because of the hilly terrain at McCoy, differencés in elevation. be-
tween transmitter and receiver stations were sigﬁificant. These differences
can be accounted for in interfretation, but the effect of the intervening
terrain cannot. For the McCoy region, where the neér—surfgce resistivity
is fairly ﬁigh, the effect of terr;in may not be a significant factor.
In any éase, terrain effects are ignored because we are unable to account
for them in models. Another effect of terrain is that two of the transmit-
ter loops had to be laid out on inclined surfaces. This effect aiso in-
fluenced data interpretation, particularly for stations in-line wifh the
tilted dipole——i.eQ, stations at which there is a signal from the horizontal
componeﬁt of the ﬁagnetic dipole; The predominant combined effect of eleva-
tion differences and inclined dipole moment is to alter the inclination
of the observed prima?y field at the receiver site. Although differences
in elevatioﬁ once accurately measured can be routinely taken into account
for layered-model inversion, the effect of a tilted dipole requires calcu-

lations combining vertical and horizontal magnetic dipole solutions at the
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appropriateQS£%éngths-and'inclination. The procedure is slightly more com-—
plicated and conéiderably mo;e expensive in terms of compgfer time thanbthe
vertical dipole solutions. A coﬁﬁuter program to perform forward model
calculations of a tilted dipole over a layered media has recently been writ-
ten (Haught et al.; 1980), and we héve tested the program with éata taken

at McCoy.

An examplé of the effeét of the tilted dipole is given in Figure 4,
which shows two interpretations for a set of EM sounding data at McCoy from
a tilted éipole.. In the top two graphs, the data set is fit'to a vertical-
dipole solution, ignoring the 1 degree of dipolaf tilt; Of the various
two- or three~ layer models that we considered, the‘one that gives the best .
fit is é three-layer section that indicates the presence of a conduéto:
at about 1 km in depth. The bottom two graphs in Figure 4 show a layered-
model fit for a two layer section with a tilted dipole source. Here the
fit is superior, and with no indication of a deeply buried conductor.
Ignéring the effect of dipéle tilt can therefore give misleading results,
particularly in regions of high resistivity, such as McCoy, where small

secondary magnetic fields may eésily become distorted by‘dipolar tilt.

Apparent Resistivity Plots
We constructed apparent résistivity spectral pldts to obtain an initial
model for use in the inversion code and for qualitative interpretation of
well-behaved sounding data (Stark et al., 1980). The plots are made from

sounding data by comparing amplitude-phase and polarization ellipse values

to corresponding values on a homogeneous half-space curve. The resistivities

calculated from the hélf—space curve are then plotted against frequency .

to obtain.an apparent resistivity spectral plot. Such plots are useful
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for determining the probable number of layers, for judging data quality,

and for chafacterizing the sounding. The apparent resistivity curves can -

be used effectively only if there is no elevation difference between source

and receiver and no tilting of the transmitter dipole. Only 4 of the 19

soundings at McCoy, all from transmitter 1, satisfy these criteria; apparent
resistivity curves for these stations are given in Figures 5 to 7. *

1R

The figure shows apparent resistivity values plotted for all six types of

Figure 5 is an apparent resistivity spectral plot for station T

data; HZ is vertical amplitude, PHZ is vertical phase, HR is radial amplitude,
PHR is radial phase, ELL is ellipticity, and TILT is thé tilt angle of the
polarization ellipse. There is considerable agreement in the shape of the
curves, but substantial scatter exists among values calculated for each
parameter. The curve shapes suggest a three-layer section consisting of
a conductive surface layer, a resistive intermediate layer, and a conductive
deeper layer. The ?pparent resistivity plot for. sounding T1R7 (Figure 6);
which was located closer to the transmitter, indicates a more resistive
surface layer overlying the condﬁctor, and does not suggest the presence
of the deep éonductor, The two septions ére compatible, however, if we
consider that the closer station is more sensitive to the shallow subsur-
face and the more distant is sensitive to the deeper parts of the section.
Apparent resistivity plots (Figures 5 to 7) then indicate a four-layer
section for the region near transmitter 1. This basic section was success-
fully tried on layered model inversions for this area.

Figure 7, an apparent resistivity plot for a large-separation sounding <
(T1R6)’ shows a marked decrease in apparent resistivity at low frequeﬁcies,
indicating the pressure of a good conductor at depth. Although station

TlRl (Figure 5) indicates a similar decrease at lower frequencies, only
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station T1R6 has sufficient higher—frequepcy data to show tha£ the decrease
was not due to geomagnetic noise contamination or some other effect. It

is significant to note that had the apparent resistivity algorithm been
known at the time of the survey, it is likely that additional large-
separation soundings would have been made, since the results of T1R6 would

have been known in the field.

INTER?RETED RESISTIVITY PROFILES
| Layer-model inversions for all 19 stations at McCoy are given in
Appendix B. Fair to good fits and reasonable one-dimensional interpretations
werevobtained for all sites. Because of the sparse distribution of stations,
discussion is limited to results obtained along two profiles, a 13 km nine-
station north-south profile that bisects the prospect in its elongate dimen-
sion (Figure 8), and a 9 km eight-station east-west profile that crosses
the northern end of the prospect (Figure 10). The profiles are made by
plotting layer parameters obtained from one-dimensional inversions for sta-
tions located along or close to the profile. The interpreted sections were
plotted at a point halfway between source and receiver.

Figure 8 includes five soundings made from transmitter 1 and four from
‘transmitter 2, with a gap of 4 km between the sounding groups. Tﬁe gap
was necessary be;ause.the difficult terrain prohibited establishing a third
transmitter between the other two. The sopndings from transmitter 1 differ
markedly in character from soundings made from the northern loop (Figure 8).
In the southern end, the sections generally indicate a‘resistive sﬁrface
layer ranging from 100 ohm-m or more in mountainous stations to about 20

ohm-m for the lower-lying stations. The thickness of this unit is 100-

300 m, and it probably represents a sequence of dry or undersaturated

1Y
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point halfway between source and receiver.
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Tertiary flows and tuffs. Shallow wells in the region show a‘deep (>100 m)
water table (Olson et al., 1979). Near 200 m in depth, a conductive layer
is detected from all EM soundings near transmitter 1. This layer ranges
from 200 to 300 m in thickness and 5 to 10 ohm-m in resistivity and suggests
either a sequence of clay-rich tuffs or perhaps a warm-water aquifer. 'The
resistivity of 5~10 ohm-m is consistént with geothermal aquifers, and the
thermal gfadienté could be conservatively extrapolated to more than 100°c.
Beneath the conductive layer at a depth of 300-400 m, thé EM soundings indi-
cate the presence of a much more resistive formation. The calculated re-
sistivity of this unif ranges from 100 to 1000 ohm-m, but the true value

is probably closer to the lower end of this range, since the lower values -
are cqnsistent with the more depth-sensitive, larger-separation soundings.
Because the EM induction method is generally much less sensitive to resis-

tive bodies than to conductors, the depth to and resistivity of this unit

r

are poorly resolved. Fortunately; a 765 m well has been drilled in the area
near EM station T|R, (Figure 1), and the driller's log has been published
(National Geothermal Well Report, 1980). Figure 9 indicates a generalized
lithologic section from this well adjacent to an interpreted EM induction
sounding. The figure indicates that the conductive layer corresponds close-
ly to the rocks between the lower boundary of the Tertiary volcanics and

the upper boundary of the Mesozoic quartz conglomerate; Boiling water was
repérted to be flowing in the well at depths corresponding to this conductor
(Art Lange, Amax geologist, 1980, personal communication). The figure also
shows that the lower, more resistive unit corresponds to the quartz conglom-
"erate. The\depth correlation, although not exact, is quite good, and the

high resistivity of this part of the Mesozoic section is consistent with

older, less permeable formations.
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The inversion of soundiﬁg T1 6 indicates the presence of a 4 ohm-m
~layer at a deptﬁ exceeding 2000 m. Althoﬁgh no other soundings at McCoy
indicate such a conductive body at depth, none of the others have sufficient
transmitter-receiver separation to detect such a feature. As this conductor
is detected at only one-statioﬁ, its delineation should be treated with

some skepticism until confirmed with another set of measurements. It is
possiblé that the field curves that detected this deep conductor are af-
fected by fhe presence of a topographic ridge between the source and receiver
(i.e., channeling of currents) or some other lateral effect. Because the
presence of this body suggests a good geothermal target, further investiga-
tion is warranted.

Figure 8 indicates that the northern section of the profile is consi-
derably different from the southern. The volcanic sequence is perhaps only
100 m or less fhick at the north, where the section is dominated by high-
resistivity Mesozoic rocks. A glance at the elevation profile in Figure
8 suggests that the thinﬁing of the volcanics is felated to the drop in
elevation between southern and northern stations; since the decrease in
elevation between these tﬁo stations is approxiﬁately equal to the decrease
in thickness of the volcanic section. The elevation of the Mesozoic.probably
does not appreciably change froﬁ south to north, at least as far north as
‘transmitter 2, indicating that the thinning ofAthe volcanics is not related
to any large vertical displacement. The variation in thickness may instead
indicate that volcanic vents were located closer té the southern stations.
North of transmitter 2, the resistivity at the surface.layer is appreciably
higher, suggesting the crossing of a lateral discontinuity near transmitter

2. The reconnaissance geologic map shows a major northwest-trending fault
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in this region (Wilden and Speed, 1974), and this may represent a lateral
lithologic charge or a ground-water barrier.

The east-west profile is drawn from stations crossing the eastern mar-
gin of the Dan Augusta Mountains into Antelope Valley (Figure 10); stations
used are located to the south of.the above-mentioned northwest-trending
fault. The p;edominant feature of this profile is the high resistivity
associated with the Hiéher—elevation eastern escarpment of the Dan Augusta
Mountains. Resistivities of 500-1000 ohm-m are associated with out-cropping
Mesozoic rocks in the mountains; soundings also indicate slightly 1owér
resistivities (80-100 ohm-m) at a depth of 300-400 m. West of the eastern
margin ridge, a iow—resistivit§ surface layer overlies the Mesozoic section.
This layer is from 100-200 m thick, thickens westward, and probably consists
of-Tertiary volcanics and alluvium. Soundings in Anfelope Valley just east
of the Dan Augusta Mountains indicate a fgirly resistive section. Surface
resistivities range from 20 to 200 ohm-m in the faults, and layered models
indicafe that resistivities do not appreciably change at‘depth. These data

suggest a very shallow alluvial cover to this valley and an underlying re-

sistivity consistent with Mesozoic basement rocks.
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Figure 10. East-west profile of interrupted EM soundings over the McCoy
prospect; stations used are plotted at the top of the figure. Layered-
model parameters, resistivity (ohm-m), and depth (m) are plotted at a
point halfway between source and receiver.
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AfPENDIX A
EM-60 ELECTROMAGNETIC SYSTEM

In 1976 LBL, in conjunction with the Univérsity of California, Berkeley,
made preliminary measurements with a prototype large-moment horizontal-loop
EM prospecting system (Jain, 1978) in a geothermal area in Nevada. Encourag-
ing resuits from this work led to the development of the EM-60 horizonﬁal—
loop system (Morrison et al., 1978), which has now been operated for over
500 hours at various geothermal sites in Nevada and Oregon.

The FEM-60 electromagnetic system was originally designed to fill a
gap in e#isting.technology for geothermal exploration between the shallow-
penetration dc resistivity method and the deep-exploration MT technique.
The system was planned for cost-effective shallow to iﬁtermediate-depth
exploration for conductive geotherﬁal targets. It was designed to eliminate
or diminish field problems in geothermal areas that have hampered both dc
resistivity and MT. Some advantages of the EM method are:- (1) the maximum
depth of exploration(with EM is approximately equal to the distance between
the transmitter and receiver, which is almost five times the source-receiver
separation for dc re;istivity; (2) the EM method is faster and less expensi&e
that either dc resistivity or MT; and (3) distant lateral inhomogeneities,
which often affect MT data, have ;elativelyrminor significance for EM because

the strength of the fields strongly decreases with increasing distance from

the transmitter.

SYSTEM DESCRIPTION

The system, as shown schematically in Figure A-1, consists of two sec-

tions: a transmitter section consisting of the power, source, control

electronics, timing, and a transistorized switch capable of handling large
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current; and a receiver section consisting of magnetic or a combination

of magnetic and electric-field detectors, signal-conditioning amplifiers,
anti-alias filters, and a multichannel programmable receiver (spectrum

analyzer).

Transmitter System

The EM-60 transmitter is powered by a Hercules gasoline engine linked
to a 60 kW, 400 Hz, 3¢ aircfaft alternator. The two components are mounted
in the bed of a 1 ton, four-wheel-drive truck. The output is full-wave
rectified and capablé of providing *150 V at dp to 400 A to the horizontal
coil. The square-wave current pulses are éreated by means of a transistor-
ized switch, which consists of two parallel arrays of from 6 to 60 transis-
tors in interchangeable modules within the "crate" (the lower, outward-
pivoting box in Figure A-2).

The dipole moment, which is a measure of the strength of the signal,
is determined by the resistance and inductance of the loop. At frequencies
below 50 Hz, inductive reactance is negligible and the dipole moment is
governed by the load resistaqce. Four turns of no. 6 wire in a square or
circular loop 50 m in radius will yield a dipole moment of about 3 x 106 mks.
This provides adequate signal for soundings where transmitter-receiver sepa-
rations are less than about 5 km, which corresponds to a maximum depth of
exploration of about 5 km. At frequencies above about 100 Hz, the indué—
tance causes the moment to decrease and the current waveform to become quasi-
sinusoidal. High frequency information is thus more difficult to obtain

at large transmitter-receiver separations.
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Receiver Section

For the 50 m transmitter 1qop‘norma11y used in geothermal prospecting,
the fields can be de;eéted as much as 5 km away from the transmitter by
means of-a. three~component SQUID magnetometgr oriented to measure the ver-
tical, radial, and tangential.components with respect to the loop. Signals
are amplified, anti-alias filtered, and inputted to a six-channel, program-
mable,‘ﬁultifrequency phase-sensitive receiver (Figure A-1). Through the
receiver key-pad, the operator éets the follqwing parameters controlling
signal processing: (1) fundamental period of the waveform to be processed;
(2) maximum number of harmonics to be analyzed, up to 155 (3) number of
éycles in increments of 2N to be stacked prior to Fourier decomposition;
and (4) number of input chann¢1$ of data to be processed. Processing results
in a raw amplitude estimate for each componenf and a phase estimate relative
to the phase of the current in the ldop. Phase referencing is maintained
with a hard-wire link between a sﬁunt on the loop and the receiver, and
;his reference voltage is applied directly £o channel 1 of the receiver
for phase comparison. Raw amplitude estimates must be later corrected for
dipole moment and disténce between loop and magnetometer.

In practice, the hard-wire link was found to be a source of noise,
particularly above 50 Hz. This has required the elimination of the absoluté
phase reference ét high frequencies in favor of relative phase measurements
between vertical and radial components. With relative phase measurements,
interpretation is based on the ellipse polarization parameters (e.g., the
ellipticity and tilt angle of the field ellipse traced out by the combined
observed magneti;!fields). Using relative phase measurements, data can
often be obtained to much higher frequencies éhan absolute phase data.

The dangers of using relative phase alone are that the observation errors
\
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are larger than errors for the individual fields and that.tﬁe interpreted
speétra seem to be 1éss sensitive to deeply buried horizons.

At low frequencies (<0.1 Hz), natural geomagnetic signal amplitude
increases roughly as 1/f and the secondary (induced).magnefic field decreases
as 1/f. The net result is an effective signal-to-noise ratio that decreases
as l/f2, making noise cancellation imperative for recovery of low-frequency
information. To cancel geomagnetic noise, a second (reference) magnetometer
is placed far enouéh from the transmitter loop (uéuglly at least 10 km)
so that the observed remote fields will consist only of the geomagnetic
fluctuations. Once insfalled, the referénce magnetometer can often remain
fixed over the course of a survey. The femote signals are transmifted to
the mobile receiver station from the transmitter via FM radio telgmetryf
Before the loop is energized, the remote sigﬁals are inverted, adjusted
in amplitude, and then added to the base station geomagnetic signél to pro-
duce)essentiallf a null signal. A good example of this simple noise-
céncellation scheme is shown in Figure A-3. The resulting signal-to-noise
improvement of roughly 20 dB has allowed us to obtain’reliable data to 0.05
Hz, a gain of three or four important data points on the sounding curve.

These points are invaluable for resolving deeper horizons.

DATA INTERPRETATION
Apparent Resistivity Function

Apparent resistivity curves can be calculated from EM spectra by match-
ing observed field data to generalized, homogeneous.half—spacé curves.
The generalized curves are a plot of field value veréus induction number
(B), which is a function of the frequency, transmitter-receiver separation,’

and resistivity of the half-space. A resistivity spectrum can therefore
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Figure A-3. Example of data improvement using the telluric noise can-

cellation scheme. (A) Natural geomagnetic signal and initial cancelling

at the receiver site with transmitter off. (B) Same system with. trans- .
mitter on.
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be'obtéined byvmafching observed data to the genefalized curve and caléﬁlat;4
ing the éoﬁductivity from the indgctiog nuﬁber; For a multilayered sectioﬁ,
an appéfent resistiQity curve is obtaiﬁed froﬁ'this‘calculation.

An e;émﬁlé of an.épﬁérent fesisﬁiﬁit& éﬁ;ve calculated from a three-
layéf modelvis'giveﬁhih Figure A-4; c;icgiated for éﬁéh'tyﬁerbééﬁe;sﬁred

dé;a réfleCt the‘léyefed—model'sectioh:éhOWn at the bottom;'élthough there

.

18 écat:ef'betweén the curves.‘ The curves are géderally'ﬁsqd for qualitative

inﬁerpretatioh{ They give asymptéticjvaiues for earth ;ésistivities and

inéigééé fhéfgégigti;ity type‘séétiongitpus:allowiaé;ﬁérégéééuf;t;'hfifst

gééé;géﬂ fé;'éhé_léyered—médéi‘iﬁ&egsiénaélgorithm; THe_éG?Ves are also
e T S v PR ' . ’

uégful for evéiuating datéfquéiity-ih Qhe,field and for i;olating noisy

data’ for deletion prior to inversionm.

Lgiéféd—Mddel Inbersion  T _ x 

Basié quaﬁfitggive iﬁtqrpretétibﬁ ig'agcpmpiiéheé‘by direct least~
squéfes,inveréion of:obse}Qed,data to fit:opéfdiméﬁsipqaliﬁodels. The pro-
4gram-ﬁéed fits*amplitude-pﬁése and/orQellipsé polariéatiéﬁ Péraﬁefers
jointly or separateiy uéing the Marqﬁafdt a1gerthijQ fiﬁ grbig;arily
layered models (Inman,wl§75)."This program allows the use of e11ipsé polar-
;;atioagﬁarametetstto fit high:frequency boints sepérateiy wﬂéfé absolufe‘
vphéée data is much noisier while simultané&usly'using aBéolufé.phése data
qt"the lower frequencies wheré'the phase reference may allowifdr better
parameter‘sqlution. Observed data are.weighfed by thé standard deviétion

of field measurements. These are accurate representations of true error

if noise sources are random. When sources'are nonrandom, which is the usual

%

case, the error estimates are probably somewhat low, thus leading to low

estimates of parameter errors.
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‘Aﬁ exampleléf a iayeféd—médel inversion for an EM-60 sounding is given
in Figufes A-Slahd'A—é.‘ The speétra shdwn, amplitudeland:ellipticity, ére
three offghe six'épéétrévnormaily calculated for a field sounding. The

. data wéré fit"joiﬁtiylfg ;ﬁe two;lé;éfzmsdéi shown at the bottom of each
figure.' Néteithat amﬁiitude data were interprgted‘;qr30'Hz:éﬁﬁ;éhat ellip=
tici;y waé usééﬁtéLSbO Hz. ‘Twp—dimepsional-modeling;'élthéﬁgﬁ‘currently

possible, is‘éﬁﬁbérsome and prohibitively expensive (Lee, 1978).
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APPENDIX B

FINAL WORKING DATA SET
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station: mccoy tirl seperation=2200 meters
number of turns=4 loop radius=50 meters
hr mag const=z?.936 hz mag consts?,0892

Frequencg' hz amp amp err hz phase phase err
. ' 1.837 2.014 180.489 9.484
9.100 1.8008 0.017 181.133 8.211
8.150 1.008 0.002 180.529 2.5506
8. 3080 1,827 9.002 180.000 0.000
8.500 1,047 9.002 181.120 9.120
0.700 1,877 '9.002 180,800 . 0.900
1.000 1.115 0.001 179.540 @8.220
3.006 1.293 0.033 166.310 9.223
5.0088 1.286 0.0882 149,000 0.245
7.080 1,326 0.068 132.9068 0.245
19,000 1.286 9.025 113.000 2.000
30.0060 8.368 9.002 73.600 8.192
Frequency hr amp amMp err hr phase phase err
0.049 0.004 233.933 21.6%59%5
9 1008 2.838 0.004 229.133 4,349
8.1506 0.068 9.009 240.829 5.042
8.300 B.112 0.603 246.333 1.706
8,500 8.171 0.008 242,600 1.830
08.790 @.208 8.007 246.200 0.927
1,000 0.310 0.006 245, 140 8.571
3.000 8.768 0.004 226.870 0.437
S5.080 1.067 0.009 288,736 2.518
7.0800 1.3083 0,062 194.132 8.869
18,0060 1.587 0.033 172.206 8.200
30.0800 1.500 0.007 126.200 8.837
frequency ellipticity ellip err tilt nngle tilt err
0.050 -9.026 0.012 9.409
8.100 -9.02?7 0.203 88 515 0.232
. 8.300 -8.899 0,004 87.498 0.118
0.500 -0.143 0.0088 85.472 0.166
9.700 ~-8.174 9.006 . 83,279 8,143
1.000 -8.249 0.085 83.024 8.207
3.000 -8.465 9.010 68.874 8.759
S5.0600 - -0.555 9.009 95.208 8.323
7.0800 ~-0.584 9.011 45,825 3.20808
16,000 -0.530 9,802 38,746 8.0876
38.000 -9.190 0.002 8.783 0.153
30,0600 -0.196 0,009 5.737 1.273
50.000 -9.141 9.002 5.689 8.112
166.000 -0.118 . 08.08082 3.198 0.106
200, 800 - =8,076 9.004 8.285 2,088
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seperations1150 ncfers
loop radius=50 meters
hz mag const=?,092

stntioﬁ: nmccoy tire
number of turns=4
hr mag const=?7,936

hz phase phase err

frequency hz amp amMp err
' 0.100 1.030 0.000 179.800 0.000
0.308 1.836 0.001 1806.000 8.000
8.500 1.845 0.001 188.000 8.800
8.700 1.032 '9.001 180.133 8.211
1.0800 1.852 0.008 181.400 8.164
3.0008 1.133 0.001 181.387 8,201
S5.0880 1.233 9.001 178.160 9.824
7.888 1.322 0.002 173.167 0.211
10,000 1.398 0.008 164,400 0.245
- 30.08088 1.234 6.601 182.280 8.680
- 50.000 8.524 9.000 32.050 0.250
frequency hr amp - amp err hr phase = phase err
o . 100 0.060 8.001 348,800 . 0.516
0.300 0.0867 0.002 324,667 1.726
8.500 8.080 8.003 314,889 3.867
. 8.700 0.098 0.0064 300. 300 1.910
‘1.000 8.129 0.001 295.209 8.374
3.080 8.320 8,001 260,779 8.009
S5.0880 "8.496 9.001 + 244,000 8.245%5
7.0800 0.645 8.0803 238.833 9.422
10. 000 0.813 9.001 214,980 8.880
- 30,000 1.875 9.001 142.200 0.000
58.808 8.575 8.801 69.750 0.029
frequency . ellipticity ellip err tilt angle ¢tilt err
8.100 -9.011 0.001 93.25 0.636
0.300 -8.037 0.002 93.000 0.104
8.708 -08.080 0.004 92.670 0.147
1.000 -8.112 0.001 92.859 0.041
3.000 -8.2°7 '9.001 86.771 0,058
5.000 -8.356. 8.001 79.288 2.073
- 10,600 -0.379 - 9.002 65.662 0.069
- 30.060 -8.359 8.000 50.135 0.034
50.0008 -9. 344 '0.002 41.612 8.045
50.0808 -8.343 0.002 42.034 2.114
180. 00686 -0.181 0.002 31.310 8.109
200. 000 -9.142 8.0806 34,900 8.849
5008. 000 - ~0.080 8.822 33.422 8.676
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seperctibn-ZOOO meters
loop radius=50 meters
hz mag const=a?,092

stationt: mccoy tird
number of turns=4
hr mdg const=7,.936

frequency hz amp amp err. hz phase phase err
. 8.8506 1.095 8. 0806 181.643 9.166
0.100 0.999 ‘' 9.001 180,800 0.000
8.1350 1.007 9.020 181,257 0.143
8. 300 1.001 @.002 180.450 8.148
8.500 1.018 0.0081 180.750 0.157
0.700 1,043 0.004 180,800 0.000
1.0800 1.842 0.0800 178.864 0.021
3.000 1.118 9.0601 178.360 8.046
5.000 1.143 9.802 159.000 0.245
7.0008 1.129 9.0601 148,300 0.200
16.000 1.028 '9.0800 132,000 4.472
36,800 6.414 @.889 52.533 8.211
56.000 0.095 0.092 -16,.2080 0.707
frequency hr amp amp err hr phase phase err
. . 0.054 9.006 3108.314 18,965
a.1a8 8.046 8.002 329.371 2.159
- 8.158 0.044 0.003 303.829 7,151
9,308 0.063 - 9.002 291,333 3.997
8.509 2.088 0.003 280.500 3.852
. 8,700 8.112 9.0603 2708.200 8.927
1.000 8.162 0.001 268,200 8.583
3.000 0.412 0.683 242.170 8.245
5.08080 8.621 8.0087 225.800 8.200
. 7.000 8.771 0.0087 213.700 1.020
19,0600 8.851 8.009 195. 000 . 9.600
308.0080 9.849 . 8.0822 119.283 8.271
50.008 9.429 - 0.684 .- 58,7295 9.601
frequency ellipticity ellip err ¢tilt angle ¢tilt err
9.850 -0.026 9.008 91.023 6.829
0.100 ~-9.024 0.002 92.254 8.1083
9.150 -8.835% 90.003 91.334 8.289
8. 300 ~ -0.0858 0.002 91,304 6.254
p.500 - -8,085 - 9.083 99.831 B.244 .
3.000 -0. 345 08.003 82.540 0.041
5.000 - ~-0.471 8.00S 74.375 0.267
7.000 -8.552 2.009 66.668 8.769
16.0608 ~8.6083 8.851 54.6088 1,362
30.000 -8.429 ' 9.004 13.414 0.238
50,008 -9.212 8.002 3.448 0.322
S50.808 -98.19% a.0804 7.965 8.0871
100,000 0.0086 9.029 -11.3060 0.407
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179.893 9.893
'179.571 0.202
179.500 8.189
-.178.800 9.000
178.000 0.000
170.603 0.3087
162.848 0.479
155.832 8.667
141.0008 0.000
79.920 8.235
hr phase phase err
350.9504 1.767
336.286 1.169
320,625 2.299
318,657 1.610
297.833 8.307
238,253 0.347
239.7208 9.483
225,500 8.730
201,883 0.083
118.1¢6€0 0.549
tilt err
93.647 0.247
93.460 8.084
93.086 0.105
92.739 9.0873
92.493 9.020
89,560 0.062
86.292 2.048
82.339 8.174
76.177 8.052
39,708 9.400
53.681 9.402
44,9505 9.0886
33.314 9.342
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seperation=2280 neters
1o0p radius=58 meters
hz mag const=?,092

station: mccoy tirS
nunber of turnsad
hr mag const=?.936

frequency -hz amp amp err hz phase phase err
8.100 8.948 9.823 180,129 8.130
8.150 1.008 9.001 180,979 2.118
0.308 8.961 8.022 179.386 8.136
9.50e8 9.953 9.0824 179.100 0.237
0.7080 2.983 9.031 177.540 9.121
1.000 1,089 0.001 176.000 2.000
3.0080 1.137 0.802 158,370 8.245
5.0008 1.083 8.883 140,700 0.100
7.008 1.028 8.865 125.783 0,317
16,000 8.6€9 9.801 187.420 8.188
36.000 B.181 2.0808 78.967 9.8081
freguency hr anmp amp _err  hr phase phase err
8.050 8,858 e.e87 200.471 4,667
8.108 6.058 0.0085 216.371 2.331
8.150 8.0683 2.008S 223.900 2.506
0.3008 0.106 9.005 230.629 2.101
9.509 2.151 9.007 236.467 1.004
8.788 9.194 0.010 238.600 1.319
1.0008 0.2995 8.001 242.440 B8.413
3.06080 0.710 - 9,804 228.250 8.326
5.0008 8.983 p.0087 213.460 9,368
7.000 1.2208 p,088 200,883 8.392
16.0660 1.066 9.002 185,900 8.100
39.600 8.872 9.838 156.033 0.387
‘frequency ellipticity ellip err ¢tilt angle ¢tilt err
8.050 -8.018 2.004 86.930 0.432
0.100 -8.9035 8.002 87.135 0.275
9.150 -8.05% 0.003 86.536" 0.310
0.300 -8.885 9,003 86.832 . 0.285
8.500 -8.132 0.004 85.018 9.250
0.768 -8.170 8.007 84,437 0.110
1.008 -8.245 0.9061 . 83.435 0.184
3.0600 -0.9549 0.004 72.420 8.343
5.0008 -8.725 9.004 54.033 8.540
7.000 ~-9.731% 2.007 28.316 8.601
10.0860 -9.399 8.0802 11.218 8.182
30.000 -9,2082 9.002 2.774 9.128
56.080 -8.120 0.900 2.167 . B.115
108. 000 -8.066 8.0804 {.812 8.164
150.000 -8.978 8.015 0.439 9.920
200.000 -8.046 8.011 1.676 9.441
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station: mccoy tiré gseperation®4830 meters
nunber of turns=4 loop radius=358 netcrs
hr mag const=?,.936 hz mag const=7,092

frequenc hz amp .amp err hz phase . phase err
. qe. B 1.171 e.011 - 185.950 9.461
- 8,300 1.064 - 8,010 177,500 : 8.189
8.5060 1.145 - 0.009 181,360 0.398
0.700 1.274 8.008 177,941 0.640
1.000 1.306 - 9.0811 166.143 9.800
3.000 1.102 9.819 129,198 0.896
5.08008 8.829 0.019 184.725 2.133
- 7.800 2.551 9.831 78,318 2.178
16.06060 0.347 9.002 56,333 8.715
36.000 9.197 9.9814 54.0833 3. 301

Frequencg hr amp - amp _err hr phase phase err
9.100 ‘ 9.183 8.009 252.388 5.135
0.360 0.424 0.0822 231.738 . 2.388
8.56808 8.537 8.036 223.878 2.766
9.700 8.581 9.916 224.688 2.896
1.0800 8.788 0.012 217.300 2.131
3.000 1.163 . 0.0857 . 185.627 2.641
5.000 1.137 0.080 168.6008 3.071
7.000 1.196 9,079 152.136 4,925
16.800 8.986 6.011 142.833 1.382
30.080 0.777 0.906 11 1.383

'Freqhencg éllipticitg' eilip err txlt angle ¢tilt err

8.108 -9.138 9.007 86.371 0.774
0.300 -8.381 8.016 75.634 1.132
0.5088 -8.273 8.029 69,443 1.450
8.70e -0.2995 8.013 70.974 1.300
1.000 -8, 399 9.022 65.241 9.769
3.000 -8,538 8.034 43,522 2.878
3. 000 -08.554 9.040 28.807 4.517
7.880 -0.421 8.038 9.817 3.994
10. 000 -8.374 0.004 4.100 8.466
25.0800 -0.136 9.009 2.371 B8.667
25.800 -0.115 8.011 3.0853 1.364
30. 0608 -8.216 0.017 7.491 0.919
S56. 008 -0, 105 9.006 8.930 0.441
160,808 -0.024 8.0803 -8.717. 1.071



station: mccoy tir?
number of turns=4
hr mag const=?.93¢

frequency ‘-

. 808

3.000 °

S5.008

’.000

18.000
308.000
50.0600

109,808
©200.000
306,000 -

Frequencg

1.000
3.0080
5.000

7.000 .

' 10. 000
30. 600
59. 680

100.000 .
200.000
308.080 - -

frequency .
2.008

5.008
v 7.000
10.880-

38.000

50. 08080
180.000:
280. 000
300,089
560.0800

1060.008.

) hz amp
{.888
993

.008

a.

i :
1.007
1.012
1.220
1.533
1.356
0.485
0.387

hr anp

—
o
@

VOt OO

ellxpt1c1ty
-0.061
-9.280
-8.361
- -8.436
~-9.270
-9,.282
-8.387
-0.373
-0.371
-B.352
-9.277

amp _err
8.001
. 000
. 001
282

amp _err
9.0800
. 000
. 000

o0
o
}

OO0 DOO®
OO OD

o]

(o~

- 000 ®
© D ®rers

ellip err
- ]

(s
o0
o®

OO0

seperation=350 meters
loop radius=58 mneters
hz mag const=?7,092

hz phase phase err
17§{.833 8.167
178.7708 0.000
189.600 0.000
82.500 0.000
83.000 9.000
86.200 0.000
81.800 0.008
66.000 0.000
79.1060 - 9.000
80.80608 0.6495
hr phase phase err
247,332 9.333
255.770 8.0800
253,267 0.333
250.000 0.289
244,000 .0.000
216.867 0.333
206.133 9.333
2088.333 0.333
222.1008 6.0080
226.725 9.813
tilt angle tilt er
9.08835 0.019
87.584 0.006
84.540 9.093
79.940 9.093
71.664 0.006
50,260 9.0834
595.859 0,048
45.478 8.829
34.110 0.020
29.107 3.012
20,466 0.795
11.231 2.080

<
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station: mccoy tart seperation=2200 meters
number of turns=4 loop radius=30 meters ’
hr mag const=?7,.936 hz mag const=?,0892

frequency hz amp amp err hz phase phase err
@.100 1.000 8.004 181.527 @a. 359
0.308 9.971 0.002 181.025 0.204
8.5060 ' 0.998 0.0806 183.800 . 0.107
8.788 833 0.004 184.572 8. 385
1.0808. 1.045 9.002 182,383 2.879
3.000 1.166 9.0882 178.670 8.159
S5.600 1.242 0.004 171.433 . 8.401
7.0080 1.232 2.856 163,500 8.577
10.0800 1.313 0.0081 141.408 8.245
38.000 - 8.516 0.985 .  1S8.008 B.49A

. frequenc hr amp- amp err hr phase phase err
' qe.tag - 8.073 0.002 355,436 2.777
8.368 8.877?7 9.006 317.250 3.807
8.5080 9.081 v.0087 313,300 4,987
8.790 0.990 9.086 294.800 2.989
i.000 8.131 9.002 274.833 1.167
3.600 8.282 0.0803 236.437 1.054
5 980 8.386 98.0806 214.600 1.528
7.0800 8.547 0.029 200.214 . 1.523
10,800 8.793 0.006 186,280 6.200
38.600 8.779 9.009 53.868 8.430

fregquency ellipticity ellip err tilt angle ti

1t err
- B8.100 -9.087 0.0804 94,084 0.125
0. 389 -9,05% 90.007 83,153 8.167
0.580 -9,064 9.008 92.756 0.233
9.790 -0.088 0.0085 91.7°73 8.297
1.0006 -9,125 9.802 90.312 9.152
3.900 -0.201 9.0083 82,340 8.263
5.0800 -8,211 9.008 75.662 6.504
7.800 -B.233 9.911 69.211 0.876
10. 000 -8, 350 8.002 63.270 0.184
30.0800 -9.283 8.006 29.249 6.376
58.800 -0.222 0.802 15, 249 8.333
106.000 -8.125 9.134 -9,.882 6.377
280. 0800 -9.064 8.6813 9.644 1.336
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seperation=448 meters
loop radius=30 meters
hz mag const=7,092

station: mccoy ta2r2
number of turnsad
hr mag const=?,.936

1000.000

-8.196

frequency hz amp amp err hz phase phase erpr
: . 808 1.001 9.000 171.000 8.000
3.008 8.994 0.000 176.770 0.0080
S.v88 1.004 0.0800 . 177.400 0.208
7.000 1.011 0.001 177.700 0.2080
18.080 1.834 9.001 175.0600 @8.0600
308.000 1.359 0.0008 1690.400 8.122
506. 0800 1.939 9.002 136.8206 0.0820
196,000 1.726 9.001 128.250 0.259
280.809 1.893 0.017 101,300 9.374
frequency hr amp anp err hr phase phase err
: 1.800 .118 8.008 185.860 0.040
J.008 0.124 0.000 196.770 8.008
5.800 8.136 0.008 206.060 8.160
7.000 8.154 .9.000 213.8080 9.184
18.000 8.183 8,000 220.600 8.164
30.000 8.461 0.001 223.154 8.839
S58.0600 8.811 9.002 212.100 8.0863
180,000 1.425 0.001 285.000 8.000
200, 860 1.799 9.015 179.300 9.374
frequency ellipticity ellip err ¢tilt angle tilt err
. 1.000 -3,230 9,000 83.522 8.80%
3.0008 ~0.042 2.000 83,324 8.006
5.0808. -0, 0864 V.000 83,203 8.026
7.000 -0.,088 g.001 82.934 0.833
10.0680 -8, 125 0.001 82.82% 0.010
398.0800 -8.294 0.001 80.321. 0.032
58.0680 ~-8.407 8.0801 85.695 0.023
166.080 -0.738 0.9002 65.069 8.278
200,000 ~8.805 @.900 51.871 0.135
500. 000 -0.585 8.006 4,033 0.274
-0.189 0.001 0.054



station: mccoy t2r3
number of turns=4
hr mag const=7,.936

fréquenca

8.388
8.500

160,006
260.008

- frequency
: 8.100

160.000

280,600

fregquency
8.1080
0.308

» 980
» 788
. 808
. 8080
7.008
18.000
30.860
S58.0600
100.000
288.0800
2868.000
580. 000

8
8
1
3
S

[ee]
-

SN B WNIV
\0 O
Lo f <~

[ee]e o]
=

ellipticity
"021

.-0.010
"'ea 824
"an 823
"8- 839
-8.0893
-8.153
~-8.194
-0.243
-8.399
-0.469
-0.500
-0.399
-8.415
-80 169 ‘
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amMp err -

8.003
9.001
9.004
.003
140

000

OO ODOD

(s
24]
N

e 996
. 848

SOVOOOOCEO®
o
@
h

(L~
®
—

178,750 9.250
180,849 9.183
182.179 8.175
183,848 8.049
183.183 9.108
187.520 8.136
189.600 0.245
151.000 0.000
187.689 8.171
184,740 9.549
152.800 9.583
130.800 0. 200
154.800 0.800
hr phase phase err
186.250 0.258
184.¢€00 1.503
1948.259 9.258
151.200 2.354
196.006 8.408
213.800 8.735
226.600 6.519
'232.200 8.583
230.580 8.237
232.600 8.245
203.600 6.600
187.000 9.000
215,200 0.860
ellip err tilt angle ¢tilt err
80,3608 9.132
. 80.341% 2.403
79.942 8.3357
80.515 9.379
79.9314 9.118
78.887 8.082
7?2.733 8.091
76.286 0.3084
73.113 8.0845
60.447 9.163
50.496 8.872
31.615 8,046
16.3087 8.879
13.958 8.217
2.3537 0.699

DETOOODOOTOD®

04

seperation=16350 meters
loop radius=58 meters
hz mag const=7,892 -

hz phase

phase err
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station: mccoy t2r4  seperation=1530 meters
number of turns=4 loop radius=350 meters
hr nngAconsta?.936 hz mag consta?,092

phase err

frequency hz amp amp err hz phase
9.850 1.006 0.008 179.3506 1.031
6.100 1.815 0.881 @ 175.800 0.000
0.150 1.017 0.0081 180,373 0.025
8.300 1.030 8.001 180,500 8.224
0.508 9.996 8.834 180.667 8.211
0.700 1.936 0.003 181,300 8.224
1.000 1.03¢ 8.0082 182.992 8.038
. 3.000 1.109 8.003 184.670 8.184
S5.000 1,288 8.004 185.000 8.0080
7.000 1.284 B.95%5 -184.569 1.0883
10.000 1.368 8.0083 177.450 8.263
36.000 1.726 8.91¢6 90.758 8.250
50.0060 0.923 2.004 66.000 - 9.0600
- frequency hr amp anp err hr phase phase err
8. 8.0835 0.004 i7?7.830 4.5
8.100 0.043 0.001 186.467 2,539
8.150 0.843 . 8.002 192.0825 1,675
0.368 0.046 8.004 195,000 3,679
8.5606 9.0852 8.003 203.833 1,424
8.700 9.0%52 - 8.002 - 203.133 3.242
i.0800 8.85?7 2.001 215,600 8.748
3.080 2.112 8.0081 234,980 8.436
5.0800 8.169 9.001 - 236,520 0.700
7.000 8.238 9.011 236.740 1.392
19.000 0.295 0.000 227.125 8.125
30.000 0.609 0.010 140.500 @.500
50.000 0.393 0.003 120.000 0.000
freguency ellipticity ellip err tilt angle ¢tilt err
0.058 @.000 8.802 88.044 8.241
0.1008 -8, 805 8.002 87.596 0.8806
0.150 -0, 008 6.001 87.616 8.110
8. 300 -0.011 0.002 87.539 0.220
8.5688 -0.0629 0.001 87.234 0.154
1.000 ~9,030 0.001 . 87.347 8.638
3.000 -9.078 9.001 86.276 0.051
S5.000 -8.109 . 9.002 84.966 9.0853
7.000 -8.148 0. 0095 83.607 0.123
: 10,000 -9.161 0.001 81.836 8.061
. 30.800 ~-8.255 0.004 76.237 0.183
' .508.808 -8.322 0.0803 74.266 9.188
169. 000 -8.471 8.082 67.241 0.408
200.008 ~-0.799 9.0812 4.104 1.819



stdtion: nccog't2r5
number of turns=%5Q
br mag const=7.936

frequency
@.19808

8. 388
8.580

. 708

. 1.808
3.0080
5.000

7.000

. 18.000
© 39.809
58. 000
108. 800
200. 000

station: mccoy t2ré
" number of turns=4
hr mag const=?,936

frequency

8. 308
. 508
. 700
. 080
. 008
. 000
. 000

7.0088

16,000
38.000
58.0608
100,000
280. 090
5080.000

NNt OO

ellipticity

~8.016
~-8.044
-8.082
-8.1082
-8.133
-8.283

-9.364

-0.418
-9.447
‘3.529
-08.462
-812?6
-9-8?8

ellipticity
'9-942
~-90.026
-8.0828
-0.9896
-8.120
~-0,222
-8126?
-9. 30886
-0-385
-9152?
-8.558
-01425
-84285
-93396
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ellip err
9.007
. 006

OO0V OOOOIRC®
OOV
PR OOOOOQ @
B (O GL B e e Oy

ellip err

Q
Q) e
S W

SOOI ODOO
LN — @

SOOOCOI0OROOO®
—
PHENVONARONOC B W

seperation=2158 meters
loop radius=4 neters
hz mag const=?,092

tilt angle

84.519
83.045
82.030
82.458
81,989
75,457
69.323
64,3906
356,394
38.514
16.5¢€0
1.876
0.734

seperation=3080 meters
loop radius=50 mneters
hz mag const=7,082

tilt angle
84,535

81-5?2‘ !

82.239
82.682
81.736
81.787
75.686
73.0827
66.519
61.330
43.333
28.265

4.619

4.261

6.460

tilt err
8.355
2.471
0.698
8.298
0.228
0.893
2.194
8.899
8.026
")
1
a
%]

tilt err
9.986
522

. 688
,646

. 289

~
n
o

« 259

OO0~ OO0 ®
o
@®
H



station:

frequency
1.000
3.000

5.008.

10.000
30.0080
50. 008
78.000
190.008
260. ges

" frequency
g . 000

3.000

5.8060

-10.800
38.008.

58.000
70,0800
100,600
- 200.000

frequency

1.08080
3.000
5.0080
19.008
38.0800
508.0088
79.000

100.000

2040, 888
380,000
S506.000
1989 ege

nccoy~t3r1
number of turns=4
hr mag const=?.936

ellipticity
-9.014

amp err
0.08081

o
(]
P

COPIDOO®
OOPOOO®
O OOO—D
NVE®—O®

amp ernr
.000
.001

OO0 O®

ellip err

(a9 Qo
N &
(o o] »

seperation=548 meters
l1oop radius=50 meters
hz Mag const=?,092

hz phase phase err
180,680 2.000
181.793 9.008
182.4086 8. 006
181.669 p.014
180.377 8.617
176.750 8.150
174,000 0.000
2008.5900 - 9.645
227.200 0.200
hr phase phase err
348,750 -

- .329.500 258
314,200 1 393
288,259 8.750
259.500 9.866
249,000 9.000
234,000 1.732

- 266.750 8.854
-289.409 8.245

tilt angle ¢tilt err
93.851 0,006
93.782 9.007
93,463 9.011
91,827 9.013
87.0857 0.867
82.125 9.061
60.471 - 0.127
36.475 8.060
21.779 4,305
16.181 8.87¢
8,576 8.048
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seperation=1350 meters
loop radius=Spg meters
hz mag const=?.992

station: mccoy t3r2
number of turns=4
hr mag consta?, 936

fregquency amp err hz phuse phase err
0.1060 1.008 8.029 182,520 9.183
8.368 9.998 B8.087 182.160 8.1690
8.508 9.997 0.088 182.414 - 0.296
8.708 9.999 8.008 - 182.620 0.353
1.080608 1.008 2.0080 °© 182.980 p.012
3.0080 1.114 0.000 182.898 0.026
S.008 1,188 8.90081 178.9486 8.051
7. 80886 1.245 8.001 . 174.5080 6.000
16.8060 1.409 0.001 169. 600 0.245
30.0800 1.471 9.015 128.680 2.462
S56.900 1,317 80.010 71.408 8.400
- 106,089 8.593 @.802 €.200 9.200
frequency hr anp amp err hr phase phase err
0.1008 0.068 8.004 191,800 2.510
0.300 9.873 0.0082 196.200 1.281
0.500 9.0881 0.002 203. 000 1.949
. 0.7006 8.082 0.603 211,200 1.778
1.800 8.099 2,000 216.800 0.2080
3.800 8.194 0.000 226.778 0.000
5.000 8.274 0.001 225,600 0.447
7.080808 8.350 0.0082 222.1008 0.519
18,0800 8.478 9,001 217.200 0.200
30. 800 8.9084 0.0809 177.600 0.245
50,6060 1.114 0.011 123.600 8.663
100,000 0.838 0.001 35.700 0.200
: Frequencg, ellipticity  ellip err "tilt gngle tilt err
0.100 -90.011 0.0683 86,220 0.16S
9.300 -8.018 9.0801 85.9526 8.142
e.5890 -8.028 0.882 85.626 8.158
8.700 -0.0839 0.003 85.867 8.182
1.000 - -8.085% 0.000 85.277 9.023
3.000 -8.121 9.000 82.834 - 8.9014
5.0800 -8.163 0.001 - 86.764 0.978
7.000 -9.280 0,001 78.813 8.153
{0.000 -8.237 9.002 76.321 9.094
38,0080 -8.387 9.821 €3.973 0.645
50.000 -8.473 0.084 -52.581 0.199
100,000 -8.246 0.0083 33.952 0.116
200,000 -8.236 9.810 21,937 2.185
S596. 0800 -90.128 0.024 16.748 1.357
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station: mccoy t3r3 seperation=2290,neterﬁ
number of turns=4 loop radius=50 meters
hr mag const=?7,.936 hz mag const=?,092

frequency ellipticity. ellip err tilt angle tilt err
1,000 -8,.0875 . 8.804 83.769 9.138
. 3.000 -8.065: 8.085 78.527 8.213
5.000 -8.067 9.013 74,109 8.910
- 7.008 ' -8.145 8.025 68.271 3.532
16.600 -8.154 0.003 75.800 8.269
19.0080 -0.066 0.083 198.354 8.5190
. 30.0800 - -0.386 8.0831 115.836 1.899
- v8.8008 -8.338" 8.043 -37.235 1.262
S56.080 -8, 362 6.914 -7.266 34.626
188.0600 -8.236 8.819 -16.493 8.644

station: mccoy t3r4 seperation=3200 meters
number of turns=4 toop radius=30 neters
hr may const=?,936 - hz mag const-?{992

freauency = ellibticity ellip err tilt angle tilt err

. . 0.0087 868.97¢7 .9532

© 9.100 -0.090 8.016 . 88.367 9.679
0.300 . -0.12% .0.924  B9.7%6 1.424
8.580 - . -0.1065 8.011 - 67.000 1.448
1-000 . -91154 00094 ?9-454 011?8
‘3.080 . . -8.241 - -0.0085 78.397 8.249
5.808 - - =-8.292 8.904 65.879. 8.526

. 7.000 - -8.299 8.914 64.056 8.639
58.080 . - -0.521 09.007? 26.3593 - 1.049
1606.0860. - - ~0.429 0.008 4.758 - 90.421
200.080 - ~-0.360 - 0.021 -1.914 1.596
3008. 000 . ~0.718 0.096 3.297 28.777



station? nécoy t3rs
number of turns=4
hr mag const=7,936

frequency
8.859
.189
. 380
. 500
. 780
. 008
. 200
. B0
7.000
50.000
166,000

N0 O

208,000

station: mccoy t3ré
. number of turns=4
hr mag const=7,936

freauency
. 8.100
8,308

. 9,500
8.700
19,0080
30.0600
50,000
100,008
260,000
5606. 6060

ellipticity
19

8.006
-8,813
-8.028

’_-95036
-8.122
-8021?
~B.242
-8.257
-90252
-8.585
-0058?

ellipticity

-9,006
-90011
-0,825

.”81023
-9.338
‘00312
-0.335
-81868
-0.0806

-8.818
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ellip err
. 008
. 803
. 004
. 004
. 805
. 800
. 806
. 002
. 003
. 008
. 803
. 809

CEOOPDIDOOROO

ellip err

8.0802
0.0094
8.0885
8.0820
9.085
8.0906
8.082
9-900.
0.001

seperation=24508 meters
loop radius=350 meters
hz mag const=?,092

tilt angle
92.673
92.426
87.496
87.160
87.220
79.269
72,603
6?0671
64,117
44,254
27,0891
-8,294

seperation=1750 meters
loop radius=59 meters
hz mag const=?7,0892

tilt angle
83.911
83.678
84.026
83.745
63,992
49.577
42.999
3.476

8.519

8.072

ti

ti

OO —

s »a = 8 a & & & 8

L T Nl ol el
e N NJAYO = WINR
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APPENDIX C

LAYERED-MODEL INVERSIONS OF'SOUﬁDINGS
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COMPARSION OF CALCULATED AND MEASURED DATA

19.00
B
3
, + P |
] ' .00 - 8 — b '
o —
N A}
e / T
\ l S
2 0
A
- |
€ b S
2 ! ) A S
> 0.10 N
g —
4 ) 74
a /-
N
R
<
z %
o,
S.
'8.01
0.0 e.10 1.00 10.00 100.00 100000
FREQUENCY (HZ)
MCCOY TIRI
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M)
R & @ —— HR X 1 54.50  : .1066E-@2 73.12 + 2.
HZ —_— — = HZ - 2 10.31 + .6520E-01  469.1 + 6.
598.2  : 294.3 S100QE+11: @

DATA VARIENCE ESTIMATE 117.8
XBL 812-7951
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COMPARSION OF CALCULATED AND MEASURED DATA

. 360.00
v
320.00
280.00
Ll
(]
<C
& 240.00
. M ‘\ N
.
<C
=
=] 200.00
N; - .
14 - j
O | . Y
T 160.00 \W
(]
Z h ~
E-4
- H
3 120.00 -
S - T~
= 4
G
. 80.00
40.00
0.00 - -
0.0 e.10 1.00 10.00 100.00 1000.00
FREQUENCY (HZ)
MCCOY TIRI
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M) ‘
HR HR 1 54.58  : .1066E-@2 73.12 ¢ 2.
Wz - - Wz 12.31 + .6520E-@1  469.1 N
598.2 1+ 294.3 L10QQE+11: Q.

DATA VARIENCE ESTIMATE 117.8

XBL 812-7952

-
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COMPARSION OF CALCULATED AND MEASURED DATA

1
; r’ et
> 9.100
[ A
kS)
& 7
-
)
L
[T
2
._.
'3 0.010
S .
z . B 1
0.001 - . .
9.01 ' .10 1.00 10.00 100.00 1000 .00
' FREQUENCY (HZ)
MCCOY TIRI
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M) THICKNESS(M)
ELLIPTICITY —_ ELLIPTICITY X 1 54.50 t .1066E-82 73.12 2,
: ' 10.31 t .6520E-01 469.1 * 6.

: 3 598.2 t 294.3 L108E11:s Q.
DATA VARIENCE ESTIMATE 117.8 . . . , .

XBL 812-7953
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COMPARSION OF CALCULATED AND MEASURED DATA

DATA VARIENCE ESTIMATE 117.8

T T

, 80.00 \

Cw \

4 3

[

=z

<t

.

e |

= 40.00

) /—k\
—~
.00 - -
0.0 0.10 {.00 19.00 100.20 100000
FREQUENCY (HZ)
MCCOY TIRI
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M)
. TILT ANGLE TILT ANGLE X | 54.58  : .1866E-02 73.12 .+ 2.
19.31 s .6520E-81  469.1 + 6.
§98.2 1 294.3

.I0GRE«11s 0.

XBL 812-7954
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COMPARSION OF CALCULATED AND MEASURED DATA

10.00
g
2 !
é. !
- b
=3 -~
3 1.00 S8 = =
o "
N
14
2 RES
< /
|
<
Y m/
e e.1@ :
w
>
a :
[T1]
N
—J
<
=
o
o
_Z
2.0
0.0 .10 1.00 10.00 120.00 1000.09
. FREQUENCY (HZ)
MCCOY TIR2
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M)
R _ HR b 1 803.9 + (1141E-@2 142.5 s 1.
Wz _ = = Hz * 2 8.666 : .58I5E-01 263.2 + 9.
3 29.16 t |.944 JAOOFE«112 9.

DATA VARIENCE ESTIMATE 156.4

XBL 812-7955
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COMPARSION OF CALCULATED AND MEASURED DATA

DATA VARIENCE ESTIMATE 156.4

 360.00
P
. Ty
'320.00
' 260.00 \\
91}
O . 240.00
5  .200.00 3\
N . .
g e o ..
I -
% 169.00 —
. 120.00
(8]
— . | +H
' 4 T L
g 80'”, . 4
49.00
0.00 i
0.01 e.10 1.00 10.00 109.00 100000
FREQUENCY (HZ)
MCCOY TIR2
CALCULATED .DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M),
HR HR | 883.3 + .1141E-82. 142.5 .. .
Wz _ = HZ 8.666  + .S8ISE-@1 263.2 3.
3 29.16 1 1.944 J1GBRE-11: O,

XBL 812-7956
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.COMPARSION OF CALCULATED AND MEASURED DATA

1.200.
i ;
+H
\\
> .10
c .
© y
- V.
a /1
i
in //
S /
E .
] a.a1e JL‘*
w
zZ
0.001
8.01 Q.10 .08 10.00. 100.0¢ 1000.00
FREQUENCY (HZ)
MCCOY TIR2
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M) THICKNESS (M)
ELLIPTICITY ELLIPTICITY - X 1 803.9 « .1141E-@2 142.5 t I.
2 8.666 ¢t .5815E-Q! 263.2 t 9,
+ 1.944 1@ORE-11: @,

DATA VARIENCE ESTIMATE

156.4

29.16

XBL 812-7957



64

COMPARSION OF CALCULATED AND MEASURED DATA

| _J” .
80.00
y \
[U]
2 \
< \
'—
5 N
= 40.00
| ' \"'\] '
L
2.00
0.01 a.1e AI.OO 10.00 100.00 1000.00
FREQUENCY (HZ)
MCCOY TIR2
CALCULATED DATA- MEASURED DATA LAYER RESISTIVITY(OHM-M}- THICKNESS (M)
TILT ANGLE —_—— TILT ANGLE X 1 863.9 + ;1141E-@2 142.5 2 .
: 8.666 + .S815E-01 263.2 c s 9.
29.16 + 1.944

DATA VARIENCE ESTIMATE 156.4

JAOROE+1 12 e.

XBL 812-7958
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COMPARSION OF CALCULATED AND MEASURED DATA

12.00 T
L
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.|
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i a
N
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Z
A .01
- 2.01 0.10 1.00 10.00 100.00 . 1000.00
FREQUENCY (HZ) :
MCCOY TIR3
CALCULATED DATA MEASURED DATA LAYE’R RESISTIVITY (:OHM-M) THICKNESS (M)

HR

HZ —_— e

DATA VARIENCE ESTIMATE

184.1

HR X
HZ

| 21.5¢
9.300
1566.

.1034E-02 ~ 205.7 :+ 38,

165.1 1 63.
J10@0E+11:  @.
XBL 8012-12988
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COMPARSION OF CALCULATED AND MEASURED DATA

" 360.00

320.00

280.00

240.00

200.00

160.00

. 120.00

P 4

VERTICAL AND HORIZONTAL PHASE

80.00

40.008

0.00

.01

MCCOY TIRS3

CALCULATED DATA
" .
HZ = —

DATA VARIENCE ESTIMATE 184.1

MEASURED DATA
HR
HZ

1.00 10.00
FREQUENCY (HZ)

-

LAYER RESISTIVITY(OHM-M)
1 21.50 t . |@34E-02
9.300 + 2,485
1566. ¢+ 1332.

205.7
165.1

THICKNESS (M)

JJORE-112

38.
63.
9.

XBL 812-7959
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COMPARSION QE“CALCULATED_AND MEASURED DATA

1.000
B . \\
. A ‘
' Y =:
< 2.100
[
U.
-
o .
5.
- \d
E *
= /
— o
3 a0 d
o .
Z
2.001 : , . -
0.0 0.10 1.00 10.00 " - 100.00 1000.00
S - FREQUENCY (HZ)
MCCOY TIR3
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M)
ELLIPTICITY SLLIPTICITY . X 1 21.58 ~ + .1034E-02 205.7 s+ 38.
2 9.300 "+ 2.485 " 165.1 s+ 63.
1 . . : .
-1566. (1000E+11: Q.

DATA VARIENCE ESTIMATE

184.1

+ 1332,

XBL 812-7960
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' COMPARSION OF CALCULATED AND MEASURED DATA

E R M
jﬁb ( ‘.‘\
80.00 : N
ST 3
o . -
m : M
o
(G}
2z
i <
e
iy .
- 40.00
. 2.00 L . =
.01 e.10 1.00, 10.00 108.00 1000.00
- FREQUENCY (HZ)
MCCOY TIR3
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M) THICKNESS (M)
TILT ANGLE ' TILT ANGLE X 1 21.58 1 .1834E-@2 205.7 + 38.
' . 9.306 + 2.485 165.1° + 63,
3 ‘1S66. s+ 1332..  .1@G@E~11: Q.

DATA VARIENCE ESTIMATE 184.1 -

XBL 812-7961
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COMPARSION OF CALCULATED AND MEASURED DATA

19.00
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4 \ | I ™~ o
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E: 00

o

N

14

o

¥
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2 11

P e.10

w
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(o]

w

~N

|

=

=

[v4

o
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. @.01 .
.01 0.10 1.0 10.00 - 100.00 1000. 00
- : FREQUENCY (H2)

MCCOY TIR4
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS (M)
R - HR X 1 .2309E-45: .1@97E-02 341.8 & 19,
Wz _ = = HZ T 2 7.400  » 1.576 160.3 1+ 44,

' 141.6  + 43.30 100011t Q.
DATA VARIENCE ESTIMATE 874.6 ‘

XBL 812-7962
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COMPARSION OF CALCULATED AND MEASURED DATA

- 360.00

320.00

| 280.00

240.00

©.200.00

. 160.00

1.120.00

80.00

VERTICAL AND HORIZONTAL PHASE .

MCCOY TIiR4

“

CALCULATED DATA
HR S — -
HZ -_—

DATA VARIENCE ESTIMATE 874.6 .

‘HR
. HZ

MEASURED DATA

¢

x

T 1.00
FREQUENCY (HZ)

LAYER RESISTIVITY(OHM-M)
1 ‘ .2309E+452+ . 1097E-0@2
2 7.400 s 1.576
3 141.6 1+ 43.30

THICKNESS (M}

341.8 v Q.
16@.3 + 44,
J10QQE-T1: Q.

XBL 812-7963
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' COMPARSION OF CALCULATED AND MEASURED DATA

1.000

>.
—
2
pom A
a.
=t
1
m t
w
>
-
3 '2.810
o .
z 4
!
2.001 L - .
0.01 e.10 1.00 10.00 100.00 . 1000.9¢
FREQUENCY (HZ) .
1
MCCOY TIR4
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(N)
ELLIPTICITY. _ ELLIPTICITY X ! .2309E+45+ .1097E-02 341.8 -..io.
' 2 7.400 + 1.576 160.3 Tt 44,

3 141.6 t 43.30 JJ02E-11s @,
DATA VARIENCE ESTIMATE 874.6 ’ .

XBL 812-7964
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COMPARSION OF CALCULATED AND MEASURED DATA

fisisls
Y
' 80.00
\\ {
\
" TN
g 1N
2 : N
< . .
+—
| o
- 40.00
: i
] '
.00
' 2.0! 2.10 ) 1.00 10.00 100.00 1009.00
FREQUENCY (HZ)
o ’
MCCOY TIR4
CALCULATED DATA MEASURED 'DATA LAYER - RESISTIVITY(OHM-M) THICKNESS (M)
1 —_— TILT ANGLE X 1 .2309E+45+ ;1@97E-@2 34[.8 '] N

_ TILT ANGLE

DATA VARIENCE ESTIMATE 874.6

7.400
141.6

t 1.576
+ 43.30

160.3 44,
J10QRE-11s Q.

XBL 812-7965
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COMPARSION OF CALCULATED AND MEASURED DATA

10.00
8
i
T
=
< »
: -
g 1.00 - > 4 '\\
5 1%
~N \
' 7/ N AN
o X
e .
9 \ M
< / \ N
2 L J
o \
= 8.10 .
w .
> &
a '/ N
.H 4 \
3 \
2 /
=
x
O [l
Z
Q.01 : -
e.o1 2.10 . -1.00 18.00 100.00 1000.00
FREQUENCY (HZ)
MCCOY TIRS
CALCULATED DATA - MEASURED DATA " LAYER RESISTIVITY(OMM-M)  THICKNESS(M)
HR S HR X ’ ] 11.36 + L1172E-02 - 107.4 + 6.
HZ — -, HZ x 2 6.989 + .1875 243.2 t 1.
189.0 t 26.15 JIGQRE+11s Q.

DATA VARIENCE ESTIMATE 180.3
XBL 812-7966
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' ': . COMPARSION OF CALCULATED AND MEASURED DATA

300.00"

-.280.00

260.00

240.00

- 220.00

200.00

180.00 -

© .., 160.00

140.00

120.00

.+ 100.00

P 4

-80.00

VERTICAL AND HORIZONTAL' PHASE

60.00

40.00

20.00

oo Q.Ol R

MCCOY TIRS _

CALCULATED DATA"
HR
HZ - -

DATA VARIENCE ESTIMATE 180.3

;
/

© MEASURED DATA
HR
HZ

» LAYER RESISTIVITY(OHM-M)

1.00. - ©10.00 100.00

- FREQUENCY (HZ)

1 11.36 t . 1172E-02
6.989 + 1875
189.0

107.4
243.2
t 26.1S

THICKNESS (M)

JAQQRE-1 1

1002.00

6.

L

XBL 812-7967-



75

'COMPARSION OF CALCULATED AND MEASURED DATA

1.000
vd B
v
AN ! |

o 2.100 A L
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(@] yd T
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a
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w /

w

>

—

3 @.010

S .

zZ

2.001 - ' ‘
.01 .10 1.20 . 10.00 100.00 1000.00
FREQUENCY (HZ)
MCCOY TIRS:
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS (M)
ELLIPTICITY _— ELLIPTICITY X 1 I'I.3é + . 1172E-@2 107.4 * €.
= 6.989  + .1875 243.2 1+ 1.
189.0 1 26.1S JGQE+ 11t .

DATA VARIENCE ESTIMATE 180.3
ot

XBL 812-7968
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COMPARSION OF CALCULATED AND MEASURED DATA

102.00
1 b 1‘«{
80.00 -
! !

60.00
4
2 \
L < ; \
— \
- 40.00

20.00 -

al
[T
t N
0.00 . -
2.21 ! e.10 1.00 10.00 100.00 1000.20
FREQUENCY (HZ)
MCCOY TIRS
CALCULATED DATA . MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M)
TILT ANGLE TILT ANGLE X 11.36 + JV1T2E-02 187.4 . 6.
6.989 + 1875 243.2 1.
3 189.0 + 26.15

DATA VARIENCE ESTIMATE

180.

JIGABE112 Q.

XBL 812-7969
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COMPARSION OF CALCULATED AND MEASURED DATA

10.00
a
=’
st
z
N L iRt
| - y
. <Zt 1.00 1—5 -.I*.
(@]
N AN
o L
o
I
9 ‘ N
< \
2 i N
3 - \
= 0.10 \
[TV
>
fm]
w
N
_
a
=
o
o 3
e
0.01
a.01 Q.10 1.00 1¢.00 100.00 1002.00
FREQUENCY (HZ)
MCCOY TIRe
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M) THICKNESS (M)
HR _— HR X 1 17.44 + ,1315E-02 928.9 + 61,
HZ PR JE— — HzZ x 2 111.9 t 82,12 1256. x99,
3 4,178 + .1814 .1000E+112 Q.

DATA VARIENCE ESTIHATE 60.22

XBL 812-7970
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COMPARSION OF CALCULATED AND MEASURED DATA

280.00

260.00

240.00

220.00

200.00

180.00

160.00

‘7

140.00

120.00

100.00

80.0@

VERTICAL AND HORIZONTAL PHASE

60.00

40.00

26.00

0.9!

MCCOY TIRE

CALCULATED DATA
HR
HZ _ _— —

DATA VARIENCE ESTIMATE 6.

22

MEASURED DATA
HR
HZ

1.20 .

10.00

FREQUENCY (HZ)

100.00 1000.00

LAYER RESISTIVITY(OHM-M)

17.44
1.9
4.178

+ .1315E-02
t B2.12
t .l814

THICKNESS (M)
928.9 + 61,
1256. + 99,
.1@@@E+11: @,

XBL 812-7971
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COMPARSION OF CALCULATED AND MEASURED DATA

1.000
LA \
P
> 2.100
[
O
-
o
-
—
ul
w
>
—
Z§ 2.010
w .
Z
0.001
@.o1. .10 1.00 16.00 100.00 1000.00
FREQUENCY (HZ)
MCCOY TIReé
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M) THICKNESS (M)
ELLIPTICITY _— ELLIPTICITY X 1 17.44 + ,I131GE-02 928.9 t 6.
1t.9 + 82.12 1256. + 99,
3 4.178 + .1814 1QQRE 11 Q.

DATA VARIENCE ESTIMATE 60.22

XBL 812-7972
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COMPARSION OF CALCULATED AND MEASURED DATA

80.09 \\ I

. _ ‘ N
60.00: ‘\\

-l
(L}
-
C <€
-
-4
e 40.00
20.00
N
.00 '
2.0 .10 1.00 10400 100.00 _ 1000.00
FREQUENCY (HZ)
MCCOY TIRE
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M)
TILT ANGLE -_— TILT ANGLE X 1 17.44 & .1315E-@2 928.3 : 6l.
2 111.9  +82.12 1256. &+ 99.
3 4.178 1+ .1814 JQBBE+11s @

DATA VARIENCE ESTIMATE €0.22

XBL 812-7973
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COMPARSION OF CALCULATED AND MEASURED DATA

10.00
w
o
=1
.—
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Qo
o P
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- <zt 1.00 L ."‘i P
o
N 7 T
o [
Q |
X - ~
2
<
o . “H
(&7
E e.1e ,/
w
>
(]
[§7]
N
-
<L
=
14
o
z
e.01
0.01 e.10 .00 - 10.00 100.00 1000.00
FREQUENCY (HZ) )
MCCOY TIR?
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M)
HR —_— HR X 1 19.97 + .1467E-@2 78.30 1+ 2.
HZ —_ _ = HZ x 2 4.601 + .1004 189.3 s+ 1@,
362.8  + 843.7 LIQQQE+11+  @.

DATA VARIENCE ESTIMATE 6510.4

XBL 812-7974



300

280.

260.

24Q.

VERTICAL AND HORIZONTAL PHASE -

20.

MCCOY TIRY

CALCULATED DATA

HR
. HZ e

DATA VARIENCE ESTIMATE 6510.4

220.
200.
. iSO.
160@.
140,

120.

80.

60.

]

[-.[")

.00
_0.0]
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COMPARSION OF CALCULATED -AND MEASURED DATA

s
—y-

,"

. MEASURED DATA
HR
Hz

1.00
FREQUENCY

LAYER

10.00
(HZ)

RESISTIVI
19.97
4.601
362.8

100.00 1000.60

TY (OHM-M)

+ .1467E-0@2
[N |004.

+ 843.7

THICKNESS (M)
78.30 .+ 2.
189.3  + 1o,
J10QeE- 11 @

XBL 812-7975
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COMPARSION OF CALCULATED AND MEASURED DATA

-1.000
L] iy
" T
ey
/» \~~~~ 0
f
> 2.100 i/
- V4
= 7
© i
[
&
J
-
w 1 ol
-l
>
A
3 - 0,010
w %
4
0.00| : - ,
" .01 e.10 1.00 . 18.00 100.00 1000.00
FREQUENCY (H2)
MCCOY TIR7
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS(M)
ELLIPTICITY ELLIPTICITY ~ X 1 19.97 s+ .1467E-@2 78.38 s+ 2.
' - 2 4.681 1+ .1004 189.3 + 10,

DATA VARIENCE ESTIMATE 510.4

3 362.8 t 843.7 .10QRE~11: Q.

a

XBL 812-7976
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COMPARSION -OF CALCULATED AND MEASURED DATA

100.00
80.00 -
. N
1
S €0.00e _ N\
w : |
—l 1
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< Y
S \
— - 40.00
N
;‘\\\ $
N
20.00 M
. | NG
. 0.00 4
2.0 . @.10 - 1.00 10.00 100.00 1000.00
FREQUENCY (H2)
MCCOY TIR7
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M) . THICKNESS(M)

TILT ANGLE

TILT ANGLE: X 1

DATA VARIENCE ESTIMATE 610.4

19.97 t .1467E-82- 78.30° * 2.
4.601 t .1004 189.3 t 18,
' 862.8

+ 843.7 J1000E«1112 9.

XBL 812-7977
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COMPARSION OF CALCULATED AND MEASURED DATA

10.00 .
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w el
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a
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P L, by
| e
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(o]
N
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o v
z Ty
< //’ |
= IR
O /%
= »
= e.1e
w
>
2 =
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. N
—l A
<L
=
[1's
o
g,
2.0 . A il _—
2.0! 0.10 1.00 (9.00 100.00 1000. 00 -
FREQUENCY . (HZ)
. MCCOY T2R!
CALCULATED DATA MEASURED DATA LAYER - RESISTIVITY (OHM-M)  THICKNESS(M)
HR - HR X 1 19.59  + .I1GI3E-02 203.4 + 2.
Hz . —. HZ ‘ * 2 181.6  : 2.066 .1G00E+11+ Q.

DATA VARIENCE ESTIMATE 217.5 R
XBL 812-7978
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360.00

DATA VARIENCE ESTIMATE 217.5

. R 1
. 320.00
- N
R AN
280,00
wo - ! THT
Uy L
<t .
2
. 240.00
n :
£ [
O 200.20 AN
~N : |
p T - N
g — ] N
L . ieo.00 :
o] . N
 Z ‘ N\
<" AYEREA .
- ; N =
I 120.00 —
e ‘ \ : 7 m
S '80.00 -
[ 4
N7
40.00
0.00
0.0! _ 0.0 1.00 10.00 10@.00- " 1000.00
FREQUENCY (HZ)
MCCOY . T2RI
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS (M)
“HR - HR X 1 19.59 + \IBI3E-02 203.4 .+ 2.
HZ: . O P HZ * 2 101.9 + 2.066 .1080E+114¢ 2.

XBL 812-7979
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COMPARSION OF CALCULA%ED AND MEASURED DATA
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DATA VARIENCE ESTIMATE
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COMPARSION OF CALCULATED AND MEASURED DATA
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COMPARSION OF CALCULATED AND MEASURED DATA
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COMPARSION OF CALCULATED AND MEASURED DATA
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HZ - — = HZ x 2 295.6 + 29.06 .1000E+11s @,

DATA VARIENCE ESTIMATE 91.27
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COMPARSION OF CALCULATED AND MEASURED DATA
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HZ C—_— —_ — HZ * 2. 295.8 + 29.06 .100@E+112  @.

DATA VARIENCE ESTIMATE 91.27
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COMPARSION OF CALCULATED AND MEASURED DATA
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2 295.6 + 29,06 CN00BE+112 Q.

DATA VARIENCE ESTIMATE

91.27

XBL 812-7986



94

COMPARSION OF CALCULATED AND MEASURED DATA
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DATA vmlsucé ESTIMATE 1422, XBL 8012-12985
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COMPARSION OF CALCULATED AND MEASURED DATA
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COMPARSION OF CALCULATED AND MEASURED DATA
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DATA VARIENCE ESTIMATE 1422.

XBL 8012-12990
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COMPAFSlON OF CALCULATED AND MEASURED DATA
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COMPARSION OF CALCULATED AND MEASURED DATA
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COMPARSION OF CALCULATED AND “EASURED‘DATA
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TILT ANGLE ° _ TILT ANGLE X 20.61  : .4402E-@2  16S.1 + a4,
. 2 126.3 + 10.72 594.6 s 48,
38.43 + 1.894 .1QQQE+11: @,

DATA VARIENCE ESTIMATE 23.8I

XBL 812-7988
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"COMPARSION OF CALCULATED AND MEASURED DATA
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DATA VARIENCE ESTIMATE 142.6
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COMPARSION OF CALCULATED AND MEASURED DATA
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102

COMPARSION OF CALCULATED ANlj MEASURED DATA
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DATA VARIENCE ESTIMATE 60.72

XBL 812-7991
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COMPARSION OF CALCULATED AND MEASURED DATA
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COMPARSION OF CALCULATED AND MEASURED CATA o
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COMPARSION OF CALCULATED AND MEASURED DATA

A il
| \
w
-]
(L]
P
<< |
F_' \
-
b 40.00
H \
3 \\
’ : 1‘\
|
: N
1 |
 0.00 ‘ ‘
.01 .10 1.00 10.00 100.00 1000. 00
FREQUENCY (HZ)
MCCOY T3RI
CALCULATED DATA MEASURED DATA LAYER RESISTIVITY(OHM-M)  THICKNESS (M)
?
TILT ANGLE e TILT ANGLE X 1 20.30 + . 113lE-02 37.96 + 2.

2 210.2 |+ 24.86 1@@RE- 112 Q.

DATA VARIENCE ESTIMATE 60.72
XBL 812-7994
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COMPARSION OF CALCULATED AND MEASURED DATA
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DATA VARIENCE ESTIMATE 135.6 XBL 8012-12974
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COMPARSION OF CALCULATED .AND MEASURED DATA

360.00
< A 320.00 L . CT
280.00 i
w 1]
0
<
XI ]
o 240.00
- » na
<
= | ¥
2 200.00
N . ik
5 maat Rk i
I g
g 160.00 /
L
=
3 120.00
= .
(1
w
> 80.00
40.00 -} e
! .
’ { IR EEAE ! 1
0.00 ! MR T
0.01 0.10 1.00 10.e0 " 100.00 1000.00
FREQUENCY (HZ) ’
MCCOY T3R2 VARIABLE DIPOLE .
CALCULATED DATA : MEASURED DATA LAYER RESISTIVITY(OHM-M) THICKNESS (M)
HR A HR X 1 200.0 - :o0. 190.0 - : oO.
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DATA VARIENCE ESTIMATE 135.6
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XBL 8012-12970
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COMPARSION OF CALCULATED AND MEASURED DATA
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COMPARSION OF CALCULATED AND MEASURED DATA
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XBL 8012-12973
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COMPARSION OF CALCULATED AND MEASURED DATA
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TILT ANGLE _ TILT ANGLE X 1 22.81 + .9418E-62 4.831  :+ 27.
2 81.83 :11.e3 .1802E+11:  @.

" DATA VARIENCE ESTIMATE 45.32

XBL 812-7995
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COMPARSION OF CALCULATED AND MEASURED DATA
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ELLIPTICITY - ELLIPTICITY X I 113.9 + .5843E-02  (479. + 7.
2 4.698 + .665QE-01 .1QBBE+ils Q.

DATA VARIENCE ESTIMATE
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XBL 812-7996
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COMPARSION OF CALCULATED AND MEASURED DATA
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DATA VARIENCE ESTIMATE
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COMPARSION OF CALCULATED

AND MEASURED DATA
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XBL 812-7998
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COMPARSION OF CALCULATED AND MEASURED DATA
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DATA VARIENCE ESTIMATE 75.70
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COMPARSION OF CALCULATED AND MEASURED DATA
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DATA VARIENCE ESTIMATE
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Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.
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