AD=A077 551 COLORADO RESEARCH AND PREDICTION LAB INC BOULDER F/6 17/7 ‘

LORAN=C PULSE TRANSIENT PROPAGATION. PART 1. GEOPHYSICAL AND GE=-=ETC(U)
MAY 79 J R JOHLER ¢+ R H DOHERTY » A R COOK DDT-CG-BQ?‘)ES-A : ;
UNCLASSIFIED CRPLI-78-9 USCG=D=52=79

MEECTT T
JEEEE ENEEEEE
BEENE0NE0ECEEE




_PART TI, m@u@ywwm |

gonm'xmsovmmmmsm ‘
mﬁmnm;mammnnﬂmm;mn /8

mmmmmqmzs‘ ',Da},}. 222‘

; J Ralph Johler
Colorado Research and Prediction Laborarct
1898 So. Flatiron Court
Boulder, Colorado 80301

THE NATIONAL TECHNICAL INFORMI‘ TION SERVICE,
SPRINGFIE!.D, VA 22161

. PREPARED FOR |
U.S. DEPARTMENT GF TRANPORTATION

UNITED STATES CCAST GUARD
OFFICE OF RESEARCH AND DEVELOPMENT
WASHINGTON, D.C. 20590

y ‘9



|
I
F
|
|
|
|
|

R 2ot L Rda it et Sl MR e bl e i o sl AL

NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern- -
ment assumes no liability for its contents or use
thereof.

NOTICE

The United States Government does not endorse pro-
ducts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the object of this report.




i
%
:
i
&

N g

B mﬁj’ﬂ??\}"ﬁ S N AR RN

-

”

eport Ne. "] . Gpvernment Accession Ne. 3. Rewipient’s Carale; Ne.

DOT - CG-D-52-79 /

& Yifle end Sbwie | ORAN-C PULSE TRANSIENT PROPAGATION B i Resers Oure

PART I: GEOPHYSICAL AND GEOLOGICAL DATA BASE May 1, 1979
PART II: TRANSIENT PROPAGATION TECHNIQUES 6. Perlerming Orgeni tation Code
PART III: EXPERIMENTAL PROGRAM TO TEST TRANSIENT THEORY 78-9, 78-10, 78-12
RA o . - 8. Porferming Orgenizetion Repert Ne.
J. Ralph Johler, R. H. Doherty, A. R. Cook
9. Perlorming Organisetion Neme and Address 10. Werk Unit Ne. (TRAIS)
Colorado Research and Prediction Laboratory, Inc.
1898 So. Flatiron Court P 11. Centract or Grant Na.
DOT-CG-842923-A W’

Boulder, Colorado 80301

—
13" Type of Repert and Peried Coversd

1. Spensering Agency Neme end Address :

U.S. Department of Transportation FINAL REPORT
United States Coast Guard » 9/1/78 - 5/1/79
Office of Research and Developmen ' i ey ey

Washington, D.C. 20590 :

ll.. Supplomentery Netes

\

Te. Absreet \]

‘Part I: The geophysical data available for a select propagation path for use in the
study of the propagation of a Loran-C pulse is evaluated and recommendations for the
initial estimates of ground geoelectric section resistivities is presented.

/{Pu't‘ﬂ-t A new rigorous téchnique_for the computation and prediction of loran time

ifference coordinates from loran receiver geographic coordinates and visa versa is
introduced by application to a specific loran overland situation. The full wave

theoretical transient solution for the Loran-C pulse is employed.

~Part-1H An'exper;imental program to validate the theoretical transient solution for
the Loran-C pulse is presented. o L

V7. Koy Words 18, Distribution Stetement

'LORAN-C PULSE TRANSIENTS
PROPAGATION

NAVIGATION

GROUND WAVE PULSE

19. Seeunty Clasuif. (of this repert) i 0. Security Classil, (of this page) 1. Ne. .".]‘." 22. Price

UNCLASSIFIED UNCLASSIFIED

Ferm DOT F 1700.7 :3-72) Repreduction of completed pege authorized Part Ili: 86

bt el iden




E 2 PREFACE

This volume comprises three papers written in compliance with
the U.S. Coast Guard-CRPLj contract DOT-CG-842923-A. Part I: "Geophysical
and Geological Data Base Evaluation for Loran-C Ground Wave Propagation
] ‘a Medium" comprises Task 1 under this contract. Part II: "Loran-C Ground
. 3 Wave Secondary Phase Corrections Over Nonhomogeneous and Irregular Ground
3 4 ‘Using Transient Signal Propagation Techniques" rapresents Task 3 under
4 : this contract. Finally, Part III: "An Experimental Program to Measure
3 . ECD and Test the Transient Solution (With Addendum)" comprises Task 2
under this contract. Each paper is designed separately. However, the
common topic of Loran-C Pulse Propagation engulfs all three papers and
are presented here as the final documentation on the above referenced
contract.

k 2‘ Boulder, Colorado
E June 1, 1979

s/ i

.

| Accession For
E NTIS GRAXL
i : DDC TAB

6 Unannounced ]
ql Justification

By

Distribution/
Astrinnniong

-

- pa g ‘.""“‘f; - s -

Availability Codes 2

Avalland/or




1808 SOUTH FLATIRON COURT

BOULDER, COLORADO 80301
@ P.0. BOX 1058

BOULDER, COLORADO 80308

TELEPHONE: 303/244-1530

COLORADO RESEARCH AND PREDICTION LABORATORY, INC.
SPECIALISTS IN ELECTROMAGNETICS AND COMPUTER SIMULATION

GEOPHYSICAL AND GEOLOGICAL DATA BASE EVALUATION FOR LORAN-C
GROUND WAVE PROPAGATION MEDIUM

CRPL; REPORT 78-9
ocToBER 15, 1978
J. R. JOHLER

Report on work sponsored by Department of Transportation,
United States Coast Guard, Washington, D.C. 20590 under
Contract No. DOT-C-CG-842923A, dated September 1, 1978




FOREWORD

This paper comprises Task 1: Geophysical Data Evaluation of U.S.
Coast Guard Contract #D0T-CG-842923-A. The geophysical data provided GFE or
obtained by this company through' various government agencies as public in-
formation is applied to the Searchlight, Nevada (latitude: 35°19'18.18";
longitude: 114°48'17.43") to Ft. Cronkhite, California (latitude: 37°50'
29.464"; longitude: 122°52'41.170") ground wave propagation path. This work
is preliminary to its use in the evaluation of the Loran-C pulse dispersion
for which a computer simulation of the groundwéve pulse will be configured.
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ABSTRACT

- The geophysical data available for a select propagation path for use
in the study.of the propagation of a Loran-C pulse is evaluated and recom-
mendations for the initial estimates of ground geoelectric section resis-
tivities is presented. Soil, geological data and terrain are considered
in the impedance data. Coupling between ground surface impedance and ter-
rain izd postulated through the soil depth. The continuity of the data is
8stressed.
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GEOPHYSICAL AND GEOLOGICAL DATA BASE EVALUATION FOR LORAN-C
GROUND WAVE PROPAGATION MEDIUM

J. R, JOHLER

L i INTRODUCTION

Operation of Loran-C overland introduces a need for using the full
elegance of the ground wave theory that has been developed during the past 70
years. Loran-C is a pulse transmission but the development of special tech-
niques for pulses permits the use of this ground wave theory by Loran-C engine-
ers and scientists. The full exploitation of the ground wave theory of prop-
agation requires a data base independent of the Loran-C coordinate data base--
the geophysical data base for the ground, References 12, 13, and 14. It is
fortuitous that the ground wave theory, after 70 years of development, Refer-
ence 14, can use geophysical data to predict loran coordinates. This leads us
to the interesting situation in which we have found a 1ink between the sciences
of geophysics and geography on the one hand with that of radio wave propagation
about the terrestrial sphere on the other hand. It is recognized that this link
really already existed, but not in any great detail. Thus, since publication of
NBS Circular 573, Reference 15, it has been possible to represent the geophysical
condition of a ground wave propagation path for Loran-C as smooth, homogeneous ]
with electrical constants,o, the conductivity, €,, the dielectric constant and y.
the permeability of the ground. Thus, starting with Sommerfeld (1909), Reference
37, it took almost 30 years to get a satisfactory solution to this problem. But
the advent of large scale and now smaller but more efficient computers has led to
a representation of the boundary condition for the ground wave at the surface of

the earth in a more precise manner. Thus, we are now interested in the nature of
the soil, the geological structure under the soil and the topography of the earth's i

surface. A1l of this can be used to refine Loran-C prediction and we believe such :
is quite necessary if nanosecond predictability is to be obtained. 3

e,
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2, GEOPHYSICAL STRUCTURES FOR GROUMD WAVE PROPAGATION

The land masses of the earth are nonhomogeneous and irregular in
varying degrees, depending upon a particular geographic location. In fact,
one wonders in general if the complicated earth's surface can indeed be re-
presented by a suitable boundary condition for ground wave propagation. One
of the reasons for going to a low frequency such as 100 kHz used by Loran-C,
is to reduce to a negligible value the scatter fields from such objects as
large mountian ranges and to reduce the attenuation of the signal over land
masses, expecially those that contain mountainous regions. The ground wave
propagation problem then becomes primarily one of diffraction in the presence
of nonhomogeneous and irregular ground. While such a problem is still formi-
dable, it is tractable and we believe can be reduced to an operational prag-
matism in the case of Loran-C chains that are now operated over the land masses
of the earth.

This paper reviews the specific geographical data that could be
obtained for an area of the Western United States in which a considerable diversity
of such data is possible. A geodetic line between the Searchlight, Nevada trans-
mitter (latitude: 35°19'18.18" north; longitude: 114°48'17.43" west) and Ft. Cronk-
hite, California (latitude: 37°50'29.464" north and longitude: 122°52'41.170" west)
was researched for available geographical data. This work describes this research
and pertinent philosophy applicable to duo-disciplinary enterprise of this type.

Consider first the nature of the ground in any particular locality as
it changes with depth below the surface of the topmost layer of soil. Figure 1
depicts a geoelectric section of ground. The Loran-C signal propagates in the
half space above such ground. Thus, the waves entering the ground are exponentially
attenuated with depth or distance through the material that comprises the ground,
depending upon the conductivity, o, or the resistivity, p. Although the ground is
layered geologically, such layering does not necessarily represent an electrical o
boundary 1like the much clearer éir—ground boundary at the surface of the ground.

But the ground does vary in electrical rcsistivity,pi, dielectric constant, €3




GEOELECTRIC SECTION OF GROUND DEPICTING THREE DISTINCT

LAYERS OF MATERIAL.

Ficure 1.
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=1, 2, 3..., and premeability, M with depth below the surface. Thus, the

1 ground is anisotropic in the sense that the average resistivity, Py is different
,k in the -w- direction below the surface than the u- direction parallel to the sur-
% face. The basic quantity that can be used in the ground wave theory of propagation
i above the surface, Z>0, is the ground impedance reflected to the ground-air sur-

face, Z = 0, by all of the subsurface material of importance. With the aid of this
j impedance we can establish an electrical boundary condition for the ground wave at
é} the physically obvious air-ground interface. But how shall we model the region
i below this interface? There is a tendency to use formulas copied out of published
' books and papers to solve problems of this type. When considering a new endeavor,
;i it is always best to return to physical fundamentals, since the problem for which
a given formula was derived.may not be precisely applicable to the new problem.
In truth, while our solution for the problem at hand may become complicated, it is
not difficult. We shall introduce some very simple concepts to treat the geoelectric
nature of the ground.

The impedance, x, is a complex quantity normalized to the impedance of
free space, Z = 377 ohms. Thus,

x = 2/2, . (1)

This quantity, Reference 13, can be used directly in connection with the terrain
irrgeularities to satic®’ a Leontovitch boundary condition at the earth's surface.
The impedance, Z, for vertically polarized waves calculated from:

£ = gv/Hu’ (2)
where,
= Ev 0 %, HV
[ £21 0 H, (3)

- <

where a u, v, w Cortesian coordinate system for the electric fields, gu,v and

-




and the magnetic fields, g,y has been employed. Then,

e

xCi = #/Z = (1 -T)(1 + T ¢4 (4)

?i where T is calculated from:
il By oloegy s hag g » ®10
ﬂ; Sax P20 P23 o,V *20
iq | o G L T i Pl g
;é 342 3 244 %45 Ui(Z)
': %54 %5 %56 ot

264 %65 %66 Ui(3)

— —

(5)
where a), = a1y = -Cii ayn = a)5 = )3 = -2y = A3, = g5 = -3g =

-] T - = 2 2- = 1 %
exp (3ky w8))3 a4 = 2pp 833 8y = 23 2333 2y = 5,75, +
2, b : . ;
62 H 345 = -344s 654 = exp(-Jkl NZGZ);a55= exp(jkl WZGZ); a64 b
e i b 2 2
344 354’ 365 = a45 3559 366 i Si /63 + () ’ Gq = Eq _io‘q(cow) l 51?’

B! : where q = 1, 2, 3, refers to the three layer model of the ground starting with
: the top electrical horizon. Here, w = 2nf, where f is the frequency, oq = conduct-
ivity of qth electrical horizon; eq = electrical horizon dielectric coﬁstant, and

: % wq is the electrical horizon thickness. Ci is the cosine of the angle of incidence
' : of the wave on the u-v surface, and Si is the sine. Reference 13, gives the re-
§ lationship of the impedance to the propagation simulator of both the integral

equation type and the classical type. Ugl;z) are upgoing and downgoing waves

(subscript) respectively in the first and second layer (subscript) respectively.




Of course, the matrix equation (5) can be enlarged to accomodate

any number of horizons of ground material depicted in Figure 1. This is a trivial
but tedious extension. However, there seems to exist in most circumstances a top
) soil layer and a geological basement rock. The soil may vary in thickness from

'? exposure of the basement rock to several hundred meters. A typical value of soil
thickness seems to be 20 meters. In regions of heavy.rainfall, the soil is com- 4
; paratively homogeneous. However, in arid regions and desert or semi-desert regions
i during the dry season the top part of the soil seems to dry out and a double hori-
zon may exist. This process reflects an impedance change. Of course, in special
areas, multiple layers of comparatively precise distinction may be noted. However, }

g

7 ™
o ——

:i it is anticipated thatthe three horizon model will serve for initial estimation of
" the impedance of the ground. Indeed, it may be very difficult to find geophysical ?
! data in greater detail.

The effect of the soil on the ground impedance is illustrated theoret-
ically in Tables 1 through 3. Here we have postulated a 20 meter soil thickness.
The topmost layer of soil conductivity is parametric in values between 5 mhos/m (1
and .02 mhos/m in Tables 1 and 2 and between .01 mhos/m and .0001 mhos/m in Table 3.
The thickness of the top horizon has been varied in each case between 0 and 20
meters, whilst the second horizon has been varied between 10 and 0 meters such that
the total soil thickness has been constant at 20 meters. Thus, Figure 1, if the
top layer of soil were 5 mhos/m (the conductivity of seawater) at a thickness of
only 1.6 meters, the surface impedance, x = 0.00105 exp (j0.79699) would obtain,
Tables 1A, 1B, and the impedance would thereafter be controlled by the top layer
of soil.

If such a highly conducting top horizon did not exist, i.e., the top
horizon was of conductivity, o = 0.0001 mhos/m and the bedrecck, of infinite ex-
tent and located 20 meters below the top of the soil with a conductivity, o = 0.005
mhos/m the combination would reflect a very high impedance to the surface,
x = 0.06911 exp (j1.16066). Now the phase of the impedance can vary about 45° or
0.79699 radians (for seawater) to + m/2 or + 90°. It is more common in the natural
ground for the impedance to approach + 90°. Under such circumstances, we say the
ground impedance is inductive. Less than 45° we call capacitive. The case just cited




with a value of 1.16066 radians is highly inductive ground, corresponding per-
haps to a desert or arid condition of the soil with a more highly conducting
basement rock underneath. Most arid regions of the world, however, do on occasion
have rainfall. One would then expect considerable change in the surface imped-
ance. If the wet soil obtained a conductivity, o = .02 under such conditions,

one would expect the ground surface impedance to decrease to 0.01639 exp (j0.79117)
such that the ground impedance phase also reduced to a very much less inductive
value.

The effect of such an impedance change upon the propagated wave is
profoundly a function of the proportion of the total propagation path involved in
the change. If the entire propagation path is involved the change in secondary
phase_correction is given in our previous report, CRPLi'77-9, Reference 13. Thus,
at 1000 km there would be a change from 10 us to 2.5 us or a change of 7.5 ps.

This example of course, is an extremely great change. In general, ground impedance
changes, when they occur are much smaller and not of such an extent as to influence
a 1000 km propagation path. The application of detailed impedance changes to the
calculation of secondary phase correction and time difference has been given in
Reference 13, and hence will be considered beyond the scope of this report.

Tables 2A and 2B give the amplitude and phase of the impedance with a
very low conductivity bedrock, o = 0.00001 mhos/m and more highly conducting and
variable soil on top. In this case we note the impedancé is more capacitive, i.e.,
the phase angle becomes less than =/4 or 45°. Finally in Tables 3A and 3B we
have illustrated a poorly conducting bedrock with moderate to poorly conducting
soil on top of this bedrock. Here we note that the conductivity o = 0.0001 mhos/m
on top tends to make the impedance inductive as its thickness increases, and then
abruptly turns capacitive. If such a species of electrical horizon occured, con-
siderable secondary_phase correction changes would be evident as can be deduced

from Reference 13, provided a great proportion of the propagation path were involved.
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3. DATA FOR GROUND IMPEDANCE DETERMINATION

Figures 2 and 3 depict soil and geological information available for
western United States. The particular propagation path between Searchlight,
Nevada and Ft. Cronkhite, California has been indicated on these maps. Tables 4
and 5 summarize the types of soil along this propagation path based upon infor-
mation obtained from Reference 1, (U.S. Department of Interior) and Reference 10,
(Soviet Geography), respectively. References 2, 3, 4, 5, 6, 7, 8, and 9, give
further supporting information on the nature of the sdi]. Table 6 gives the geo-
logical information for the basement rock pertinent to this propagation path.
This data can be obtained from Reference 1, (U.S. Geological Survey).

The correlation of the spatial perturbations in the Loran-C phase (or
LF phase) with geology was noticed some time ago by Pressy et al (1953), Reference
22, For continental United States an extensive radio survey of ground wave field
strengths in the low frequency band (broadcast frequencies 540-1640 kHz) was con-
ducted and published as NBS Circular 546, Reference 21. These data were expressed
in terms of an effective ground conductivity, Ooff This was accomplished by
matching ground wave attenuation versus distance curves with those observed in the
vicinity of various broadcast stations. These observations have been interpreted
in many ways. One such interpretation was accomplished by the Federal Communications
Commission scientists, Reference 23, in the form of a map delineating areas of
effective ground conductivity, Ooff What exactly is meant by oeff? The ground
wave theory of propagation, References 13 and 24, does not use conductivity,
mhos/m, directly. Thus, the quantity that enters into Maxwell's equations is the
ground-air interface surface impedance. If the ground is of infinite extent
in the negative vertical direction and a conductivity o, mhos/m is specified as
constant for this entire half space, we have the type of ground used in ciassical
ground wave theory for deducing %ff in Kirby et al,(1958), Reference 21. The
dielectric constant, "e,", and the permeability, "u." are also specified as con-
stant., Then, the impedance, relative to free space, equation (1), is given by:




TN T T

A R L L e S o oD

g A R e

; %
X =k /kyql - (kl/kz){‘ , (6)

where, w = 2nf,

kl = (w/C) €y = j oeff/Eow]
: m = 1.000338,
€2 N 15,

(Czuo )-l F/m,

™
o
n

2.997925 (10°)m/S,

(2]
"

4n (10°7) H/m,

eyt

=
o
!

then,
Ooff X Jweo [ﬂ:/xz- Sz]o (7)

Some values of ground impedance of interest are:
for seawater,
X

0.0011 exp (j0.79)

Oeff = 5 - J0

for high impedance land,

ot

x = 0.040 exp (j0.81)

LT

Ueff = 0-0034 g j 0.0003.

In general, Coffs is a complex number, but other uncertainties about

i




its precise value usually do not justify worrying about the imaginary part, as
far as Reference 21, is concerned. However, when we change frequency, the non-
homogeneous nature of the ground in the negative vertical direction can affect
Ooff because x changes profoundly with frequency and the nature of the subsurface
electrical layers as discussed above in connection with Tables 1, 2 and 3.

Thus, as a consequence a frequency dependence in Oofg Was indeed noticed. Then
the term Ogc Was coined to represent the extremely low frequency limit of oeff(w).
Thus, since the ground is made up of a multiplicity of conductivities, o, or
resistivities, p, ohm-m, it is more logical to work with the more general quantity,
the impedance, x. It is of interest to note that even the classical theory, Re-
ference 15, has an impedance calculator installed to convert o or Ooff into im-
pedance, x. Thus, References 15, in the case of vertical electric polarization,
the residues, s, of the residue series are calculated from the roots T = Te of
Riccati's equation,

aae £
o il 2 ag® * 1=0, (8)
where, 4+ 17 7
Ge = -j [(k,a) x] . \s

where a = 6.36739 (10°%)m, the radius of the earth. Here x is calculated ac
shown in equation (6). {

Another interpretation of NBS Circular 546, Reference 21, was instituted
by Keller and Frischknecht (1966), Reference 20. In this work we find a very
interesting correlation of the conductivity (resistivity) with geologic age of
sedimentary rocks. Also, at extremely Tow frequencies (60 Hz) a correlation be-
tween geologic age and resistivity was published by Card (1935), Reference 18,
and Lowy (1911), Reference 16. The absolute values for the resistivity of the
bedrock for a particular geological age in these cases is different. At such
drastically different frequencies one could expect a difference in the resistivities
deduced for various reasons, the most important of which may be the depth of pen-
etration of the longer wavelength into the ground. One would expect the medium
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frequencies of the broadcast band to penetrate to a considerably shorter dis-
tance. However, it is interesting to note that broadcast frequencies exhibit
attenuation rate changes with the geological underlayment that correlates with
geologic age, notwithstanding the overburden or soil which tends to decorrelate
with the age of bedrock in its formation. More important is the corresponding
strong correlation of Loran-C frequency attenuation rates and phase lags with
the age of the geologic underlayment, Reference 22. In contrast, the higher
frequencies seem to be correlated with soil types, References 17 and 19, and in-
deed, Smith-Rose (1934) gives'conductivities of various soil types in England.
He also noted the frequency dependence of the ground wave attenuation rates be-
tween 1 kHz and 10,000 kHz. We are, as a result of such considerations led to
consider the multiple electrical horizon type soil depicted in Figure 1 as at
least a triple electrical horizon geoelectric structure. If necessary, we can
use more sophistication later, but the availability of pertinent geophysical data
does limit us at present. The improvement to be gained in this model over the
classical half space concept is in our opinion enormous, and may be sufficient
to achieve our initial prediction goals for Loran-C.

The description to follow is designed to illustrate procedure or the
beginning of an evolutionary technique for making initial estimates of the surface
impedance of the ground from the rather vast information on geo]ogy and soil. It
is important to note that most of the information on geology angd 5011 is irrelevant
to the problem at hand, but this information in any part1cu]at‘prob1em must be
sifted to obtain the very few "bits" of information required. In our estimation
model we shall look for three values of conductivity and two values of soil depth.
It is anticipated that all of this information may not be available. It is also
anticipated that in some cases it may not be necessary. The procedure will be one
of development of an expertise that will require judgemenf and intuition; that will
be improved by further experience and will, of course, be as quantitative as is
possible. Our initial estimates for the soils will consider only the dominant
orders and suborders depicted in Figure 2. There are detailed delinations avail-
able of various kinds of special soils that do exist in any of the great orders.
The amount of detail we require for our initial impedance estimates will thus be
quite restricted, so that the approach will be practicai. '
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The geological and soil characteristics of the propagation path have
been delineated in Tables 4, 5, and 6. Table 7 gives the estimated soil resistiv-
ities along the propagation path from Searchlight, Nevada and Ft. Cronkhite, Cali-
fornia.

Soil depths were estimated from References 29 through 35. The hardpan
below the soil was included with soil in most of the cases considered. However,
the actual depth of the bedrock was quite uncertain for the literature surveyed.
It is expected that many of the values given in Table 7 may require adjustment.

Between a distance of 0 and 30 km, we find an area of thick Quarternary
(Q) deposits characteristic of western United States. Reference 20, gives Gila
conglomerate with a 1ithology description as alluvium, enclosed debris filled
basins known as bolson deposits, lake beds, and windblown sands. The correspond-
ing soil description (D2-8) of the general order extends over this area between
0 and 148 km is a warm, dry soil of the ARGID classification with a mean annual
temperature greater than 47°F. The region is quite arid for periods much greater
than 3 months of the year. Alkali (sodium) deposits exist; clay has accumulated;
there is low organic content in the soil. Indeed, the region comprises a subtropi-
cal desert soil that may be intersperced with both mountain serozems and typical
desert soils. These are brownish gray near the surface and lighter colored below
and are underlain with a carbonate or hardpan layer. We set thickness at 6 meters
for the dry top soil and 10 meters for the moist underlayment. The dry top layer
estimated at 2,000 ohm-m and the underlayment at*100 ohm-m, including the Quarter-
nary alluvium type deposits of great depth. References 18, 20, 25, 26, and 27,
may be used to assist with resistivity estimations. At 30 km we note Precambrian
orthogneiss and paragneiss (Xm), 2,500,000,000 to 1,600,000,000 years old as under-
layment to the ARGID soils. Such underlayment in western United States has varied
composition and origin. Such Precambrian gneisses may exhibit a resistivity range
4,000 ohm-meters to 250 ohm-meters on the average. In fact, Reference 18, gives a
range of 1,000-14,000 ohm-m for the intersperced Cambrian and Precambrian geologic
ages. We shall use 2,000 ohm-m for our initial estimate.

Between 30 and 47 km, we find the Precambrian orthogneiss and paragneiss
basement rocks that range from 2,500,000,000 to 1,600,000,000 years in geologic

b
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TABLE 4

Sott Types BETWEEN SEARCHLIGHT, Nevapa AND Fr. CRONKHITE, CALIFORNIA
Basep Upon U.S. DepARTMENT oF INTERIOR, REFERENCE 1.

f% % DISTANCE

! KILOMETERS DESCRIPTION
N 19.9 0 D2-8: Warm, dry* soil of ARGID type with mean annual tem-
El perature greater than 47°F. flaplargids plus Paleorthids,

B Torripsamments, Paleargids, and Calciorthids, gently sloping

L to steep. This soil is an ARIDISOL that includes soils that

;;’ have pedogenic horizons and are low in organic matter and

) are never moist as long as 3 consecutive months. AGRIDS are

a a subgroup of ARIDISOLS that have a horizon in which clay

; has accumulated with or without alkali (sodium); these soils
can be used mostly for range and some irrigated crops.

4
' 3.32 148.953 D2-7; Warm, dry soil of ARGID type with mean annual tem-
E 1 perature greater than 47°F. Haplargids plus Paleorthids,
Torriorthents, and Rock land, gently or moderately sloping.

4.15 173.743 D2-8: (see above).
16.58 204.731 D2-7: (see above).

8.29 328.533 U7-2: Warm, dry soil of XERULT type with mean annual tem-
perature greater than 47°F. Haploxerulfs plus Xerumbrepts
and Xerorthents, steep. This soil if an ULTISOL that in-

E cludes soils that are low in bases and have subsurface hori-

g | 20ns of clay accumulation; usually mofst, but during the

¢ warm season of the year, some are dry par’ »f the time.
XERULTS are a subgroup of ULTISOLS that ar: relatively Tow
i in organic matter in the subsurface horizons. They exist
in climates with rainy winters but dry summers; during the
warm season of the year, these soiis are continually dry
for a long period; these soils can be of use as range or
woodland.
* Pry soils lack moisture for plant growth for long periods.

19.9 390.434 Al2-2: Warm, dry soil of XERALF lype with mean annual tem-
perature greater than 47°F. llaplozeralfs plus Palexeralfs ‘
and Xerorthants (shallow), moderately sloping to steep.
This soil is an ALFISOL that includes soils that are medium
to high in bases (base saturation at pH 8.2) and have gray
to brown surface horizon and subsurface horizons of clay
accumulation; usually moist but during the warm season of
the year some are dry part of the time. XERALFS are a sub-
i group of ALFISOLS that exist in climates with rainy winters
] but dry summers; during' the warm season of the year these
soils are continually dry for a lTong period; these soils can
be used for range, small grain and irrigated crops.

4.15 639.027 03-3: Warm, dry soil of ARGID type with mean annual tem-
perature greater than 47°F. Natrargids plus Nadurargids,
Haplaquolls, and Torriorthents, gently sloping. ;

2.99 §70.015 A12-2: (see above).

L ; 4.64 §92.341 E7-2: Warm soils of ORTHLHT type with mean annual tempera-
k! ture greater than 47°F. Xerorthents plus Durixeralfs, Hap-
loxeralfs, Xerofluvents, and Palexeralfs, gently sloping.
This soil fs an ENTISOL that includes soils that have no
pedogenic horizon. ORTHENTS are a subgroup of ENTISOLS
comprising loamy or clayey LNTISOLS that have a reqular
decrease in organic-matter content wilh depth; these soils
may be usad for range or irrigated crops in dry reginons and
for general farming in humid regions. The E7-2 belongs to
the subspecies XCRORTHENTS (formerly Regesols, Brown, or
Alluvia) soils) and comprise ORTHENTS that are in climates
with rainy winters but dry sumuers and during the warm sea-
son of the year, they are continually dry for a long period.
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TABLE 4 (continued)

i

i

i

f

F

1N 4

8 3

F 1 13.6 626.988 A12-2: (see above).

il _ 1.66 728.539 H20: Saltwater San Francisco Harbor.

E ] 0.83  740.934 MI6-1: Marm sofl of XEROLL type with mean annual tempera-
A ture greater than 47°F. Haploxerolls plus Argixerolls,

E ) 1 Chromoxererts, and Xerothants (shallow), steep. This soil

1s a MOLLISOL that includes soils that have nearly black,

: friable, organic-rich, surface .horizons high in bises; formed
y wostly in subhumid and semfarid warm to cold climates.
XEROLLS are MOLLISOLS that are in climates with rainy winters
but dry summers; during the warm season of the year, these
soils are continually dry for a long period; they may be
used for wheat, range and irrigated crops. Under the
XEROLLS, this soil s classified under the great group

(or phase) of HAPLOXEROLLS (formerly Chestnut and Brown soils)
that are XEROLLS that have a subsurface horizon high in bases
but without large accumulations of clay, calcium carbonate,
or gypsum.

Note: Gently sloplngnslépe. mainly <10%
Moderately sloping--10% ¢ slope <25%
Steep--slope >25% -

€MD 746.697
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SoiL TYPES BETWEEN SEARCHLIGHT, NEVADA AND Fr. CRONKHITE, CALIFORNIA
Basep oN SovieT GeoGRAPHY, Rererence 10.

1 DISTANCES,
KILOMETERS
19.9 0

3.32 148.953

4.15 173.743
16.58 204.731
8.29. 328.533
19.9 390.434

4.15 §39.027
2.99 §70.015
4.64 §92.341
13.6 626.988
1.66 728.539
0.83 740.934
END 746.697

TABLE 5.

DESCRIPTION

Subtropical Desert Soils: intersperced with mountain 13
Serozems and desert soils. The Serozems (sierozems) com-
prise any of a group of zonal soiis that are brownish gray
at the surface and lighter colored below, based in a car-
bonate layer or a hardpan layer, and characteristic of
temperate to cool arid regions with mixed shrub vegitation.

Solonchak: Salt marsh; any of an intrazonal group of
stongly saline soils; usually light colored and without
characteristic structural form and typically developed in
poorly drained arid and semiarid areas vegitated mostly by
halophytes.

Brown mountain soils.

Semidesert soils.

Brown mountian soils. Mountain meadow soils.

Brown forest soils' (largely neutral) and gray forest mountain {4
soils. Brown mountian soils. | 3

Brown soils of Xerographytic Subtropical forest and shrub.
(same)
(same)

Turf-carbonate mountain soils.

PP

(same) i

(same)
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TABLE 6.

GEOLOGICAL FORMATIONS ON SEARCHLIGHT, HEvADA To FT. CRONKHITE, CALIFORNIA
PROPAGATION PATH

| % DISTANCE
g KILOMETERS DESCRIPTION
E
"’ 4.07 0 Q: Quanternary; large areas of thick deposits of Western
E 1 United States.
s " 2.32 30.391 Xm: Orthogreiss and paragneiss; Precambrian, 2,560,000,000
8 " to 1,600,000,000 years cld: extensive in Western United
b, States and of varied composition and origins.
4.07 47.714 Q: Quanternary (see above)
. 0.58 78.105 uPz: Upper Paleozoic; Permean separated in part, P; UPzc
clastic wedge facies in Nevada and Idaho, Diamond Peak,
:b Wood River, Milligen and asscciated formations.
0.53 82.436 Xm: (see above)
¥
} 0.58 86.767 uPz: (see above)
& 0.58 91.098 1Pz: Lower Paleozoic; Western United States and Piedmont .
k! Province; €, Cambrian separated in parts.
4 0.58  95.429 §: Cambrian
d . .
' 0.87 99.760 Z: Pre Cambrian; 800,000,000 years to Cambrian; Z-Sedimen-
! tary rocks, include (among other unites): in Northwestern
United States: Windermere Group; in Great Basin: Noonday,
Johnnie and other formations; in Grand Canyon, Chuar Group
of Grand Canyon subgroup.

1.16 106.256 Q: (see above)

0.58 114.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>