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loczily display a distinct greenish color derived from the mineral glauconite, which is
dissemirated in varying proportions through the sand below. The electrical conductivi
of both the Evans and Wayside Areas is very low, generally ! mmho/m or less. Aithough
glauconite can raise the conductivity of the soil substantially, the concentration
present at Wayside is insufficient to cause a nmoticeable increase.

The southeastern portion of the Deal Test Site which is underlain by quartz sand and
gravels and covered by a thinly developed sandy loam, is similar to the Evans Test
Site in respect to both physical properties and the attending low electrical conduc~
tivity of the near-surface materiais. However, the northwestern portion of the Deal
Test Site is marshy and underlain by glauconite sand with ‘ow quartz content. The
highest electricai conductivity, 47 mmho/m, is associated with concentrated deposits
of glauconite; the electrical conductivity drops off sharply as the amount of quartz
sand increases Independent of moisture content. Lenses of limonite, a hydrous ferric

” N o e —— A A At e
DD F7 ‘a7 REPLACKS DO FORM 14735, § JAN 4, HHICK 19
VooV 8 &) ow0oLETS FOA ABMY USE.

(1) Bacurity Classification

T a

S e iy e A -

Sl

PR

>

B DT u——"




13. Abstract (Oont)

oxide locally referred to as bog iron, occur within a few inches of the surface at
scattered locations; however, this material does not contrioute fo the increased
conductivity of the area, If the bog iron is composed of such minerals as goethite,
hematite, a ferric oxide gel or ocher, the electrical conductivity should be
consistently low. The high water table of this marsh area combined with the high
electrical conductivity of the glauconite sand produces excellent grounding condi~
tions and a natural counterpoise for antennas. The present investigation shows
that similar conditions do not exist in either of t+he other two areas discussed

in this report.
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ELECTROMAGNET IC PROPERTIES OF SOILS
AT THREE TEST SITES NEAR FORT MONMOUTH, NEW JERSEY

I.  INTRODUCT ION

The electrical properties of both the surface and subsurface soi! in~
fluence the propagation of electromagnetic energy over as wel! as through t+he
earth. Any device which is dependent on an electrical interface with the
earth will be affected by perturbations arising from variations in the ejec~
trical properties; a knowledge of these variations is essential, particuisrly
when evaluating equipment performance.

The Cround Effects Research Team of the U. S. Army Elactrenics Technoi=
ogy and Devices Laboratory, Fort Monmouth, N. J., is currently conducting
studies to develop a predictive model for estimating EM parameters of soils
inmilitarily inaccessible areas. The chemicai and mineralogical soii prop=~
erties will be corielated with certain environmental factors. it has bsen
established that the mineralogical environment, tho weathering end=products

(clays), the clastic content, and the moisture ragime zre the principal ele~
ments 1o be considered.

I’. PURPOSE

This survey was made, in part, in raesponse to a request from the Office

,of the Associate Director for Laboratory Operaticons. Directorate ¢f Rasearch,
Development and Engineering, for analysis of the eiecirical preperties of
fisld test sites located at the Evans, Weyside, and Dea! Aress of fort
Monmouth. Since many experiments had been conciuded and others were in pro-
gress at these sites, an evaluation of the slectrical proparties of the sur—
face and subsurface soi! was needed to provide scientists and zngineers with
qualitative and quantitative information for use in assaying field obssrva-
tions and equipment performance.

111. SCOPE

The information presented in this report Is the rasuit of a reconnals-
sance Investigation in which four equally spaced torings were made a2t sach
site to produce a reprasentative profile of the local surface snd shallow
subsurface conditions. With the excsption of +he Deal Test Site, the soii
properties are fairly homogeneous and the data and Interpretytion provided
can be app!ied rather broadly within the New Jersey Coastal Plain.

The maximum depth of sampling was 10 feei; howcver, several borings were
terminated at a lesser depth due to hole collapse or shailow water influx.

The low-frequency electrical conductivity, moisture content, dry density
and specific gravity of each soil sampie were used to estimate the frequancy
dependent parameters of dielectric constant, effective conductivity, aitenua-
tion, and loss tangent in the 50~500 MHz range.

Twitliam H. Hulse, John W. Walker, and Douglas C. Pearce,"Electrical
conductivity studies of the soiis of the Middla Atlantic Region:
virginia," R&D Technical Report ECOM=3564, Aprii 1972, U. S. Army
Electronics Oommand, Foirt Monmouth, N. J.
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FV. SAMPLING AND MEASUREMENT TECHNIQUES

The three tast arsas tle within the physiographic province of the New
Jersey Coastal Plain., As a result, the soils are poorly developed; with the
exception of 8 Thin sui‘féce veneer, the material is more correctiy treated as
relatively unaltersed Tertiary and Cretaceous marine deposits. Since the bor=
ings were very shallow with respact o the magnitude of vertical stratifica=
tion, They werg arrarged to obtain the most general representation of +he
laterai variations rather than a8 clussical stratigraphic cross section. The
data obtained is broadly represeitative of the characteristic surface material
and safe generalizations can be made with respect to all of the local Cosstal
Plain except for the sea= and bay-margin areas.

For identification purposes, each boring has heen given an aipha=numeric
descriptor; Figs. 1=3 show the location of the borings with respect to land-
warks and proeerty boundaries. Standard disturbed sampiing techniques were
gwpioyed with sampiing of I=foot intervals 10 totsl depth.

The low-frequency conductivity (0 dc)_was measured using a technique
previousiy developed by Walker and Pearca.? Molsture content, dry density,
and specific gravity were measured using standard ASTM procadures.

Data obtainsd from the above measurements was used to estimate the elec~
trical properties of the soil in the VHF-<UHF range by digitail computation.
The estimates wera based on a theory of multicomponent systems which has
recently bean developed at this Laboratory.> Table | gives the electromag-
netic paremeters for esch sample. The bering descriptor, sample interval,
moisture content, dry density and specific gravity for each soil sampig are
given at the top of each column. '

V.  SITE EVALUATION

A. Evans Area 6

This field site is situated in the southernmost portion of the Evans
Area which is located in the Township of wali, Mommouth Oounty, N. J. The
general area Is dominuted by gently rolling hills asd terraces; the higher
terraces on which the Evans Area is situated are capped by the Pensauken
gravels and sand. T..e test ared is an open fleld with low grass covar; small
scrub and patchy wood lots remain in the marginal areas. The uppermost layer
is a very thin, poorly developed sandy loam underiain by intercalated layers
of 'gravel and gravelly sand which is ia turn underlain by the Tertiary
Kirkwcod formation, a very fine, slightly micaceous quartz sand. The sub=
surface conditions are fairly homogeneous and typical of much of the regicn.

ZJohn W. Watker and Douglas C. Pearce, "Resistivity test set for the
reconnaissance of s0il alectromagnetic paramsters,” RAD Technical Report
ECOM=3240, February 1970, U. S. Army Electronics Command, Fort Monmouth,
New Jorssy.

30. C. Paarce, W. H. Hulse, and J. W. Walker, "The application of
heterogeneous dieleciric theory to scil systems," Manuscript sub=
mitted o LEEE, September 1972,
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Figure 1. Evans Area Test Site.
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Borings EG2 and EG3 were abandoned at -8 feet and =7 feet, respectively,
because of continuous sloughing and hole collapse. Boring EG+ was abandoned
at =8 feet when shallow water was encountered. This latter boring was located
at the lowest elevation of the test area (w63 ft+ above sea level). Since the
depth of such shallow-water zones commoniy varies, no attempt has been made
to estabiish an accurate elevation to this zone.

Figure | shows the orientation of the site and location of the borings.
Note from Table ! that the iow frequency conductivity (o dc) of most of the
soil samples is below | mmho/m. Some of the near=-surface materials are
somewhat more conductive due to higher moisture and clay contents. At this
site, the soil below =3 feet has the lowest conductivity; the values are
typical for a material which is chiefly composed of quartz and kaolin.

The effective conductivity is given in Table | as a function of fre~
quency. It can be observed that the effective conductivity is greater than
« dc as a consequence of the dissipative effects of the dielectric relaxation
mechanism of water.”,

B. The Deal Test Site

Figure 2 shows the location of the sample borings and orientation of
this test site. {ocated at Deal, N. J., the site is situated on gently
rolliing hills and low terraces capped by the sands and grave!s of ths Cape
May formation. The glauconitic Hornerstown and Vincentown formations of the
Tertiary are also exposed in this area., Several low areas adjacent to small
brocks form bog and marshland. The southernmost portion of the site, which
bordsrs Deal Road, is very similar both physically and electricaliy to
Evans Area G.

The soil of the central and northwestern portions of the Deal Test Site
is composed of an olive~ to dark~green glauconite (a montmorillonite gror ;
mineral) marl mixed with varying proporticns of fine~to-medium grained quartz
sand. A shallow limonite (bog iron) deposit also crops out in this area;
howsvar, other than trap surface water in the thin overiying soil, the deposit
contributes litile to the conductivity. Principaily composed of goethite,
often with heratito and 2 ferric oxide gel or red and brown ochre ispurities,
jimonite has been found v :espond much the same as kaoiin and the hydroxides
with respect to electrical conductivity.® Cation exchange capacity and, hence
conductivity, are low and the observed variations are largely due to changes
in misture content. A} Boring D2, the shallow water table was encountered
within the first foot from the surface; the associated water source here
has not been known to show appreciable seasonal declines.

Table | shows considerable variability of the conductivity which rangass
from 0.1 to 47.3 mmho/m, consistent with changing formation mineralogy. The
high conductivity associated with the glauconite content of the soil degrades
rapidly as the quartz content of the soil incresses. Borings DI, D2, and D3

“John W. Walker, William H. Hulse, and Donaid W. Eckart, "Observations
of the electrical conductivity of tropical soils of Western Puerto
Rico," Bull. Geol. Soc. Amer. (in press).
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Pigure 2. Deal Test Site.
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are within the poor drainage and high water table area; thc samples, there-
fore, were quite moist. With the exception of the sampies from D4, which
were apparently all Cape May sand and gravel, the soils refiected the vari=

abitity and inhomogenities of the local geology.

Borings D!, D2, and D3 were abandoned at -5, =2, and =4 feet, respec-
tively, because of snallow water conditions. Boring D4 was abandoned at =7
feet because of hole collapse and continuous sloughing of the unconsolidated
sand and gravel precluding sample differentiation.

The relatively high conductivity of the glauconitic material and the
high moisture content associated with the water conditions in the vicinity of
Borings DI, D2, and D3 undoubtedly combine to form an excellent natural
counterpoise for good antenna performance as well as to establish good

electrical grounding.

C. The Wayside Site

This fleld test site Is located near the village of Wayside, N. J.
and is adjacent to the Earle Naval Ammunition Depot. The site is essentia!ly
a plains area with the exception of a few small rises near Boring Wi. The
site is heavily forested by a variety of generally small trees such as scrub
oaks, shagbark pines, and locust; however, some cleared areas are present.

{______SHAFTO RD

&

Figure 3. wayside Test Site.
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Figure 3 shows the iocation of the borings and the southeasterly boundaries
of the property. The western portion ot the test area where Boring ETA |
was made lies within the Earle Naval Amrunition Depot. Although a small
exposure of the Cohansey gravels lies within the test area, the area encom=
passed was not large enough to be considered representative of the site. The
local soil is derived from a thin veneer of a fine=to-very~fine grained
micaceous quartz sand, the Kirkwood formation of Tertiary age, but is domi-
nated by he underlying glauconitic quartz sand of the Vincentown formation.
The latter hss a distinctive olive=green color and the included quartz sand
may appear aimost ash-like. Although the color is decidedly dominated by
green of the glauconite, the bulk of a sample is predominantly quartz sand
as reflected by the very low electrical conductivity. Since the subsurface
material is relatively homogeneous, the electrical properties show a similar
homogeneous disiribution.

Vi. SUMMARY

The Evans Area G Test Site is fairly univorm with respect to both soil
materials and electrical properties. The conductivity of ali samples tested
was less than 5 mmho/m, averaging | mmho/m. The soil is dominated by &
quartz grave! or gravelly sand with minor amounts of kaolin clay.

The Wayside Test Site contains the most uniform soi! of the thres areas
investigated. Subsurface materials are homogeneously cocmposed of glauconitic
.quartz sand and exhibit a maximum conductivity of 1.9 mmho/m; the average,
0.6 mmho/m.

The Deal Test Site subsurface material is the most conductive and shows
considerable variability in both physical and electrical properties. C(onduc~
tivitias rangs from 0.1 to 47.3 mmho/m, the average being 9.2 mmho/m. This
broad range in conductivity is attributable to two distinctly different soils
with contrasting minsral suites and moisture regimes: one similar to that of
the Evans Area G, |s a relatively dry, well=drained quartz dominated material
of low conductivity; the other is a poorly=drained, moist glauconite=rich
material of relatively high conductivity. The high conductivity an¢ the high
water table combine to form an exceiient natural counterpoise and an efficient
electrical ground which result in good antenna performance in this area.

Howevor desirable these combined characteristics of the area may be,
they cannot be considered typical of the Ooastal Plain. The occurrence of
glauconite In sufficient concentration as to have electrical significance is
very limited in the local stratigraphic column; only the Hornerstown and
Vincentown formations contain a concentration of the mineral. Of the two
formations, only the Hornerstown has been found to occur sufficientiy free
of quartz so that its electrical characteristics become significantly dif~
farent than the overlying and underlying quartz=rich formations.

The Evans Area G and Wayside Test Sites are more typical of the New
Jersey Coastal Plain in terms of the areal extent of the material repre~
sented by the physical and electrical characteristics. [f, for the purpose
of making an electrical environmental association, the New Jersey Coastal
Plain is defined as a quartz~kaolin environment (the percent content » the
montmori|lonite group minerals being !'ow but not necesssrily absent), the

7
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electrical significance of the data for two of the three local test areas
discussed is applicable to a much larger area. As representative of a

4 predominantly quartz=kaolin environment, the data hoids certain statistical
} relevance to the entire Atlantic Coastal Plain southward to at lcast the
Carolinas. At that point, increasing amounts of montmorilionite clay may
enter the system as indicated by Neiheisel and Waaver? and the restricted
definition as a quartz~kaolin environment would no longer be valid.

5, . .
J. Neiheisel and C. E. Weaver, "Transportation and deposition of clay

minerals, southeastern United States," J. Sediment. Petroi., vol. 37,
no. 4, pp. 10841116, 1967.
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