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A high intens ity e lectromagnetic induction (EM!) survey was conducted to provide ancillary information to soil maps and 
observati ons of a research field (Field K) at the Frey Fam1 in Centre County. The Frey Farm is owned and operated by 
Pennsylvania State Univers ity. 

Participants: 
Ji m Doolittle, Research So il Scientist, USDA-NRCS, Rad nor, PA 
Sjoerd Duiker, Assistant Pro fessor. Pennsy lvania State University, University Park. PA 
Jake Eckenrode, Resource So il Scientist, US DA- RCS, Lamar, PA 
Yuri Plowden, Soil Scientist A id Volunteer. USDA- RC , University Park, PA 

Activities: 
All fie ld activi ties were completed on 14 November 2002. 

Equipment: 
The electromagnetic induction de ices used in thi survey were the EM3 I and EM38DD mete rs. manu factured by 
Geonics Limited.· Each meter is portable and requires only one person to operate. o ground contact is required with 
these meters. The EM3 I meter has a 3.66 m intercoil spacing and operates at a frequency of 9,81 0 Hz. It has effective 
penetration de pths of about 3 .0 and 6.0 meters in the hori zontal and vertica l d ipole orientations. respectively (McNeil!, 
I 980a). The EM38DD operates at a frequency of 14,600 Hz. It has effective penetration depths of about 0. 75 and 1.5 m 
in the horizonta l and vertica l d ipole orientations, respecti vely (Geonics Limited, 2000). The EM38DD meter consists of 
two EM38 meters bo lted together and e lectronically coupled. One unit acts as a master unit (meter that is po itioned in 
the vertica l dipole orientation and having both transmitte r and rece iver activated) and one unit acts as a s lave unit (meter 
that is positioned in the ho ri zonta l d ipole orientation with only the receiver switched on). 

The Geonics DAS70 Data Acquis iti on System was used to record and store both EM I and GPS data.• The acquisition 
system cons ists of an EM I meter. Allegro field computer. Trimble AG 11 4 G PS receiver. backpack w ith extender arm for 
G PS. and associated cables. With the logging system, the EM! meters are keypad operated and measure ments can either 
be automatica lly or manually triggered. 

To help summarize the results of this study, the SURFER for Windows (vers ion 8.0) deve loped by Go lden Software, 
Inc.·, was used to construct two-d imens iona l s im ulations. Grids were created using kriging methods w ith an octant 
search. 

Trade names are used to provide speci fic infonnation. Their mention docs not constitute endorsement b} USDA-NRCS. 



Survey Area: 
The survey area is Field K of the Frey Farm. This research field is located about 2 miles southwest of the town of 
Fairbrook in Centre County, Pennsylvania. At the time of the survey the field was in com stubble. The field contains a 
complex pattern of soils with areas of the following soil map units: Hagerstown silt loam, 0 to 3 percent slopes, 
Hagerstown si lt loam, 3 to 8 percent slopes, Hublersburg silt loam, 3 to 8 percent slopes, and Nolin silt loam, local 
alluvium, 0 to 5 percent slopes (Braker, 1981). The deep, well-drained Hagerstown soil formed in residium weathered 
from limestone bedrock. Depth to bedrock ranges from 40 to more than 84 inches. Hagerstown is a member of the fine, 
mixed, semiactive, mesic Typic Hapludalfs family. The very deep, well drained Hublersburg soil formed in residium 
weathered from impure or cherty limestone. Hublersburg is a member of the clayey, illitic, mesic Typic Hapludults 
family. The very deep, well-drained Nolin soil formed in alluvium derived from limestone bedrock. Nolin is a member 
of the fine-silty, mixed, active, mesic, Dystric Fluventic Eutrudepts family. Included with areas of Hagerstown and 
Hublersburg soils in mapping are small areas of Opequon soil. The shallow, well-drained Opequon soil formed residium 
weathered from limestone. Opequon is a member of the clayey, mixed, active, mesic Lithic Hapludalfs family. In 
addition to varying depths to bedrock and clay contents, these soils are taxonomically discrete. 

Field Procedures: 
The survey area is about 22 acres. Survey procedures were simplified to expedite fieldwork. A set of parallel lines 
defined the east and west boundaries of the field. Along each of the two lines, twenty-six survey flags were inserted in the 
ground at intervals of 45 feet ( 13 .2 m) and the defined not only the east and west boundaries of the field, but the centers of 
research plots. These flags served as grid line end points and provided some measure of ground control. With the 
exception of the southern most grid line, all lines were about 850 feet (260 m) long. The southern-most grid line was 
about 470 feet (143 m) long. 

The EM31 and EM38DD meters were operated in the continuous mode with measurements recorded at I-sec intervals. A 
surveys was completed with the EM38DD held about 3 inches above the ground surface with the long axis of the two 
meters parallel to the direction of traverse. Walking at a fairly uniform pace in a sequential, back and forth pattern 
between similarly numbered flags (spaced at 45 ft intervals) on the opposing two lines completed the survey with the 
EM38DD meter. A survey was completed with the EM3 l meter held at hip height in the vertical dipole orientation with 
its long axis essentially parallel to the direction of traverse. Walking at a fairly uniform pace between every other (90 ft 
interval) simi larly numbered flags on the opposing set of parallel lines in a sequential, back and forth pattern completed 
the survey with the EM31 meter. 

Background: 
Electromagnetic induction (EMI) is a noninvasive geophysical tool that can be used for detailed site assessments. 
Advantages of EMI are its portability, speed of operation, flexible observation depths, and moderate resolution of 
subsurface features. This geophysical method can provide in a relatively short time the large number of observations that 
are needed to comprehensively cover sites. Maps prepared from correctly interpreted EMI data provide the basis for 
assessing site conditions, planning further investigations, and locating sampling or monitoring sites. 

Electromagnetic induction uses electromagnetic energy to measure the apparent conductivity of earthen materials. 
Apparent conductivity is a weighted, average conductivity measurement for a column of earthen materials to a specific 
depth (Greenhouse and Slaine, 1983). Variations in apparent conductivity are caused by changes in the e lectrical 
conductivity of earthen materials. The electrical conductivity of soi ls is influenced by the type and concentration of ions 
in solution, the amount and type of clays in the soil matrix, the volumetric water content, and the temperature and phase of 
the soil water (McNeil!, l 980b). The apparent conductivity of soils increases with increased soluble salts, water, and clay 
contents (Kachanoski et al., 1988; Rhoades et al., 1976). 

Electromagnetic induction measures vertical and lateral variations in apparent electrical conductivity. Values of apparent 
conductivity are seldom diagnostic in themselves, but lateral and vertical variations in these measurements can be used to 
infer changes in soils and soil properties. Interpretations are based on the identification of spatial patterns within data sets. 
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To assist interpretations, computer simulations are normally used . 

Electromagnetic induction is not suitable for use in all soil investigations. Generally, the use of EMl has been most 
successful in areas where subsurface properties are reasonably homogeneous and one property (e.g. salt, clay, or water 
content) exerts an overriding influence over the soil in apparent conductivity. In these areas, variations in apparent 
conductivity can be directly related to changes in the dominant property (Cook et al., 1989). In the surveyed research 
field, differences in soil moisture and salt contents were assumed to be slight and to influence EMI response less than the 
spatial and vertical variations in clay content. Variations in clay content were attributed to differences in parent materials 
(fine textured residuum or fine-silty alluvium) and in depths to limestone bedrock. Compared with the underlying 
bedrock, the soils are considered a more conductive medium. 

Results: 
Table 1 summarizes basic statistics for the EMI survey. Data was recorded at three-second intervals. This resulted in 
1384 measurements recorded with the EM38DD meter in the vertical and horizontal dipole orientations (see left-hand plot 
in Figure I), and 708 measurements recorded with the EM31 meter in the vertical dipole orientation (see Figure 2). With 
the EM38DD meter, apparent conductivity increased with increasing depth of observation (shallow-sensing horizontal 
dipole orientation (0 to 0.75 m) measurements were lower than those measured with the deeper-sensing vertical dipole 
orientation (0 to 1.5 m)). This relationship is associated with the higher water and clay contents of soils. In the horizontal 
dipole orientation, the EMI response is sensitive to variations in soil properties within the surface layers. In the vertical 
dipole orientation, the EMT depth-weighted response is most sensitive to variations in soil properties occurring at a depth 
of 40 cm. In general the surface layers were lighter textured and less dense than the underlying, heavier textured subsoil. 

Average 
Standard Deviation 

Minimum 
Maximum 

First Quartile 
Second Quartile 

Table 1 

Basic Statistics 
EMI Survey 

(All values are in mS/m) 

EM38DD-H 
7.2 
3.1 

-3.5 
16.7 
5.5 
9.3 

EM38DD-V 
11.0 
3.2 
0.1 

32.7 
9.0 

12.6 

EM31-V 
15.4 
7.4 

-19.1 
112.9 

12.5 
16.6 

Values of apparent conductivity were relatively low (less than 20 mS/m) across most of the research field. Anomalously 
high and low values were recorded with the EM38DD and EM3 l meters in the vertical dipole orientation over a buried 
utility line. The location of this utility line had been in doubt. The utility line, based on field markers, was believed to 
cross the research field diagonally from near the southeast to northeast comers. The EMI survey revealed that the utility 
line does not cross the field diagonally, but is located near and parallels the western boundary of the field. Knowledge of 
the lines location is critical to many research projects involving the excavation of soil pits or deep soil core observations. 

With the EM38DD meter, apparent conductivity averaged 7 .16 mS/m and 10.98 mS/m in the horizontal and vertical 
dipole orientations, respectively. ln the shallower-sensing, horizontal dipole orientation, one-half the observations had 
values of apparent conductivity between 5.5 and 9.3 mS/m. In the deeper-sensing, vertical dipole orientation, one-half the 
observations had values of apparent conductivity between 9.0 and 12.6 mS/m. With the EM3 I meter, apparent 
conductivity averaged 15 .4 m Sim in the vertical di po le orientation. One-ha If of the observations had values of apparent 
conductivity between 12.5 and 16.6 mS/m. 



Figure I shows the spatia l distribution of apparent conductivity collected with the EM38DD meter in the horizontal and 
vertical dipole orientation. In each plot, the isoline interval is 4 mS/m. Spatial patterns in these plots are believed to 
principally reflect differences in soils and clay contents. However, spatial patterns of apparent conductivity do not 
conform to mapped so il delineations found in the published soil survey report (Braker, 1981 ). At the time of the EMI 
survey, soils were observed in each delineation and at nine observation points. Apparent conductivity measured in the 
shallower sensing horizontal dipole orientation are presumed to reflect the clay content of the surface layers and/or the 
depth to finer textured soil materials. Jn the left-hand plot of Figure 1, areas with lower conductivity are presumed to 
represent soils with lighter textured surface layers and/or deeper depths to finer textured subsoi l. The conspicuous area of 
low conductivity (< 4 mS/m) occurs generally on concave and planar surfaces in the lower part of the landscape. Soils in 
these areas are Nolin or perhaps overwashed phases of Hagerstown. The location and name of the so il identified at each 
of the nine observation points are shown in the right-hand plot. The right-hand plot is believed to reflect the depth and 
clay content of the subso il as well as the depth to bedrock, provided the depth is moderately deep (50 to I 00 cm) or 
shallow (< 50 cm). The identified Opaquon soil, which is shallow to bedrock, is in an area of low conductivity. 
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Figure I. Plots of apparent conductivity measured with the EM38DD meter in the horizontal and vertical dipole orientations. 

Figure 2 shows the spatial distribution of apparent conductivity collected with the EMJ I meter in the vertical dipole 
orientation. in this plot, the isoline interval is 4 mS/m. Spatial patterns in these plots are believed to principally reflect 
differences in soils and clay contents. As with the EM38DD meter, spatial patterns of measured apparent conductivity do 
not conform to mapped soil patterns. The underlying limestone bedrock is more resistive (less conductive) than the 
overlying so il materials. 
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Figure 2. Spatial distribution of apparent conductivity measured with the EM3 I meter in the vertical dipole orientations. 

Conclusions: 
l. Geophysical interpretations are considered preliminary estimates of site conditions. The results of geophysical site 

investigations are interpretive and do not substitute for direct ground-truth observations (soil borings and pits). The 
use of geophysical methods can reduce the number of coring observations, direct their placement, and supplement 
their interpretations. Interpretations contained in this report should be verified by ground-truth observations. 

2. Previous studies in areas of Hagerstown soil indicate a moderate (r = 0.721) and significant (0.001 level) correlation 
between the measured depth to bedrock and measurements obtained with the EM3 I meter. Interpreted patterns 
suggest comparatively shallow(< 1.5 m) and uniform depths to bedrock (see Figure 4). Iso lated patterns of shallower 
or deeper depths to bedrock patterns suggest the possible occurrence of minor solution feature and pinnacles within 
the fields that adjoin the proposed site of the composting-pad. 

It was my pleasure to work in Pennsylvania and with members of your fine staff. 

With kind regards, 

James A. Doolittle 
Research Soil Scientist 
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cc: 
B. Ahrens. Director, USDA-USDA-NRCS. National Soil Surve} Center. Federal Building, Room 152,J 00 Centennial Mall North. Lincoln, NE 

68508-3866 
S. Duiker, Assistant Professor, Department of Agronomy, PSU. 116 Agricultural Sciences & Industries Building, University Park. PA 16802-3504 
1. Eckenrode, Resource Soil Scientisl USDA-NRCS, 216 Spring Run Road, Room 102, Mill Hall, PA 17751 
B. Hudson. Director of Soils Survey Division. USDA-NRCS. Room 4250 South Building, 14th & Independence Ave. SW, Washington. DC 20250 
C. Olson. National Leader for Soil Investigations. USDA-USDA, National Soil Survey Center, Federal Building, Room 152. 100 Centennial Mall 

North, Lincoln, NE 68508-3866 
W. Tuttle, Soil Scientist (Geophysical}, USDA-NRCS, National Soil Survey Center, P.O. Box 974, Federal Building, Room 206, 207 

West Main Street, Wilkesboro, NC 28697 
E. White. State Soil Scientist, USDA-NRCS. USDA-NRCS. Suite 340. One Credit Union Place, Harrisburg. PA 17110-2993 
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