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Purpose: 
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Radnor, PA 19087-4585 

Date: 2 November 1998 

To provide electromagnetic induction (EMI) field assistance and training. Surveys were conducted in support of on-going 
animal-waste management investigations. 

Participants: 
Barbara Alexander, GIS Specialist, Inventory Team, USDA-NRCS, Windsor, CT 
Alice Choquette, Resource Conservationist, USDA-NRCS, Storrs, CT 
Jack Clausen, Professor, University of Connecticut, Storrs, CT 
Jim Doolittle, Research Soil Scientist, USDA-NRCS, Radnor, PA 
Margie Faber, Assistant State Soil Scientist, Inventory Team, USDA-NRCS, Windsor, CT 
Shawn Mc Vey, Asst. State Soil Scientist, USDA-NRCS, Storrs, CT 
Joo Neafscy, Water Quality Specialist., Agricultural Team, USDA-NRCS, Storrs, CT 
Donald Parizeck, Soil Scientist, Inventory Team, USDA-NRCS, Windsor, CT 

Activities: 
All field activities were completed on 27 October 1998. 

Equiprnent: 
The electromagnetic induction meter used in this study is the EM3 l manufactured by Geonics Limited 1 This meter is 
ponable and requires only one person to operate. McNeill (1980a) has dcscnbcd principles of operation. No ground 
contact is required with this meter. This meter provides limited vertical resolution and depth information. Lateral 
resolution is approx..imately equal to the intcrcoil spacing. The EM31 meter operates at a frequency of 9,800 Hz and has 
theoretical observation depths of about 3 and 6 m in the horizontal and vertical dipole orientations, respectively (McNeill, 
1980a). Values of apparent conductivity are expressed in milliSiemens per meter (mS/m). 

To help summarize the results of this study, the SURFER for Windows software program developed by Golden Software 
Inc. was used to construct two-dimensional simulations.' Grids were created using kriging methods. In each of the 
enclosed plots, shading and filled contour lines have been used. These options were selected to help emphasize SfXltial 
pattems. Other than showing trcn~ and patterns in values of apparent conductivity (i.e., zones of higher or lower electrical 
conductivity), no significance should be attached to the shades themselves. 

Background: 
Potential threats to human health and the environment associated with anitnaJ~waste managemeJU systems have prompted 
increased attention on the methods used to assess their effectiveness. The Agricultural Waste Management Field Handbook 
specifics that once an animal-waste management system has been constructed; it should be monitored continuously to 

1 Trade names have been used to provide specific information, Their use does not constitute endorsement. 



determine its effectiveness (Conservation Engineering Division, 1997). Monitoring provides a method to assess efficacy 
and to estimate solute loss and contamination risks from animal-waste management systems. 

Monitoring wells, soil coring and chemical analysis protocols provide direct measurements of contaminant levels at specific 
sites. Monitoring wells placed near animalwwaste management systems are used to help assess the distribution of 
contaminant plumes caused by seepage (Collins et al., 1975). However, the direction of ground-water flow can not be 
determined from surface observations alone. As a consequence, multiple wells are needed to adequately assess the 
integrity of a waste-holding facility. Monitoring wells and sampling conventions are expensive and time consuming. As a 
consequence, the nwnber of monitoring wells is limited A limited number of monitoring wells can not provide 
comprehensive coverage of a site (can miss contaminant plumes). The frequency of collecting samples varies with the age 
of the system and presumed. associated risks. By the time traces of contamination are det~ted in samples, the surrounding 
aquifer may already be adversely affected by the contaminants. Seepage does not occur unifonnly around the perimeter of 
animal·waste management systems, but often occurs at specific, unpredictable locations (Ritter et al., 1984). Because of 
the nonunifonn and unpredictable nature of seepage from animal-waste management systems, it is difficult to assess 
groundwater and surface water CQnmmination from localized monitoring and sampling techniques. In studies conducted by 
Ritter and others ( 1984 ), samples from only some distant monitoring wells were contaminated. In this study (Ritter et al., 
1984), contamination of the wells could not be directly linked to the waste management systems. Because of the 
unpredictable and site specific nature of contaminant plumes, results based on a limited number of observations can be 
conflicting or inconclusive. Alternative, more comprehensive sampling ~hniques arc needed 

Electromagnetic induction (EMl) is a noninvasive geophysical tool that can be used for detailed site investigations. 
Advantages ofEMI are its portability. speed of operation, flexible observation depths (with conunercially available systems 
from about 0.75 to 60 m), moderate resolution of subsurface features, and comprehensive coverage. Results of EMI 
surveys aro interpretable in the field. This geophysical method can provide in a relatively short time the large number of 
observations needed to comprehensively cover sites. Maps prepared from correctly interpreted EMI data provide the basis 
for assessing site conditions, planning further investigations, and siting monitoring wells. 

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 
observation depth (Greenhouse and Staine, 1983). Variations in apparent conductivity are produced by changes in the 
electrical conductivity of earthen materials. The electrical conductivity of soils is influenced by Ute volumetric water 
content, type and concentration of ions in solution, temperature and phase of the soil water, and amount and type of clays in 
the soil matrix (McNeill, 1980b). The apparent conductivity of soils increases with increases in soluble salts, water, and 
clay contents (Kachanoski et al , 1988; Rhoades et al., 1976). 

Electromagnetic induction measures vertical and lateral variations in 3J'l:W'CDt 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. 
To assist inwrpretations, computer simulations are nonnally used. 

Electromagnetic induction has been successfully used to investigate the migration of contaminants from waste sites (Brune 
and Doolittle, 1990; Drommerha'usen, l 995; Eigenberg et al. , 1998; R~dcliffe et al., 1994; Ranjan and Karthigesu, 199.5; 
Siegrist and Hargett, 1989; and Stiennan and Ruedisili, 1988). Electromagnetic induction has been used to infer the 
relative concentration, extent, and movement of contaminants from animal-waste management systems. El~tromagnetic 
induction does not provide a direct measurement of specific ions or compounds. However, measurements of apparent 
conductivity have been correlated with specific ions that are mobile in the soil and associated with animal wastes. 
Apparent conductivity has been correlated with concentrations of chloride, ammonia, and nitrate nitrogen in the soil (Brune 
and Doolittle, 1990; Ranjan and Karthigesu, 1995; Eigenberg ct al., 1998). 

Results: 
Study Site #J: 
The site is located near the town of Coventry. The waste-holding facility is unlined and was constructed in 1988. An 
irregularly shaped 300 by 350-foot grid was established on the western and southern sides of the facility. TI1e grid interval 
was 50 feet. Survey flags were insened in the ground at each grid intersection and served as observation point. This 
procedure provided 47 observation points. Measurements were taken at each observation point with an EM31 meter placed 
on the growid surfuce in both the horizontal and vertical dipole orientations. The survey was completed in about 2 hours. 

Table l summarizes the npp-arent conductivity measurements. Values of apparent conductivity were low and essentially 



invariable across most of the surveyed area. The apparent conductivity of the upper 3 meters (measured with the EM3 l 
mcter in the horizontal dipole orientation) averaged 11.7 mS/m with a standard deviation of7.19. One-half of the 
observations bad values of apparent conductivity between 8.8 and 11.0 mS/m. The apparent conductivity of the upper 6 
meters (measured with the EM3 l meter in the vertical dipole orientation) averaged 12.2 mS/m with a standard deviation of 
6. 94. One-half of the observations had values of apparent conductivity between 10.0 and 1 U mS/m. 

Metg 
EM31 
EM31 

Table 1 
Basic Stati5tics 

EMI Survey 
Unlined Agricultural-Waste Holding Facility 

Coventry, Connecticut 
(All valuet arc in mS/m) 

Quartiles 
Qti~ntat!Qn Minimmn MaximYm 1st Median 

Horizontal 1.S 46.0 8.8 9.5 
Vertical 9.0 55.0 10.0 10.5 

3rd Average 
11.0 11.7 
11.S 12.2 

Figure 1 contlins two-dimensional plots of apparent conductivity. The left-hand plot represents data collected with the 
EM3 l meter in the hori1.ontal dipole orientation. The right-hand plot represents data collected with the EM3 l meter in the 
vertical dipole orientation. The location of the waste-holding facility has been shown in each plot. In each of these plots, 
the isoline interval is 3 mS/m. 

In both plots, spatial patterns indicate that the fucility is operating well with minimal seepage. However, two conspicuous 
areas (labeled "A" and "B") of high apparent conductivity are evident in these plots. A manure stacking area is located 
near .. A." Wastes in the stacking area are responsible for the elevated apparent conductivity measurements near "A." Jn th.c 
shallower sensing (0 to 3 m) horizontal dipole orientation, comparatively high measurements were recorded in the extreme 
southeastern comer of the survey area. Here, the outlet of a subsurface drain flushes wastes into an empbennal channel. 
Apparent conductivity was high (>40 mS/m) near the outlet. Although a~t conductivity decreased with increasing 
distanct from the outlet, values remained relatively high along the drainageway. High values were observed along the 
coarse of the drainageway and into an acljoining field located about 300 from the outlet. This 1X1ttem suggests a potential 
problem that should be studied more fully and addressed. 

Another stacking area is located to the immediate north of the survey area and to the northwest of the waste-holding 
facility. Runoff from this stacking area is believed to contribute to the high apparent conductivity near "B." 

TI1e results of the EMI smvey at Study Site # 1 provided little evidence supporting seepage from the unlined animal wastc­
holding facility. No extensive plume-like !Xlttem emanating from the facility was distinguishable. Electromagnetic 
induction did detect two conspicuous plumes of high apparent conductivity emanating from waste stacking areas. Both 
plumes were extensive and related to surface runoff. 

Study Sile #2: 
The site is located near the town of Coventry. The waste-holding facility is lined and was constructed in 1996. A 350 by 
200-foot grid was established on the southern side of the facility. The grid interval was 50 feet. Survey flags were inserted 
in the grmmd at each grid intersection and served as observation point This procedure resulted in 40 observation points. 
This procedure provided 40 observation points. Measurements were taken at each observation point with an EM3 l meter 
placed on the ground surface in both the horizontal and vertical dipole orientations. The survey was completed in about 1.5 
hours. 

Table 2 summarizes the apparent conductivity measurements. Values of apparent conductivity were e;(ceeclingly low and 
invariable across most of the surveyed area. The appan..~t c-0nductivity of the upper 3 meters (measured with the EM3 l 
meter in th~ horizontal dipole orientation) aver.iged 8.34 mS/m with a standard deviation of 1.75. One.half of the 
observations had values of apparent conductivity between 6.5 and 9.0 mS/n1. The apparent conductivity of the upper 6 



meters (me:isurod with the EM3 l meter in the vertical dipole orientation) averaged 8.21 mS/m with a standard deviation of 
l .89. One~half of the observations had values of apparent conductivity between 6.S and 9.5 mS/m 

Meter 
EM31 
EM31 

Table 2 
Basic Statistics 

EMISun-ey 
Lined Agricultural-Waste Holding Facility 

Coventry, Connecticut 

Orientation 
Horizontal 

Vertical 

(All v•lues arc in mS/m) 

Minimum 
6.0 
5.5 

Ma"«mum 
13.0 
12.5 

Quartiles 
1st Median 
6.5 8.0 
6.5 7.5 

3rd 
. 9.0 

9.5 

Average 
8.34 
8.21 

Figure 2 contains two-dimensional plots of appuent conductivity. The upper plot represents data collected with the EM3 l 
meter in the horizontal dipole orientation. The lower plot represents data collected with the EM3 l meter in the vertical 
dipole orientation. The bar at the top of each plot represents the approximate location of the waste-holding facility. A road 
is located to the immediate east of the study area. In each of these plots, the isoline interval is 2 mS/m. 

In both plots, a conspicuous area (labeled "A) of relatively higher (10- 13 mS/m) apparent conductivity is evident in the 
eastern half of the study site. A portion of this area is located immediately downslope of a fonner manure stacking area 
described by the landowner. Waste residue from the former stacldng area may be responsible for the slightly higher 
apparent conductivity measurements near "A." Changes in soil type may be aoother causal factor for the higher apparent 
conductivity. In addition, road salts rnay also contribute to the slightly higher values along the eastem border of the study 
site. 

The results of the EMI survey at Study Site #2 provided little evidence supporting seepage from the animal waste-holding 
facility. If seepage or surface runoff of contaminants exist from the facility, concentrations are too low to afford detection 
try EMI methods. 



CONCLUSIONS: 
l . Interpretations contained in this report are considered preliminary estimates of site conditions. These interpretations do 
not substitute for direct observations, but rather reduce their number, direct their placement. and supplement their 
interpretations. Interpretations should be verified by ground-tnlth observations. 

2. The results of the EMl survey at Study Site #1 provided little evidence supporting seepage from the unlined animal 
waste-holding facility. No extensive plume-like pattern emanating from the facility was distinguishable. Electromagnetic 
induction did detect two conspicuous plumes of high apparent conductivity emanating from waste stacking areas. Both 
plumes were extensive and related to surface runoff. 

3. The results of the EMI survey at Study Site #2 provided little evidence supporting seepage from the animal waste­
bolding facility. If seepage or surface runoff of contaminants exist from the facility, concenttations arc too low to afford 
detection by EMI methods. 

It was my pleaswe to work again in Connecticut and with members of your fine staff. 

J ith kind re~_jj/ 
a.~ A. d.~l~ltf: 

runes A Doolittle 
esearch Soil Scientist 

cc: 
J. Culver, Acting Director, USDA-NRCS, National Soil Survey Center, Federal Building. Room 152,100 Centennial Mall 

North, Lincoln, NE 68508-3866 
C. Olson, National Leader, Soil Survey Investigations, USDA· NRCS, National Soil Survey Center, Fede.ral Building, 

Room 152, 100 Centennial Mall North, Lincoln, NE 68.508-3866. 
S. Mc Vey, Assistant State Soil Scientist, USDA·NRCS, 16 Profesfilonal Parle Road, Storrs, CT 06268·1299 
H. Smith, Director of Soils Survey Division, USDA-NRCS, Room 4250 South Building, 14m & Independence Ave. SW, 

Washington, DC 20250 
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