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ABSTRACT

Electromagnetic methods have been used to measure apparent terrain
conductivity in the downstream portion of a watershed in which a waste
disposal site is proposed. At that site, the pathways for waste migra-
tion in ground water are controlled by subsurface channels. The chan-
nels are identified using isocurves of measured apparent conductivity.
Two upstream channel branches are found to merge into a single down-
stream channel which constitutes the main drainage path out of the
watershed. The identification and mapping of the ground water pathways
is an important contribution to the site characterization study and the
pathways analysis. The direct applications of terrain conductivity
mapping to the planning of the monitoring program, the hydrocfeolbg'ical
testing, and the modeling study are demonstrated.

INTRODUCTION

This article presents the results of conductivity measurements to
detect underground moisture anomalies and map channel controlled ground
water flow pathways in alluvial valleys overlying carbonate rock. An
area of approximately 10 ha was surveyed during the course of the study.
The area is located in the downstream region of a watershed in which the
siting of a waste disposal facility is proposed. The location of the
subsurface pathways for waste migration is of fundamental importance for
the impact analysis related to the siting of the facility. Pathways of
major transport include subsurface channels with high transmissivity.
These channels usually have a higher moisture content, different soil
composition and greater soil thickness than the adjacent areas, and
therefore have higher electrical conductivity. This study was conducted
to locate accurately the subsurface channels at the site by locating the
areas of high electrical conductivity using electromagnetic techniques.

SITE DESCRIPTION

The site is located on the DOE Oak Ridge Reservation at Oak Ridge,
Tennessee. The study area is adjacent to an area under study for dis-
posal of low-level radioactive waste. The work reported was performed
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as a portion of the site characterization program and contributes to the
site data base for use in the pathways analysis. Topography at the site
is gentle as shown in Fig. 1. Bedrock beneath the site is cherty dolo-
mite and limestone of the Knox Group. Formations which subcrop the site
include the Chepultepec Dolomite, the Longview Dolomite, and the. Newala
Formation. Bedrock generally strikes N 50-60oE. Measured dips in the
area range from 25° to 35" to the southeast. The Newala Formation
includes the Kingsport and Mascot formations which are interbedded dolo-
mite, limestone, and chert matrix sandstone. Depth of weathering is
generally deeper in the dolomitic formations than in the more limestone
rich Newala. Significant geologic information including approximate
formation contacts and location of karst zones is shown in Fig. 1.
Karst zones in the vicinity of the study area show a strong stratigraph-
ically controlled orientation. Karst development is discontinuous in
individual zones along strike. Two karst zones are mapped in the upper
half of the Chepultepec Dolomite east of the study area and their exten-
sions through the study area parallel to strike are indicated in Fig. 1.

The study area lies in a broad valley bottom in an unnamed water-
shed. In the headwater end of the valley, there is an intermittent
stream channel (denoted by the letter E in Fig. 2); however, this sur-
face channel dissappears into a sinkhole near the east edge of the study
area as all downstream drainage .is subterranean. The broad valley in
which the study area is located is interpreted as being a pos'sible" aban-
doned meander of the Clinch River. This interpretation is based on top-
ographic characteristics and terrace soils containing well rounded gra-
vel and cobbles of fine grained, well cemented sandstone possibly de-
rived from the Rome formation. Within the study area there is no dis-
cernable surface channel and the only surface water observed has been in
marshy ponds in late winter and spring. Electromagnetic techniques were
selected for this study because these methods are useful for locating
soil moisture anomalies which may be associated with subterranean flow
channels.

ELECTROMAGNETIC TERRAIN CONDUCTIVITY MAPPING

A reconnaissance survey was performed over the site shown in Fig. 1
using the Geonics EM-16. The goal of the reconnaissance survey was to
locate the major moisture anomalies present in the site, and subsequent-
ly delineate a study area in which further studies would be conducted.
Measurements of tilt angle and quadrature angle (see Ref. 1 and 2) were
taken every 10 m along traverse lines orientated to cross the suspected
subsurface flow channels. The traverse lines in the study area corre-
spond to the lines labeled Line 1, Line 2, Line 3 in Fig. 3 and recorded
anomalies are denoted by the letters A through E.- Anomalies A and B
were interpreted as the edges of a large conductive zone whereas anoma-
lies C, D, and E were interpreted as single narrow conductors. Anoma-
lies A, B, C, and D are all located in the low topographic points of the
traverses Line 1 and Line 3, suggesting that conductivity highs in the
site subsurface follow the topographic lows. An interesting result of
the reconnaissance survey is that no significant conductivity anomaly
was recorded on Line 2. Traverse Line 2 was run across a topographic
saddle which is thought to be in the path of an old meander of the
Clinch River. A conductivity anomaly could have been created by a
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Fig. 1. Topographic and geological map of the West Chesnut Ridge site and vicinity.
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Fig. 4. Topographic map of the study area showing the traverse lines performed during the
reconnaissance survey and the anomalies recorded with the EM-16.



difference in soil thickness, soil composition or soil moisture content.
The fact that no anomaly was recorded during that traverse leads to the
conclusion that no shallow hydraulic connection exists below the saddle
between the watershed in which the traverses were made and the adjacent
watershed to the west. Anomaly E was easily interpreted as the gas
pipeline running approximately north-south on the east side of the study
area.

The EM 34-3 survey was conducted to check the location and the
nature of the conductivity anomalies recorded during the reconnaissance
survey, establish whether connections existed between the recorded ano-
malies, and to map the conductivity channels if connections were found
to exist. Measurements were taken every 10 m along the traverse lines,
Line 1, Line 2, and Line 3 (Fig. 3) using the various selectable coil
spacings (10 m, 20 m, and 40 m) in both horizontal and vertical dipole
configurations (see Ref. 3). These measurements confirmed the location
of the anomalies and identified them as zones of high apparent conducti-
vity. All anomalies were found to be caused by conductors located in
the upper 7.5 m zone of the subsurface.

Additional measurements were made every 10 m on traverses connect-
ing the anomalies and traverses following a net-like pattern covering
the vicinity of the detected channel. An area of approximately 10 ha
was surveyed using the 10 m spacing horizontal dipole "configuration
(depth of penetration of 7.5 m) and a total of 520 measurements were
obtained. A map showing contours of recorded apparent conductivity for
the study area is shown in Fig. 4. Conductivity values correspond to
the measured apparent conductivity of the upper 7.5 m layer of the sub-
surface and are contoured in 1 micromhos/m increments. Background con-
ductivity ranged from 1.8 to 2.5 micromhos/m. Shaded areas represent
regions of apparent conductivity of at least twice the background con-
ductivity. The contours of apparent conductivity define a subsurface
conductivity channel with two upstream branches; one to the northwest,
the other to the northeast, and one downstream branch to the southeast
of the study area. Groundwater flow is inferred to follow these elec-
trically conductive channels which are interpreted to be thick bodies of
soil with higher moisture content than adjacent soils. The northeastern
branch is very narrow (about 20 m) and is interpreted as the subterra-
nean portion of the stream draining the northwestern valley of the site
(stream E on Fig. 2). The northwestern branch of the channel corre-
sponds to the underground drainage of the valley directly north of the
study area. The confluence of the northeastern and northwestern
branches occurs approximately in the center of the study area. In this
region of confluence, areas of high apparent conductivity (at least
three times background) are recorded. These nodes of high conductivity
are thought to correspond to thick lenses of soils with high moisture
content. The two upstream branches are seen to merge into a single
downstream branch running to the southeast of the study area through a
narrow valley. On the west side of the study area, apparent conducti-
vity measurements over a depth of 7.5 m supported the initial interpre-
tation that no shallow connection exists under the saddle between the
watershed in which the study area lies and the adjacent watershed to the
west. The slightly higher than background recorded conductivities are
attributed to shallow narrow paths of infiltrated runoff from the nearby
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Fig. 4. Map showing contours of apparent conductivity in the study area.



hill. This interpretation was reinforced by a series of measurements
performed with the vertical dipole configuration which showed no signi-
ficant conductivity anomalies at greater depth.

CONCLUSIONS

The results of the study demonstrate that conductivity anomalies in
the subsurface and conductivity channels in alluvial valleys overlying
carbonate rock can be detected from the surface and mapped using elec-
tromagnetic methods. The two electromagnetic devices used in this study
provide an inexpensive, rapid and efficient way to survey large areas
for subsurface conductivity mapping. The locations of subsurface chan-
nels have been identified using the map showing contours of apparent
terrain conductivity. The detected channels are interpreted as the main
subsurface drainage paths out of the watershed in which the waste dis-
posal site is proposed. The results dictate in a straightforward manner
the placement of monitor wells for detection of contaminant migration,
the preferred areas to extract soil samples for use in the laboratory
tests, the preferred locations to conduct geohydrologic testing (pump
tests, slug or packer testss tracer tests) and the construction of grids
for use in the numerical simulations of the site.

In summary, this study, together with several articles!^,4,5,6
describing the use of the methods in general geological- mapping (soil
types, faults, bedrock topography) and a companion article' presenting
the mapping of waste migration in ground water, demonstrate that elec-
tromagnetic terrain conductivity methods are very valuable tools in all
phases of subsurface investigations related to subgrade disposal of
waste.
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