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Time-Domain Electromagnetic Soundings Collected in
Dawson County, Nebraska, 2007-09

By Jason D. Payne and Andrew P. Teeple

Abstract

Between April 2007 and November 2009, the U.S.
Geological Survey, in cooperation with the Central Platte
Natural Resources District, collected time-domain el ectro-
magnetic (TDEM) soundings at 14 locations in Dawson
County, Nebraska. The TDEM soundings provide information
pertaining to the hydrogeology at each of 23 sites at the 14
locations; 30 TDEM surface geophysical soundings were
collected at the 14 locations to develop smooth and layered-
earth resistivity models of the subsurface at each site. The
soundings yield estimates of subsurface electrical resistivity;
variations in subsurface electrical resistivity can be corre-
lated with hydrogeol ogic and stratigraphic units. Results
from each sounding were used to calculate resistivity to
depths of approximately 90-130 meters (depending on loop
size) below the land surface. Geonics Protem 47 and 57
systems, as well as the Alpha Geoscience TerraTEM, were
used to collect the TDEM soundings (voltage data from
which resistivity is calculated). For each sounding, voltage
data were averaged and evaluated statistically before inver-
sion (inverse modeling). Inverse modeling is the process of
creating an estimate of the true distribution of subsurface
resistivity from the measured apparent resistivity obtained
from TDEM soundings. Smooth and layered-earth models
were generated for each sounding. A smooth model isa
vertical delineation of calculated apparent resistivity that
represents a non-unique estimate of the true resistivity. Ridge
regression (Interpex Limited, 1996) was used by the inver-
sion software in a series of iterations to create a smooth
model consisting of 24-30 layers for each sounding site.

L ayered-earth models were then generated based on results
of smooth modeling. The layered-earth models are simpli-
fied (generally 1 to 6 layers) to represent geologic units with
depth. Throughout the area, the layered-earth models range
from 2 to 4 layers, depending on observed inflectionsin

the raw data and smooth model inversions. The TDEM

data collected were considered good results on the basis of
root mean square errors calculated after inversion model-
ing, comparisons with borehole geophysical 1ogging, and
repeatability.

Introduction

Time-domain electromagnetic (TDEM) sounding can
be used to identify variations in the electrical resistivity of
the subsurface, which can be linked to changes (depth wise)
in the physical and chemical properties of soil, rock, and pore
fluids. The resistivity of soils and rocks are controlled by
mineralogy, clay content, water content, salinity, and porosity.
Changesin the resistivity of soils and rocks, either vertically
or horizontally, produce variations in the electromagnetic
signature measured by geophysical tools. These changes can
be related to variations in the chemical and physical proper-
ties of the subsurface geology, to the level that differencesin
lithology or rock type can be identified (U.S. Army Corps of
Engineers, 1995). However, to efficiently distinguish the dif-
ferencesin lithology, the geologic characteristic to be defined
must have properties considerably different from background
conditions (American Society for Testing and Materials,
1999). Typicaly, clay and shale are less resistive than sand
and gravel, which in some cases provide contrasts that can
be noticeable with TDEM methods (U.S. Army Corps of
Engineers, 1995). TDEM sounding (Fitterman and Labson,
2005) is one of anumber of surface-geophysical methods
used to characterize subsurface geologic and hydrogeol ogic
properties.

The U.S. Geologica Survey (USGS) began a multiyear
geophysical study in cooperation with the Central Platte
Natural Resources District in 2007. As part of this study, the
USGS collected TDEM soundings at selected sitesin Dawson
County, Nebr., between April 2007 and November 2009.
TDEM sounding can be used to detect variations in electrical
resistivity of the subsurface that can be related to changesin
the physical and chemical properties of soil, rock, and pore
fluids. The TDEM soundings documented in this report are
part of alarger study to characterize the hydrostratigraphy of
the area

Purpose and Scope

This report describes the techniques and findings of
TDEM profiling between April 2007 and November 2009 in
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Dawson County, Nebr. The report documents the acquisition
and processing of TDEM soundings made at land surface at
23 different sites representing 14 locations. The report briefly
describes TDEM theory and its application to characterize
properties of the subsurface. The resulting models of sub-
surface resistivity are discussed in terms of data quality and
repeatability. The data at three of the sites, including gamma
and 16- and 64-inch normal-resistivity borehole geophysical
logs, are plotted with geophysical data previously collected

at each respective site and published in another USGS report
(Anderson and others, 2009). The methods of data acquisition
and processing, inverse modeling, and data quality and reli-
ability are explained. The data for each site are described as
one-dimensional (1D) inverse modeling results to visualize the
electrical stratigraphy of the area.

Description of the Study Area

The study areais part of the broad floodplain of the
Platte River in Dawson County, Nebr. All the sites where
TDEM soundings were made (with the exception of the
Shelton site) are north of the Platte River in Dawson County,
between the cities of Gothenburg, Nebr., to the west and
Overton, Nebr., to the east (fig. 1). The mgjority of the land
useis agricultural but also includes rangeland, urban, light
industrial, and infrastructure. Meteorological records from
Gothenburg, Nebr., for 1961 through 1990 indicate the mean
annual temperature is 50.95 degrees Fahrenheit (°F), with a
mean maximum of 89.6 °F in July, amean minimum of 14 °F
in January, and mean annual precipitation of 22.2 inches (The
Weather Network, 2010).

Hydrogeology

The study area overlies the High Plains aquifer, which
consists of hydraulically connected deposits of Tertiary and
Quaternary age. The Tertiary deposits include the upper part of
the White River Group and the Ogallala Formation, whereas
the Quaternary deposits include alluvium and eolian sands
(Pettijohn and Chen, 1983; Gutentag and others, 1984). The
upper White River Group forms the basal unit of the High
Plains aquifer and consists primarily of siltstone with some
sandstone beds. Zones of higher permeability in the upper
White River are typically associated with densely spaced
fractures and bedding-plane partings (Barrash and Morin,
1987). The High Plains aquifer is underlain by confining units
composed of the Cretaceous-age Pierre Shale and Tertiary-
age claystone and siltstone of the lower part of the White
River Group. The Ogallala Formation, which overlies the
White River Group, forms the principal unit in the High Plains
aquifer and is made up of unconsolidated gravel, sand, silt,
and clay with some zones of caliche. Laterally extensive
alluvia deposits of gravel, sand, and silt blanket the Ogallala.
Locally the aluvium is overlain by eolian deposits of dune
sand and loess. The most permeable zonesin the Ogallalaand

alluvium are associated with the coarse-grained sands and
gravels (Schultz and Stout, 1955).

Methods (Time-Domain Electromagnetic
Sounding)

Preliminary sites were selected for the collection of
TDEM soundings that were conducive to additional studies of
the subsurface. TDEM sounding locations were chosen from
thelist of preliminary sites on the basis of site access and the
amount of electromagnetic interference. Soundings made at
sitesin or near cities have a higher likelihood of electromag-
netic interference, but because of difficulties with obtaining
access to enough sitesin the rural areas of Dawson County,
soundings were also collected at the airports near Cozad,
Nebr., and Lexington, Nebr., aswell asin open spacein the
city of Lexington. Thirty TDEM surface geophysical sound-
ings were collected at each of 23 sites representing 14 differ-
ent locations (fig. 1; table 1) to develop smooth and layered-
earth resistivity models for each location. Sites at the same
location are given the same site number followed by aletter
(for example, sites 58A and 58B are at the same location).
Data from each sounding at each site was used to calculate
apparent resistivity to depths of approximately 90-130 m
(by using 40-m or 80-m loops, respectively) below the land
surface.

Time-domain el ectromagnetic measurements were made
by transmitting an alternating current into square loops of
insulated wire deployed on the land surface. Each sounding
also has areceiver cail or loop that is discussed later. The
transmitter loop current consists of equal periods of time-on
and time-off base frequencies (that ranged in this application
from 285 to 3 hertz [Hz]), which produce an electromagnetic
field near the loop of wire. Termination of the current flow
is not instantaneous but occurs over afew microseconds,
known as the ramp time, during which the magnetic field is
time-variant. The time-variant nature of the induced electro-
magnetic field creates a secondary electromagnetic field in
the ground underneath the loop in accordance with Faraday’s
Law (Halliday and Resnick, 1974). Thisresultant field
instantly begins to decay, generating additional eddy currents
that spread downward and outward into the subsurface like a
succession of smoke rings (North Carolina Division of Water
Resources, 2006) (figs. 2a and 2b). These eddy currents then
produce a magnetic field of their own that is recorded as volt-
age measurements throughout the time-off period by areceiver
positioned in the center of (fig. 2a) or coincident with (fig. 2b)
the transmitter loop. Depth of exploration depends on the time
interval after shutoff of the current, because at later times, the
receiver is measuring eddy currents from increasingly greater
depths. The voltage magnitude received from the eddy cur-
rents at specific times and depths is determined by the overall
conductivity of subsurface rock units and fluids (Stewart and
Gay, 1986). From these voltage measurements, apparent resis-
tivity values can be calculated.
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Central Loop Configuration
(Protem System)
Transmitter Receiver loop

Transmitter loop

Eddy currents

B Coincident Loop Configuration
(TerraTEM System)

Transmitter/Receiver ece A28

or R VW,
: ﬁ'r:nk?d‘itter gop

Eddy currents

Figure 2. Diagram showing A, the central loop configuration, and B, the coincident loop configuration system used to collect time-
domain electromagnetic soundings in Dawson County, Nebraska, 2007-09.

Data Collection

Different types of insulated wire loops (antennas) were
used to transmit and receive the data. Transmitter (Tx) loop,
or antenna, selection isimportant because of relatively large
depths to the basement (lower confining unit) of the High
Plains aquifer in the study area. After the currents are applied
at the land surface by using square-shaped Tx loops of two
sizes, (40 by 40 m, and 80 by 80 m), voltages are measured
from which apparent resistivity values are calculated. The
apparent resistivity values were examined for data quality at
depth. A larger Tx loop size increases the depth of explora-
tion but at the same time increases resistance of the loop wire,
which therefore decreases the current. For example, while
using the Protem 57 system, an 80-m Tx loop transmits a
current between 15 and 18 amperes (A) because of the added
resistance of the wire, whereas a 40-m Tx loop transmits a
current between 18 and 22 A (these values were documented
while collecting the field data). Reducing the current in the
loop decreases the electromagnetic field strength, and this
can lead to adecrease in datareliability from relatively deep
zones. Using the 80-m Tx loop (with the reduced current) will
in most cases produce a larger magnetic field than the 40-m
loop because the magnetic moment (strength of the magnetic
field generated) is strongly dependent on the area of the loop
(Halliday, 1974). For most of the selected sites, the 40-m Tx
loop was sufficient, but some sites were reanalyzed by using
the 80-m Tx loop if the Pierre Shale or part of the White River
Group was not observed while using the 40-m loop.

The Geonics Protem 47 (fig. 3a) and 57 (fig. 3b) systems,
hereinafter referred to as Protem 47 and 57, respectively, were
used in 2007 to collect TDEM soundings at each site (Geonics
Limited, 20063, 2006b). The Protem 47 and 57 use a multi-
turn receiver (Rx) coil to measure electromagnetic fieldsin

the center of the transmitter loop (fig. 2). The Protem 47 Rx
coil has an effective area of 31.4 square meters (m?) (Geonics
Limited, 20064), whereas the Protem 57 Rx coil has an effec-
tive area of 100 m? (Geonics Limited, 2006b). The effective
area of the receiver relates to how sensitive the Rx coail is; the
100-m? Rx coil is able to measure smaller voltages than that
of the 31.4-m? coil. The Pratem 47 transmitter produced a
current of 2.75-3.0 A, and the Protem 57 transmitter produced
currents of 15-22 A, depending on the size of the Tx loop
used. The Protem 47 and 57 each have preset frequencies or
repetition rates (frequencies at which the system transmits and
receives voltages). The Protem 47 uses repetition rates of 285
Hz (ultra-high), 75 Hz (very high), and 30 Hz (high) (Geonics
Limited, 20064). The Protem 57 uses lower repetition rates

of 30 Hz (high), 7.5 Hz (medium), and 3 Hz (low) (Geonics
Limited, 2006b). The 30-Hz (high) frequency is collected by
using each system to check the reliability of the data. At each
sounding an integration time of 15 seconds (s) was used to
measure 20 different data sets (the compilation of these data
setsis referred to as a stack). Theintegration timeis the length
of time the system transmits and receives continuously (every
few milliseconds) to determine one voltage value. The mean
value of al the soundings collected over the integration time
is stored. The values stored in the stack are averaged to ensure
data quality and repeatability, and averaging is done prior to
theinversion step, which is explained in the inverse modeling
section of this report. The 15 sintegration time was selected
after comparison with data collected while using 10 sintegra-
tion times. The longer integration time increased late-time data
quality (late timeisthe length of time after the electrical cur-
rent is shut off). Longer integration time increases data quality
at depth, but the increase in data quality resulting from a
longer integration timeis less than the increase in data quality
resulting from alarger magnetic moment, which results from



Table 1. Location of time-domain electromagnetic soundings,
Dawson County, Nebraska, 2007-09.

[RTK, Real-time kinematic; NAD 83, North American Datum 1983; UTM,
Universal Transverse Mercator; NAVD 88, North American Vertical Datum
1988]

RTK-derived coordinates in meters

Data (rounded to nearest 0.1 meter)
. Loop - -
Site size col- Easting Northing .
identifier lection (NAD83  (NAD 83 evation
(meters) (NAVD
years) UTMzone UTM zone )
14 north) 14 north)
CWR11 40 2009 462,873.0 4,504,101.0 673.9
Shelton 40 2009 519,858.0 4,511,460.5 597.0
Site 39 40 2007 449,096.7 4,511,049.0 7139
Site 40 40 2007 452,764.3 4,510,569.0 708.1
Site 51 40, 80 2007 435,1285 4,515,692.0 732.4
Site 54 40, 80 2007 435,840.8 4,521,818.5 739.7
Site 58A 40 2007, 429,577.1 4,525,248.0 732.4
2008
Site 58B 80 2007 429,577.1 4,525,248.0 730.4
Site 65 40 2007 415,742.2 4,525,124.5 761.3
Site 66 40 2007 418,072.3 4,524,247.0 759.9
Site 67 40, 80 2007 417,786.8 4,529,259.5 772.1
Site 71A 40 2008 445,609.2 4,519,984.5 710.3
Site 71B 40 2007, 446,395.5 4,519,489.0 699.9
2008
Site 72A 40 2007, 446,671.6 4,521,129.5 737.2
2008
Site 72B 40 2008 446,504.6 4,521,092.0 737.1
Site 72C 40 2008 446,664.2 4,521,086.0 736.8
Site 72D 40 2008 446,575.6 4,521,087.0 737.2
Site 72E 40 2008 446,742.7 4,521,080.0 736.5
Site 72F 40 2008 446,741.9 4,521,000.0 735.3
Site 72G 40 2008 446,658.0 4,521,003.0 735.5
Site 72H 40 2008 446,580.5 4,521,000.5 736.1
Site 73 40 2007 454,515.1 4,505,358.0 704.0
Site 85 40, 80 2007 434,508.3 4,527,773.5 758.9

! Cottonwood Ranch Site Number 1.

the larger loop size (Payne, 2007). For each Protem sounding,
a Trimble 5800 dual frequency kinematic global positioning
system (GPS) (Trimble, 2007) unit was set up to obtain the
precise location and elevation at the center of the loop.
Soundings that were judged by the authors to have
the lowest environmental noise (background electromag-
netic interference) were collected again by using the Alpha
Geoscience TerraTEM system (Alpha Geoscience, 2010)
(fig. 4) in 2007-09 for quality control and to verify measure-
ment repeatability. The TerraTEM uses a single-turn coinci-
dent Rx coil to measure the electromagnetic fields (fig. 2b).

Introduction 5

The effective area of the coincident receiver depends on the
size of the antenna (loop); the 80-m loop has an effective

area of 6,400-m?, and the 40-m loop has an effective area of
1,600 m?. The TerraTEM transmitter produced currents of
8-10 A depending on the size of the transmitter loop. The
preset repetition rate for the TerraTEM system is 10 Hz.
Instead of a preset integration time, the TerraTEM system
collects hundreds or thousands of soundings (stacks) that are
later averaged to increase the data quality and repeatability. In
this study the soundings were collected with 1,000 to 2,000
stacks per record, depending on the environmental noisein the
area, and 10-20 records were collected for each sounding. The
Trimble 5800 GPS system used for the Protem soundings was
also used for the TerraTEM soundings.

After initial testing was done at each of the 23 sites,
three sites were chosen (sites 58, 71, and 72) for additional
data collection, including borehole geophysical data collec-
tion. Selected borehole geophysical data and gamma logs
(Anderson and others, 2009), collected from test holes collo-
cated with the TDEM sites, are included with TDEM sound-
ingsin figures 5 and 6 for comparison purposes. The geophys-
ical log data are used to help assess the quality of the TDEM
soundings, and the gammalogs were used by Anderson and
others, 2009, to help identify formations in the stratigraphic
column. TDEM soundings were collected multiple times at
sites 58A, 58B, 71, and 72 A—H. At sites 72 A-H, 8 TDEM
soundings were collected in 2008 in a grid pattern to examine
heterogeneity in the area. At site 58A, multiple soundings
were collected.

Data Processing

For each sounding collected with the Protem system,
the voltages measured from the eddy currents were averaged
and evaluated statistically by using preprocessing scripts (Joe
Vrabel, U.S. Geological Survey, written commun., 2010).
These scripts use the raw field data (voltage data) and cal-
culate the uncertainty of each time gate (discrete voltages
measured at increasingly later times after shutoff of the cur-
rent) independently. After calculating the standard deviation
of the voltage, the user can specify limitsto trim the data set
(that is, remove extreme outliers prior to inverse modeling).
For this study, the Protem data were initially filtered by using
atrimmed mean and removing the upper and lower 5 percent
of the data. Thisis done to remove potentially erroneous data
points that would affect the average of the 20 duty cycles.
Outliers were evaluated by the program and any data that
was more than 10 percent above or below other data points
were removed. The averages of each time gate are then saved
as aprocessed data file (appendix 1) that can be used in the
inversion software (Interpex, 1996). The inversion of datais
described in the inverse modeling section.

The TerraTEM data was processed by using similar
scripts (Joe Vrabel, U.S. Geological Survey, written commun.,
2010) developed by the USGS. These scripts use the raw field
data (voltage data) and calculate the uncertainty of each time
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A B

Figure 3. Photographs showing A, receiver coil (loop) for Geonics Protem-47, and B, receiver coil for Geonics Protem-57.

gate independently. Similar to Protem processing software, the
user can specify limitsto trim the data set. The same trimmed
mean and outlier removal options were used. The processed
TerraTEM datafiles are listed along with the processed
Protem data files in appendix 1.

Inverse Modeling

Apparent resistivity, as calculated from field measure-
ments of voltage, is the resistivity of an equivalent electri-
cally homogeneous and isotropic subsurface (Grant and West,
1965). Inverse modeling is the process of creating an estimate
of the true distribution of subsurface resistivity (derived
from the actual heterogeneous, anisotropic rocks) from the
measured apparent resistivity obtained from TDEM sound-
ings (modeled as homogeneous, isotropic rocks). The IX1D
program, developed by Interpex Limited (1996), was used for
inverse modeling. Measured apparent resistivity dataas afunc-
tion of time are presented in appendix 2. For each sounding,
apparent resistivity values are calculated from the raw voltage
values measured. When plotted in time these apparent resistiv-
ity values yield a decay curve representing the subsurface elec-
trical stratigraphy. Data points that deviated appreciably (in the
judgment of the authors) from the decay curve (and therefore

represented suspect data) were deleted before inverse model -
ing. Appendix 2 includes the decay curve for each sounding
aswell asthe inverse modeling results calculated from the
curve.

A smooth model, consisting of 24 or 30 layers and
using initial author-specified model settings of a minimum
depth of 1 m, amaximum depth of 135 m, and an initial
starting resistivity that differed for each sounding, was
used to approximate the measured resistivity points. The
initial starting resistivity was calculated by doing asingle iter-
ation inversion (using 1X1D) of a 1-layer (commonly referred
to as a half-space) model to best fit the data. The resistivity
of the 1-layer model then was used as a starting point for
the smooth (24- or 30-layer) model. This starting resistiv-
ity would represent the mean resistivity over the entire depth
of the sounding. A smooth model isavertical delineation of
calculated apparent resistivity that represents a non-unique
estimate of the true resistivity. Ridge regression (Interpex
Limited, 1996) was used by the inversion softwarein a series
of iterationsto create a smooth model for each sounding site.
Iterations were continued until the root mean square error
(RMS) between measured and cal cul ated apparent resistivity
changed less than 0.1 percent between iterations by using the
equation,
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Figure 4. Alpha Geoscience TerraTEM time-domain electromagnetic system, which includes transmitter and receiver, current-limiting

controller box, and battery pack.

1 n , 0.5
RMS:[E;(hm_hs) :| (1)

Where
RMS is the root mean square error [L],
n is the number of calibration points,
h_ is the measured apparent resistivity at point i[L],
h_ is the calculated apparent resistivity at point i[L]

To better represent the electrical stratigraphy of each
sounding, layered-earth models were then generated. The
layered-earth models are simplified to represent geologic units
with depth. Throughout the area, the layered-earth models
range from 2 to 4 layers, depending on observed inflections
in the apparent resistivity decay curve and smooth model
inversions. Graphs of the smooth and layered-earth models for

each sounding site are in appendix 2. The graphs show the raw
apparent resistivity data and the inversion results. The smooth
(green line, 24- or 30-layer depth profile), layered-earth (red
line, 1- to 4-layer depth profile) and error or bounds of layered
equivalent models (grey shaded area around depth profiles) are
shown in the plots. RM S errors between measured and cal cu-
lated apparent resistivity for the soundings range from 0.10 to
3.13 percent for the smooth models and 0.10 to 2.87 percent
for the layered-earth models (table 2).

Data Quality and Repeatability

The TDEM data collected throughout the area show good
results and are high quality based on RMS error after inver-
sion, comparisons with borehole geophysical logging, and
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Figure 5. Comparison of time-domain electromagnetic (TDEM) data to borehole resistivity logs measured by Anderson and others,
2009, in a test hole at site 72A. A, 64-inch normal resistivity borehole geophysical log overlain by simplified layered-earth model with
depth constraints obtained from TDEM inversions. B, Cumulative conductance plots for the original resistivity log and the simplified
layered-earth model. C, Direct comparison of TDEM smooth and layered inverse modeling results (models of true resistivity as a

function of depth) to borehole geophysical and lithologic logs collected by Anderson and others, 2009.
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Table 2. Root mean square (RMS) error between measured and
calculated apparent resistivity for soundings, Dawson County,
Nebraska.

[RMS, root-mean square]

Smooth Layered-
Site Loop size Data_ model earth
identifier (meters) collection RMS error model
year (percent) RMS error
(percent)
CWR11 40 2009 161 157
Shelton 40 2009 1.90 1.24
Site 39 40 2007 .98 .82
Site 40 40 2007 2.70 1.95
Site 51 40 2007 114 1.39
Site 51 80 2007 1.19 1.82
Site 54 40 2007 .66 a7
Site 54 80 2007 .76 .94
Site 58A 40 2007 .10 1.10
Site 58A 80 2007 142 1.49
Site 58B 40 2008 .54 .61
Site 65 40 2007 .69 .86
Site 66 40 2007 .73 .90
Site 67 40 2007 .67 .59
Site 67 80 2007 .82 .10
Site 71B 40 2007 1.66 1.88
Site 71B 80 2008 .88 .84
Site 71A 40 2008 .94 .85
Site 72A 40 2007 1.10 1.65
Site 72A 40 2008 .85 .79
Site 72B 40 2008 213 1.10
Site 72C 40 2008 313 2.87
Site 72D 40 2008 1.93 1.86
Site 72E 40 2008 1.92 1.80
Site 72F 40 2008 193 1.76
Site 72G 40 2008 2.47 221
Site 72H 40 2008 2.24 1.92
Site 73 40 2007 1.80 1.61
Site 85 40 2007 .53 A7
Site 85 80 2007 .56 42

1 Cottonwood Ranch Site Number 1

repeatability. The RMS errorsfor all soundings were less than
4 percent, with many less than 1 percent (table 2). On the basis
of previous study results, RMS errors of 10 percent or less are
generaly considered acceptable, and RMS errors of 5 percent
are generally considered good (Payne, 2007).

Quality assurance of the data was done by comparing
the TDEM data with borehole geophysical data collected by
Anderson and others, 2009, in a separate phase of the study.

Most of the soundings in the area show a moderately resis-
tive layer (approximately 30 ohm-m) within the upper 100

m (Ogallala Formation) and a conductive layer (less than 10
ohm-m) at the lower confining unit of the High Plains aqui-
fer (lower White River Group or Pierre Shale). The TDEM
inversion results compare well with borehole geophysical
data collected by Anderson and others, 2009, at sites 72

and 71. At sites 72A and 71 (figs. 5 and 6, respectively),

the TDEM results show similar resistivity structures when
compared to the 64- and 16-inch normal resistivity borehole
geophysical logs collected. A change in resistivity can be
seen at depth in both the TDEM inversion and the borehole
logs. In each figure, section A represents the 64-inch normal
borehole geophysical log (Keys, 1997) overlain by asimpli-
fied layered-earth model calculated by using IX1D (Interpex,
2010). The simplified model is similar to the layered-earth
inversion results for the TDEM soundings. This was done to
visually show how well the layered-earth model calculated
from the TDEM data compares with the borehole resistivity
data collected by Anderson and others, 2009. The simplified
model was created by constraining the depth of each layer

to equal the depths observed in the TDEM layered-earth
model inversions at each site. The IX1D program was used
to ater the resistivity values by averaging the borehole data
throughout the extent of each layer. Figures 5b and 6b each
show the cumulative conductance of the borehole data (green)
calculated by using 1X1D plotted against depth. The red line
represents the layered-earth approximation of the borehole
log. Inflections in the graphed cumul ative conductance data
represent different layers (based on resistivity changes) in the
borehol e data (Interpex, 2008). Small inflections are observed
in the borehole data that do not appear in the simplified model.
Because the borehole log does not start at the surface, some
discrepancies between the ssimplified borehole log and TDEM
inversion results are evident.

Data quality was verified by making multiple duplicate
measurements at the same locations. TDEM data was collected
multiple times at sites 58 and 72 to determine if the electrical
stratigraphy results were consistent between 2007 and 20009.
Site 58, at which voltages have been collected and resistivity
modeled multiple times with 40- and 80-meter configurations,
shows consistent results. Appendixes 2.10 and 2.11 show
data collected at site 58A with 40- and 80-meter transmitter
loops, and appendix 2.12 shows data collected at site 58B with
80-meter transmitter loops. Although the apparent resistivity
decay curves do not match, the inversion results are similar.

Data collection at site 72A was repeated several times
during the period 2007-09. Appendix 2 shows two soundings
collected at site 72A, one with the Geonics Protem system in
2007, and one with the Alpha Geoscience TerraTEM system
in 2008. The apparent resistivity decay curves ook different
because of the sampling time intervals, loop configurations,
and other system-specific settings, but again the inversion
results are similar. Soundings were collected in agrid pattern
near site 72A to determine the electrical heterogeneity of the
area. Multiple soundings (sites 72A—H) were collected in a



grid pattern at a spacing that approximated the 40-m loop size
around the location of site 72A. Theinversion results from
each sounding are shown in appendix 2.

Digital Data

Digital datain appendix 1 include (1) raw (unprocessed)
voltage data, (2) voltage data that has been filtered and
averaged, and (3) the resistivity values calculated from
inverted voltages. TDEM sounding data is contained under
the attached directory RAW_TDEM. The .red files are the
raw data downloaded directly from the Protem 47 and 57.
The associated Microsoft Excel spreadsheet (Protem Record
Numbers.xlIs) contains all the pertinent information needed to
process the raw .red files. The .usf files are the raw data down-
loaded directly from the TerraTEM. These .red and .usf files
can only be read with time-domain processing software. The
directory (Processed TDEM) includes the data after the first
phase of processing. The .dat files are the processed (filtered)
data from the Protem and TerraTEM systems. The .csv files
contain all the pertinent information to be input into an inver-
sion program to calculate resistivity values. The processed
data has been filtered to remove outliers that deviate more than
10 percent from other data points and a trimmed mean has
been applied removing the upper and lower 5 percent of the
data. The directory (INVERSION_TDEM) contains the final
inversion results that can be read by using the I X1D program
(Interpex, 2010).

Summary

The U.S. Geologica Survey (USGS) began a multiyear
geophysical study in cooperation with the Central Platte
Natural Resources District in 2007. As part of this study,
the USGS collected time-domain electromagnetic (TDEM)
soundings (voltage data from which apparent resistivity is
calculated) at selected sites in Dawson County, Nebr., between
April 2007 and November 2009. TDEM soundings were made
at 23 different sites representing 14 locations. The TDEM
soundings documented in this report are part of alarger study
to characterize the hydrostratigraphy of the area.

TDEM measurements were made by transmitting
an alternating current into square loops of insulated wire
deployed on the land surface. Geonics Protem 47 and 57
systems, as well as the Alpha Geoscience TerraTEM, were
used to collect the TDEM soundings from 40- or 80-meter,
square-shaped loops of wire that transmit and measure voltage
to depths of approximately 90-130 meters (depending on loop
size) below the land surface; transmitting alternating currents
and measuring the resulting voltages at alocation is referred
to as a sounding. For each sounding collected with the Protem
system, the measured voltages were averaged and evaluated
statistically by using preprocessing scripts. These scripts use
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the raw field data (voltage data) and cal culate the uncertainty
of each time gate (discrete voltages measured at increasingly
later times after shutoff of the current) independently. The
averages of each time gate are presented in this report; these
are the processed data that are used with inversion software.
Apparent resistivity, as calculated from field measurements of
voltage, isthe resistivity of an equivalent electrically homo-
geneous and isotropic subsurface. Inverse modeling estimates
the true distribution of subsurface resistivity (derived from the
actual heterogeneous, anisotropic rocks) from the measured
apparent resistivity obtained from TDEM soundings (mod-
eled as homogeneous, isotropic rocks). The I X1D program,
developed by Interpex Limited, was used for inverse modeling.
Measured apparent resistivity data are depicted as a function
of time. When plotted as a function of time, apparent resis-
tivity values yield adecay curve representing the subsurface
electrical stratigraphy.

A smooth model, consisting of 24 or 30 layers using
initial author-specified settings of a minimum depth of 1 m,
amaximum depth of 135 m, and an initial starting resistivity
(which differed for each sounding), was used to approximate
the measured resistivity points. The initial starting resistiv-
ity was calculated by doing asingle iteration inversion (using
IX1D) of aone-layer (commonly referred to as a half-space)
model to best fit the data. The resistivity of the 1-layer model
then was used as a starting point for the smooth (24- or
30-layer) model. This starting resistivity would represent
the mean resistivity over the entire depth of the sounding. A
smooth model is a vertical delineation of calculated apparent
resistivity that represents a (non-unique) estimate of the true
resistivity. Ridge regression was used by the inversion soft-
ware in a series of iterations to create a smooth model for each
sounding site. Iterations were continued until the root mean
square (RMS) error between measured and cal culated apparent
resistivity changed less than 0.1 percent between iterations.
Layered-earth models are simplified to represent geologic
units with depth. Throughout the area, the layered-earth
models range from 2 to 4 layers depending on observed inflec-
tionsin the apparent resistivity decay curve and smooth model
inversions. Graphs of the smooth and |ayered-earth models
for each sounding site are presented. The graphs show the raw
apparent resistivity data and the inversion results. The smooth
layered-earth and error or bounds of layered equivalent models
(grey shaded area around depth profiles) are also shown. RMS
errors between measured and cal culated apparent resistiv-
ity for the soundings range from 0.10 to 3.13 percent for the
smooth models and 0.10 to 2.87 percent for the layered-earth
models. On the basis of previous study results, root mean
square errors of 10 percent or less are generally considered
acceptable, and root mean square errors of 5 percent or less
are considered good. Quality assurance of the data was done
by comparing the TDEM data with borehole geophysical data
collected in a separate phase of the study. At sites 72 and 71,
the TDEM results show similar resistivity structures when
compared to the 64- and 16-inch, normal resistivity bore-
hole geophysical logs collected. Data quality was verified by
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making multiple duplicate measurements at the same loca-
tions. TDEM data were collected multiple times at sites 58 and
72 to determineif the electrical stratigraphy was consistent
between 2007 and 2009. At site 58, voltages were collected
and resistivity modeled multiple times with 40- and 80-meter
configurations, and the results of time-domain soundings
determined by inversion were consistent. Two soundings were
collected at site 72, one with the Geonics Protem system in
2007, and one with the Alpha Geoscience TerraTEM system
in 2008. The apparent resistivity decay curves ook different
because of the sampling time intervals, loop configurations,
and other system-specific settings, but again the inversion
results are similar. Soundings were collected in agrid pattern
near site 72 to determine the electrical heterogeneity of the
area. Multiple soundings (sites 72A—H) were collected in a
grid pattern at a spacing that approximated the 40-m loop size
around the location of site 72A.
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Appendix 1. Datasets of raw and processed time-domain electromagnetic data.

Data files:

Raw_TDEM—Includes all .red files downloaded from the Protem 47 and 57 systems, as well as all .usf files downloaded from
the TerraTEM system. The Raw_TDEM folder aso includes an Excel file that illustrates which record numbers (for the .red and
.usf files) were used for each sounding.

Processed_TDEM—Includes all the .dat (datafiles), and .csv (heading files) created after preprocessing (outliers removed in the
data). Each of these files can be imported into the Interpex X 1D inversion software.

Inversion_TDEM—Includes the .IXP file that can be read into the Interpex 1X1D inversion software. Thefile includes all final
inversion figures of each sounding.
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Appendix 2. Graphs showing time-domain electromagnetic resistivity from field measurements
as a function of time and inverse modeling results (smooth and layered-earth models).

List of abbreviations used in appendix 2.

OHM Unit of measure of electrical resistance (International System)
OHM-Meters Unit by which resistivity is measured; it is derived from the following equation:

R=rA/L

where
R = Resigtivity in Ohm-meters,
r = resistance measured in Ohms;
A = cross sectional areain meters squared; and
L = length of the resistor in meters.

UTM Universal Transverse Mercator
NAVD 88 North American Vertical Datum of 1988
RMS Root Mean Square error
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