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SUMMARY

The use of AEM technology to map and evaluate
groundwater resources has gained momentum over the
last 20 years in the United States and abroad. The State of
Nebraska has been on the forefront of implementing
AEM in the United States for water resources
management over the last decade with projects across the
state in a variety of geologic settings. An introduction to
the history of the many AEM surveys in Nebraska that
were acquired with nine different AEM systems is
presented beginning with surveys in 2007 and continuing
in 2009, 2013, 2014, 2015, 2016, and on into 2018.
These data total over 35,000 line-km that were collected
by nine different AEM systems. The staggered pace of
investigation has occurred because of the finite resources
that can be allocated to AEM data gathering and the
dynamic needs of the Natural Resources District’s within
Nebraska. This has led to the requirement that the
systems be well calibrated and that the inversions be able
to be integrated together to provide an evolving picture of
the hydrogeological framework in Nebraska. With careful
calibration and inversion, a multi-year acquisition plan
can be successful, providing more information to the
districts on the hydrogeological framework that can be
utilized in their management of their natural resources.
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INTRODUCTION

The wuse of AEM technology to map and evaluate
groundwater resources has gained momentum over the last 20
years in the United States and abroad. The State of Nebraska
has been on the forefront of implementing AEM in the United
States for water resources management over the last decade
with projects across the state in a variety of geologic settings.
The Eastern Nebraska Water Resources Assessment
(ENWRA) has coordinated efforts between area Natural
Resources Districts (NRDs), the Nebraska Conservation and
Survey Division (CSD), the United States Geological Survey
(USGS), and Aqua Geo Frameworks, LLC (AGF) in support
of several projects designed to characterize the hydrogeology
across the state.

The ENWRA project was formed in 2006 with sponsors from
six NRDs (Lewis and Clark, Lower Elkhorn (LENRD), Papio-
Missouri River, Lower Platte North (LPNNRD), Lower Platte
South (LPSNRD), and Nemaha) and cooperating agencies
including the CSD and the USGS. The long-term goal of the
project is to develop a geologic framework and water budget
for the glaciated portion of eastern Nebraska. In 2007,
ENWRA funded a study where AEM methods were
implemented by the USGS to characterize the hydrogeologic
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conditions in the Platte River valley near Ashland, as well as
in areas underlain by thin glacial till near Firth, Nebraska and
areas of thick glacial till near Oakland, NE (Smith et al., 2008;
Abraham et al., 2011a; ENWRA, 2015). In the following
years, individual reports utilizing the AEM data collected in
2007 were released by the USGS and CSD. In 2009, a multi-
faceted investigation incorporating the 2007 AEM data and
ground-based geophysical techniques was conducted by the
USGS to characterize the hydrogeologic setting near Oakland,
Nebraska (Abraham et al., 2011b). In 2009, the LPNNRD
funded the USGS and CSD for the development of a 3D
hydrostratigraphic  framework of the subsurface near
Swedeburg, Nebraska based on an AEM survey (Smith et al.,
2009a; ENWRA, 2015). Also, in 2009, the LPSNRD funded
the USGS and CSD for a similar investigation of the
hydrostratigraphy near Sprague, Nebraska (Smith et al.,
2009b; ENWRA, 2015). Based on the recommendations of
Abraham et al. (2011b), in 2013, the LENRD conducted an
AEM survey near the towns of Clarkson and Howells,
Nebraska in order to characterize the extent of the Quaternary
aquifer beneath the thick tills in the area following the drought
of 2012 (Abraham et al., 2015). Also, in 2013, an AEM
survey was performed covering portions of Butler and
Saunders counties northwest of the city of Lincoln, Nebraska
(Abraham et al., 2018). The AEM survey revealed buried
paleovalley aquifers beneath thick sequences of loess and/or
till. LENRD began to map their district with ~4.8 km AEM
grids in the fall of 2014 (Abraham et al., 2015). In 2014-2015
the ENWRA funded a large-scale reconnaissance AEM survey
over the glaciated portion of Nebraska, approximately 2,200
line-km of approximately 32 km spaced lines (Abraham et al.,
2015). In 2016, a study showed that the information gained
from the AEM survey in and around the Firth and Sprague
areas provided unique details that assisted in the management
of the groundwater resources (Korus et al., 2016). In 2016,
nine NRD’s collected 10,000 line-km of AEM data to provide
detailed 3D hydrogeologic frameworks (ENWRA, 2018).
Thus, AEM surveys of the glacial terrain in Nebraska have
followed a progressive, long-term plan spanning nearly 10
years. In 2018 an additional 10,000 line-km of AEM data will
be collected to continue to infill the area of ENWRA.

The western portions of Nebraska have also utilised AEM
surveys. The North Platte (NPNRD) and South Platte NRD’s
began a series of surveys with the USGS in 2008 that
continued into 2010 with the addition of the Twin Platte
(TPNRD) (Smith et al., 2009a; Smith et al., 2010; Abraham et
al., 2010; Abraham, 2011a; and Hobza et al., 2014). The
TPNRD and Central Platte NRD’s conducted an AEM survey
in 2016 (ENWRA, 2018). These studies provided detailed
information on the elevation of the base of aquifer and the
configuration of the aquifers. Data from the Morrill Block
within the NPNRD has been used in several research projects
by others (Bedrosian et al., 2015; Friedel et al., 2016;
Gulbrandsen et al., 2017). The AEM data have also provided
information directly into a groundwater model in the North
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Platte NRD (Peterson et al.,, 2015). These data total over
35,000 line-km that were collected by nine different AEM
systems over the past decade including: Aeroquest AeroTEM
IV, CGG Resolve, CGG HeliTEM, SkyTEM 301, SkyTEM
304, SkyTEM 304M, SkyTEM 508, VTEM2009, and
VTEM2012. Additional AEM surveys have been flown for
mineral exploration within Nebraska but are not included in
this total due to their proprietary nature.

These multiple surveys can provide a challenge when they
need to be integrated together as they typically occur in
overlapping regions. This patchwork type of data collection is
based on the availability of finite resources leading to the use
of reconnaissance surveys to better refine an area for locating
denser flight blocks. Good system calibration and an
understanding of the bandwidth of the systems is critical for
proper inversions and for integrating, i.e. stitching, these
surveys together.

METHODS AND RESULTS

As just mentioned, many of AEM surveys in ENWRA contain
reconnaissance lines that were flown as part of regional
geological mapping studies (ENWRA, 2018) Figure 1 presents
a plot of the AEM surveys collected in Nebraska through
2016. In 2014 and 2015 several widely spaced reconnaissance
AEM lines were collected. These lines provided regional
geological structure that allowed further infill to occur in 2016
and 2018. Typically, the existing AEM data are not reinverted
before integration if their initial processing and inversion was
of sufficient quality. Plus, there are limited resources available
for reinverting the data, as resources are relegated to the
collection of additional data. Note that this is not always the
case as some data are reinverted in areas of dense block flights
such as those used for well head protection studies. To this
end, the quality of the AEM inversions need to be adequate to
allow for the integration of new data, very likely from
different systems, into the database. To ensure comparable
results, calibration of the AEM systems is essential (Viezzoli
et al., 2013). Some systems are provided as a calibrated
response, while other systems require the calibration to be
done after acquisition. The calibration procedure is unique to
each vendor, but the basics include the forward modelling of
an electrical earth model from the acquisition area and then
the subsequent comparison of that forward modelled response
to the acquired data. These data can be in the form of
electrical downhole logs or ground based geophysical
measurements. Details of the specifics of calibrating frequency
domain systems and time-domain systems can be found in
several publications including: Deszcz-Pan et al. (1998),
Minsley et al. (2011a), and Foged et al. (2013).

Another critical element that needs to be taken into account
during integration is the bandwidth of the system that was
used to acquire the data. Vendors have designed systems over
the years that have different bandwidth for different depths of
investigation and target discrimination. A high-resolution
frequency system will not see as deeply nor through as
conductive as material as a high-powered time-domain system
is able to, and conversely several time time-domain systems
will not allow high resolution of the near surface or in
resistive materials. Hodges and Chen (2015) provide a means
to analyse this concept as they titled it “Geobandwidth”. To
this end, the different systems can potentially image different
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depths and have different sensitivities to earth materials. This
impacts the resolution of the product from combining surveys.

The inversions methodologies that were utilized on the AEM
data included University of British Columbia EM1DFM
(Farquharson et al., 2003) and Aarhus Workbench (Viezzoli et
al., 2008). These are both deterministic inversions.
Experiments were run using a stochastic inversion (Minsley,
2011b) on CGG Resolve data collected in the Morrill Block in
western Nebraska (Abraham et al., 2013, Gulbrandsen et al.,
2017). However, this approach while helpful in limited areas
and for specific research questions, was not used throughout
the Nebraska dataset due to the time consuming and
computationally expensive inversion process of the stochastic
methods (Gulbrandsen et al., 2017) and the robustness of the
deterministic inversions.

Selected areas within Nebraska where multiple AEM surveys
have been flown are presented below to show the process and
impact of stitching surveys together. The Bazile Groundwater
Management Area (BGMA) was created to address the
impacts of non-point source nitrate contamination of
groundwater. The area covered includes 1,958 km? that are
within four NRD’s. Two types of AEM systems have been
flown in the area including the SkyTEM508 in 2014 and the
SkyTEM304M in 2016. These data were calibrated by the
vendor and were inverted separately using Aarhus Workbench
Spatially-Constrained Inversions (ENWRA, 2018). The 2014
data were combined with the 2016 AEM data along the lines
that the data abutted each other and continued the
reconnaissance lines that were planned in the BGMA or that
were contained within the BGMA AEM survey area. This
combination did not include reinverting the 2014 data but
included merging the 2014 inversions into the 2016 inversions
database. When examining the combination of the two
separate data sets that were collected by different systems at
different times and inverted separately, it is important to note
if both data sets were properly calibrated and that any system
bias was removed prior to inversion. Inspection of profiles
created from combined lines displaying inverted resistivity at
the same colour scale can indicate locations of issues with
calibration and incomplete bias removal.

Figure 2 is a north-south line that was combined from the
2016 SkyTEM304M AEM inversions (north end) and the
2014 SkyTEM508 AEM inversions (south end). Figure 3 is an
east-west line that was combined. Inspection of Figure 2 and
Figure 3 shows a small break in the data coverage at the
meeting point of the two datasets; however, the resistivity
values continue across the line until the top of the interpreted
Cretaceous Carlile Shale (Kc¢) is encountered in the 2016
SkyTEM304M inversions. This is due the differences of the
depth of investigation (DOI) of the SkyTEM304M and the
SkyTEMS508.

CONCLUSIONS

An introduction to the history of the many AEM surveys in
Nebraska that were acquired with nine different AEM systems
has been presented. The staggered pace of investigation has
occurred because of the finite resources that can be allocated
to AEM data gathering and the dynamic needs of the NRD’s
within Nebraska. This has led to the requirement that the
systems be well calibrated and that the inversions be able to be
integrated together to provide an evolving picture of the
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hydrogeological framework in Nebraska. It is acknowledged
that the individual systems have differing bandwidths and
differing depths of investigation. With careful calibration and
inversion, a multi-year acquisition plan can be successful,
providing more information to the NRD’s on the
hydrogeological framework that can be utilized in their
management of their natural resources.
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	As just mentioned, many of AEM surveys in ENWRA contain reconnaissance lines that were flown as part of regional geological mapping studies (ENWRA, 2018) Figure 1 presents a plot of the AEM surveys collected in Nebraska through 2016. In 2014 and 2015 several widely spaced reconnaissance AEM lines were collected. These lines provided regional geological structure that allowed further infill to occur in 2016 and 2018. Typically, the existing AEM data are not reinverted before integration if their initial processing and inversion was of sufficient quality. Plus, there are limited resources available for reinverting the data, as resources are relegated to the collection of additional data. Note that this is not always the case as some data are reinverted in areas of dense block flights such as those used for well head protection studies. To this end, the quality of the AEM inversions need to be adequate to allow for the integration of new data, very likely from different systems, into the database. To ensure comparable results, calibration of the AEM systems is essential (Viezzoli et al., 2013). Some systems are provided as a calibrated response, while other systems require the calibration to be done after acquisition.  The calibration procedure is unique to each vendor, but the basics include the forward modelling of an electrical earth model from the acquisition area and then the subsequent comparison of that forward modelled response to the acquired data. These data can be in the form of electrical downhole logs or ground based geophysical measurements. Details of the specifics of calibrating frequency domain systems and time-domain systems can be found in several publications including: Deszcz-Pan et al. (1998), Minsley et al. (2011a), and Foged et al. (2013).  
	Figure 2 is a north-south line that was combined from the 2016 SkyTEM304M AEM inversions (north end) and the 2014 SkyTEM508 AEM inversions (south end). Figure 3 is an east-west line that was combined. Inspection of Figure 2 and Figure 3 shows a small break in the data coverage at the meeting point of the two datasets; however, the resistivity values continue across the line until the top of the interpreted Cretaceous Carlile Shale (Kc) is encountered in the 2016 SkyTEM304M inversions. This is due the differences of the depth of investigation (DOI) of the SkyTEM304M and the SkyTEM508.
	Another critical element that needs to be taken into account during integration is the bandwidth of the system that was used to acquire the data. Vendors have designed systems over the years that have different bandwidth for different depths of investigation and target discrimination. A high-resolution frequency system will not see as deeply nor through as conductive as material as a high-powered time-domain system is able to, and conversely several time time-domain systems will not allow high resolution of the near surface or in resistive materials. Hodges and Chen (2015) provide a means to analyse this concept as they titled it “Geobandwidth”. To this end, the different systems can potentially image different depths and have different sensitivities to earth materials. This impacts the resolution of the product from combining surveys.
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	An introduction to the history of the many AEM surveys in Nebraska that were acquired with nine different AEM systems has been presented. The staggered pace of investigation has occurred because of the finite resources that can be allocated to AEM data gathering and the dynamic needs of the NRD’s within Nebraska. This has led to the requirement that the systems be well calibrated and that the inversions be able to be integrated together to provide an evolving picture of the hydrogeological framework in Nebraska. It is acknowledged that the individual systems have differing bandwidths and differing depths of investigation. With careful calibration and inversion, a multi-year acquisition plan can be successful, providing more information to the NRD’s on the hydrogeological framework that can be utilized in their management of their natural resources.
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