Mapping of sand deposition
from 1993 midwest floods with
electromagnetic induction

measurements
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ABSTRACT: Sand deposition on river-bottom farmland was extensive from the 1993 Miduwest
floods. A technique coupling electromagnetic induction (EM) ground conductivity sensing and
Global Positioning System (GPS) location data was used to map sand deposition depth at four
sites in Missouri along the Missouri River. A strong relationship between EM reading and probe-
measured depth of sand deposition (1’ values between 0.73-0.94) was found. This relationship
differed significantly between sites, so calibration by ground-truthing was required for each sand
deposition survey. An example of the sand deposition mapping using the EM/GPS system is
shown for two 50-60 ha (125-150 ac) sites. Such maps can provide valuable detailed informa-
tion for developing restoration plans for land affected by 1993 Miduwest floods.

Figure 1. Sites for evaluation of sand
deposition along the Missouri River in
Missouri

During the flooding of 1993, sand was
deposited onto thousands of acres of
river-bottom farmland along the Missouri
and Mississippi Rivers. The extent of this de-
position was not realized until weeks later
when flood waters receded. According to esti-
mates from the USDA-Natural Resources
Conservation Service (NRCS), 150,000 ha
(371,000 ac) of cropland were damaged as a
result of sand deposition along the Missouri
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River within the state of Missouri alone
(USDA-NRCS 1993). Of that, 55,000 ha
(136,000 ac) were covered with 15 cm (6 in)
or more sand. In all, over 4.17 x 10° m’ of
sand were estimated to have been deposited
onto Missouri farmland. The NRCS estimat-
ed the cost of recovering affected cropland by
removing the sand and/or by deep plowing to
mix the sand with the pre-flood soil would
exceed a half billion dollars in Missouri
alone. Other states along the Missouri and
Mississippi Rivers were similarly impacted by
sand deposition from 1993 flooding.
Development of restoration plans for in-
dividual fields covered with flood sands re-
quired a determination of sand deposition
depths. The normal procedure has been to
estimate sand depth over large areas from
visual observations and a few soil cores.
However in areas where deposition has
been extreme, taking measurements by soil
probing or by shovel has been laborious
and impractical; this has resulted in only
crude estimates of deposition over large
areas. The lack of spatial detail obtained
with this method of estimating sand depo-
sition prompted the question of whether
there was some noninvasive sensing tech-
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nology which could be developed or adapt-
ed for measuring sand deposition quickly
over large tracts of land.

Our previous work with electromagnetic
induction (EM) methods of conductivity
measurement on claypan soils (Doolittle et
al. 1994; Kitchen et al. 1993; Sudduth and
Kitchen 1993) led us to surmise that a sim-
ilar EM-based approach could accurately
estimate sand deposition, such as that
found on fields after the 1993 flood. EM
measurements have previously been shown
to be an effective tool in assessing soil clay
content (Williams and Hoey 1987) since,
relative to sand and silt-sized particles, clay
is very conductive. In sandy soils, electrical
conductivity is low with large pore spaces
between particles. The low conductivity of
sand overlying a more conductive soil was
hypothesized to make it possible to use
EM methods for estimating sand deposi-
tion depth. Since the EM technique is
noninvasive, rapid surveys of large areas for
mapping purposes have been possible
(Jaynes et al. 1993; Lesch et al. 1992; Mc-
Neil 1992; Sudduth and Kitchen 1993;
Williams and Hoey 1987). In this project,
a method of combining EM data with
Global Positioning System (GPS) location
data was evaluated as a means for surveying
and mapping sand deposition following
the 1993 floods along the Missouri River.

Methods

Four locations along the Missouri River
were identified to evaluate the use of EM
data for estimating sand deposition depth
(Figure 1). Sites and evaluation dates are
listed in Table 1 along with the general con-
ditions at the time of data collection. At
Hartsburg, two distinctive areas were ob-
served based on sand size. These areas were
independently evaluated. At most of the
sites the lower portion of the sand was satu-
rated in some areas of the field. Additional-
ly, a 2-10 cm (1-4 in) layer of silty “muck”
was present in some areas, directly on top
of the old soil. Since this “muck” layer was
generally thin and was not present every-
where, its thickness was included as part of
the deposition depth measurement.

The EM instrument used in this study
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Table 1. Sites and dates for determining the relationship of EM38 conductivity measurements and sand deposition along the Missouri

River following the 1993 flood

Location Date

Sand

General sand conditions

Air Evaluation area
temperature

Labadie (2nd) 2/17/94

7/21/94

Hartsburg (coarse

7/27/94

Birmingham (2nd) 8/03/94

areas of coarse

mostly fine, small
areas of coarse
e sl

f deposition saturated

of deposition saturated

* sand moist, lower 0-8 cm

'C

ha-—

29 ‘30

26 40

was the EM38 manufactured by Geonics
Limited, Mississauga, Ontario, Canada.!
The EM38 is a lightweight bar approxi-
mately 1 m (3 ft) in length, and includes
calibration controls and a digital readout of
apparent conductivity in milliSiemens per
meter (mS/m). An analog outpur port is
provided to allow data to be recorded on a
data logger or computer. In this study, the
instrument was operated in the vertical di-
pole mode, providing an effective measure-
ment depth of approximately 1.5 m (5 ft)
(McNeil 1992).

The instrument response to soil conduc-
tivity varies as a nonlinear function of
depth. Sensitivity in the vertical mode is
highest at about 0.4 m (1.3 ft) from the in-
strument. The apparent conductivity mea-
sured by the instrument is determined by
the soil conductivity with depth, as weight-
ed by the instrument response functions
(McNeil 1992). Procedures have been de-
veloped to infer the soil conductivity profile
with depth by means of multiple readings
obtained with the instrument held at vary-
ing heights above the ground (Cook and
Walker 1992; Rhoades and Corwin 1981).
However, since our previous work (Doolit-
tle et al. 1994; Kitchen et al. 1993; Sud-
duth and Kitchen 1993) showed that depth
of topsoil over a claypan could be success-
fully estimated from single-height EM read-
ings, we applied the same approach to mea-
sure sand deposition depths. Eliminating
the need to take measurements at multiple
heights quickened the data collection
process since it was then possible to collect

! Mention of trade names or specific products is made
only to provide information to the reader and does not
constitute an endorsement by the University of Mis-
souri or the USDA Agricultural Research Service.

EM data on-the-go.

In investigating the relationship of con-
ductivity to sand depth at the four sites
(Table 1), we used the standard method of
measuring apparent conductivity with the
EM38 where the instrument was placed on
the ground surface and the reading record-
ed. Depth of deposition was then deter-
mined at each measurement location by soil
coring with a bucket auger soil-corer to the
pre-flood soil surface and measuring the re-
sulting depth. At most locations, the pre-
flood soil boundary was easily determined
based upon crop residues and soil structure.
The EM readings were inverted (i.e.,
1/EM) and the resulting data were correlat-
ed with depth of sand. The inverse transfor-
mation was chosen because it had provided
the best correlations between EM reading
and depth of topsoil over a claypan horizon
in previous studies (Doolittle et al. 1994;

Sudduth and Kitchen 1993).

For mapping of depositional areas, a
mobile EM measurement system was de-
veloped. The EM38 was mounted on a 3
m (10 ft) long cart consisting of a wooden
beam supported at the rear by two spoke-
wheeled pneumatic tires (Figure 2). Use of
the wooden beam was necessary because
the EM38 will respond strongly in the
presence of metallic objects within approxi-
mately 1 m (3 fr). The tongue of this cart
was attached to the rear of a second, similar
cart, which was in turn attached to the rear
hitch of a four-wheel all-terrain vehicle
(ATV). The second cart was necessary to
increase the distance between the EM38
and ATV, for eliminating the effects of
ATV engine noise on the EM readings.
With this configuration, the EM38 was
suspended 20 to 22 cm (8 to 9 in) above
the ground surface during data collection.

Figure 2. Mobile system for collecting EM38 and GPS data used for developing maps of
sand deposition depth
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Table 2. Relationship of EM38 conductivity measurements to sand deposition for seven

site-dates along the Missouri River

Site N Regression model re RootMSE CV
deposition (cm) = b + m (EM reading)*!
— intercept — —slope— —cm—

Labadie 1st 12 -30.7 a 3019 ad 0.79 20 27
Labadie 2nd 23 -323a 2527 a 0.89 18 22
Hartsburg coarse 8 -72.7a 3494 acd 0.73 22 33
Hartsburg fine 12 -25.7 a 1574 b 0.91 10 19
Overton 16 -35.5a 4964 cd 0.94 8 15
Birmingham 1st 17 134b 1896 b 0.79 21 26
Birmingham 2nd 11 -218a 3737 d 0.87 21 21

all data 99 12.6 1664 0.47 31 43

’

* Intercepts and slopes suffixed by a common letter are not significantly different by a F-test

protected LSD (p=.05).

t Actual EM38 meter conductivity readings transformed by 1/EM38 reading before regression

(see methods for explanation).

EM conductivity data were read into an
IBM laptop computer mounted in front of
the ATV operator, through an IOtech Dag-
book data acquisition interface. Data ob-
tained from an Ashtech M-XII GPS receiver
were integrated with the EM data to pro-
vide the coordinates of each measurement
point. The GPS data were differentially cor-
rected by post-processing to obtain absolute
position accuracies of 3 m (9 ft) or better.
EM and GPS data were collected on tran-
sects approximately 30 m (98 ft) apart over
the study areas. Data were recorded ona 1 s
interval, which corresponded to a measure-
ment every 2 to 5 m (6 to 16 ft) along the
measurement transects. Calibration data
were obtained at 15 or more points in each
mapped area as described previously, except
that the EM readings were obtained with
the instrument mounted on the wheeled
cart. After calibration, EM-determined sand
depths were interpolated to a 10 m (33 ft)

Resulits and discus'sion

Relationship of EM measurements
with sand deposition. When readings
were taken with the EM38 placed directly
on the ground surface, a strong relation-
ship between EM data and depth of sand
deposition (r? values ranged between
0.73-0.94) was found for each of the data
sets (Table 2, Figure 3). Two factors con-
tributed to obtaining a good relationship
between EM values and deposition depth
without taking EM38 readings at various
heights above the soil surface. One, soil
conductivity differed greatly between the
pre-flood soil and the deposited sand.
Two, the EM38 response is affected by
depth to each soil layer as well as the con-
ductivity of each layer (McNeil 1992).
Thus only one EM reading at or near the
ground surface was needed to develop the
relationship between EM and sand depth.

grid spacing and mapped. Deposition depth varied from 2 cm (1
200 [ 7
° /
175 | St )
/ ®
- ° / ° o ,: .
£ 150} O
k) |
S 125}
= i hd
g
2 100 |
(] !
S 75F
a 8 e
@ Labadie 2nd
a 50 - e - -4 Hartsburg Coarse
s 40 g’ =-+-=- Hartsburg Fine
L oot Z227 Bimingpam 1st
25 e ::f" 372 Birmingham 2nd
L v . — er
0 M 1 Il M 1
0.000 0.025 0.050 0.075 0.100

Inverse of EM38 Reading (m/mS)

Figure 3. Regression relationship of EM38 readings and depth of sand deposition
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in) to more than 1.9 m (6 ft) within the
survey areas. At a few locations where EM
readings were taken, deposition measure-
ments exceeded 1.5 m (5 ft), the manufac-
turer’s stated effective sensing depth (Mc-
Neil 1992). We found that measurements
up to a depth of about 1.9 m (6 fr) fol-
lowed the same relationship as < 1.5 m (5
ft) and were therefore included in the re-
gression analysis. Locations with deposition
over 1.9 m (6 ft) were excluded.

For site calibration regressions, y axis in-
tercepts were not significantly different be-
tween sites (except for Birmingham 1st
test), but slopes between sites generally var-
ied (Table 2, Figure 3). Calibration data
were collected on multiple dates at Labadie
and Birmingham. For the latter site the
slope for the 2nd regression calibration was
significantly different than that for the 1st
(Table 2). Differences between sites were at-
tributed to differences in sand size (see dif-
ference between Hartsburg coarse and
Hartsburg fine), clay (Williams and Hoey
1987) and silt content, soil water content
(Kachanoski et al. 1988) and climate (i.e.,
air temperature and humidity). Differences
between dates at a given site were attributed
to soil water content and climate conditions
at the time of calibration. A single regres-
sion including all data yielded poorer esti-
mates of deposition depth (> = 0.47) (Table
2). Correcting EM data for temperature
would likely improve the single-regression
depth prediction (McKenzie et al. 1989).
Based upon the variations in climate condi-
tions, soil water, and soil texture for these
data sets, we concluded that ground
truthing by soil probing was necessary for
each site and date in order to ensure an ac-
curate survey.

Mapping of sand deposition. Detailed
field surveys of sand deposition were con-
ducted on two fields with the mobile EM
data collection system (Figure 2). Instru-
mentation setup, data collection, and
ground truthing took approximately 6
hours for each site. About 5,600 EM read-
ings were obtained at Labadie and 7,500
EM readings at Birmingham using the mo-
bile EM system, or an average of approxi-
mately 110 and 125 EM readings ha”, re-
spectively. From these data, maps showing
differences in deposition depth at the sub-
ha scale were obtained with much more
detail than would be practical by using vi-
sual observations or soil-probe methods.

As expected, we noticed a general pat-
tern of decreasing sand deposition with
increasing distance away from the river.
At Labadie and Birmingham, flood waters
continued inland 2 to 4 km (1.2 to 2.5
mi) beyond the areas that were surveyed.
At Labadie, the Missouri River runs
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Figure 5. EM38-estimated sand deposition at Birmingham, Missouri

roughly in a northeast direction several
hundred meters to the north of the sur-
veyed area. The deepest depositional areas
in the north east corner of the surveyed
area (Figure 4) corresponded to a location
of low elevation in an east-west secondary
levee located along the northern edge of
the surveyed area. Evidence of concentrat-
ed flow at these low levee points included
some localized large and deep eroded
holes (5-20 m [16-66 ft] diameter), large

fallen trees, and coarse sand. While the
levee did not erode away, deposition in
this area was affected more by it than by
distance from the river.

At Birmingham, the southeastern
boundary of the deposition survey area
(Figure 5) ran parallel to and about 50 m
(160 ft) from the Missouri River. Most of
the cropland inland from the surveyed area
had less than 30 cm (12 in) of deposition,
and by the time of the survey, deposited

sand had been tilled to mix with the under-
lying soil and returned to crop production.
Within the surveyed area, sand deposition
generally decreased away from the river, but
this decrease was not uniform and varied
along the river. The deepest sand deposits
were found in narrow strips running per-
pendicular from the river. From visual ob-
servations of large fallen trees and other
flood debris these strips appeared to be as-
sociated with the primary floodwater flow
pathways.

Calibration of EM readings at the Birm-
ingham site revealed a limitation to use of
the EM for estimation of sand deposition
depth. Several large areas in the southwest-
ern portion of the surveyed field were esti-
mated to have 2 140 cm (55 in) of sand
deposition (Figure 4). However, ground
truthing by soil coring indicated that these
areas were predominantly sandy soils prior
to the 1993 floods, and the true depth of
deposition in this area was generally less
than 50% of the EM-estimated depth.
Thus, deposition in 1993 was with materi-
al similar in texture (and thus conductivity)
to the pre-flood soils, and the EM tech-
nique did not accurately estimate sand de-
position from the 1993 floods. Only if sig-
nificant conductivity differences exist
between the sand deposition and the pre-
floed soil profile will suitable conditions
exist for using EM methods to predict sand
deposition depth.

Summary

The relationship between EM readings
and sand deposition after the 1993 floods
was found to be sufficiently strong to use
the EM meter as a noninvasive tool for esti-
mating depositional depth. When EM data
were linked with GPS location data, we
could quickly survey large fields and syn-
thesize the resulting data to develop de-
tailed sand deposition maps. Such maps can
provide valuable information to land-own-
ers for developing restoration plans. In the
case of the Birmingham location, the area
had been previously developed with an un-
derground pipe system (at a depth below
EM38 signal penetration) for land disposal
of secondary-treated municipal biosolids. In
order to preserve this investment, recovery
of the land to pre-1993 conditions by re-
moving the sand is planned.

This study shows that linking EM sens-
ing with GPS location data can be ex-
tremely valuable for quickly obtaining de-
tailed spatial information about soils
within a landscape that differ in bulk soil
conductivity. A necessary step in the
method is being able to establish with
ground truthing the cause(s) of the changes
in EM conductivity measurements. To
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measure the depth to an interface between
two soil layers, a significant difference in
conductivity between those two layers
must exist. For these data, the depth of
sand deposition on top of loamy soil was
determined to be the primary factor caus-
ing differences in EM conductivity mea-
surements within the study area. To what
extent this method can be used to evaluate
and predict soil differences within land-
scapes and the effect those differences have
on plant production has had limited atten-
tion (Jaynes et al. 1993; Kitchen et al.
1993; McBride et al. 1990), and needs ad-
ditional research.
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