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1. Introduction 3. Estimating Soil Water Content

Near-surface soil water content is an important parameter in . e e
environmental, agricultural, and geotechnical applications. 3.1. Data ACC]I.IISItIOh
Characterizing the near-surface water content with conven- Data for this experiment were ac-
tional methods may be difficult, since these techniques are quired under controlled climatic con-
typically point measurements, and soil water content is hetero- ditions in a large, non-conductive
geneous both spatially and temporally. Recent investigations tank. First, a 15-cm layer of saturated
of ground penetrating radar (GPR) techniques suggest that sand was placed in the tank, and air-
these methods could provide high-resolution, cost-effective launched data were acquired over the
water content measurements (Huisman et al. 2001). Most of tank with 250-, 500, and 1000-MHz
these investigations have focused on ground-coupled GPR antennas using a mobile frame that
data; this experiment explores the potential of air-launched was rolled along the length of the
GPR techniques for soil water content estimation. tank (Figure 2). After these surveys

Air-launched GPR techniques have been used extensively for were completed, a large metal plate VPP
evaluating pavement infrastructure (Maser, 1996), but are not was placed in the tank, and air- 2oLl L OO
commonly employed in other applications. Air-launched GPR launched data were collected above I
data can be acquired very quickly (up to highway speeds), and this plate for calibration purposes s T
data processing is more easily automated than for ground- (Figure 1). Then, the saturated sand 20 ST | (LD
coupled techniques. Also, air-launched techniques may be less was covered with a thin plastic tarp, 28 L
sensitive to micro-topography than some ground-coupled GPR and a 6-cm layer of dry sand was Figure 3a: 1000-MHz Figure 3b: 500-MHz Figure 3c: 250-MHz
methods. added to the tank. Air-launched GPR air-launched GPR air-launched GPR air-launched GPR

In this experiment, air-launched data were collected using Surveys were repeqted over the dry. data. data. data.
three GPR frequencies over saturated sand and over dry sand. S?”d layer as described above. Addi-  Figure 2: Air-launched GPR data were collected with
Air-launched data were also collected over a layered soil profile tional 3-cm layers of dry sand were 250-, 500-, and 1000-MHz antennas using a mobile an-

to estimate the penetration depth of the air-launched GPR added to the tank until the sand tenna platform. The 500 MHz antennas are shown here.
signal. depth reached 30-cm, and GPR data

were acquired as described above Measurement # Measurement # Measurement #
after the addition of each sand layer.
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Figure 3: Air-launched GPR data acquired over saturated sand showed strong negative reflection
coefficients. The reflection event, indicated by the red asterisks, is obvious for each frequency.

2. Background 3.2. Data Analysis

Air-launched GPR techniques use the amplitude of the The first step in data analysis was to decide which portion of the reflected signal should be used to
signal reflected from the ground surface to measure the dielec- measure amplitudes. The air-ground reflection event was a modified Ricker wavelet with several peak-
tric constant of the soil. The dielectric constant (K) can then be trough sequences; we interpreted the first large, negative-amplitude lobe (trough) of the reflection event
related to soil water content using commonly available petro- to be the central point of the reflection wavelet. The arrival time of this trough corresponded to the pre-
physical relationships. The GPR antennas are held a sufficient dicted arrival time based on the velocity of electromagnetic waves in air and the height of the antennas 14
distance from the soil to achieve a clear reflection from the soil above the soil surface. Also, the negative amplitudes of this event agree with the negative reflection coef- | = e
surface, and the amplitude of this reflection is used to estimate ficient expected from theory. The air-ground reflection event had very high amplitudes and was therefore
K for the uppermost soil. To account for variations in the energy easy to interpret for the surveys collected over metal or saturated sand (Figure 3), but was sometimes less
output of different GPR antennas, the amplitude of the reflec- obvious for surveys collected over dry sand (Figure 4). 20
tion from the soil must be normalized by the maximum reflec-
tion amplitude for each set of antennas. The maximum reflec- After the air-ground reflection event was selected, the amplitudes for this event were exported for
tion amplitude can be approximated as the amplitude of a re- each trace. The amplitude values for all traces in a survey were averaged to reduce noise, and the result- 24
flection from a metal surface, where the antennas are held the ing average amplitude was used with (1) to estimate the dielectric constant. Then, Topp’s equation (Topp 26 26
same height above the surface for both the soil and the metal et al.,1980) was used to convert the dielectric constant to volumetric water content (0,): .

surveys (Figure 1). The dielectric constant is then calculated , , . o - Figure 4a: 1000-MHz Fiaure 4b: 500-MHz Figure 4¢: 250-MHz
ing: = 5. 242, 2K -5. - . - 2 : ' 9 : :

(1) The volumetric water content values estimated from air-launched GPR data agreed very well (within 5%) data. data. data.
with water content values obtained using conventional point measurement techniques for both the satu- Figure 4: Air-launched GPR data acquired over dry sand have weaker reflection coefficients than

rated sand and the dry sand. the data collected over saturated sand, but the reflection event is still fairly easy to interpret.
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where As is the amplitude of the reflection from the soil surface
and Aw is the amplitude of the reflection from the metal
(Saarenketo and Scullion, 2000).
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The penetration depth of the air-launched GPR reflections can Claire.

be estimated by comparing water content values from surveys ac-
quired over dry sand layers with varying thicknesses. When the
dry sand layer is thin, the GPR reflection may penetrate through
the dry sand into the underlying saturated sand, and the resulting
water content estimate will be greater than if only dry sand had
been detected. Figure 5 shows the water contents calculated
using air-launched data for each layer of sand. The first water con-
tent values are quite high, as these surveys were acquired over
saturated sand. For the next survey, the depth of dry sand was
6-cm, and the water content values were much lower. For all sub- Jackson, T.J., J. Schmugge, and E.T. Engman, Remote sensing applica
sequent surveys, the water content values are similar and are tions to hydrology: soil moisture, Hydrological Sciences, 41(4), 517-
fairly low, suggesting that the reflected signal did not penetrate | X | 530, 1996.
the entire thickness of the dry sand. Thus, the penetration depth 5 10 Maser, K., Condition assessment of transportation infrastructure using
of the GPR reflections appears to be between 6-cm and 9-cm. Neoth of d 9 ground-penetrating radar, J. of Infrastructure Systems, 2(2), 94-101,
These results are similar for all three frequencies, suggesting that epth of dry sand (cm) 1996.
Figure 1: Air-launched GPR surveys were acquired over the penetration depth of reflected waves is not frequency depen- . : : : Saarenketo, T. and T. Scullion, Road evaluation with ground penetrat
a 1.5-m by 1.5-m steel plate to generate the maximum dent. The penetration depth of GPR reflections in this experiment | Figure 5: Volumetrl.c water content estlmates. acquired over dry ing radar, J. of Applied Geophysics, 43, 119-138, 2000.
reflection amplitudes needed to calibrate the reflec- is slightly greater than that of satellite-based remote sensing data, |l sand layers of varying depths suggest that air-launched reflected Topp, G.C,, J.L. Davis, and A.P. Annan, Electromagnetic determination of
tions from the soil surface. which have a penetration depth of 5 cm or less (Jackson et al.,, waves penetrate only about 8-cm into the subsurface and that the soil water content: measurements in coaxial transmission lines,

1996). penetration depth of these waves is not frequency dependent. Water Resour. Res., 16(3), 574-582, 1980.
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