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ABSTRACT

Ground penetrating radar 1s sensitive
to the porosity and compositional varia-
tions common 1in coastal sands, and
hence has become a staple tool for
coastal stratigraphers. Under the right
circumstances, GPR can also provide
very useful information on surficial
aquifer hydrogeology in coastal zones.
Here we present examples of the pri-
mary uses for GPR 1n coastal hydroge-
ology: (1) to identify depth to the water
table; (2) to estimate the depth to the
freshwater/saltwater interface; (3) to
map hydrostratigraphic units; and (4) to
track water flow and changes in water
content 1n surficial aquifers. The water
table generally produces a distinct GPR
reflection where the capillary zone 1s
thin relative to the radar wavelength.
Uncertainties in the water table depth
come primarily from uncertainties in the
wave velocity and in the thickness of
the capillary fringe. The freshwater/
saltwater interface 1s typically too gra-
dational to reflect energy; instead the
radar pulse 1s attenuated. For some
GPR 1instruments, a very shallow
freshwater/saltwater interface can cause
saturation in pre-amplifiers, resulting in
a spurious high-frequency pulse in the
record. On a coastal barrier island in
the Outer Banks of North Carolina,
GPR proved an excellent tool for map-
ping a muddy marsh layer that serves as
a (semi1) confining unit for a perched
water table. In siliciclastic and carbon-
ate units 1n Florida, repeated GPR sur-
veying of individual sites has been used
for qualitative tracking of unsaturated
zone flow, water table migration, and
changes 1in water content.
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not true at frequencies higher than

200 MHz. For example, the water
table 1s not readily apparent in the
250 MHz shore-perpendicular
survey from Santa Rosa Island,
Florida panhandle, shown to the
right. At the time of this survey
the water table lay at ~0 meter
elevation. Gulf of Mexico to left,
bay to right.
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thickness distribution with
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mm. Model parameters are
shown 1n the box below.
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frequency (MHz) expect a spectral shift at the
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- water table, as the effective
wavelength of the radar wave 1s
' shorter in the saturated zone,

» and higher frequencies will be
selectively reflected in the
“Interference pattern” return.
Time-frequency analysis of the
1D model traces shows this
effect. Here, the
time-frequency diagrams
(shown to right of model radar
profiles) have been done using
the S-Transform, a Gaussian
window function that translates
along the length of each trace,
with window length determined
by the frequency content.

model parameters

er Uur o) thickness

unsaturated zone

Layer1 | 24 1.2 0.004S/m 1mm
Layer 2 4 1.0 0.001S/m 54/-2.5mm

saturated zone

Layer1 | 38 1.2 0.0045/m 1 mm
Layer2 | 20 1.0 0.001S/m 5+/-2.5mm
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Hydrostratigraphic Units

GPR 1s very sensitive to sand-mud and sand-clay transitions. Mud or clay
horizons often function as semiconfining units in surficial coastal aquifers.

At the example site shown here, on the Outer Banks near Salvo, North
Carolina, a transect of water table elevations across the 1sland indicated a
better fit to a perched aquifer model than a unconfined Baden

Ghyben-Herzberg lens (see figure below). The water table elevations were

best fit by a model with the lens truncated at 3 m depth.
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table transect clearly shows a very
bright reflector at about 3 meters
depth (figure to right). We interpret
this reflector as the response to a
mud layer that could be seen in the
intertidal zone at very low tide.
Signal from below this bright
reflector is strongly attenuated. This
may be due to lack of energy
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transmitted through the mud, but
may also indicate an abrupt
transition from freshwater to more
saline water across the confining
mud layer.
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1C.Using the Water Table as a Horizontal Reference Surface

On small low barrier i1slands the water table 1s close enough to horizontal
(elevations <~ 1m) that we have used it as a reference horizon for plotting
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Sea arrival times are picked.
Travel times are then
converted to depths using
CMP-derived velocities of
0.12 m/ns for the
unsaturated zone and

elevation (m)
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i L S v I o 5
H;.ﬁ?::m;:?‘{wm‘ﬁ:m e table is set to 0 m depth.
' Red dots show measured 0 50 100 150 200 250 300 350 400 450 500
clevations, where canopy position (m)

permitted. Remarkably,
the fit between
GPR-inferred and
observed topography is
good to within 0.5 meters,
position (m) despite the assumption of
a uniform velocity
throughout the unsaturated
zone.

Top: Beach-perpendicular profile across North Island, South Carolina, 100 MHz antennas, AGC gain, 15 ns
window. Times converted to depths/elevations assuming unsaturated zone velocity of 0.08 m/ns, saturated zone
velocity 0.065 m/ns. Water table 1s set to 0 elevation. Atlantic ocean 1s to right, mainland to left.

Bottom: Beach-perpendicular profile across Waites Island, South Carolina, 100 MHz antennas, AGC gain, 15 ns
window. Times converted to depths/elevations assuming unsatuated zone velocity of 0.12 m/ns, saturated zone
0.06 m/ns. Water table is set to 0 elevation. Atlantic Ocean to right, mainland to left. Horizonal banding in
lower right is instrument noise.
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Preferential flowpaths in the unsaturated zone can be tracked by repeated imaging
with GPR. Local increases in water content are detected through increases in both
reflection arrival time and reflection amplitudes. Here, 3D surveys repeated
hourly over a small sink 1n the oolitic Miami Limestone show downward
movement of the wetting front within a conduit. Later surveys show lateral
migration of the wetting front, with preferential propagation in the direction of the
strike of stratigraphic units. From Truss et al., submitted.

effects of moisture movement in
the subsurface due to water
introduced at the surface of a
sink. Ponding of water at the

O of the wetting front within the
20 ﬁ sink of 2.4 m/h. After turning off REFERENCES
— . 4 Oy e Water and.we.utmg f(?r 28 h,
é 40 : 3 ?;?5 itllteu(;lfs I\:;EEE fcltei;llnk have Bentley, L.R. and N.M. Trenholm, The accuracy
< .,:__" .. 2~ condition. However. briehter of water table elevatiqn estimates determined
b 60 N al Slice = . ' Ve g . from ground penetrating radar data, J. Env. Eng.
"-I=_:I_ E‘ Il amplitudes are visible outside the Geophys., 7(1), 2002.
§' ~ O sink (event 3). The horizontal
= 80 I EL, ; ' L 3 E-I slice indicates preferential Guha, S., S.E. Kruse, E.E. Wright, and U.E.
= Lt T 'r.lJ_JJ"J-""'.' (4 ! U1 propagation of the wetting front Kl;luse, Spectral aniall.ys1s Ccl).f ground {)enetratmg
210 4 3  inNW-SE direction, parallel to Geophys. Res. Lot 32,123304,
190 E leleitsstr;ieir?tzhj iitg?ﬁreiphlc doi:10.1029/2005GL023933 (2005).
5 significant time shifts of up to 10 Nogi, J., Driving Force(s) for Nearshore
= ns throughout the injection test, Submarine Groundwater Discharge into Pamlico
LD starting at dry with reflectors Soupd, Hatteras ISlaI.ld., North Carolina, B.S.
E inside the sink appearing to be thesis, College of William and Mary, 1996.
=0 pulled up similar to hockey sticks
= Coae . Truss, S., M. Grasmueck, S. Vega, and D.
s E 1nd1(:.a’F1ng r.elatlvel.y dryer , Viggiano, Using high re:solutiorioj 4D GPR to
o= condltloqs in the sink than in the image preferential flowpaths within the Miami
é surrounding rock. As the volume Oolitic Limestone, under revision, Water Res.
s of water 1n the sink increases, the Res.
GPR events are delayed, partly
From Truss et al., submitted. ~ LAStance (m) retuming fowarcs Initial stat Penciating Rada ina Barrir sland Seting.

levels by 28 h after injection end.
Y J B.S. thesis, College of William and Mary, 1996.




