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Figure 1: Synthetic velocity(m/s) models (left), ray coverage (middle) and inversion results (right). Note the muted or
missing low-velocity zones in the inversion results. Also note the false low velocity zone in the top inversion result, from

positions 65 to 80 meters.
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Figure 2: Smoothed velocity (m/s) Model 4(top), inversion results for smoothed version (bottom).
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Figure 4: Relative locations of 5 seismic refraction tomography lines collected in support of FRC. The sections of lines A,

B, and C that are marked white represent the areas where the low velocity feature appears. Note that no such feature

appears on Lines D and E. Athough Line E does cross the line containing the three low-velocity features, it does not over-

lap it enough to see to the depth of the feature.
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ABSTRACT

The Edwards aquifer is the primary water supply for nearly 2 million people in the San Antonio area
of south-central Texas. The freshwater/saline-water transition zone in this carbonate aquifer is fresh to
moderately saline with dissolved-solids concentrations ranging from 1,000 to 10,000 milligrams per liter.
Recent work by the U.S. Geological Survey in cooperation with the San Antonio Water System has shown
that the transition zone is physically and chemically more dynamic than previously thought, and that there
is vertical and horizontal stratification within the transition zone. Borehole geophysical techniques includ-
ing fluid profiling of conductance and temperature, acoustic televiewer surveys, and flowmeter surveys are
being used in monitor well transects to indicate which fractures and hydrostratigraphic subdivisions in the
Edwards aquifer are more transmissive. When combined with other geologic, geochemical, and hydrologic
information, these data can provide a two-dimensional subsurface representation of the freshwater/saline-
water transition zone. This information is needed to improve the understanding of how water moves in and
near the transition zone.



40

An Evaluation of Methods Used to Measure Horizontal Borehole Flow
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ABSTRACT

Identifying and quantifying ground-water-flow rates and directions are important components of most
hydrologic investigations. High flow rates through preferential-flow zones commonly observed in karstic
bedrock and the potential for rapid transport of dissolved solutes accentuate the value of flow-rate and direc-
tion information. Typically, field characterization of preferential-flow zones in fractured-rock aquifers
relies on tracer studies and vertical-flowmeter measurements. In unconsolidated aquifers, identification of
flow rate and direction relies on multiple well installations and geometric triangulation. Horizontal borehole
flowmeters and hydrophysical logging may provide quick, direct, and cost-effective alternatives for char-
acterizing flow through discrete borehole intervals.

A collaborative investigation by the U.S. Army Environmental Center, the U.S. Environmental Protec-
tion Agency, the U.S. Geological Survey, and RAS, Inc., has been evaluating three borehole flowmeters and
hydrophysical logging in an aquifer-simulation chamber at the USGS Hydraulic Instrumentation Facility-
Hydraulic Laboratory. The evaluation assesses the capabilities of the methods to measure horizontal
ground-water flow and their applicability to field situations. The chamber is 4x4x6 feet and contains approx-
imately 8,000 pounds of granular media. Hydraulic gradient, ground-water flow and direction are controlled
by fluid levels in reservoirs on opposite ends of the chamber. Hydraulic heads are monitored with nine pie-
zometers along the axis of the chamber and tank discharge is measured with inline paddle flowmeters and
volumetric measurements.

During 2003 and 2005, flow rates and directions were measured in 2- and 6-inch slotted-PVVC well
screens and 4- and 6-inch wire-wound well screens. The well screens were installed during 2003 in a sim-
ulated aquifer of uniformly sized medium sand and during 2005 in a simulated aquifer of uniformly sized
fine (granule) gravel. Flow rates through the aquifer-simulation chamber ranged from approximately 4 to
155 feet/day and hydraulic gradients ranged from 0.0017 to 0.167 feet/foot.

Hydrophysical logging (NxHpL) and the horizontal heat-pulse flowmeter (KVA Model 200) were
capable of measuring flow and flow direction through a 6-inch slotted-P\VVC well screen installed in the sim-
ulated medium-sand aquifer. The acoustic flowmeter (prototype ADV) and optical flowmeter (prototype
SCBFM) were hampered by the relatively low transport of colloidal matter through the well screen. All four
methods measured flow through the simulated gravel aquifer, however the 3.5-inch diameter of the ADV
prohibited measurements in the 2-inch well.

Results of this study indicate that the NxHpL, KVA, and SCBFM accurately measured ground-water-
flow rate, and the KVA and SCBFM accurately measured ground-water-flow direction. The NxHpL does
not measure ground-water-flow direction. The ADV was inaccurate at measuring ground-water-flow rate
and direction. Detailed information about the strengths and limitations of each method and a complete pre-
sentation of the data and analysis will be presented at the USGS Karst Interest Group Workshop.
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ABSTRACT

Two high resolution multi-frequency airborne resistivity surveys have been completed over the
Edwards aquifer capture (lower confining units), recharge, and upper confining areas in different geologic
and structural settings. Borehole geophysical logs have been acquired to assist in characterization and map-
ping of hydrostratigraphic units. These surveys shed additional light on the complex hydrostratigraphy and
structure of one of the most productive and permeable carbonate aquifers in the United States. Detailed map-
ping of near surface units and structure is essential in understanding possible subsurface groundwater flow
paths, aquifer resources, and vulnerability to near surface contamination. The geophysical surveys map the
near surface variations in electrical conductivity that can be correlated with variations in hydrostratigraphic
units. Alluvial deposits and Quaternary formations are thin so the very high frequency resistivity data
(around 100 kHz) provide a surrogate map of the bedrock geology and structure. Detailed comparison of
the geology and geophysics suggests that hydrostratigraphic subdivision of the stratigraphic sequence cor-
relates better with the lithologic complexity mapped by the airborne geophysics. Particular levels of resis-
tivity of the bedrock hydrostratigraphy can be interpreted from the airborne surveys just as particular levels
of resistivity are interpreted from borehole geophysical logs. In particular the Del Rio and Eagle Ford for-
mations consisting mostly of clays are the lowest resistivity hydrostratigraphic units in the upper confining
zone. These units are excellent “marker beds” for interpretation of stratigraphy for the airborne survey in
Medina County. Another low resistivity unit is associated with the upper-most unit of the lower member of
the Glen Rose Limestone. This unit serves as an excellent marker unit for the bottom of hydrostratigraphic
interval E of the Trinity aquifer in Bexar County. All of the units of the Edwards group have high resistiv-
ities but in Medina County the upper and lower Devils River can be separated on the basis of a lower overall
resistivity of the upper unit in Medina County. The Trinity aquifer (Glen Rose Limestone) has a lower over-
all resistivity than the Edwards is consistent with it’s role as the lower confining unit. However, there are
thin high resistivity limestone units in the upper zone that can be mapped in detail by the airborne geophys-
ics. Hydrostratigraphic unit D in the upper Trinity aquifer is characterized by a very high resistivity and can
be used as a marker unit in stratigraphic interpretation. Current work is focusing on utilizing the detailed
airborne resistivity surveys to refine bedrock geologic maps and construct 3D geologic models. This infor-
mation will be critical to future generations of groundwater models of the Edwards Aquifer.
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ABSTRACT

The Edwards Aquifer currently is the primary source of water in south central Texas for agriculture,
municipal, industrial, and ecological needs, supplying over 1.5 million people and supporting unique habi-
tats for endangered species. The aquifer consists of limestone with some dolostone members of the Edwards
Group (lower Cretaceous) that dip in a southeasterly direction. Structurally the aquifer is faulted by the Bal-
cones fault zone, a system of Miocene age normal faults that run parallel to the strike of the aquifer. The up-
dip freshwater zone of the aquifer is recharged with surface water along the northern area of the outcropping
Edwards Group. Adjacent to the freshwater zone is the saline-water zone that forms an interface at the
down-dip limit of the fresh water. Though the freshwater/saline-water interface is spatially defined within
the aquifer, little is known about the nature of groundwater flow between and along its surface. Concerns
are that structural, lithologic and hydrologic features and freshwater extraction may influence the possible
up-dip migration of the saline water into the freshwater zone and may adversely affect current freshwater
supplies.

Discrete samples were taken from an existing monitoring well network representing a variety of differ-
ent flow regimes spanning the transition zone. The results show that the saline waters are overwhelmingly
enriched in helium (up to 4000 times that of atmospheric solubility). Sources of helium in a ground water
sample include atmospheric helium at solubility, helium associated with excess air incorporated during
recharge, and excess helium derived from external sources such as release from the rocks that comprise the
aquifer or a basal helium flux into the aquifer. In the fresh water zone, atmospheric solubility
(R/Ra ~ 0.989) and excess air sources (R/Rp =1.0) characterize the composition of the helium isotopes in
the samples. In the saline waters, the externally sourced helium dominates the sample composition, with
two distinctive end member compositions of 0.13 and 0.22 R/R 5 apparent from the data set. The unique
isotopic ratio of the excess helium indicates that the excess helium is mainly associated with a basal flux to
the aquifer that appears to be geographically controlled by the Balcones fault system. This dichotomy in
helium isotopic compositions allows us to use the helium data to deduce flow compartmentalization
observed in the monitoring well transects and estimate the influence of ground water flow and mixing within
the freshwater/ saline water transition zone.



