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INTRODUCTION
Water has played a major role in the location of settlements throughout the history of
man. Evidence that man has inhabited the area around Del Rio for many thousands of years
exists in the form of pictographs or paintings found on cave walls and cliffs in the area. The
tribes of Indians that inhabited the region lived in close proximity to the streams and springs.
San Felipe Springs located in the town of Del Rio was the site of the first Spanish settlement
founded on St. Phillip=s Day in 1635. The Spaniards named the area San Felipe del Rio (St.
Phillip of the River). Even today, the springs and the river have continued to be a focal point for
civilization, providing water for domestic, industrial and irrigation purposes.
The population of the City of Del Rio and Laughlin Air Force Base for the year 2000 is
estimated to be 38,946, which is currently completely reliant on San Felipe Springs for its water
supply. The City previously supplemented its supply with two wells located north of town, but
these wells were abandoned because of disrepair and have not been used in the last 10 years.
The population and the associated municipal water demand of the City of Del Rio are expected to
grow by 46 percent and 30 percent, respectively, over the next 50 years (Plateau RWPG, 2001).
Additional water supplies other than the springs are needed to meet future demands of the area.
Because Del Rio has no permitted water rights for the Rio Grande, future water supplies will
likely be developed from local ground-water resources.

Purpose and Scope of This Investigation
This study, funded by the City of Del Rio and the Texas Water Development Board,
evaluates the ground-water resources in the vicinity of Del Rio, focusing on the possibility of
completing additional Edwards aquifer wells to help meet increased demands by the City for
water in the future. The following tasks were performed as part of the work for this study for the
City of Del Rio: (1) Evaluate existing data for geology, ground-water levels and water
chemistry; (2) measure water levels in the Edwards in the vicinity of Del Rio to understand how
water flows in the aquifer; (3) sample water issuing from the springs to understand the chemical,
bacterial and microparticulate constituents of that water source; (4) conduct sampling and
1

Ground-Water Resources
of the Edwards Aquifer
in the Del Rio Area, Texas

pumping tests of existing wells (Figure 1) previously used by the City and of a test well located
to the north of the City (referred to as the "Y" Well) to compare to the quality of water issuing
from the springs and to estimate the quantity available from those wells; and (5) deepen the "Y"
Well to evaluate the potential of the deeper Edwards to be an additional ground-water source for
the City.

Previous Investigations
Many of the first investigations into ground water in Val Verde County occurred in the
1940's with studies by Frazier (1940), Bennett (1942) and Bennett and Livingston (1942). The
International Boundary and Water Commission (IBWC) has published a number of reports and
basic data on the geology and hydrology of the area starting about 1950. Three consulting reports
were prepared by William F. Guyton & Associates (predecessor to LBG-Guyton Associates) for
the Del Rio Utilities Commission: (1) a report on ground-water conditions (Guyton, 1964a); (2)
well specifications (Guyton, 1964b) and (3) a completion report on the City's Well 1 (Guyton,
1965). Two reports written by authors from the U. S. Geological Survey (USGS) and published
by State water agencies included reports by Follett (1956) and Reeves and Small (1973). Some
regional reports that included the Val Verde County area were prepared by State agencies
(Walker, 1979; Rees and Buckner, 1980). The springs in Val Verde County were discussed in
Brune=s survey of springs (1981) for the State. Geologic work has been performed by many, but
most of the geologic names and descriptions of the units as they are accepted today were made by
Lozo and Smith (1964) and Rose (1972). Geologic maps of the area were compiled by the
University of Texas Bureau of Economic Geology (UT-BEG) and published as the Del Rio sheet
(UT-BEG, 1972) of their Geologic Atlas series.
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GEOLOGY

About 100 million years ago during the Cretaceous age, a large depositional basin in the
shape of an ellipsoid existed in the Del Rio area called the Maverick Basin (Rose, 1972). To the
south, the Maverick Basin was bordered by the Stuart City Reef, to the north and east the basin
was bordered by the Devils River Trend and further to the north was the Comanche Shelf (Figure
2). Within this basin, a thicker sequence of limestones was deposited. From top to bottom, three
formations, the Salmon Peak, McKnight and West Nueces, were formed, which make up the
Edwards Group (Lozo and Smith, 1964; Rose, 1972). Within the bordering trend to the north
and east, the limestone deposits were somewhat thinner and indistinct, forming one massive unit
called the Devils River Limestone (Lozo and Smith, 1964; Rose, 1972).
Overlying the Edwards Group, the Del Rio Clay is about 200 feet of blue fossiliferous
clay and shaley limestone that weathers to yellow when exposed. Where it has not been eroded
and removed, the Del Rio Clay forms a confining layer above the Edwards aquifer. The Salmon
Peak Formation is 400 to 500 feet thick and can be divided into an upper and lower unit (Lozo
and Smith, 1964), with the upper unit being mostly grainstones mixed with mudstones. Near the
top of the lower unit is a reworked and burrowed limestone and the bottom is mostly a dense
lime mudstone. The McKnight Formation can be 200 to 300 feet thick and is mostly composed
of thin-bedded limey mudstones, shales and some anhydrite deposits. The West Nueces
Formation is generally a massive limestone with fossil fragments and grainstones. Near the
bottom of the West Nueces Formation is a dense nodular mudstone. Below the Edwards Group
is the Glen Rose Limestone, the upper member of which is composed of thin alternating
sequences of limestones and shales. A summary of the lithology and water-bearing properties of
the geologic units is given in Table 1. Geologic cross sections are shown in Figure 3 for the area
near Del Rio. One cross section includes a geophysical log run on the recently deepened test
hole north of Del Rio known as the "Y" Well.
Some previous reports on ground water in the area have called the aquifer the
Georgetown aquifer. This is because the Salmon Peak Formation (uppermost unit in the
Edwards Group) had been previously called the Georgetown Formation by some investigators.
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The aquifer in the Del Rio area has been lumped together and named by the Texas Water
Development Board (TWDB) as the Edwards-Trinity (Plateau) aquifer. This aquifer extends
throughout all or parts of 38 counties from the Hill Country of Central Texas to the Trans-Pecos
region of West Texas. This regional aquifer consists of saturated sediments of lower Cretaceous
age Trinity Group formations and overlying limestones and dolomites of the Edwards Group.
However, the Edwards Limestone in the Maverick Basin is very thick, up to 1,000 feet, and the
underlying Trinity is deep and probably contains saline water. Most wells are only completed in
the upper portion of the Edwards (Salmon Peak). As a result of these circumstances, it is more
appropriate to refer to the local aquifer as the Edwards aquifer, similar to that in the San Antonio
region (Edwards Balcones Fault Zone aquifer).
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HYDROLOGY

All fresh water that is found in an aquifer originates as rainfall. Most water that falls as
rain either runs off into streams and lakes or is evaporated or transpired by plants before the
water can make its way into aquifers. Only a very small percentage of total rainfall ever enters an
aquifer as recharge. Smaller percentages of that rainfall become recharge to aquifers in more arid
environments. The combination of high temperatures, high potential evapotranspiration and
intermediate rainfall totals in the Del Rio area combine to produce a semiarid climate with
drought conditions during all or parts of some years (Bomar, 1995). The rainfall in Val Verde
County decreases from east to west, from about 22 inches per year in the northeastern end of the
county to about 12 inches per year in the western part of the county near Del Rio. Most of the
rainfall occurs as thunderstorms during the months of April through October, with the highest
amounts falling in September and May (Figure 4). The average annual rainfall over the period of
record at the Del Rio International Airport is 17.6 inches and has ranged from 4.3 inches in 1956
to 33.2 inches in 1969 (Figure 4). Generally, the drought during the mid-1950's is considered the
most severe drought of record. Net lake evaporation, which is about 60 inches in western Val
Verde County, is the difference between total evaporation from a lake's surface and total
precipitation.
Several very large springs issue from the Edwards aquifer in Val Verde County. Brune
(1981) identifies 48 springs in Val Verde County. The springs range from seeps to mostly medium to very large springs (2.8 to 2,800 cubic feet per second (cfs)). The third and fourth largest
springs in Texas are Goodenough and San Felipe, respectively (Brune, 1981). The recharge area
for these springs is not directly known but is surmised to be a large area extending into northern
Val Verde, Kinney and Edwards Counties (Reeves and Small, 1973). After the filling of Lake
Amistad in the 1960=s, Goodenough Springs, the largest spring in the county, was submerged
below about 100 feet of lake water. However, Goodenough Springs still discharges significant
volumes of water under the lake surface.
San Felipe Springs, the fourth largest spring in Texas is actually a combination of about
10 springs located along San Felipe Creek. Two of these 10 springs, referred to as the East
5
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Spring and West Spring, supply all the water currently used by the City of Del Rio by means of
pumps installed in the springs. Cumulatively, San Felipe Springs has never ceased flowing
throughout recorded history. Discharge records from USGS Gage 084528.00, maintained by the
IBWC at San Felipe Springs, for the period of record from February 1961 to present are shown in
Figure 5. This reported springflow includes gaged flow downstream plus the City's pumpage and
the amount withdrawn for an irrigation canal (Breiten, 2000). The minimum monthly amount of
flow occurred during 1963 at about 2,000 acre-feet (ac-ft) per month (Figure 5). An acre-foot of
water equals 325,851 gallons. The yearly total flow for 1963 was 36,580 ac-ft. Since the filling
of Lake Amistad, the lowest flow occurred in 1996 at a little less than 4,000 ac-ft per month
(Figure 5). Miscellaneous measurements by the USGS during the drought of the 1950's indicate
an instantaneous low flow of about 25 to 30 cfs for San Felipe Springs (Reeves and Small, 1973).
Long periods of below-normal rainfall may have severe impacts on ground-water
recharge, springflow, and streamflow. The lack of rainfall leads to reduced recharge of aquifers
and to lower water levels. As water levels fall in aquifers, the volume of water discharging from
San Felipe Springs may decrease to levels that are insufficient to supply the City of Del Rio. The
direct linkage between precipitation and springflow from San Felipe Springs is indicated by
spring discharge records showing an increase in discharge rate as a response to rainfall (Figure
5).

Water Levels
Hydrographs illustrating water levels measured in wells by the TWDB over a period of
time are shown in Figure 6. A dramatic change or rise in water levels in the wells located to the
north and east of Lake Amistad is seen after the lake was filled in 1968. Water levels in wells
located south of the lake have been affected less as a result of the lake's filling. This indicates
two potential scenarios B that the effects are not seen to the south of the lake or that water levels
in those areas are controlled by the springs located near these wells, namely San Felipe and
Cienegas Springs.
Ground-water flow is driven by gravity. The direction of flow is from areas of higher
elevations (high hydraulic head) to areas of lower elevations (lower hydraulic head). When
6
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water-level maps are constructed, inferences can be made that ground-water flow is
perpendicular to the contoured water levels.
Water level measurements were compiled from early work performed in Val Verde
County and used to construct an early water-level map (1937-1940) (Figure 7) representing
aquifer conditions prior to the construction of Lake Amistad. This contoured water-level map
indicates that the flow in the aquifer through Val Verde County was from north to south or
southwest. This also indicates that the recharge for San Felipe Springs comes from the northern
parts of Val Verde County and the northwestern parts of Kinney County reaching into Edwards
County.
An additional water-level map was constructed from data gathered by the IBWC and
TWDB in 1993 and 1994 (Figure 8). Figure 9 shows water-level changes from the 1930's to the
1990's. The contours indicate that water levels rose in the vicinity of the lake. However, the
ground-water flow is still from the northern portion of the county to the south or southwest
towards the springs. The increased head measured in wells near the lake (Figure 9) does not
indicate that water flows from the lake into the aquifer. Goodenough Springs, for example, is
submerged beneath about 100 feet of water. The induced hydraulic pressure caused by the
column of water above the orifice of the springs reduces the flow. However, Goodenough
Springs still discharges significant volumes of water. The rise in the aquifer levels near the lake
(Figure 9) is a result of decreased losses from the springs submerged below the lake and the damlike effect resulting from the hydraulic head or pressure on the springs. The reduction in flow
causes increased back pressure in the aquifer and higher water levels.
A recent water-level map (Figure 10) was constructed from a combination of water levels
measured by LBG-Guyton Associates in March 2000 along with some additional water levels
from monitor wells measured by the IBWC. Contour lines are superimposed on a digital
elevation model (three-dimension image) of the surface topography. This allows comparison of
land- surface features and the water table. As expected in an unconfined aquifer, the
configuration of the water table mimics the overlying topography.
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CITY OF DEL RIO WELLS

The drought of the mid-1950's and another in the early 1960's caused concern about the
dependability and quantity of the spring water. William F. Guyton & Associates (1964a)
conducted a ground-water study for the Del Rio Utilities Commission. One of the recommendations of the study was to construct water wells to supply water to the City. Subsequently,
contract specifications were developed (Guyton, 1964b), and a report on the completion of City
of Del Rio Well 1 (Guyton, 1965) was provided. Well 1 (State ID# 70-33-904) (Figure 1), now
referred to as the Agarita Well (named for the nearby road), was drilled in late 1964 by York and
Coates. The well was originally drilled to 499 feet but was later plugged back to 445 feet. A 28inch diameter hole was initially drilled to 100 feet with 20-inch diameter surface casing cemented
in place. An 18-inch diameter hole was drilled to total depth below the surface casing.

Water

samples were collected every 50 feet during drilling to the total depth of 499 feet. The last
sample retrieved at 499 feet had a conductivity of 2,422 micromhos, compared to a range of 436
to 502 micromhos for the seven bailed samples from the other 50-foot intervals above. The
bottom sample was from the McKnight Formation of the Edwards Group (formerly referred to as
Kiamichi Limestone). Because of the poorer water quality encountered, the well was plugged
back to 445 feet. The hole was then acidized with 10,000 gallons of 15 percent hydrochloric acid
followed by 10,000 gallons of water injected through tubing set to a depth of 430 feet. A 16-inch
liner was then installed to protect the pump bowls to a depth of 300 feet, with slots from 100 to
300 feet.
Pumping tests on the Agarita Well were performed before and after the acid treatment.
Obvious enhancements in flow were observed. Before the well was treated with acid, the
maximum rate tested was 900 gallons per minute (gpm), with about 155 feet of drawdown in 1.5
hours. This calculates to a specific capacity of 5.8 gallons per minute per foot (gpm/ft). Specific
capacity is the volume of water discharged per foot of drawdown in a well. On December 7,
1964, a sustained test was performed for 20 hours at about 700 gpm. The drawdown based on
this test was about 95 feet. The specific capacity was 7.4 gpm/ft. After the acid treatment, the
maximum rate tested was 2,010 gpm for 4 hours on December 18, 1964 with a drawdown of 115
8
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feet, or a specific capacity of 17.5 gpm/ft. An extended test was performed for 23.5 hours on
December 19, 1964 at a rate of 1,751 gpm. The test produced about 90 feet of drawdown and a
specific-capacity estimate of 19.5 gpm/ft. The permanent pump was designed to be installed at a
depth of 200 feet, with the flexibility of being lowered to 300 feet, if necessary, and to produce
about 700 gpm (Guyton, 1965).
A second well (TWDB ID# 70-33-608) (Figure 1), which is now referred to as the
Hackberry Well (named for a nearby road), was constructed by Layne-Western Company, Inc. in
August 1981. The completion records and driller=s reports on file with the TWDB for the
Agarita (TWDB ID# 70-33-904) and Hackberry (TWDB ID# 70-33-608) Wells were actually
reversed for the two wells. These records, now properly arranged, are given in Appendix 1,
along with chemistry reports for the Agarita Well. The water well report submitted by LayneWestern for Del Rio Well No. 2 indicates that the Hackberry Well was drilled at a diameter of 26
inches to 256 feet with a 22-inch diameter steel casing cemented in place. The well was then
drilled at a 20-inch diameter to a depth of 431 feet. The pump bowls were set at 380 feet.
Pumping tests indicated 302 feet of drawdown after 24 hours of pumping at 460 gpm. This
calculates to a specific capacity of 1.5 gpm/ft. Production from this well might be increased if
the well were deepened to near the contact with the McKnight Formation, and then treated with
acid. According to available records, the well does not appear to have been acidized.
The "Y" Well is a test well that was drilled in August 1990 for the City of Del Rio by
Hutto Drilling, Inc. of Del Rio, Texas on county property north of the intersection of IH 90 and
Highway 377 (Figure 1). The 9-1/2-inch diameter hole was drilled to a depth of 100 feet, and 90
feet of 8-5/8-inch diameter steel casing was cemented in place. The hole was then drilled at a 77/8-inch diameter to a depth of 500 feet. The driller=s report is included in Appendix 2.
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DETERMINING AQUIFER CHARACTERISTICS FROM PUMPING TESTS

When a well is pumped and water is withdrawn from an aquifer, water levels in the
vicinity of the well are drawn down to form an inverted cone with its apex located at the
pumping well. This is referred to as a cone of depression. Ground water flows from higher
water levels to lower water levels and, therefore, in the case of a pumping well, toward the well
or the center of the cone of depression. A diagram of this cone of depression in the water-level
surface is shown in the upper illustration on Figure 11. The shape and size of the cone is directly
related to the aquifer parameters. When more than one well is pumped, the cones of depression
of neighboring wells intersect one another. When the cone of one well overlaps the cone of
another, the lowering of water levels becomes additive because both wells are competing for the
same water in the aquifer. The bottom illustration in Figure 11 shows the increased decline in
water levels created by the interference between pumping wells. The amount of additional waterlevel decline depends on the rate of pumping from each well, the spacing between wells and the
hydraulic characteristics of the aquifer.
Various hydrologic parameters are required for making a quantitative evaluation of
an aquifer. The primary aquifer characteristics of concern are (1) transmissivity, an index of the
aquifer's ability to transmit water measured in gallons per day per foot (gpd/ft); and (2) the
storage coefficient (unitless), an index of the amount of water released from or taken into storage
as water levels change. Hydraulic conductivity can be calculated by dividing the calculated
transmissivity by the saturated thickness of the aquifer; the unit of measurement is reported as
gallons per day per foot squared (gpd/ft2). Important measurements made during a pumping test
are discharge and water-level decline versus time.
One of the basic assumptions in determining these parameters from pumping-test data is
that flow takes place through a homogeneous medium B that is, one for which properties are the
same in all directions. In properly applying the results, however, one must consider that the
physical characteristics of an aquifer are probably not uniform in all directions. This is
particularly true for fractured-rock karst systems, such as the Edwards aquifer.

10

Ground-Water Resources
of the Edwards Aquifer
in the Del Rio Area, Texas

Pumping Tests on City of Del Rio Wells
LBG-Guyton Associates performed pumping tests on the Agarita, Hackberry, and
"Y" Wells. Transducers and a Hermit 3000 data logger manufactured by In-Situ, Inc. were used
by LBG-Guyton during the tests. Readings recorded by the data logger were compared with
measurements made with a calibrated electrical tape. Data were collected prior to, during and
after pumping. Hydrographs and semilog plots created with calculations based on these data are
shown on Figures 12 through 14. Each test was conducted for a period of approximately 24
hours.
The turbine pump originally installed in the Agarita Well had locked up because of
corrosion. The well had not been used for about 10 years. The old pump was removed and a
temporary 50-horsepower (hp) submersible pump was installed for testing purposes. The
pumping test of the Agarita Well started March 14, 1999 and lasted for 27.5 hours. The pumping
rate fluctuated during the test from a high of about 780 gpm to about 700 gpm but averaged
about 716 gpm. The total drawdown near the end of the test was 14.5 feet. The specific capacity
for this test is calculated to be 49 gpm/ft, and transmissivity is calculated as187,700 gpd/ft.
For comparison, the testing in 1964 at a rate of 900 gpm prior to the acid treatment
caused about 155 feet of drawdown in 1.5 hours, or a specific capacity of 5.8 gpm/ft. The
sustained test at a rate of about 700 gpm prior to acid treatment created a drawdown of about 95
feet, or a specific capacity of 7.4 gpm/ft. After the acid treatment, the Agarita Well was pumped
at a rate of 2,010 gpm for 4 hours with a drawdown of 115 feet, or a specific capacity of 17.5
gpm/ft. The extended test after acid treatment was performed at a rate of 1,751 gpm for 23.5
hours. This caused about 90 feet of drawdown. The specific capacity was 19.5 gpm/ft.
The Hackberry Well was initially pumped using the existing pump on March 10, 1999.
The electrical breaker and control system had been burned out by a lightning strike several years
before, and the well had not been used for about 10 years. A portable generator was used to
supply power. The well was disconnected from the existing plumbing and was pumped open
discharge. A gate valve was used to regulate the discharge rate, and a flow meter from the
Agarita Well was used to measure discharge. The initial pumping rate of 680 gpm quickly
declined to about 550 gpm. However, the water level in the well fell to levels close to the pump
11
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in about 1 hour. Water levels were allowed to recover and pumping was restarted later that day
at a decreased rate of about 310 gpm for a duration of 24 hours. The average discharge rate over
the 24 hours was 286 gpm. The accompanying drawdown near the end of the test was about 230
feet below the static water level. The specific capacity and the transmissivity for this test are
calculated to be 1.3 gpm/ft and 1,936 gpd/ft, respectively. This specific capacity compares to 1.5
gpm/ft calculated from information submitted by Layne-Western Company, Inc in 1981.
The "Y" well was completed with 8-5/8- inch diameter casing. The diameter of the
casing allowed only a 15-hp submersible pump to be installed for testing purposes. If the well's
diameter were larger, a larger pump could have been used. The installed pump initially pumped
at about 260 gpm. The well was pumped for about 23.5 hours at an average rate of 246 gpm, and
the drawdown was 1.5 feet. The specific capacity calculated from these data is 166 gpm/ft. The
trend in the data was neither consistent nor typical (Figure 14). A slight trend in the data is the
basis for a calculated transmissivity of 405,900 gpd/ft. Because of the data and lack of a
consistent trend, the results are not presumed to be accurate. A larger pump might stress the
aquifer enough to get a more definitive data trend.
The Hackberry Well is apparently completed in a tighter section of the Salmon Peak
Formation than is characteristic of the formation in the vicinity of the Agarita and "Y" Wells.
The pumping tests indicate that the Agarita and "Y" Wells are the most productive of the three
wells.
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GROUND-WATER CHEMISTRY

All ground water contains minerals that are dissolved and transported in solution. The
types and concentrations of the minerals depend upon the history of the water, its source,
movement and environment. Specifically, the concentration of dissolved solids depends upon
the solubility of the minerals present in the rocks with which the water is in contact, the length of
time the water is in contact with the rocks, and the chemical activity of the water. In general, the
concentration of dissolved minerals in ground water increases with depth. This is especially the
case where circulation in the deeper sediments is restricted by low permeability. Restricted circulation retards the flushing action of water moving through the aquifer and causes the water to
become more stagnant and highly mineralized.
In general, for water to be considered acceptable for public supply or domestic
consumption, the concentrations of certain constituents should not exceed Texas Natural
Resource Conservation Commission (TNRCC) recommendations. The recommendations for
maximum concentrations of the common inorganic constituents for which samples were analyzed
in this study are as follows:
Primary Standards
Constituent

Mg/l

Fluoride
Nitrate (as N)

4
10

Secondary Standards
Constituent

Mg/l

Chloride
Fluoride
Iron
Manganese
Sulfate
Dissolved Solids

300
2
0.3
0.05
300
1,000
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Fluoride is included in both the Primary and Secondary Standards. Primary Standards establish
limits for dissolved constituents that are known to have adverse effects on human health.
Secondary Standards establish limits for dissolved constituents that affect the aesthetic qualities
of drinking water (e.g., taste and odor).

Samples from the Wells and Springs
LBG-Guyton Associates collected water samples from the three City wells, the Agarita,
Hackberry and "Y" Wells (Figure 1), and from the East and West Springs of San Felipe Springs.
All water samples taken for chemical analyses were collected after extensive purging.
Stabilization parameters, i.e. temperature, specific conductivity and pH, were measured before
and after the samples were retrieved to document adequate purging of the wells before samples
were collected. Samples taken for metal analyses were filtered in the field with 0.45-micron
certified filters and preserved with nitric acid. After collection, the samples were appropriately
preserved and placed in ice-filled coolers for transport to the laboratory. The following table lists
the field parameters measured near the time of sampling.

Well/Spring

Sample Date

Temperature
(1C)

Specific Conductivity
(µ
µmhos)

pH

Wells
Agarita Well

3/15/99

23.5

745

7.2

Hackberry Well

3/11/99

25.0

725

7.2

"Y" Well

4/13/99

24.0

730

7.1

"Y" Well (Deep)

7/19/00

24.5

430

7.3

Tierra del Lago

4/22/99

25.5

523

7.2

Springs
San Felipe East Spring
(Pump #2)

3/11/99

24.0

450

7.2

San Felipe West Spring
(Pump #5)

3/15/99

24.0

535

7.1
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The samples were submitted to the Lower Colorado River Authority=s Environmental
Laboratory Services (Austin, Texas) for chemical analyses. The laboratory report is attached as
Appendix 3. The chemical analyses indicate that water from the three wells meets the primary
and secondary drinking-water standards established by the U. S. Environmental Protection
Agency and the TNRCC for those constituents analyzed. Total dissolved solids (TDS) range
from 376 milligrams per liter (mg/l) at the Hackberry Well to 455 mg/l at the Agarita Well.
These TDS concentrations compare very favorably with the TDS of water discharging at the East
and West San Felipe Springs of 235 mg/l and 277 mg/l, respectively. The TDS for the initial
sample from the "Y" Well was 413 mg/l. A sample collected after the well was deepened and a
packer was set to isolate the bottom of hole had a TDS concentration of 224 mg/l. The
deepening of the "Y" Well is discussed in a later section of this report.
Stiff diagrams and Piper diagrams can be used to compare water chemistries. The Stiff
diagram (Figure 15) uses four parallel horizontal axes extending on each side of the vertical zero
line. The concentrations in milliequivalents per liter (meq/l) of the four major cations (positively
charged ions) are plotted to the left and the major anions (negatively charged ions) are plotted to
the right, producing a geometric shape which defines the geochemical fingerprint of the sample.
The concentration of an ion in meq/l is derived by dividing its concentration in milligrams per
liter by the gram formula weight of the ion and then multiplying by the charge of the ion. The
Piper diagram (Figure 16) is a trilinear plot of the major dissolved ions. The composition of
waters can be approximated in terms of three sets of cations (Ca, Mg, Na plus K) and three sets
of anions (bicarbonate plus carbonate, SO4 and Cl) expressed as a percentage of total
milliequivalents. The proportions are plotted as points in separate triangles of cation and anion
constituents. These points are then projected into a central diamond-shaped field to identify
general compositions in terms of water-chemistry types. Figures 15 and 16 show the similarities
between the spring water, and the well water. Both diagrams indicate that the waters are mostly
calcium-bicarbonate type water. The water sampled from the wells shows slightly elevated
levels of sodium, chloride and sulfate.
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Microparticulate Analyses
In 1989, the EPA initiated the Surface Water Treatment Rule to protect public systems
from surface-water pathogens. The rule also applied to ground water under the direct influence
of surface water. The TNRCC is responsible for the enforcement of these rules.
Microparticulate analysis (MPA) is a method used by TNRCC to ascertain whether ground water
is under the direct influence of surface water. MPA identifies surface-water bioindicators such as
plant debris, algae, diatoms, insects, rotifers and other identifiable particulates found only in
surface-water bodies. The TNRCC has performed these analyses on water from the springs
collected directly from the spring lakes. The analyses are presented in Appendix 4. The samples
were collected when turbidity levels ranged from less than 1 NTU to 77 NTU. Despite the wide
range of the values, the MPAs showed little variation.
LBG-Guyton collected samples for MPA from April to June 1999 from the San Felipe
East Spring (Pump #2) and the San Felipe West Spring (Pump #5), as well as from the Agarita,
Hackberry and "Y" Wells. An independent system that the City recently acquired (Tierra del
Lago), which is located near Lake Amistad, was also sampled. The West Spring was sampled a
second time on June 22, 1999 when the water from that spring became turbid after a rainstorm.
Because of high turbidity, water from the West Spring could not be pumped into the City's
distribution system. The East Spring's water, which was not turbid, was used to supply the City.
Because the West Spring's pump had been shut down, a peristaltic pump was used for sampling.
The procedure involved lowering a small tube next to Pump #5 into the cave that feeds the West
Spring. The discharge was then run through the filter apparatus.
All other samples were filtered by attaching the filter to the faucets near the wells or to
the pump heads above the chlorine injector. A pressure gage and a flow meter were used to
adjust the flow valve attached to the filter so the flow rate could be set at about 1 gpm at a
pressure of 10 pounds per square inch (psi). The filter was positioned in line, and the well was
pumped at capacity during the sampling. The filter was allowed to collect particulate matter for
almost one day, or until about 1,000 gallons of water had passed through the filter. The filter was
then removed, sealed, chilled and sent to the laboratory for analysis.
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Analytical Services Incorporated (ASI) of Williston, Vermont, conducted the MPAs. The
accompanying lab reports are presented in Appendix 5. ASI also conducted tests for two
waterborne pathogens, Cryptosporidium parvum and Giardia lamblia. MPA test results are rated
as either "low," "moderate" or "high," based on the presence or absence of indicators such as
vegetative debris, algae, diatoms, rotifers, nematodes and protozoa. The MPA results for the
three City wells are all classified as "low" by ASI. Ratings for samples of water collected from
the springs, however, ranged from "low" at West San Felipe Spring to "moderate" at East San
Felipe Spring. The samples from West San Felipe Spring during higher turbidity and from Tierra
del Lago were rated as "moderate." Neither Cryptosporidium nor Giardia was detected in
samples from the wells and the springs.

Mineralogic Analysis of Spring Turbidity
After the MPAs of the West Spring water were concluded, the sediment that was captured
in the MPA filter during the turbid event at the West Spring was sent to Core Laboratories for
mineralogic analysis (Appendix 6). The analysis indicates the particulate material suspended in
water discharging from West San Felipe Spring is composed (by weight percentage) of quartz
(11%), calcite (66%), dolomite (4%) and clay (19%) grains.
A recent study of the Edwards aquifer (Barton Springs segment) near Austin, Texas
(Mahler, 1997), concluded that allochthonous and autochthonous sediments are transported
through karst aquifers. Allochthonous sediments are derived from outside an aquifer and are
transported into the aquifer by recharge water from streams. These sediments, which are
composed of varying proportions of calcite, quartz and clay, have high organic carbon content.
Suspended sediments with these compositions are observed in sinkholes, streams and springs.
Autochthonous sediments are derived from aquifer rock. These sediments, which are composed
of dolomite grains, are characterized by low organic carbon content and are most obvious in
unconfined wells. Sediments that occur in caves and confined wells are typically characterized
by a mixture of allochthonous and autochthonous material and low organic carbon.
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The composition of the sediment from San Felipe Springs was compared with the
compositions of suspended material found in water from wells, caves, sinkholes, springs and
streams, as well as the Del Rio Clay and Edwards Limestone Formations in Central Texas
(Mahler, 1997). This comparison indicates that there are similarities between the compositions
of particulate material in San Felipe Springs water and the average compositions of particulate
material collected from springs and streams in Central Texas. However, the composition of clay
minerals present in these Central Texas waters differs from San Felipe Springs sediments. In
Central Texas, suspended clays are primarily illite and smectite. Illite is the dominant clay in the
Del Rio area. This difference could be related to a higher degree of chemical weathering of rocks
in the more humid environment of Central Texas than in the drier Del Rio area.
One possible explanation for the composition of the suspended sediment at San Felipe
Springs is that the suspended sediment is derived from the Edwards Formation and the overlying
Del Rio Clay. A mixture of these sediments would be characterized by varying proportions of
clay, quartz, calcite and dolomite similar to that found at San Felipe Springs. The other
possibility is a combination of autochthonous sediments and suspended material derived from
surficial sources and transported into the aquifer from streams such as San Felipe Creek.
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DEEPENING THE "Y" WELL FOR TESTING

All known water wells in the vicinity of Del Rio produce water from the Salmon Peak
Formation near the top of the aquifer. The McKnight Formation is generally tighter and often
has poorer water quality in this area. However, geophysical logs from wells drilled for the
exploration of oil indicate that fresh water may occur in the West Nueces Formation in this area.
LBG-Guyton recommends investigating the lower portion of the Edwards aquifer by deepening
the existing "Y" test well located north of town (Figure 1). This well has been named for the
"Y"-shaped branch of IH 90 and Highway 377 south of the well.
The "Y" Well was originally drilled to a depth of about 500 feet. Steel casing with a
diameter of 8-5/8 inches was cemented to a depth of 90 feet. On June 6, 2000, Hutto Drilling
Co., Inc. of Del Rio, Texas began drilling the well deeper using a conventional air-rotary method.
This method pushes air out of small holes in the drill bit. The air forces the formation cuttings
and fluid out of drill hole to the surface on the outside of the drill pipe. Because of the sizable
porosity of the formation, no water or cuttings returned to the surface. The cuttings either settled
to the bottom of the hole or were forced into large openings in the formation. Because of
compressor problems and the depth of the drill hole, the drilling method was changed to mud
circulation using fresh water from a City fire hydrant piped to a circulation pit at the site. This
method also did not generate any surface returns.
After drilling, downhole geophysical and video log surveys were performed. Geophysical
logs run in the well included gamma, self potential (SP), and short-normal and long-normal
resistivity. These logs can be used to infer water quantity and quality and to precisely determine
depths to geologic contacts. Based on the logs, the geologic contacts below the "Y" Well, in feet
below land surface, are:
Salmon Peak/McKnight contact at 495 feet
McKnight/West Nueces contact at 701 feet
West Nueces/Glen Rose contact at 874 feet
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The downhole video survey showed water coming into the borehole at velocities high
enough to move small cuttings around, mostly along fractures or horizontal bedding joints. The
depth intervals with visible high-current water entering the borehole were at 154 to 155, 508 and
536 feet below land surface. Below the 550-foot level, the visibility in the borehole went to zero.
This indicates that water was not entering the borehole at a high enough rate to flush the
turbidity from the hole.
Based on the geophysical logs of the "Y" Well, some fresh water appears to be present
near the top of the West Nueces Formation. An inflatable packer, which resembles a large
doughnut that fits on the pump tubing, was installed at about 703 feet below land surface and
inflated with about 400 psi of air pressure. The packer acts to isolate the section below the
packer from the top part of the borehole. Initially, the packer was not inflated completely
because of the high pressure needed to inflate below 600 feet of water. Additional pressure was
needed prior to final pumping but whether the seal in the borehole was complete is not absolutely
known. Because of the relatively thin section of fresh water interpreted from the geophysical log,
the pump was installed at about 725 feet below land surface. The pump installed was a 7.5horsepower submersible pump capable of producing about 50 gpm.
Resistivity decreases toward the bottom portion of the log, which represents the deeper
zone of the test hole. Resistivity is the inverse of conductivity. Both are related to the TDS of
the fluid. The resistivity curve indicates that the bottom of the formation becomes increasingly
higher in TDS. This was another reason for installing the pump adjacent to the fresh water
indicated by the resistivity profile of the geophysical log.
A transducer and a Hermit 3000 data logger were used during the tests. The transducer
was rated for 250 psi (2.31 feet/psi x 250 psi = 578 feet) and was installed in the well just below
the packer. The static water level of the open hole was about 107 feet below land surface. (This
gives the differential between the static level and the point at which the transducer was installed,
600 feet.) This is above the rating of the transducer but below the safety factor for the instrument
(1,155 feet). The reading may have been slightly inaccurate, but during the pumping test, the
change in water level is the point of interest.
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The pumping test, conducted on July 20, 2000, was initiated at a rate of about 40 gpm but
discharge dropped off in about 15 minutes. The pump was turned off and the water level allowed
to recover. The lower portion was pumped three times for about 10 to 15 minutes each. During
the third pumping period, a sample was retrieved. The discharged water was turbid, and as a
result, all samples were filtered with a 0.45-micron filter prior to adding an acid preservative.
The low TDS for the sample retrieved was not expected, especially since it was lower than the
sample retrieved from the "Y" Well before the well was deepened. One explanation for the
lower TDS may be that the three short-duration tests prior to sampling did not purge a sufficient
volume of water from that section of the well. Water from a fire hydrant was injected into the
well during the drilling process. The sample taken from the East Spring shows similarly low
TDS and conductivity. It is possible that this water was not removed prior to the time the sample
was taken.
Although not enough data were collected from the pumping portion of the test to analyze,
the recovery data were sufficient to support a transmissivity calculation of 3,080 gpd/ft. This is
approximately two orders of magnitude less than the transmissivities calculated for the upper
section of the "Y" Well and for the Agarita Well. Graphs and calculations of the transducer data
are shown on Figure 17. As mentioned before, the seal by the packer, between the upper section
and lower section, may not have been complete isolation that would result in this calculated
transmissivity being high.
The testing of the deeper section in the "Y" Well indicated that fresh water might occur
near the top of the deeper West Nueces Limestone, but in relatively small quantities.
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GROUND-WATER AVAILABILITY

Previous studies have stated that the Edwards aquifer is underutilized and have estimated
the amount of ground water available near the City of Del Rio. These estimates were based on
the amount of flow issuing from San Felipe Springs and along the Devils River north and
northeast of the city. It was considered that the amount of ground water available for
development was equal to the springflow issuing from the Edwards aquifer. Guyton (1964)
concluded that about one-half of the springflow from the Devils River originated in this area
north of the city. He added to the historical flows of San Felipe Springs (prior to the filling of
Amistad) for an estimate of 200,000 acre-feet per year (ac-ft/yr) or about 180 million gallons per
day of ground-water availability from the Edwards near Del Rio. Reeves and Small (1973) used
the total flow from Goodenough Springs plus San Felipe Springs to estimate ground-water
availability from the Edwards at about 500,000 ac-ft/yr.
The availability amounts estimated in Section 3.2.2.2 of the Senate Bill 1 Plateau
Regional Water Plan (Plateau RWPG, 2001) are retrievable volumes from the total storage in the
aquifer based on Geographic Information System (GIS) coverages and calculated aquifer
volumes. The bottoms of the aquifers were taken from structure maps of contacts between
geologic units derived from interpretations of geophysical logs. The tops of the aquifers were
estimated from historic water-level maps of the area. The aquifer thickness was then reduced by
50 feet to simulate drought conditions. A conservative estimate of aquifer volume was made
based on this saturated thickness of the Salmon Peak of the Maverick Basin Edwards Limestone.
A conservative storage coefficient of 0.02 was then applied to the saturated aquifer volume for
calculating water in storage.
Much of the water in storage within an aquifer cannot be removed because the water is
bound by capillary forces within the pore spaces of the rocks. The amount that is assumed to be
recoverable is determined by the "specific yield" of an aquifer. This term refers to the volume of
water that will drain, under the force of gravity, from the pore spaces of an aquifer. Specific
yield is related to the permeability of an aquifer. Because all of the water in storage in an aquifer
cannot be drained from the pores of that aquifer, a conservative 30-percent specific yield was
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applied to the calculated aquifer volumes. Applying this percentage to the total area of an aquifer
makes the assumption that wells are spread evenly over the entire extent of the aquifer. This
assumption, however, is not realistic, as there are physical and economic limitations to the
number of wells that can be developed in close proximity in an aquifer. Using this method of
estimating the specific yield, the potential retrievable amount of ground water from the Edwards
aquifer in Val Verde County was estimated at 3,199,700 ac-ft, with no consideration for
environmental factors such as maintaining springflow.
With the limitation being minimum flow from San Felipe Springs, the aquifer availability
in the Del Rio area could be estimated from the difference between minimum required flow and
the instantaneous flow. The average discharge of San Felipe Springs is about 110 cfs or about
80,000 ac-ft/yr. During recent droughts the spring discharge fell below 50 cfs. Extrapolated over
1 year, this would be about 36,000 ac-ft. Recent droughts as compared to the 1950=s drought
would be appropriate to use because the filling of Amistad Lake has generally increased the
springflow after 1968. A minimum flow has not been determined for the endangered species
living downstream from the springs, and a study is needed to determine the actual amount that
would have to be subtracted from the total springflow for availability. Also, studies are needed
to evaluate the effects of pumping from the aquifer at some distance to the flow issuing from the
springs. This is especially critical with respect to wells in the recharge area for San Felipe
Springs.
Most availability studies evaluate amounts of water on an annual basis. When the critical
component of the water supply is often the daily peak demand during a year, the City must also
evaluate the amount of water necessary on a peak or maximum daily usage basis to properly plan
for future supply needs.

Del Rio Water System
The City of Del Rio relies on San Felipe Springs for all of its water supply. The water is
collected through a number of pumps set in two of the spring orifices (referred to as East Spring
and West Spring) where water is issuing from the Edwards aquifer. The water is then treated
with chlorine and distributed to the city and to Laughlin Air Force Base. The pumps in the West
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Spring are installed in boreholes drilled just upstream of the spring outlet. The pumps in the East
Spring are set near the surface of the manmade lake at those springs.
Occasionally after rainstorms, the water discharging from the springs becomes turbid.
The turbidity has caused some concern at TNRCC about the potential for microbial contamination and the reliability of the current chlorine treatment of the spring water. As a result, a
microfiltration plant has been proposed to treat all spring water that will be supplied to the city.
The City of Del Rio has a water right authorizing it to divert 11,416 ace-ft/yr from
the surface-water portion of the springs for municipal use. San Felipe Manufacturing and
Irrigation Company has a water right authorizing it to divert 4,962 ac-ft/yr for irrigation use and
50 ac-ft/yr for industrial use from San Felipe Creek. The total authorized amount is 16,428 acft/yr.
Increasing water demand as a result of population growth is expected to exceed the
capability of the present system to meet all needs for water. To address these expected shortfalls,
the City has started a long-term program to develop ground water as a supplemental source of
municipal water. The City also plans to replace leaking storage tanks and distribution lines to
reduce the water loss in the system. The City is also adding a 16-million-gallon-per-day filtration
plant to comply with a directive from the TNRCC to ensure that water from San Felipe Springs
meets the primary drinking water standards for microorganisms. The directive was issued by
TNRCC because of concerns raised by elevated levels of turbidity in water discharging from San
Felipe Springs, especially after rainstorm events in the vicinity of Del Rio.
Two Edwards aquifer public-supply wells located north of the city were previously used
by the City but were abandoned because of disrepair. The wells have not been used for about the
last 10 years. The City plans to repair the wells and bring them back into service. A steel cable
brush was fabricated and used to scrub the slotted interval of the Agarita Well during November
1999. This well was then jetted to remove debris for rehabilitation purposes. Video surveys
before and after the well rehabilitation show a great amount of corrosion and excess growth
being removed from the slotted interval in the liner installed in the well.
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Because of the aquifer characteristics determined during the pumping test, it was decided
that only the burned-out electrical system would be replaced on the Hackberry Well. At some
future date, the Hackberry Well may be considered for deepening near the McKnight Formation
and having acid injection performed to enhance the yield of the well. Also, a third well will be
developed on municipal property north of the City near the "Y" test well. Other wells may be
developed as needed.
A new pump will soon be installed in the Agarita Well that will yield about 1,800 gpm.
The Hackberry Well appears to be currently capable of producing up to 300 gpm. A third publicsupply well to be constructed near the "Y" Well site is expected to yield from 1,000 to 2,000
gpm. This adds up to a potential capacity of about 4 million gallons per day if the wells are run
about 70 percent of the time during a daily pumping cycle.
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SUMMARY AND CONCLUSIONS

The City of Del Rio relies entirely on San Felipe Springs that issue from the Salmon Peak
Formation of the Edwards Group for its water supply. Occasionally after rainstorms, the water
discharging from the springs becomes turbid. The turbidity has caused concern with regulating
agencies about the potential for microbial contamination and the reliability of the current chlorine
treatment of the spring water. As a result, a microfiltration plant has been proposed to treat all
spring water that will be supplied to the city.
The size of the treatment plant may be reduced if additional water from wells can be used.
It is believed that water can be produced from wells properly completed with cemented surface
casing that would not be under the direct influence of surface water and which would not become
turbid or contaminated by runoff. As a result, the produced ground water would not require the
treatment prescribed for spring water and could be used as a supply that supplements the treated
spring water. However, continued sampling of wells is recommended on a regular basis (and at
times immediately after unusually heavy rainstorms) for analysis of microparticulate and
microbiological indicators of surface water. Also, wellhead protection around public watersupply wells is recommended. All nearby residences and commercial buildings should be taken
off private septic systems and placed on the City=s sanitary sewer system. Underground storage
tanks should be located and closely monitored to follow all State guidelines. For protection and
enforcement, one possibility might be to use TNRCC=s Edwards Rules on the areas around the
public-supply wells.
The Agarita Well has been scrubbed to remove corrosion, and a new pump will soon be
installed in the well that will yield about 1,800 gpm. The Hackberry Well appears to be currently
capable of producing up to 300 gpm. The depth and development of the Hackberry Well may be
modified in the future to enhance its production. Information from the testing of the existing "Y"
Well supports the conclusion that constructing a third public-supply well near this site would
yield from1,000 to 2,000 gpm. This adds up to a potential capacity of about 4 million gallons per
day if the wells are run about 70 percent of the time during a daily pumping cycle. However, it
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will be important to conduct a number of long-term pumping tests before specifying the optimal
discharge rate and yield for each well, especially for the yet to be constructed "Y" Well.
A sufficient volume of ground water of acceptable quality can be developed within the
Edwards aquifer to supplement supplies withdrawn from East and West San Felipe Springs and
to meet future increases in demand. Initially, this supplemental production can be supplied by
the three proposed City wells. Additional growth and increase in demand can be met by
additional water wells. This may become increasingly important during periods of drought, and
during times of peak water demand during the summer months.
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