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INTRODUCTION

Water has played a major role in the location tfesments throughout the history of
man. Evidence that man has inhabited the areadrDel Rio for many thousands of years
exists in the form of pictographs or paintings fdum cave walls and cliffs in the area. The
tribes of Indians that inhabited the region livaectiose proximity to the streams and springs.
San Felipe Springs located in the town of Del Ras\the site of the first Spanish settlement
founded on St. Phillgs Day in 1635. The Spaniards named the area Sipe Bel Rio (St.

Phillip of the River). Even today, the springs dhe river have continued to be a focal point for
civilization, providing water for domestic, indusirand irrigation purposes.

The population of the City of Del Rio and Laughfiir Force Base for the year 2000 is
estimated to be 38,946, which is currently compjetdiant on San Felipe Springs for its water
supply. The City previously supplemented its sypyth two wells located north of town, but
these wells were abandoned because of disrepaliau@not been used in the last 10 years.
The population and the associated municipal wagsrashd of the City of Del Rio are expected to
grow by 46 percent and 30 percent, respectivelgr the next 50 years (Plateau RWPG, 2001).
Additional water supplies other than the springsregeded to meet future demands of the area.
Because Del Rio has no permitted water rightsferRio Grande, future water supplies will

likely be developed from local ground-water resestc

Purpose and Scope of ThisInvestigation
This study, funded by the City of Del Rio and thexas Water Development Board,

evaluates the ground-water resources in the weafiDel Rio, focusing on the possibility of
completing additional Edwards aquifer wells to helpet increased demands by the City for
water in the future. The following tasks were perfed as part of the work for this study for the
City of Del Rio: (1) Evaluate existing data forofggy, ground-water levels and water
chemistry; (2) measure water levels in the Edwardie vicinity of Del Rio to understand how
water flows in the aquifer; (3) sample water isguiom the springs to understand the chemical,

bacterial and microparticulate constituents of thater source; (4) conduct sampling and
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pumping tests of existing wells (Figure 1) previgussed by the City and of a test well located
to the north of the City (referred to as the "Y" Ny& compare to the quality of water issuing
from the springs and to estimate the quantity abel from those wells; and (5) deepen the "Y"
Well to evaluate the potential of the deeper Edwandbe an additional ground-water source for
the City.

Previous | nvestigations

Many of the first investigations into ground waiteNal Verde County occurred in the
1940's with studies by Frazier (1940), Bennett 2)@hd Bennett and Livingston (1942). The
International Boundary and Water Commission (IBW@&$ published a number of reports and
basic data on the geology and hydrology of the stading about 1950. Three consulting reports
were prepared by William F. Guyton & Associates(f@cessor to LBG-Guyton Associates) for
the Del Rio Utilities Commission: (1) a report ground-water conditions (Guyton, 1964a); (2)
well specifications (Guyton, 1964b) and (3) a costiph report on the City's Well 1 (Guyton,
1965). Two reports written by authors from theSJGeological Survey (USGS) and published
by State water agencies included reports by Fqll&%6) and Reeves and Small (1973). Some
regional reports that included the Val Verde Cowara were prepared by State agencies
(Walker, 1979; Rees and Buckner, 1980). The sprim{yal Verde County were discussed in
Brune=s survey of springs (1981) for the State. Geolagick has been performed by many, but
most of the geologic names and descriptions ofithies as they are accepted today were made by
Lozo and Smith (1964) and Rose (1972). Geologipswd the area were compiled by the
University of Texas Bureau of Economic Geology (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 Cretaceayes a large depositional basin in the
shape of an ellipsoid existed in the Del Rio abed the Maverick Basin (Rose, 1972). To the
south, the Maverick Basin was bordered by the $@igy Reef, to the north and east the basin
was bordered by the Devils River Trend and furtbehe north was the Comanche Shelf (Figure
2). Within this basin, a thicker sequence of litbass was deposited. From top to bottom, three
formations, the Salmon Peak, McKnight and West Magwere formed, which make up the
Edwards Group (Lozo and Smith, 1964; Rose, 19Y2ithin the bordering trend to the north
and east, the limestone deposits were somewhatathand indistinct, forming one massive unit
called the Devils River Limestone (Lozo and Smit864; Rose, 1972).

Overlying the Edwards Group, the Del Rio Clay is@?00 feet of blue fossiliferous
clay and shaley limestone that weathers to yell®wmexposed. Where it has not been eroded
and removed, the Del Rio Clay forms a confiningelagbove the Edwards aquifer. The Salmon
Peak Formation is 400 to 500 feet thick and cadibiéed into an upper and lower unit (Lozo
and Smith, 1964), with the upper unit being mogthinstones mixed with mudstones. Near the
top of the lower unit is a reworked and burroweddstone and the bottom is mostly a dense
lime mudstone. The McKnight Formation can be 208Q0 feet thick and is mostly composed
of thin-bedded limey mudstones, shales and somglaitdndeposits. The West Nueces
Formation is generally a massive limestone witlsifdsagments and grainstones. Near the
bottom of the West Nueces Formation is a denselapdwadstone. Below the Edwards Group
is the Glen Rose Limestone, the upper member oftwisicomposed of thin alternating
sequences of limestones and shales. A summahg dithology and water-bearing properties of
the geologic units is given in Table 1. Geologiuss sections are shown in Figure 3 for the area
near Del Rio. One cross section includes a geagadyeg run on the recently deepened test
hole north of Del Rio known as the "Y" Well.

Some previous reports on ground water in the aaga balled the aquifer the
Georgetown aquifer. This is because the Salmok Peanation (uppermost unit in the

Edwards Group) had been previously called the Gatovgn Formation by some investigators.
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The aquifer in the Del Rio area has been lumpeethey and named by the Texas Water
Development Board (TWDB) as the Edwards-TrinityafPau) aquifer. This aquifer extends
throughout all or parts of 38 counties from thd Bibuntry of Central Texas to the Trans-Pecos
region of West Texas. This regional aquifer cassi$ saturated sediments of lower Cretaceous
age Trinity Group formations and overlying limesterand dolomites of the Edwards Group.
However, the Edwards Limestone in the Maverick Basiery thick, up to 1,000 feet, and the
underlying Trinity is deep and probably containkngawater. Most wells are only completed in
the upper portion of the Edwards (Salmon Peak)a Assult of these circumstances, it is more
appropriate to refer to the local aquifer as thev&ds aquifer, similar to that in the San Antonio

region (Edwards Balcones Fault Zone aquifer).



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

HYDROLOGY

All fresh water that is found in an aquifer origiesias rainfall. Most water that falls as
rain either runs off into streams and lakes ovegperated or transpired by plants before the
water can make its way into aquifers. Only a v@nall percentage of total rainfall ever enters an
aquifer as recharge. Smaller percentages of thidaldbecome recharge to aquifers in more arid
environments. The combination of high temperatunggh potential evapotranspiration and
intermediate rainfall totals in the Del Rio areantne to produce a semiarid climate with
drought conditions during all or parts of some gg&omar, 1995). The rainfall in Val Verde
County decreases from east to west, from about@®s per year in the northeastern end of the
county to about 12 inches per year in the westarhqs the county near Del Rio. Most of the
rainfall occurs as thunderstorms during the mooftpril through October, with the highest
amounts falling in September and May (Figure 4he @verage annual rainfall over the period of
record at the Del Rio International Airport is 16hes and has ranged from 4.3 inches in 1956
to 33.2 inches in 1969 (Figure 4). Generally,dhmught during the mid-1950's is considered the
most severe drought of record. Net lake evaparatitich is about 60 inches in western Val
Verde County, is the difference between total evaipan from a lake's surface and total
precipitation.

Several very large springs issue from the Edwagd#er in Val Verde County. Brune
(1981) identifies 48 springs in Val Verde Countiyhe springs range from seeps to mostly me-
dium to very large springs (2.8 to 2,800 cubic femtsecond (cfs)). The third and fourth largest
springs in Texas are Goodenough and San Feligeectrgely (Brune, 1981). The recharge area
for these springs is not directly known but is sigied to be a large area extending into northern
Val Verde, Kinney and Edwards Counties (ReevesSmédll, 1973). After the filling of Lake
Amistad in the 1968s, Goodenough Springs, the largest spring in thatypwas submerged
below about 100 feet of lake water. However, Goodgh Springs still discharges significant
volumes of water under the lake surface.

San Felipe Springs, the fourth largest spring iraBds actually a combination of about

10 springs located along San Felipe Creek. Twibedge 10 springs, referred to as the East
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Spring and West Spring, supply all the water culyarsed by the City of Del Rio by means of
pumps installed in the springs. Cumulatively, $ahpe Springs has never ceased flowing
throughout recorded history. Discharge recordsiftdSGS Gage 084528.00, maintained by the
IBWC at San Felipe Springs, for the period of reldoom February 1961 to present are shown in
Figure 5. This reported springflow includes gafied downstream plus the City's pumpage and
the amount withdrawn for an irrigation canal (Beeit2000). The minimum monthly amount of
flow occurred during 1963 at about 2,000 acre-faetft) per month (Figure 5). An acre-foot of
water equals 325,851 gallons. The yearly total/flor 1963 was 36,580 ac-ft. Since the filling
of Lake Amistad, the lowest flow occurred in 199@&aittle less than 4,000 ac-ft per month
(Figure 5). Miscellaneous measurements by the US@iRg the drought of the 1950's indicate
an instantaneous low flow of about 25 to 30 cfsSan Felipe Springs (Reeves and Small, 1973).

Long periods of below-normal rainfall may haveese impacts on ground-water
recharge, springflow, and streamflow. The lackaiffall leads to reduced recharge of aquifers
and to lower water levels. As water levels falaguifers, the volume of water discharging from
San Felipe Springs may decrease to levels thahsuéficient to supply the City of Del Rio. The
direct linkage between precipitation and springffoem San Felipe Springs is indicated by
spring discharge records showing an increase ohdrge rate as a response to rainfall (Figure
5).

Water Levels

Hydrographs illustrating water levels measured @lissby the TWDB over a period of
time are shown in Figure 6. A dramatic changeasa in water levels in the wells located to the
north and east of Lake Amistad is seen after tke \fegas filled in 1968. Water levels in wells
located south of the lake have been affected essrasult of the lake's filling. This indicates
two potential scenarid® that the effects are not seen to the south ofateeor that water levels
in those areas are controlled by the springs ldcagar these wells, namely San Felipe and
Cienegas Springs.

Ground-water flow is driven by gravity. The direct of flow is from areas of higher

elevations (high hydraulic head) to areas of loglevations (lower hydraulic head). When
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water-level maps are constructed, inferences candake that ground-water flow is
perpendicular to the contoured water levels.

Water level measurements were compiled from eeolk performed in Val Verde
County and used to construct an early water-lexag (1937-1940) (Figure 7) representing
aquifer conditions prior to the construction of eakmistad. This contoured water-level map
indicates that the flow in the aquifer through Varde County was from north to south or
southwest. This also indicates that the rechang&én Felipe Springs comes from the northern
parts of Val Verde County and the northwesternspairKinney County reaching into Edwards
County.

An additional water-level map was constructed fibata gathered by the IBWC and
TWDB in 1993 and 1994 (Figure 8). Figure 9 shovedenlevel changes from the 1930's to the
1990's. The contours indicate that water leveds ia the vicinity of the lake. However, the
ground-water flow is still from the northern portiof the county to the south or southwest
towards the springs. The increased head measukeells near the lake (Figure 9) does not
indicate that water flows from the lake into theiégy. Goodenough Springs, for example, is
submerged beneath about 100 feet of water. Theewlhydraulic pressure caused by the
column of water above the orifice of the springduaes the flow. However, Goodenough
Springs still discharges significant volumes of@vatThe rise in the aquifer levels near the lake
(Figure 9) is a result of decreased losses fronsphiegs submerged below the lake and the dam-
like effect resulting from the hydraulic head oegsure on the springs. The reduction in flow
causes increased back pressure in the aquiferigheriwater levels.

A recent water-level map (Figure 10) was constaiftern a combination of water levels
measured by LBG-Guyton Associates in March 2000@leith some additional water levels
from monitor wells measured by the IBWC. Contones$ are superimposed on a digital
elevation model (three-dimension image) of theaeftopography. This allows comparison of
land- surface features and the water table. As@rp in an unconfined aquifer, the

configuration of the water table mimics the overtytopography.
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CITY OF DEL RIOWELLS

The drought of the mid-1950's and another in thiy @860's caused concern about the
dependability and quantity of the spring water.llMfn F. Guyton & Associates (1964a)
conducted a ground-water study for the Del Rioiti#8 Commission. One of the recommen-
dations of the study was to construct water wellsupply water to the City. Subsequently,
contract specifications were developed (Guyton4b®6and a report on the completion of City
of Del Rio Well 1 (Guyton, 1965) was provided. WEe[State ID# 70-33-904) (Figure 1), now
referred to as the Agarita Well (named for the bgaoad), was drilled in late 1964 by York and
Coates. The well was originally drilled to 499tfbat was later plugged back to 445 feet. A 28-
inch diameter hole was initially drilled to 100 fedth 20-inch diameter surface casing cemented
in place. An 18-inch diameter hole was drilleddtal depth below the surface casing.  Water
samples were collected every 50 feet during dgltm the total depth of 499 feet. The last
sample retrieved at 499 feet had a conductivit®,422 micromhos, compared to a range of 436
to 502 micromhos for the seven bailed samples fiwrother 50-foot intervals above. The
bottom sample was from the McKnight Formation & Bdwards Group (formerly referred to as
Kiamichi Limestone). Because of the poorer watelidy encountered, the well was plugged
back to 445 feet. The hole was then acidized ®tf000 gallons of 15 percent hydrochloric acid
followed by 10,000 gallons of water injected thrbugbing set to a depth of 430 feet. A 16-inch
liner was then installed to protect the pump bdwla depth of 300 feet, with slots from 100 to
300 feet.

Pumping tests on the Agarita Well were performefdieeand after the acid treatment.
Obvious enhancements in flow were observed. Befwavell was treated with acid, the
maximum rate tested was 900 gallons per minute Jgwith about 155 feet of drawdown in 1.5
hours. This calculates to a specific capacity.8fdallons per minute per foot (gpm/ft). Specific
capacity is the volume of water discharged per &atrawdown in a well. On December 7,
1964, a sustained test was performed for 20 hdwbaut 700 gpm. The drawdown based on
this test was about 95 feet. The specific capadity 7.4 gpm/ft. After the acid treatment, the

maximum rate tested was 2,010 gpm for 4 hours are@Déer 18, 1964 with a drawdown of 115
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feet, or a specific capacity of 17.5 gpm/ft. Anended test was performed for 23.5 hours on
December 19, 1964 at a rate of 1,751 gpm. Theptestuced about 90 feet of drawdown and a
specific-capacity estimate of 19.5 gpm/ft. Thenpement pump was designed to be installed at a
depth of 200 feet, with the flexibility of beingu@red to 300 feet, if necessary, and to produce
about 700 gpm (Guyton, 1965).

A second well (TWDB ID# 70-33-608) (Figure 1), whis now referred to as the
Hackberry Well (named for a nearby road), was caostd by Layne-Western Company, Inc. in
August 1981. The completion records and dritereports on file with the TWDB for the
Agarita (TWDB ID# 70-33-904) and Hackberry (TWDB#0O0-33-608) Wells were actually
reversed for the two wells. These records, nowgnly arranged, are given in Appendix 1,
along with chemistry reports for the Agarita Wellhe water well report submitted by Layne-
Western for Del Rio Well No. 2 indicates that thackberry Well was drilled at a diameter of 26
inches to 256 feet with a 22-inch diameter stesintacemented in place. The well was then
drilled at a 20-inch diameter to a depth of 431.féhe pump bowls were set at 380 feet.
Pumping tests indicated 302 feet of drawdown &tehours of pumping at 460 gpm. This
calculates to a specific capacity of 1.5 gpm/ftodeiction from this well might be increased if
the well were deepened to near the contact withvitkénight Formation, and then treated with
acid. According to available records, the wellsloet appear to have been acidized.

The "Y" Well is a test well that was drilled in Ausgt 1990 for the City of Del Rio by
Hutto Drilling, Inc. of Del Rio, Texas on countygmerty north of the intersection of IH 90 and
Highway 377 (Figure 1). The 9-1/2-inch diametelehsas drilled to a depth of 100 feet, and 90
feet of 8-5/8-inch diameter steel casing was ceeteint place. The hole was then drilled at a 7-

7/8-inch diameter to a depth of 500 feet. Thdetrk report is included in Appendix 2.
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DETERMINING AQUIFER CHARACTERISTICSFROM PUMPING TESTS

When a well is pumped and water is withdrawn faamaquifer, water levels in the
vicinity of the well are drawn down to form an imiexl cone with its apex located at the
pumping well. This is referred to as a cone ofrdegion. Ground water flows from higher
water levels to lower water levels and, thereforéhe case of a pumping well, toward the well
or the center of the cone of depression. A diagrathis cone of depression in the water-level
surface is shown in the upper illustration on Fegit. The shape and size of the cone is directly
related to the aquifer parameters. When more ¢hanwvell is pumped, the cones of depression
of neighboring wells intersect one another. Wihendone of one well overlaps the cone of
another, the lowering of water levels becomes addiiecause both wells are competing for the
same water in the aquifer. The bottom illustraiiofrigure 11 shows the increased decline in
water levels created by the interference betweempmg wells. The amount of additional water-
level decline depends on the rate of pumping frachevell, the spacing between wells and the
hydraulic characteristics of the aquifer.

Various hydrologic parameters are required for mgla quantitative evaluation of
an aquifer. The primary aquifer characteristiceaicern are (1) transmissivity, an index of the
aquifer's ability to transmit water measured irlayad per day per foot (gpd/ft); and (2) the
storage coefficient (unitless), an index of the antmf water released from or taken into storage
as water levels change. Hydraulic conductivity barcalculated by dividing the calculated
transmissivity by the saturated thickness of théfaq the unit of measurement is reported as
gallons per day per foot squared (gfl/fimportant measurements made during a pumpBstg te
are discharge and water-level decline versus time.

One of the basic assumptions in determining thasgnpeters from pumping-test data is
that flow takes place through a homogeneous meéitimat is, one for which properties are the
same in all directions. In properly applying tesults, however, one must consider that the
physical characteristics of an aquifer are probablyuniform in all directions. This is

particularly true for fractured-rock karst systesisch as the Edwards aquifer.
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Pumping Tests on City of Del Rio Wdlls

LBG-Guyton Associates performed pumping tests enAbarita, Hackberry, and
"Y" Wells. Transducers and a Hermit 3000 data éwgganufactured by In-Situ, Inc. were used
by LBG-Guyton during the tests. Readings recotuethe data logger were compared with
measurements made with a calibrated electrical t&yaa were collected prior to, during and
after pumping. Hydrographs and semilog plots exatith calculations based on these data are
shown on Figures 12 through 14. Each test wasumed for a period of approximately 24
hours.

The turbine pump originally installed in the AgaritVell had locked up because of
corrosion. The well had not been used for abowteHds. The old pump was removed and a
temporary 50-horsepower (hp) submersible pump n&tslled for testing purposes. The
pumping test of the Agarita Well started March 1999 and lasted for 27.5 hours. The pumping
rate fluctuated during the test from a high of d&80 gpm to about 700 gpm but averaged
about 716 gpm. The total drawdown near the enttieofest was 14.5 feet. The specific capacity
for this test is calculated to be 49 gpm/ft, amshémissivity is calculated as187,700 gpd/ft.

For comparison, the testing in 1964 at a rate 6f@m prior to the acid treatment
caused about 155 feet of drawdown in 1.5 houra,specific capacity of 5.8 gpm/ft. The
sustained test at a rate of about 700 gpm priacig treatment created a drawdown of about 95
feet, or a specific capacity of 7.4 gpm/ft. Aftbe acid treatment, the Agarita Well was pumped
at a rate of 2,010 gpm for 4 hours with a drawdoivhl5 feet, or a specific capacity of 17.5
gpm/ft. The extended test after acid treatmentpesormed at a rate of 1,751 gpm for 23.5
hours. This caused about 90 feet of drawdown. spleeific capacity was 19.5 gpm/ft.

The Hackberry Well was initially pumped using tixéséng pump on March 10, 1999.
The electrical breaker and control system had beemed out by a lightning strike several years
before, and the well had not been used for aboyeafs. A portable generator was used to
supply power. The well was disconnected from thisteng plumbing and was pumped open
discharge. A gate valve was used to regulateioharge rate, and a flow meter from the
Agarita Well was used to measure discharge. Tifialipumping rate of 680 gpm quickly

declined to about 550 gpm. However, the waterl levehe well fell to levels close to the pump

11
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in about 1 hour. Water levels were allowed to vec@nd pumping was restarted later that day
at a decreased rate of about 310 gpm for a durafi@d hours. The average discharge rate over
the 24 hours was 286 gpm. The accompanying drawamar the end of the test was about 230
feet below the static water level. The specifipamaty and the transmissivity for this test are
calculated to be 1.3 gpm/ft and 1,936 gpd/ft, reBpely. This specific capacity compares to 1.5
gpm/ft calculated from information submitted by bayWestern Company, Inc in 1981.

The "Y" well was completed with 8-5/8- inch dianretasing. The diameter of the
casing allowed only a 15-hp submersible pump tmblled for testing purposes. If the well's
diameter were larger, a larger pump could have bsed. The installed pump initially pumped
at about 260 gpm. The well was pumped for abols B8urs at an average rate of 246 gpm, and
the drawdown was 1.5 feet. The specific capacityudated from these data is 166 gpm/ft. The
trend in the data was neither consistent nor tygkigure 14). A slight trend in the data is the
basis for a calculated transmissivity of 405,9008/fip Because of the data and lack of a
consistent trend, the results are not presumed axburate. A larger pump might stress the
aquifer enough to get a more definitive data trend.

The Hackberry Well is apparently completed in atiég section of the Salmon Peak
Formation than is characteristic of the formatiothe vicinity of the Agarita and "Y" Wells.
The pumping tests indicate that the Agarita andW€lls are the most productive of the three

wells.
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GROUND-WATER CHEMISTRY

All ground water contains minerals that are dissdland transported in solution. The
types and concentrations of the minerals depend thgohistory of the water, its source,
movement and environment. Specifically, the cotregion of dissolved solids depends upon
the solubility of the minerals present in the roakth which the water is in contact, the length of
time the water is in contact with the rocks, arel¢hemical activity of the water. In general, the
concentration of dissolved minerals in ground watereases with depth. This is especially the
case where circulation in the deeper sedimentsisicted by low permeability. Restricted cir-
culation retards the flushing action of water movihrough the aquifer and causes the water to
become more stagnant and highly mineralized.

In general, for water to be considered acceptatlpublic supply or domestic
consumption, the concentrations of certain coreitsi should not exceed Texas Natural
Resource Conservation Commission (TNRCC) recomnems$a The recommendations for
maximum concentrations of the common inorganic tents for which samples were analyzed

in this study are as follows:

Primary Standards

Constituent Mg/l
Fluoride 4
Nitrate (as N) 10

Secondary Standards

Constituent Mg/l
Chloride 300
Fluoride 2
Iron 0.3
Manganese 0.05
Sulfate 300
Dissolved Solids 1,000

13
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Fluoride is included in both the Primary and Seewp&tandards. Primary Standards establish
limits for dissolved constituents that are knowm&ve adverse effects on human health.
Secondary Standards establish limits for dissob@tstituents 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 frioenthree City wells, the Agarita,

Hackberry and "Y" Wells (Figure 1), and from thesEand West Springs of San Felipe Springs.
All water samples taken for chemical analyses wetiected after extensive purging.
Stabilization parameters, i.e. temperature, specdgnductivity and pH, were measured before
and after the samples were retrieved to documesguade purging of the wells before samples
were collected. Samples taken for metal analysgs Viltered in the field with 0.45-micron
certified filters and preserved with nitric acidfter collection, the samples were appropriately
preserved and placed in ice-filled coolers for $ggort to the laboratory. The following table lists

the field parameters measured near the time of lgagnp

well/Spring Sample Date Temae(r:?ture Specifiz:u(r:n%noil)]ctivity oH
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) 7/19/00 245 430 7.3
Tierra del Lago 4/22/99 25.5 523 7.2
Springs
San Felipe East Sprin(l;
(Pump #2) 3/11/99 24.0 450 7.2
San Felipe West Spring
(Pump #5) 3/15/99 24.0 535 7.1

14



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

The samples were submitted to the Lower ColoraderRAuthority=s Environmental
Laboratory Services (Austin, Texas) for chemicallgses. The laboratory report is attached as
Appendix 3. The chemical analyses indicate thaemfaom the three wells meets the primary
and secondary drinking-water standards establisfiede U. S. Environmental Protection
Agency and the TNRCC for those constituents andlyZeotal dissolved solids (TDS) range
from 376 milligrams per liter (mg/l) at the HackheYVell to 455 mg/l at the Agarita Well.

These TDS concentrations compare very favorably thie¢ TDS of water discharging at the East
and West San Felipe Springs of 235 mg/l and 27T, megpectively. The TDS for the initial
sample from the "Y" Well was 413 mg/l. A sampldlected after the well was deepened and a
packer was set to isolate the bottom of hole h&B& concentration of 224 mg/l. The
deepening of the "Y" Well is discussed in a lagat®n of this report.

Stiff diagrams and Piper diagrams can be usedrtgpace water chemistries. The Stiff
diagram (Figure 15) uses four parallel horizoni@saextending on each side of the vertical zero
line. The concentrations in milliequivalents pegrl (meq/l) of the four major cations (positively
charged ions) are plotted to the left and the majoons (negatively charged ions) are plotted to
the right, producing a geometric shape which dsfthe geochemical fingerprint of the sample.
The concentration of an ion in meq/l is deriveddbyding its concentration in milligrams per
liter by the gram formula weight of the ion andrtlraultiplying by the charge of the ion. The
Piper diagram (Figure 16) is a trilinear plot of tmajor dissolved ions. The composition of
waters can be approximated in terms of three getations (Ca, Mg, Na plus K) and three sets
of anions (bicarbonate plus carbonate, 8@d Cl) expressed as a percentage of total
milliequivalents. The proportions are plotted asfs in separate triangles of cation and anion
constituents. These points are then projectedamentral diamond-shaped field to identify
general compositions in terms of water-chemistpe$y Figures 15 and 16 show the similarities
between the spring water, and the well water. Biedgrams indicate that the waters are mostly
calcium-bicarbonate type water. The water samfotad 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 TreatthRule to protect public systems

from surface-water pathogens. The rule also apppigground water under the direct influence

of surface water. The TNRCC is responsible forahfarcement of these rules.

Microparticulate analysis (MPA) is a method usedDJRCC to ascertain whether ground water
is under the direct influence of surface water. AM&entifies surface-water bioindicators such as
plant debris, algae, diatoms, insects, rotifersa@her identifiable particulates found only in
surface-water bodies. The TNRCC has performectaralyses on water from the springs
collected directly from the spring lakes. The gsa$ are presented in Appendix 4. The samples
were collected when turbidity levels ranged frossléhan 1 NTU to 77 NTU. Despite the wide
range of the values, the MPAs showed little vaorati

LBG-Guyton collected samples for MPA from Aprildane 1999 from the San Felipe
East Spring (Pump #2) and the San Felipe West §fomp #5), as well as from the Agarita,
Hackberry and "Y" Wells. An independent systent tha City recently acquired (Tierra del
Lago), which is located near Lake Amistad, was almopled. The West Spring was sampled a
second time on June 22, 1999 when the water framsghring became turbid after a rainstorm.
Because of high turbidity, water from the West 8grtould not be pumped into the City's
distribution system. The East Spring's water, Whias not turbid, was used to supply the City.
Because the West Spring's pump had been shut @doparjstaltic pump was used for sampling.
The procedure involved lowering a small tube nex@tmp #5 into the cave that feeds the West
Spring. The discharge was then run through ther fpparatus.

All other samples were filtered by attaching thefito the faucets near the wells or to
the pump heads above the chlorine injector. Auesgage and a flow meter were used to
adjust the flow valve attached to the filter soflbg rate could be set at about 1 gpm at a
pressure of 10 pounds per square inch (psi). ilteewas positioned in line, and the well was
pumped at capacity during the sampling. The filtas allowed to collect particulate matter for
almost one day, or until about 1,000 gallons ofewatad passed through the filter. The filter was

then removed, sealed, chilled and sent to the #biy for analysis.
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Analytical Services Incorporated (ASI) of Willistodermont, conducted the MPAs. The
accompanying lab reports are presented in AppendikSI also conducted tests for two
waterborne pathogenSyyptosporidium parvum andGiardia lamblia. MPA test results are rated

as either "low," "moderate" or "high," based on pinesence or absence of indicators such as
vegetative debris, algae, diatoms, rotifers, nedes@nd protozoa. The MPA results for the
three City wells are all classified as "low" by ASRatings for samples of water collected from
the springs, however, ranged from "low" at West Balipe Spring to "moderate” at East San
Felipe Spring. The samples from West San Felipsn@puring higher turbidity and from Tierra
del Lago were rated as "moderate." Neit@gyptosporidium 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 codeld, the sediment that was captured
in the MPA filter during the turbid event at the 8¥&pring was sent to Core Laboratories for
mineralogic analysis (Appendix 6). The analysiicates the particulate material suspended in
water discharging from West San Felipe Spring mpased (by weight percentage) of quartz
(11%), calcite (66%), dolomite (4%) and clay (198«gins.

A recent study of the Edwards aquifer (Barton Sygisegment) near Austin, Texas
(Mahler, 1997), concluded that allochthonous artd@uhonous sediments are transported
through karst aquifers. Allochthonous sedimengsdarived from outside an aquifer and are
transported into the aquifer by recharge water fstrdams. These sediments, which are
composed of varying proportions of calcite, quartd clay, have high organic carbon content.
Suspended sediments with these compositions aesvaakin sinkholes, streams and springs.
Autochthonous sediments are derived from aquifek.rarhese sediments, which are composed
of dolomite grains, are characterized by low orgamairbon content and are most obvious in
unconfined wells. Sediments that occur in cavescamfined wells are typically characterized

by a mixture of allochthonous and autochthonousernatand low organic carbon.
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The composition of the sediment from San Feliperfgsrwas compared with the
compositions of suspended material found in watenfwells, caves, sinkholes, springs and
streams, as well as the Del Rio Clay and Edwardsektone Formations in Central Texas
(Mahler, 1997). This comparison indicates thatalere similarities between the compositions
of particulate material in San Felipe Springs watet the average compositions of particulate
material collected from springs and streams in 2¢iexas. However, the composition of clay
minerals present in these Central Texas watersrdiffom San Felipe Springs sediments. In
Central Texas, suspended clays are primarily #litd smectite. lllite is the dominant clay in the
Del Rio area. This difference could be related togher degree of chemical weathering of rocks
in the more humid environment of Central Texas tinathe drier Del Rio area.

One possible explanation for the composition ofghgpended sediment at San Felipe
Springs is that the suspended sediment is derieed the Edwards Formation and the overlying
Del Rio Clay. A mixture of these sediments woutddharacterized by varying proportions of
clay, quartz, calcite and dolomite similar to tfaind at San Felipe Springs. The other
possibility is a combination of autochthonous seatite and suspended material derived from

surficial sources and transported into the aquiiten 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 pduce water from the Salmon Peak
Formation near the top of the aquifer. The McKnigbrmation is generally tighter and often
has poorer water quality in this area. Howeveopdsical logs from wells drilled for the
exploration of oil indicate that fresh water maygwacin the West Nueces Formation in this area.
LBG-Guyton recommends investigating the lower portof the Edwards aquifer by deepening
the existing "Y" test well located north of townd&re 1). This well has been named for the
"Y"-shaped branch of IH 90 and Highway 377 soutlthefwell.

The "Y" Well was originally drilled to a depth obaut 500 feet. Steel casing with a
diameter of 8-5/8 inches was cemented to a depd ééet. On June 6, 2000, Hutto Drilling
Co., Inc. of Del Rio, Texas began drilling the wadleper using a conventional air-rotary method.
This method pushes air out of small holes in thieldt. The air forces the formation cuttings
and fluid out of drill hole to the surface on thgside of the drill pipe. Because of the sizable
porosity of the formation, no water or cuttingaureed to the surface. The cuttings either settled
to the bottom of the hole or were forced into langenings in the formation. Because of
compressor problems and the depth of the drill,ibke drilling method was changed to mud
circulation using fresh water from a City fire hgdt piped to a circulation pit at the site. This
method also did not generate any surface returns.

After drilling, downhole geophysical and video Isgrveys were performed. Geophysical
logs run in the well included gamma, self poteni&#), and short-normal and long-normal
resistivity. These logs can be used to infer watemtity and quality and to precisely determine
depths to geologic contacts. Based on the logsgéologic 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 comingtinéoborehole at velocities high
enough to move small cuttings around, mostly aloactures or horizontal bedding joints. The
depth intervals with visible high-current wateremmg the borehole were at 154 to 155, 508 and
536 feet below land surface. Below the 550-foeglethe visibility in the borehole went to zero.
This indicates that water was not entering thebole at a high enough rate to flush the
turbidity from the hole.

Based on the geophysical logs of the "Y" Well, sdrash water appears to be present
near the top of the West Nueces Formation. Amiablle packer, which resembles a large
doughnut that fits on the pump tubing, was instedieabout 703 feet below land surface and
inflated with about 400 psi of air pressure. Theker acts to isolate the section below the
packer from the top part of the borehole. Inifiathe packer was not inflated completely
because of the high pressure needed to inflatevi@d® feet of water. Additional pressure was
needed prior to final pumping but whether the ge#he borehole was complete is not absolutely
known. Because of the relatively thin sectionreth water interpreted from the geophysical log,
the pump was installed at about 725 feet below fanmthce. The pump installed was a 7.5-
horsepower submersible pump capable of producingtefd gpm.

Resistivity decreases toward the bottom portiotheflog, which represents the deeper
zone of the test hole. Resistivity is the inveseonductivity. Both are related to the TDS of
the fluid. The resistivity curve indicates thag thottom of the formation becomes increasingly
higher in TDS. This was another reason for instgithe pump adjacent to the fresh water
indicated by the resistivity profile of the geopicgd log.

A transducer and a Hermit 3000 data logger werd dseing the tests. The transducer
was rated for 250 psi (2.31 feet/ps250 psi = 578 feet) and was installed in the yusit below
the packer. The static water level of the opes mas about 107 feet below land surface. (This
gives the differential between the static level #r@point at which the transducer was installed,
600 feet.) This is above the rating of the tracsdibut below the safety factor for the instrument
(1,155 feet). The reading may have been slighdgcurate, 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, wiéistied at a rate of about 40 gpm but
discharge dropped off in about 15 minutes. Thepwas turned off and the water level allowed
to recover. The lower portion was pumped threesiior about 10 to 15 minutes each. During
the third pumping period, a sample was retrievEde discharged water was turbid, and as a
result, all samples were filtered with a 0.45-micfidter prior to adding an acid preservative.

The low TDS for the sample retrieved was not exgatspecially since it was lower than the
sample retrieved from the "Y" Well before the wels deepened. One explanation for the
lower TDS may be that the three short-duratiorstpabr to sampling did not purge a sufficient
volume of water from that section of the well. \&fdirom a fire hydrant was injected into the
well during the drilling process. The sample takem the East Spring shows similarly low

TDS and conductivity. It is possible that this gratvas not removed prior to the time the sample
was taken.

Although not enough data were collected from theping portion of the test to analyze,
the recovery data were sufficient to support asmaissivity calculation of 3,080 gpd/ft. This is
approximately two orders of magnitude less thartridnesmissivities calculated for the upper
section of the "Y" Well and for the Agarita WelGraphs and calculations of the transducer data
are shown on Figure 17. As mentioned beforeséa¢ by the packer, between the upper section
and lower section, may not have been completetisaléhat would result in this calculated
transmissivity being high.

The testing of the deeper section in the "Y" Wedlicated that fresh water might occur

near the top of the deeper West Nueces Limestanén belatively small quantities.
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GROUND-WATER AVAILABILITY

Previous studies have stated that the Edwardseagsi@inderutilized and have estimated
the amount of ground water available near the @fipel Rio. These estimates were based on
the amount of flow issuing from San Felipe Spriagd along the Devils River north and
northeast of the city. It was considered thataim®unt of ground water available for
development was equal to the springflow issuingnftbe Edwards aquifer. Guyton (1964)
concluded that about one-half of the springflownfrthe Devils River originated in this area
north of the city. He added to the historical foaf San Felipe Springs (prior to the filling of
Amistad) for an estimate of 200,000 acre-feet jgar yac-ft/yr) or about 180 million gallons per
day of ground-water availability from the EdwardsanDel Rio. Reeves and Small (1973) used
the total flow from Goodenough Springs plus Sanpleebprings to estimate ground-water
availability from the Edwards at about 500,000 tg-f

The availability amounts estimated in Section 32d the Senate Bill 1 Plateau
Regional Water Plan (Plateau RWPG, 2001) are veile volumes from the total storage in the
aquifer based on Geographic Information System \GéSerages and calculated aquifer
volumes. The bottoms of the aquifers were takemfstructure maps of contacts between
geologic units derived from interpretations of geygical logs. The tops of the aquifers were
estimated from historic water-level maps of theaar€he aquifer thickness was then reduced by
50 feet to simulate drought conditions. A constveaestimate of aquifer volume was made
based on this saturated thickness of the Salmak ¢t¢he Maverick Basin Edwards Limestone.
A conservative storage coefficient of 0.02 wasithpplied to the saturated aquifer volume for
calculating water in storage.

Much of the water in storage within an aquifer aatrive removed because the water is
bound by capillary forces within the pore spacethefrocks. The amount that is assumed to be
recoverable is determined by the "specific yieltlal aquifer. This term refers to the volume of
water that will drain, under the force of gravitygm the pore spaces of an aquifer. Specific
yield is related to the permeability of an aquif&ecause all of the water in storage in an aquifer

cannot be drained from the pores of that aquifegreservative 30-percent specific yield was
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applied to the calculated aquifer volumes. Apmyihis percentage to the total area of an aquifer
makes the assumption that wells are spread everhtbe entire extent of the aquifer. This
assumption, however, is not realistic, as thergohysical and economic limitations to the
number of wells that can be developed in closeipritx in an aquifer. Using this method of
estimating the specific yield, the potential retable amount of ground water from the Edwards
aquifer in Val Verde County was estimated at 3,700 ,ac-ft, with no consideration for
environmental factors such as maintaining sprimgflo

With the limitation being minimum flow from San kg Springs, the aquifer availability
in the Del Rio area could be estimated from th&edéhce between minimum required flow and
the instantaneous flow. The average dischargawnffelipe Springs is about 110 cfs or about
80,000 ac-ft/yr. During recent droughts the spdisgharge fell below 50 cfs. Extrapolated over
1 year, this would be about 36,000 ac-ft. Recemtights as compared to the 185@rought
would be appropriate to use because the fillingrafstad Lake has generally increased the
springflow after 1968. A minimum flow has not besatermined for the endangered species
living downstream from the springs, and a studyesded to determine the actual amount that
would have to be subtracted from the total sprowffor availability. Also, studies are needed
to evaluate the effects of pumping from the aquatesome distance to the flow issuing from the
springs. This is especially critical with resptxtvells in the recharge area for San Felipe
Springs.

Most availability studies evaluate amounts of watean annual basis. When the critical
component of the water supply is often the dailgkpgemand during a year, the City must also
evaluate the amount of water necessary on a pealximum daily usage basis to properly plan

for future supply needs.

Del Rio Water System
The City of Del Rio relies on San Felipe Springsdl of its water supply. The water is

collected through a number of pumps set in twdefdpring orifices (referred to as East Spring
and West Spring) where water is issuing from thev&ds aquifer. The water is then treated

with chlorine and distributed to the city and taigalin Air Force Base. The pumps in the West
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Spring are installed in boreholes drilled just vgain of the spring outlet. The pumps in the East
Spring are set near the surface of the manmadetakese springs.

Occasionally after rainstorms, the water discha@iom the springs becomes turbid.

The turbidity has caused some concern at TNRCCtahepotential for microbial contam-
ination and the reliability of the current chloritreatment of the spring water. As a result, a
microfiltration plant has been proposed to trebspling water that will be supplied to the city.

The City of Del Rio has a water right authorizihgpi divert 11,416 ace-ft/yr from
the surface-water portion of the springs for myratuse. San Felipe Manufacturing and
Irrigation Company has a water right authorizintpitivert 4,962 ac-ft/yr for irrigation use and
50 ac-ft/yr for industrial use from San Felipe Gaed he total authorized amount is 16,428 ac-
ft/yr.

Increasing water demand as a result of populatiowtt) is expected to exceed the
capability of the present system to meet all néedwater. To address these expected shortfalls,
the City has started a long-term program to devgtopnd water as a supplemental source of
municipal water. The City also plans to repla@kieg storage tanks and distribution lines to
reduce the water loss in the system. The Citlsis @adding a 16-million-gallon-per-day filtration
plant to comply with a directive from the TNRCCensure that water from San Felipe Springs
meets the primary drinking water standards for cooganisms. The directive was issued by
TNRCC because of concerns raised by elevated lefélsbidity in water discharging from San
Felipe Springs, especially after rainstorm evemtfe vicinity of Del Rio.

Two Edwards aquifer public-supply wells locatedthaof the city were previously used
by the City but were abandoned because of distepéie wells have not been used for about the
last 10 years. The City plans to repair the wetid bring them back into service. A steel cable
brush was fabricated and used to scrub the slotted/al of the Agarita Well during November
1999. This well was then jetted to remove debnigdébabilitation purposes. Video surveys
before and after the well rehabilitation show aagj@mount of corrosion and excess growth

being removed from the slotted interval in the dimestalled in the well.
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Because of the aquifer characteristics determinethg the pumping test, it was decided
that only the burned-out electrical system woulady@aced on the Hackberry Well. At some
future date, the Hackberry Well may be considecediéepening near the McKnight Formation
and having acid injection performed to enhanceyifie of the well. Also, a third well will be
developed on municipal property north of the Cidanthe "Y" test well. Other wells may be
developed as needed.

A new pump will soon be installed in the Agarita Weat will yield about 1,800 gpm.
The Hackberry Well appears to be currently capabf@oducing up to 300 gpm. A third public-
supply well to be constructed near the "Y" Welésg expected to yield from 1,000 to 2,000
gpm. This adds up to a potential capacity of adauillion gallons per day if the wells are run

about 70 percent of the time during a daily pumpygie.
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SUMMARY AND CONCLUSIONS

The City of Del Rio relies entirely on San Feliparifgs that issue from the Salmon Peak
Formation of the Edwards Group for its water supgDccasionally after rainstorms, the water
discharging from the springs becomes turbid. Thkeidity has caused concern with regulating
agencies about the potential for microbial contatiom and the reliability of the current chlorine
treatment of the spring water. As a result, a dfiltration plant has been proposed to treat all
spring water that will be supplied to the city.

The size of the treatment plant may be reduceddit@mnal water from wells can be used.

It is believed that water can be produced fromsygdoperly completed with cemented surface
casing that would not be under the direct influemiceurface water and which would not become
turbid or contaminated by runoff. As a result, gineduced ground water would not require the
treatment prescribed for spring water and coulddsl as a supply that supplements the treated
spring water. However, continued sampling of willsecommended on a regular basis (and at
times immediately after unusually heavy rainstorfosanalysis of microparticulate and
microbiological indicators of surface water. Alsellhead protection around public water-
supply wells is recommended. All nearby residerazegscommercial buildings should be taken
off private septic systems and placed on the=Gityanitary sewer system. Underground storage
tanks should be located and closely monitored ltovioall State guidelines. For protection and
enforcement, one possibility might be to use TNRE€Edwards Rules on the areas around the
public-supply wells.

The Agarita Well has been scrubbed to remove cimmpand a new pump will soon be
installed in the well that will yield about 1,80pmg. The Hackberry Well appears to be currently
capable of producing up to 300 gpm. The depthdavelopment of the Hackberry Well may be
modified in the future to enhance its productiémformation from the testing of the existing "Y"
Well supports the conclusion that constructingiadtpublic-supply well near this site would
yield from1,000 to 2,000 gpm. This adds up to teptal capacity of about 4 million gallons per

day if the wells are run about 70 percent of theetduring a daily pumping cycle. However, it
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will be important to conduct a number of long-tgsamping tests before specifying the optimal
discharge rate and yield for each well, especfalliyhe yet to be constructed "Y" Well.

A sufficient volume of ground water of acceptablmlity can be developed within the
Edwards aquifer to supplement supplies withdrawmfEast and West San Felipe Springs and
to meet future increases in demand. Initiallys supplemental production can be supplied by
the three proposed City wells. Additional growttdancrease in demand can be met by
additional water wells. This may become incredgiimgportant during periods of drought, and

during times of peak water demand during the summmaaths.
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TABLE 1. LITHOLOGY AND WATER-BEARING CHARACTERISTICS OF THE MAVERICK BASIN

MEMBER OR APPROXIMATE
SYSTEM SERIES STAGE/GROUP| FORMATION | FUNCTION THIGKNESS LITHOLOGY HYDROSTRATIGRAPHY
INFORMAL UNIT (feet)
Cluatemnary Alluvial _fan Aquifer 68D Gravel, sand, silt and clay. Aliuvial fans extending
?-nfti a.'nd fluvia- wheret d Coarser nearer the base and toward from the Balcones Fault
erary tile terrace saturate the Balcones Fault Escarpment. Escarpmeni. Associated
deposils fluviatile deposits.
Cretaceous| Gulfian Anacacho Confining 500 Limestone and marl; contains bentonite; Litie permeability.
Limestone Bed chalky, and massive bedded.
Austin Undivided Confining 800 Chalk and marl; chalk mostly Little to moderate
Bed microgranular calcite; bentonite permeability.
seams, gtauccnitic.
Igneous Basalt. Intrusive sills, lacotiths, and velcanic
rocks necks. Megligible permeability.
Eagle Ford Undivided Confining 250 Shale, siitstone, and limestone; Little permeability.
Bed flaggy limestone beds are interbedded
with carbonaceous shale.
Coman- | Washita Buda Confining Limestone; fine-grained, bicclastic, Little permeability.
chean Limestone Bed 100 glauconitic, hard, massive, nodular,
argillaceous toward top.
Confining 120 Clay and shale: calcareous and gypsifer- | Negligible permeability.
Bed ous; some thin beds of siltstone.

Aquifer 380 Limestone; upper 80 feet contains reef Deep water deposits except toward the
talus grainstones and capnr!ld bound- top. Upper part is moderately to very
stones, crossbedding of grainstones; permeable. Lower part is almost imper-
the lower 300 feet Is a uniform dense meabla except where fractured.
carbonate mudstone.

Confining 150 Limestone and shale; upper 55 feetisa | Deep basinal, euxinic deposits.
Bed mudstone containing thin zones of col- Little permeability.
lapse breccias; middie 24 feet is shaly,
lime mudstone; lower part Is limesione
containing collapse breccias in upper part.
Confining 140 Limestone; upper 80 feet is largely a Upper part is moderately permeabla.
Bed massive unit of miliclid and mollusck- tower part is almost impermeable.
bearing grainstone; lower 60 feetis a
: nodular, dense mudsicne.
Trinity Glen Rose Confining Upper member 1,000 - 1,500 Limestone, dolomite, and mari; Little permeability.
Bed limestone is fine-grained, hard to
soft, marly; dolomite is porous and
finely crystallized.
Lower member Limestone and some marl. More permeable toward base of unit.
Massive bedded.
Pearsall Confining 400 Sandstone, limestone, and shale. Little permeability,
Bed
Coahuiian Sligo Cogﬁrclling 200 Limestone and some shale. Little to moderate permeabiiity.
2
Hosston 900 Sandstone and shale. Moderate to little permeability.

Pre-Cretaceous rocks

Sandstone and limestone.

Litile permeability.

{Modified from Maclay and Small, 1984)
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PUMPING WELL
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Ground water flow direction

YEAR 2000 WATER-LEVEL CONTOURS SUPERIMPOSED ON DIGITAL ELEVATION MODEL, FIGURE 10

DEL RIO AREA, TEXAS
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AMISTAD RESERVOIR

EDWARDS AQUIFER WATER-LEVEL CHANGES (1930s TO 1990s) FIGURE 9
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EDWARDS AQUIFER WATER LEVELS, 1993-94 FIGURE 8
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EDWARDS AQUIFER WATER LEVELS, 1937-40 FIGURE 7
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MONTHLY RAINFALL AT DEL RIO AND SAN FELIPE SPRINGFLOW

FIGURE 5



MEAN MONTHLY PRECIPITATION (INCHES)

TOTAL ANNUAL PRECIPITATION (INCHES)
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DEL RIO INTERNATIONAL AIRPORT, VAL VERDE COUNTY, TEXAS
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Transducer Readings (feet below surface)
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Na+K Cl
Ca < > HCO4+CO, DEL RIO "Y" WELL #3
Mg 804
Na+K Ci
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APPENDIX 3

LABORATORY REPORTS OF ANALYSES BY LCRA



Environmental
Laboratory

Services

FINAL ANALYSIS REPORT

IAB ID: 5505602 SAMPLE DESCRIPTION: Groundwater
COMPANY : LBG-Guyton Associate
ACCT NO:

REQUISITION No.: R10369
LOCATION ID: San Felipe East #2

SAMPLE DATE:
SAMPLE TIME:
DATE RECEIVED:
REPORT DATE:

03/11/%¢
1653

03/12/9¢
03/26/9¢

PCL in
PARAMETER RESULTS UNITS METHOD # WATER
Chlcride 5.8 mg/L EPA300.0 1.5
Fluoride 0.10 mg/ L EPA300.0 0.01
Nitrogen, Nitrate 1.830 mg/ L EPA3C0.0 0.010
Nitrogen, Nitrite <0.010 mg/ L EPA300.0 0.010
Potassium, Dissolved 0.87 mg/L EPA20C.7 0.20
Sulfate 5.86 meg /L EPA300C.0 1.50
Aluminum, Dis. ICPMS <4.C ug/L EPAZ00.8 4.0
Arsenic, Diss. ICPMS <2.0 ug/L EPA200.8 2.0
Barium, Diss. ICPEMS <1.C ug/L EPA200.8 1.0
Calcium, Dissolved 74.20 mg /L EPA20Q.7 0.20
Chromium, Diss ICEMS 12.5 ug/L EPAZ200.8 1.0
Copper, Diss. ICPMS 2.5 ug/L EPA200.8 2.0
Iron, Dissclved <0.07 mg/ L EPA200.7 0.01
Lead, Diss. ICEMS 1.9 ug/L EPAZ200.8 1.0
Magnesium, Dissolved 5.77 mg /L EPA200.7 0.20
Manganese, Dis ICBEMS 4.0 ug/L EFA200.8" 1.0
Selenium, Dis. ICPMS <4.0 ug/ L EPA200.8 4.0
Silver, Diss. ICPMS <1.0 ug/L EPA200.8 1.0
Sodium, Dissolved 5.36 mg/L EP220C.7 0.20
Beryllium, Dis ICPMS €3.4 ug/L EPA200.8 1.0
Zinc, Diss. ICPMS 10.7 ug/L EPAZ00.8 2.0
Alkalinity, Total 203 ng/L EPAR10.1 1
Alkalinity, bicarb. 203 mg/L SM2320B 0
Residue, Filt., - TDS 235 mg/ L EPA160.1 5

Field ?¥\ = ",
Ffdc& Cond, = 450

Field Tewp = 2d.0 °C

Sawﬁehd Bﬂ U{QS+§ln

Nore. N\-«.\ﬁ Q-\\kc_& O'L\g/('{-

3505 Mentapolis Drive  *  Austin, Texgs 78744 =

Lower Colorado River Auihorify * PO Box 220 = %QE@X% 78767
(512) 354-4022 » [8Q0)774-5272 =

{512) 356-6021 FAX

DATE

ANALYZED
03/12/99
03/23/9%
03/12/95%
03/12/399
03/17/95
03/12/99
03/18/9%9

03/18/9¢9
~03/18/9¢9

03/17/98
03/18/9¢9
03/18/3%¢
03/17/%%
03/18/98
02/17/%¢9
03/18/99
03/18/92
03/18/9s
03/17/9¢%
c3/18/9¢
03/18/9%
03/16/9%
03/16/99
03/12/9%



Environmental

Laboratory
Services
| ThesSalufionlab
FINAL ANALYSIS REPORT

LAB ID: 9905637 SAMPLE DESCRIPTION: Groundwater

COMPANY: LBG-Guyton Associate SAMPLE DATE: 03/15/g

ACCT NO: SAMPLE TIME: 1610

REQUISITION No.: R10387 DATE RECEIVED: G3/18/9

LOCATION ID: San Felipe West #5 REPCRT DATE: 03/26/3

PQL in DATE

PARAMETER RESULTS UNITS METHOD # WATER ANAILYZED
Aluminum, DW <4.90 ug/L EPA200.8 4.0 03/18/3%9
Arsenic, DLW <2.0 ug/L EPA200.8 2.0 03/18/9s
Rarium, DW 66.6 ug/L EPA200.8 1.0 03/18/99
Beryllium, DW <1.0 ug/L EPA200.8 1.0 03/18/s9
Calcium, DW 84 .3 mng/L EPRA200.7 0.2 02/22/99
Chloride 19.7 mg/L EPA300.0 1.5 03/17/99%
Chromium, DW 15.6 ug/L EPAZ200.8 1.0 03/18/59
Copper, DW <2.0 ug/L EPA200.8 2.0 03/18/9%9
Fluoride 0.15 mg/L EPA300.0C 0.01 03/23/9¢
Iron, DW <0.05% mg/L EPA200.7 0.05 03/22/9%
Lead, DW <1l.0 ug/L EPA200.8 1.0 03/18/%¢
Magnesium, DW 8.0 mg /L EPAZ200.7 0.2 03/22/99
Manganese, DW «<1.0 ug/L EPA200.8 1.0 03/18/99
Nitrogen, Nitrate 1.970 mag/ L EPA30C.0 0.010 03/17/98
Nitrecgen, Nitrite <0.010 mg/L EPA300.0 0.010 03/17/%9
Potassium, DW 1.1 mg/ L EPA200.7 0.2 03/22/9¢%
Selenium, DwW <4.0 ug/L EPR200.8 4,0 03/18/9¢9
Silver, DW <1.0 ug/L EPA200.8 1.0 03/18/99
Sodium, DW 13.7 mg/L EPA200.7 0.2 03/22/39
Sulfate 20.0¢C ng/L EPA300.0 1.50 03/17/99
Tot. Coli. Pres/Abs. Present /100 ml Pres/Abs -~---- 03/16/59
Zinc, DW <4.000 ug/L EPA200.8 4.000 03/18/99
Alkalinity, Total 210 mg/L EPA310.1 1 03/18/89
Alkalinity, bicarb. 210 mg/L SM2320B 0 03/18/9%
Rezidue, Filt. - TDS 277 mg /L EPAL1G0.1 5 03/17/9¢9

Tctal Coliform Comments:

Found Total Coliform

F\e\d ?'F\ = '7!,
Fiald Cond .= 535/ﬁmhos

Field Tewp- = 24907°¢

Same\c& b“j ‘*J.(:',Si-e;y\
Noke: y‘-kcsragﬂ $iltered OUSA

Lower Colorado River Authority » B C.Box 220 » E)A;‘,’Eexcg 78767
3305 Monfopalis Drive  *  Austin, Texas 78744 o (312} 356-6022 « (BOO) 774-5272 = (512) 355-6021 FAX



REPORT OF SAMPLE ANALYSIS

To! w.G. Stein

LBG-Guyton Associates
1101 S. Capital of Texas Highway
Austin, Tx 78746-6437

- SAMPLE INFORMATION -~ . .| "~ LABORATORY INFORMATION

Project Name: | _ PCS Sample #: 78149

Sample ID: San Felipe Springs West #5b Date Received:  04/14/1999

D‘ate Taken: 04/13/1999 Time Received: 09:00

Time Taken: 1730 Report Date: 04/15/1999

oo . ¢ SAMPLE . - ANALYZED _  ANALYST'S METHOD -
_TESTDESCRIPTION "~ " “RESULT UNITS ~ ~ DATE = TIME CINITIALS _ USED

Coliform, Total (Present/Absent) Absent  N/A. 04/14/1999  10:00 CS SM9221D

Wate/ failed criteria for bacteriological test.
Water of 52 Isfactory bacteriological quality should be free from Coliform organisms.

Cohform Orgamsms /( Not Found
7 TFound
____Total
____Fecal
Repeat Samples Recommended
___ Unsuitable - See Below

_ Sample too old. Sample not received within 30 hours of collection.
__ Date discrepancy or form incomplete,

__ Heavy (silt/bacteria growth) present, possibly compromising test resuls.

(T i

APPROVED BY:

CHUCK WALLGREN

1-800-880-4616 433 Isom Road, Suite 2323 (2103 340-0343
San Antonio, TX 78216-3144



Environmental

Laboratory
Services

The Solution Lob

LAB ID: 9905638

FINAL ANALYSIS REPCRT

SAMPLE DESCRIPTION:

COMPFANY: LBG-Guyton Associate

ACZCT NOC:

REQUISITION No.:

LOCATION ID: Agarita Well

70-33-904
PARAMETER RESULTS
Aluminum, TW 5.1
Arsenic, DW <2.0
Barium, DW 101.¢
Beryllium, DW <1.0
Calcium, DW 90.3
Chloride 68.1
Chromium, LW 15.4
Copper, DW <2.0
Flucoride 0.33
Iron, DW <0.05
Lead, DW <1.0
Magnesium, DW 12.3
Manganese, DW <1.0
Nitrogen, Nitrate 1.56C
Nitrcgen, Nitrite <0.010
Potaggium, DW 2.5
Selenium, DW <4 .0
Silver, DW <1.0
Scdium, DW 55.9
Sulfate 91.00
Tot. Coli. Pres/Abs. Present
Zinc, DW <4 ,000
Alkalinity, Total 196
Alkalinity, bicarb. 196
Residue, Filt. - TDS 455

Total Coliform Comments:

Field ?9\=.7,1
Ficld Cor\cauc:\\u;'l‘-{ = '7"‘5/4’%}\05

Found Teotal

Field Temp = 23.5°C

Sawpled by W. G- Stewnn
Vode: medals Qlkeded 0-4BA

3505 Manfopolis Drive  *  Austin, Texas 78744«

UNITS METHOD #
ug/L EPAZ200.8
ug/L EPA200.8
ug/L EPA200.8
ug/L EPA200. 8
mg /L EPA2Q0.7
mg/L EPA300.0
ug/L EDPA200.8
ug/L EPA200.8
mg/ L EPA300.C
mg /L EPA200.7
ug/L EPA200.8
mg/ L EPA200.7
ug/L EPA200.8
g/ L EPA3CC.0
mg /L EPA300.0
mg /L EPA200.7
ug/L EPA200.8
ug/L EPAZ00.8
mg/L EPA200.7
mg /L EPA300.0
/100 ml Pres/Abs
ug/L EPA200.8
mg /L EPA310.1
mg/L SM2320B

mg/ L EPAlG0.1

Coliform

Groundwater
SAMPLE DATE:

03/15/5¢

SAMPLE TIME: 1715

DATE RECEIVED:
REPCRT DATE:

PQL in
WATER

OO OO0

UM OOMNOODONCOOOO U N

[9) e

O
oo

rb Loy 5“‘6!‘#@:&
” isr vade ol ’?SOJPM

Lower Colorade River Authority » P O.Box 220 « %‘S%xc} 78747

{512] 356-4022 =« [BOQ) 774-5272 = (312) 354-4021 FAX

03/16/9¢
03/26/9¢

DATE
ANALYZED
03/18/99
03/18/99
03/18/99%
03/18/99
03/22/%9%
03/17/5s
03/18/99
03/18/99
03/23/99
03/22/99
03/18/99
03/22/¢93
03/18/%9
03/17/99
C3/17/99%
03/22/9%
03/18/9%
03/18/89
03/22/99
03/25/5¢%
03/16/55
03/18/99
03/18/99
‘03/18/99 .
03/17/9¢

1930 on 3)wfaq



POLLUTION CONTROL SERVICES

REPORT OF SAMPLE ANALYSIS

To: W.G. Stein
LBG-Guyton Associates
1101 S. Capital of Texas Highway
Austin, Tx 78746-6437

SAMPLE INFORMATION =~ = o LABORAT ORY_INFORMATION

Project Name: Del Rio . PCS Sample #: 77533

Sample ID: Well Water A qart ta Date Received:  03/12/1999

Date Taken: 03/11/1999 Time Received: 09:55

Time Taken: 1545 : Report Date: 03/15/1999

P 0 SAMPLE .. .. ' ANALYZED ANALYST’S. 'METHOD
TEST DESCRIPTION -~ RESULT UNITS' - DATE - “TIME ~ INJTIALS - USED
Coliform,Presence-Absence Absent N/A 03/12/1999  10:20 CS SM 9221E
T DAL QUALITYASSUMCEDATA BRTE SR
TEST DESCRIPTION . MDL PRECISION LIMIT *"LCL 'RECOVERY' =~ UCL
Coliform,Presence-Absence N/A N/A N/A N/A N/A . N/A

i
APPROVED BY: (/I

CHUCK WALLGREX

1-800-880-4616 435 Isom Road. Suite 228 {210) 340-0343

% San Antonio. TX 78216-5144
% Primad on recycied paper with soy-besed ink



Environmental
Lahoratory

Services

LAB ID: 23505801

ACCT NO:

FINAL ANALYSIS

REPORT

SAMPLE DESCRIPTION: Groundwater
COMPANY: LBG-Guyton Associate

REQUISITION No.: R10358%
LOCATION ID: Hackberry Well
70-33-808

PARAMETER RESULTS
Chloride £3.2
Flucride 1.34
Nitrogen, Nitrate 0.075%
Nitrogen, Nitrite <0.010
Poctassium, Dissolved 1.%1
Sulfate £7.60
Aluminum, Dis. ICPMS <4.0
Arsenic, Diss. ICPMS <2.0
Barium, Diss. ICDMS 1¢1.¢C
Calcium, Dissolved 75.10
Chromium, Diss ICPMS 14.9
Copper, Diss. ICPMS 2.3
Iron, Dissclved 0.18
Lead, Diss. ICBMS 8.1
Magnesium, Dissclved 15.70
Manganese, Dis ICPMS 12.7
Selenium, Dis. ICPMS <4 .0
Silver, Diss. ICDPMS <1.0
Sodium, Dissclved 40.50
Beryllium, Dis ICPMS <1.0
Zinc, Diss. ICPMS 10.3
Alkalinity, Total 135
Alkalinity, bicarb. 185
Residue, Filt. - TDS 376

Fie\d p™\  1M,o-

Fie\d Cond. rmas ,@mho

F;e\c) T!MP

250°%.

fSQWA@QA\ &j uxbnSﬁéum
No{-e: W\ejcaQS .C:HcrcoQ 0.4/

SAMPLE DATE: 03/11/9¢
SAMPLE TIME: 1545
DATE RECEIVED: 03/12/9¢
REPCRT DATE: 03/26/5¢
PQL in DATE

METHOD # WATER ANALYZED
EPA300.0 1.5 03/12/99
EPA200.0 0.01 03/23/99
EPA300.0 0.010 63/12/9%s8
EPA300.0 0.010 03/12/99
EPA20O0 .7 0.20 03/17/99
EPA30G.C 1.50 03/12/9%
EPA200.8 4.0 03/18/39
EPA20(C.8 2.0 03/18/99
EPA200.8 1.0 03/18/9%
EPA200.7 0.20 03/17/¢9
EPAZ00.8 1.0 03/18/59
EPA200.8 2.0 03/18/99
EPA2GCC.7 0.01 03/17/9%
EPA200.8 1.0 03/18/59
EPA200C.7 0.20 03/17/9%%
EPA200.8 1.0 03/18/9%
EPA200.8 4.0 03/18/59
EPAZ00.8 1.0 03/18/99
EPA200.7 0.20 03/17/99
EPA200.8 1.0 03/18/99
EPA200.8 2.0 03/18/9%
EPA310.1 1 03/16/99
SM2320R 0 03/16/99
EPAIG0.1 5

c3/12/5%

?uh? S"'&\r"t& M5 on 3/’g/qq

9\‘\‘ e T‘d}'e 0{ L’éOJPh..
+‘v-u~ dewn 4 SZO%PM
Mnear Sq w.{a(e Y-

PAGE 2

Lower Colorado River Avthority * P Q.Box 220 * Austin, Texas 78747
33505 Montopalis Drive  »  Austin, Texas 78744« [512) 354-5022 « 1800) 776-5272 = (512) 354-6071 FAX



Environmental

Laboratory
Services
L Thesalutiontab |
FINATL, ANALYSIS REPORT

LAB ID: 3906445 SAMPLE DESCRIPTION: CGroundwater

COMPANY : LBG-Guyton Associate SAMPLE DATE:

ACCT NO: SAMPLE TIME:

REQUISITICN No.: R10612 DATE RECEIVED:

LOCATICN ID: Del Rio "Y" Well #3 REPORT DATE:

PQL in

PARAMETER RESULTS UNITS METHCD # WATER
Carbon, Tot. Organic 0.5 mg/L EFRA415.1 0.5
Chloride 66.6 mg/L EFA300.0 1.5
Fluoride C.43 mg/L EPA3Q0.0 0.01
Nitrogen, Nitrate 1.3490 mg/L EPAZCQ.0 0.010
Nitrogen, Nitrite <0.010 mg /L EPA3G0.0 0.010
Potassium, Dissolwved 2.44 mg/ L EFA200.7 6.20
Sulfate 89.50 mg/ L EPAZ0CO0.C 1.50
Tet. Coli. Pres/Lbs. Absent /100 ml Pres/Abs @ -----
Aluminum, Dis. ICPMS <4 .0 ug/L EPA200.8 4.0
Arsenic, Diss. ICPMS <2.0 ug/L EPRA200.8 2.0
Barium, Digs. ICPMS 141.0 ug/ L EPAZ00.8 1.0
Calcgium, Dissolved 87.30 mg/L EPA200.7 0.20
Chromium, Diss ICPMS 9.2 ug/L EPA200.8 1.0
Copper, Diss. ICPMS 2.8 ug/L EPAZ200.8 2.0
Iron, Dissclved 0.09 mg/L EPA20CC.7 0.01
Lead, Diss. ICPMS <1.0 ug/L EPAZQ0Q.8 1.0
Magnesium, Dissolved 12.00 mg/L EPA200.7 0.20
Manganese, Dis ILCEMS <1.0 ug/L EPA200.8 1.0
Selenium, Dis. ICEMS <4.0 ug/L EPA200.8 4.0
Silver, Diss. ICPMS <1.0 ug/L EPA200.8 1.0
Sodium, Dissolved 51.20 mg/L EPA200.7 0.20
Berylliium, Dis ICEMS <1.0 ug/L EPA200C.8 1.0
Zinc, Diss. ICPMS 8.1 ug/L EPA200.8 2.0
Alkalinity, Total 184 ng/L EPA310.1 1
Alkalinity, bicarb. 184 mg/L SM2320B 0
Residue, Filt, - TDS 413 mg/L EPAIE0. 1 5
Total Coliform Comments: Not Found

Flﬂ)(j f)\r\ 1, | ?HHP §+QH~1-QQ

glel& Cr_:v'\& uL:"I\U.L‘{ /7?0 /Z{M/rd l on H !

|4+ ado
FMd"@mP 2d.0%_

Sawfk& %1 Lﬁé g&ﬂh

NUJ(’Q" MQL& q v,\we& wf[ 0-"\6/&

PAGE 2
lewer Colorade River Authority * P O.Box 220 » Austin, Texas 78747
3505 Meniopolis Drive & Austin, Texas 75744 {512] 356-6022 « (800} 774-3272 = 1512} 356-4021 Fax

04/13/s9
1002

DATE
ANALYZED
04/14/99
04/14/99
04/14/9%
04/14/99
04/14/99
04/16/99
04/14/39
04/14/99
04/15/99
04/15/9%
04/15/%9%
04/15/9¢
04/15/99
04/15/9%
04/16/9%
04/15/959
04/16/3%9
04/15/%9
04/15/9¢9
04/15/99
04/16/99
04/15/99
04/15/9%
04/15/99
04/15/9¢
04/15/98%

a1
12 {44
h_jﬁéUjPrw

04/14/95
04/21/95%



\ " Environmental
Laboratory

Serwces

FINAL ANALYSIS REPORT

LAB ID: 99205737 SAMPLE DESCRIPTION: Groundwater
COMPANY: LBG-Cuyton Asgociate
ACCT NO:

REQUISITION No.: R10&34

SAMPFLE DATE:
SAMPLE TIME:
DATE RECEIVED:

LOCATION ID: Tierra del Lago (Amistad) REFPORT DATE:
PQL in

PARAMETER RESULTS UNITS METHCD # WATER
Aluminum, DW <4.0 ug/ L EPA200.8 4.0
Argenic, DW <2.0 ug/L EPA200.8 2.0
Barium, DW 14¢6.0 ug/L EPA200.8 1.0
Beryllium, DW <1.0 ug/L EPA200.8 1.0
Calcium, DW gl.2 mg/L EPA20G.7 0.2
Carbon, Tot. Organic <0.5 mg/L EPA415.1 0.5
Chloride 34.3 mg /L EPA30C.0 1.5
Chromium, DW 7.8 ug/L EPA200.8 1.0
Copper, DW 2.1 ug/L EPA200. 8 2.0
Fluecride 0.27 mg /L EPA300.0 0.01
Iron, DW <0.05 mg/L EPR200.7 0.035
Lead, DW <1.0 ug/L EPA200.8 1.0
Magnesium, DW 6.5 mg/ L EPA200.7 0.2
Manganese, DW <1.0 ug/L EPA200.8 1.0
Nitrogen, Nitrate 1.210 mg/L EPA3Q0.0 C.01L0
Nitrogen, Nitrite <0.010 mg/L EPA3QC.O C.010
Pctassium, DW 1.3 mg/L EPAZQ0.7 c.2
Selenium, DW <4, 0 ug/L EPRA2(0C.8 4.0
Silver, DW <1.0 ug/L EPA200.8 1.0
Sodium, IDW 19.3 mg/L EPA200.7 0.2
Sulfate 10.70 mg/ L EPAZ00.0 1.50
Tot. Coli. Pres/Abs. Absgent /100 ml Pres/aAbs  -----
Zinc, DW £.850 ug/L EP2200.8 4.000
Alkalinity, Total 196 mg/L EPA31C.1 1
Alkalinity, bicarb. 196 mg/L SM2320CB 0
Residue, Filt. - TDS 280 mg /L EPALEC. 1 5
Total Coliform Comments: Not Found

Fie\d P\'\ = 7.1
Field Cond = 523
F:e(d 'TcwxP = 25.5 ‘e

(wakef
game\t& Ww. G- S'l‘e-ln
Pote: & Mege d WZO‘%M’
\’*\ﬁt’"’\\$ Lower Colorado River Authority » 2 O, Box 220 » AusmG%msz 78767

3505 Mantopalis Drive ¢ Austin, Texas 78744« (5128 356-6022 = [800) 774-5272 '« (512) 356-60721 FAX

0855

DATE
ANALYZED
04/27/99
04/27/99
04/27/59
04/27/99
04/27/99
05/03/99
04/23/9%
04/27/99
04/27/99
04/23/99
04/27/99
04/27/99
04/27/99
04/27/99
04/23/99
04/23/99
04/27/98
04/27/9¢%
04/27/29
04/27/99
04/23/99
04/22/99
c4/27/99
04/23/99
04/23/99
04/22/99

04/22/95

04/22/9s
05/05/9¢9
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TEXAS DEPARTMENT OF HEALTH
1100 W. 49th Street AUSTIN, TX 787563194

* Page 1 of 1=
Submitter copy to: Date: 4/26/1999

STEIN,BILL-8B279676

1101 S. CAPITOL OF TX HWY # B-220
ATTN: BILL STEIN

AUSTIN, TX 78746

Spec #: E99BWOB4846
Subm #:
Lab: ENVIRONMENTAL

Tel #: (5121458-7978
Source

DEL RIO,CITY OF

Date Rewvd: 4/23/1999 Chlorine: Not given
Time Rcvd: 0730 Collected at: WELL NO 1 @ TEIRRA
Time Coll: B350 DEL LAGO AMISTAD
Spec Type: WELL System type: Public
Coll By: WGS Well Depth(ft) @
COUNTY VAL VERDE Test Reas: ROUTINE

Final Results

Specimen Numbers: ESSBWB04846
Date Collected: 4/22/199893
WATER TEST RESULT: NO COLIFORM FOUND (by MMO-MUG test)

Water of satisfactory bactericlogical quality must be free from coliform
organisms.

For questions about standards or treatment, call Water Utilities at
(312)238-6020.

David L. Maserang, Ph.D.
Chief, Bureau of Laboratories
CLIA License Number 450DP660644

04/28/99 MON 14:14 [TX/RX NO 50581 [gooz2



LCRA Environmental Laboratory Services Date: (12-Aug-00
CLIENT: LBG-Guyton Associates Client Sample ID: Del Rio Y Deep
Lab Order: 0c07140 COCID: 13967
Project: SDWA - Analysis Collection Date: 07/19/2000 12:15:00 PM
Lab ID: 0007140-01 Matrix: GROUNDWATER
Analyses Resuit PQL Qual Units DF QC Batch Date Analyzed
1ICP METALS IN DRINKING WATER E200.7 Analyst: BL
Calcium 63.3 0.200 mgiL. 1 R5202 07/31/2000
fron ND C.0500 mg/L 1 R5202 07/31/2000
Magnesium 9.56 0.200 gL 1 R52G2 07/31/2000
Potassium 2.04 0.2C0 ma/L 1 R&202 07/31/2000
Sodium 9.48 0.700 mg/t 1 R5202 07/31/2000
ICPMS METALS IN DRINKING WATER E200.8 Analyst: PJM
Lead ND 1.00 g/l 1 R5168 07/28/2000
ANIONS BY ION CHROMATOGRAPHY E300 Analyst: AMJ
Bromide 0.0800 0.0200 ma/L 1 R5215 07/21/2000
Chioride 17.6 1.00 mg/L 1 R5215 0772172000
Fluoride 0.430 0.01C0 mg/l. 1 R5215 07/21/2000
Nitrogen, Nitrate (As N) 0.340 0.01C0 ma/L 1 R5215 07/21/2000
Sulfate 258 1.00 ma/l 1 RE215 Q7/24/2000
ALKALINITY M2320B Analyst: WR
Alkalinity, Bicarbonate (As CaC03) 176 2.00 mg/L CaCO3 1 R5132 07/26/2000
Alkalinity, Total {As CaC03) 176 2.00 mg/L CaCO3 1 R3132 07/28/2000
SILICA E370.1 Analyst: CL
Sllica, Dissclved (as Si02) 15.0 0.500 mg/L 1 R5135E 07/26/2000
TOTAL DISSOLVED SOLIDS E160.1 Analyst: JJM
Total Disscived Solids (Residue, 224 5.00 mail. 1 RE114A 07/21/2000
Filterable)
Field ph =

Fte\& CDV\&U(,-"SV(‘I'T = 4730
Field Tewp = 24.5°¢

Sawq\e& bv-a w.G. S-}e'w\

Note: k\\ Squ-u? 25 -Q \'\'erc& Suc ro
(ox—\s’/t.()

»\‘u._f‘)hu&\ ‘\‘\{

Qualifiers: ND - Not Detected at the Reporting Limit

J - Analyte detected below cuanititation linmits

R - RPD outside accepted recovery limits

B - Analyte detected in the associated Method Blank E - ¥Value above quantitation range

* - Vzlue sxceeds Maximum Conteminant Level

S - Spike Recovery outside aceepted recovery Hmis
P b ! }



APPENDIX 2

DRILLER'S REPORT FOR THE "Y" WELL



Send oiiginal copy by certied mall io: Texas Water Cor—Isslon, P.O, Box 13087, Austln, Texas 78711 Please use black ink,

Texas Watar Well Drlliars Board

ATTENTION OWNER: Confidentiality State of Texas P.O. Box 13087
Frivilege Notice on Reverse Side WELL REPORT Austin, Toxas 78711
L] .
1) OWNER Cd;\l Q‘F OE.I Rl O ADDRESS /09 W. Wﬁdé,/((/dt‘\l /X 7”%
(Name) {Street or RFD) . (Cityy’ T (State)  (Zip)
2) LOCATION OF WELL: _
County M&LM , ! miles in ﬂ direction from &j Rl Q
(NE, SW, elc) {Tawn)

Driller must complete the legal description below with distance and direction from two intersecting section or survey lines, or he must locate and identity the well on an official
Quarter- or Half-Scale Texas County General Highway Map and attach the map to this form,

[T LEGAL DESCRIPTION:

SectonNo. ______ BlockNo. ____ Township ____  AbstractNo. _ Survey Name
istance and direction from two intersecting section or survey lines
LZ);::E ATTACHED MAP
3) TYPE OF WORK (Check): 4) PROPOSED USE {Check): 5] DRILLING METHOD {Check}: T Driven
New Well [FDsepening OODomestic  Clindustrial  [] Monitor [J Public Supply [ Mud Rotary [0 AirHammer [ Jetted 1 Bored
0] Recanditioning [ Plugging 3 Irrigation Efost well (1 Injecten  EJDe-Watering irRoary [ Cable Tool” [ Other
6} WELL LOG: DIAMETER OF HOLE 7} BOREHOLE COMPLETION: -
Date Drilling: Dia. (in.) From (ft.) To {f) Open Hole O straight wall {OUnderreamed
sared — 2= 1 1530 q°/3 | surace 100" [l Gravel Packed . [ Other
Completed _u_ 19 ig 1 1/00 100 ! ‘Fp() ! if Grave! Packed give Interval . . . from 1o ft.

From (it.) To(ft) Description and caolor of formation materia! 8) CASING, BLANK PIPE, AND WELL SCREEN DATA:
0= o ¢ grave] N R SR N
Lo =100 wh +L [ imesg 'ILOI\_CJ (n) fUsed | Screen Mfg., If commercial From To Screen
oo - | SO ik e [ime Shon e [FY0U | sleel o'l 9o°
[ 50~ [& 3 " rough drp ] agt
LiHle water v
)(.4 = 30 ? > [im Al
20%~ 3720 aray *Ymore water
- 320~ Y30 wihitet limestose - rbua' A 9) CEMENTING DATA [Rule 287.44(1)]
% ‘@M'f‘ dri ”r ﬁ.q Cemented from O #o ‘? o #. No.ofSacksUsed
‘f’\fa - lj‘" q le b f'e_ [l ne J'f'ﬂr\!_.' moie u)q_][lr i to ft. No.ofSacksUsed _
UL - SOD (Usereverse side if necessary) e She if Method used
13) TYPE PUMP: <J Cementsdby Hute riflina
£ Turbine [3 Jdet [ supmersibie 3 cylinder )
1 Other 10} SURFACE COMPLETION

Depth to pump bowls, cylinder, jet, etc., [0 specified Surface Stab installed  [Rufe 287.44{2)(A)]

: Lt Fitless Adapter Used  [Rule 267.44(3)(B)]
WELL TESTS: ! E; ! { CE mppm\'ed Altemative Procedure Used [Rule 287.71]
Type Test: O Pump 1 Bailer J

14)
Yield: gpm with #t. drawg 11) A}I’ER LEVEL:
15) WATER QUALITY: __S J‘ i" ; 0 l/:‘ _; ~Siaticlevel __{ £ & i below land surface Date hat -qP
" Didthe driling pehetrate any strata which contained undesirabla tonstituents? Arteslanfow ___________ gp. Date
£] Yes No M yes, submit"REPORT OF UN EVMET D
ﬁ'@}f‘ﬁ% VW\. e [WE 345, PACKERS: Typo Depth

Typeofwater? . Depthof strata _BR_*_!:tE_R_S__Em s
Oves Ono Hh’

Was a chemical analysis made?

q.

i hereby certfy that this well was drilled by me (or under my supervision) and that each and all of the stalements herein are true to the best of my knowledge and bellef, | understand
that failure to complete itemns 1 thru 15 wili resuit In the log{s) being returned for completion and resubmittal.

COMPANY NAME H“—H:O Df‘ { ”f .LA I{\C_ . WELL DRILLER'S LICENSE NO. a LI' 7 9\ “'/

{Type or print)
ADDRESS 906: ﬂ - )Y]mr\ Da/ /Qta- W 7¥Y¢0
(Sipfet or (City} (State) {Zip}
{Slgnady ,, {Stgned)
/ (Licensad Wali Eriller) § T— {Registered Drillar Traines)
Please attach electric log, chemical analysis, and cther pertinent information, if available, For TWC use only: Well No. Located on map

WWD-012 {Rev. 09/21/88
(Rev ) TEXAS WATER COMMISSION COPY
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APPENDIX 1

TEXAS WATER DEVELOPMENT BOARD RECORDS
FOR CITY OF DEL RIO WELLS



B rot  to haue beein. Lhadk A*L““fa f?‘rql“ Co ledes ‘-"/V‘w‘#"f e 5 L"‘"«a{

WES - A
[ SToN

. (“\, -~
Texas Water Development Board H *Ck ﬁﬁ fzﬂf
Well Schedule

smewelNo.  [2U0] [3[3/&llg] | previowswetvo. LI T T T T 1] Coungy Vel Verdeoldlals]
River Basin lg‘m S—zznﬂcjg Iﬂzl Zoge @ Lat. @EE] Long. @m% I:Z]

Owner's Well No. Location 114, __ 1.4, Section

» Block

JSorvey _

merr‘;‘*‘}_ n‘p D-P] glra{, Driller

Address “5 ke, m arrd 291 &"ﬁ. Ix. 7P& 4o Tenant/Oper, !!l:jﬁL:g] ] Lowma.y
: Source of urce of -
DueDiited [ [ JLTJ[TT 1] b [ 11 1] Depnbuun [ ainte (ol 05

poviee Edwards RAEdd] Y E) e
E ~ 23223
Well c Casing MNALL Coa )
Comstruction  Method [ Maserial Steel
Casing or Blank Pipe (C)
, Screen [7] [ welt Sereen ot Slomed Zane (5)
Comglﬂlon Material Open Hole ()
Lift Dats Pump Mfr. Tree 77T wr ing 'E No. Stages Cemented from __to
. — Diam. Setting {feer)
BowlaDiam. ________ in.  Seing ____ fColumnDim. _________  in. {in) . From To
1
: Fuel or
Moror Mfr., i i Power DHampower I | | 1'1 | I z
Yield  Flow GPM  Pump 'GPM Meas. Repe. Est. Dace :
i
Performance Test Date ———— Length of Test Production —— GPM
5
SaticLevl -———f. Pumpinglerd —f. Drawdown ——Ff  Sp.Cap. GPMI/f.
Quality (Remarks -
Warer Use Primary H,g wled m Secondary - D Tertiary _____D :

ppe o Wiy @, 000000 g 00000
o (OO I wee [T+ [ "
LI e [0

Water

e LI )
™ e OO L] wee [T 110 )
- . 14
Co“"ﬁé 'H-"I' g“‘& b— L-vj_ 1%
N e AU I P 12 T T Y. e o =
Remarks !

. | ' | aquife_Ed) o ard <

. WellNo. 79-33 fatg
930384
29193




’

~

P

—————
Sund originas copy by State of Texas For TOWR use
sifedmall iothe WATER WELL REPORT ol No. 7YY T T —
:u‘:l:.‘ll'-:ﬁﬂﬂ ATTENTHON OWNER: Confidentisiity Privilege Notics on Reverss Side Floueind?“ m.a.:
1 owner . Clty of Del Rio Address 109 W. Broadway Dei Rio, Tx. 78840
INeme) (Brrestor RFD) {City) {State} 1Zip)

A LOCATION JRYEVerde 3.5 i N sreeton from City Hall

' INE.. S.w.. wic) 1 6wn)

X Lugtl temcrip
Section mmh Block Na.

Diriler must :emplm th- lngo“c'l-troﬁon to the ndu

with o

watl on an official

tion of survey unn, or he must locats end sdncm!y th-
or Half-Scale Texm County
Genarst Highvway Map and attach the map o this form,

Abstract Hn._lo.sﬂ__..._.__&.wvnva_LLg R R.

Dirtance ang dirsction from oo (nmtmg WCLON OF SUrveY FHnws,

{Z See sttached map.

) TYPE OF WORNK (Chuk]:
5 New Well S Despaning
O Amonditioning T Plugging

4) PROPOSED USE (Chack):

O Domestic U tndustrisl B Public Supely

O3 trrigation [T Test Weft (3 Other

8} DRILLING METHOD (theck):
DeMud Rotary [ Air Hameose D Drives 3 Borsd
{J A Aotery I Cabia Toof  [Tieved {1 O0ther

8} WELL LOO: L RIAMETER OF HOLE N BOREHOLE COMPLETION:
D lint | From(ft) _ Tolf} Gd Open Haie [ Beraight Wall O Uncarreemad
20 suime | 431 D Grave) Packed DR Orher
Date crited ___8-81 26 ] 256 1F Gravad Packed give interva . . . from . to fr.
Fiyom i Dusceiftion end goior of formation ) CALING, BLANK PIPE, AND WELL SCAEEN DATA:
_/ See Attached Dis. |Newy  Stesl, Plmtic, otc. Setting Ife} g:glo"'
V’ tin.) Used Beresn Mgl of commarcial From l To Sereen
22 | N:Steel 6 2566 |.%00
CEMENTING DATA
- d rom 0 256 .
_ Msthoduses _ Pump _thru D.P. gr 1" Line
. Camentod py _HA111bUPLON
(Company or Individusl}
1 WATER LEVEL:
Staticlevel 92 te. baiow nd wirface  Dae 8-81
Arwsian ﬂwr__‘.ul_._ gom. Dara
100 PACKERS: Trpe Depth
ﬁune
11} TYPFE PUMP:
X Turbine Ot 1 Submarsible 0 Cytinder
) Ouher
{Upa reeerse side if nacessary) .. .- /0. Oepth 10 pump bowls. eylinder et we, . 3B0 1,
13) WATER QUALITY:
Did you knowingly penatrate any Hratd which contsined undesirabile 12} WELL TESTS:
varer? DOYm W No , : .
¥ ys, submit “REPORT OF UNDESIAABLE WATER" ™1 Type Tase: RPump O Bailer Dlisted [ Estimated
Type of water? Owpth of srrats Yiste: 460 gom with _._392_ fe. demwdiown stter 28 hre.
Was » chemical analysis made? [ vin CNe
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(Stree or H‘Fbli iehyl {Sunel {Zipy
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layne-Westorn Company,inc.  amey conmpam

P.O.Box 75009 - Houston, Texss 77079 - 713/466-5001

CITY OF DEL RIO

WATER WELL NO. 2

Job No. M-1202
Original - July 22, 1981
Revised - August 12, 1981

Depth Drillers Log

-2 Top Soil

2'- 42! Rock and Clay

42' Lost Circulation

42' to Rock, Limestone with

375 ' short breaks

375'-381" Rock, sticky, difficult to clean hole
381'-406" Rock, limestone

406'-431" Lime, chalky

4

-33 -9uuf”
WATER SUPPLY SERVICES .—!

4



Bl el % ey o Sbmntar

o——.--.:.-.. B Sy Brande
e

o oy s e e e i
[hum s ey

&

&
+

1
P

i W @/

CITv/oF (VTN 2
iH ELL WD, 2

c

/

HWAY MAP

COUNTY

LEGEND

IFER
Rl
114
R

L TENIRE 3

i _ h_.
b d e it ol
:Fzs;za%tary

LRt SEETERN .m...o..._rn-c- e T .

(R TTH

ur

e
A
Z
§5, 8 11 |
358 58 1 i
2gs i Mn oAt
QA5REL T uh

.EEE:%,T_ﬁ

79-33-




X e

Pagrr
W L
4 Pagn
" Texas Water Development Board
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. . : ) Texas Water Davelopment Board

Chemical Water Analysis Report
am._ 0L _|qu-"_ F0(

HM = Heavy Trace and Alkaline-Earth Metals TWDB Use Only
WorkNo. 3120112205

Send Reply To:
Ground Water Unit JAC No.
Texas Water Development Board
P.O.Box 18231
Austin, Texas 78711
Attention: n Yo State Well Number: 7 0 - %?) _ ﬁ@ Ck
County Date & Time: B’QL\/‘Q q’ ” 35

Owner: O)&'\l D'Pm Q_\O ‘ SondCopyToOumer
'-r W, MM\ o, Dol Qx ﬂ’z —émp!.a After Pumping: Q'lg Hours
Yield: @ O Measured gmmud

*@ML&‘PPI% T-mpemur- A M ]

Specific Conductance:

Arldreu

Date Drilled: Depth:
Collection Point: E‘ﬂ'w pH

By: _&iﬂd\{ Lec

102

JUL 261994

Requested Chemical Analysis

mg/ . mgl
Calcium (00915) __ 1 O™ Sodium (00830) st I
Magnesiutm (00925) S Potassium {00935) 2.4

et u
Aluminum (01106) 5% Mangansse (01056) {o 9
Arsenic (01000) < .0 Mercury - (71890) o119
Barium (01005) i tp Molybdenum (01062) < 2D
Cadmium (01025) < 0.9 Selenium (01345) <4, D
Chromium (01030) <) O Silver {01075) <0
Copper (01040) . 4. Strontium (01080) t 70
Iron (010486) (O3 Vanadium (01085) < 20
Lead (01049) <%, 0 Zine {01090) <1 0.

Note: Crossout those elements not to be analyzed.

$900%1-E
Juty 1901
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Tezas Water Development Board

Chemical Water Analysis Report

Bend Reply To:
Ground Water Unit

Texas Water Devalopment Board
P.O.Box 13231

Austin, Texas 78711

Attention: B’)i l NOI‘ﬂS’

GWR- CEL--F¥Ef:_iR7¢;

{Anions)

TWDB Use Oniy

work No. 3120~ 11220

IAC No.

me State Wall Number: —IO'SS ‘"qoq

—

County: _ V! M;ﬁ! e_ Date & Time: & 9‘("‘5&‘# )| - 265

Owner: { 1 ] " Del Rfo )( Send Copy To Owner

Addross: | Ll N %M’h}"-; &Q_&Q Sampled After Pumping: () J Hours
Date Drilled: Depth: Yield: GPM Q Measured  Q Estimated
Collection Point: pH Use: Temperature: o
By: _QLIC!L[ e Specific Conductances _

- Date Received: MAY 27 1334 Date Repomd."‘uuls w '

a9 Date Received 05/72%/84 Date Reported 0£/09/84
H MEG /i MG L MEQ/L MG/ L
Silica {00855 ig
i ' Sulfate (0D948) 3.52 169
K Chlioride (00841) 2.68 g% :
B Fluoride (00950) g.03 0.82
i
P.Akalinityf00415) 0.00 0
T.AkaYinityR00410) 3.64 182

|

E

* Convert mg /1 Boron to ug/i for data entry.

o091
July 1991

L
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" Tezas Water Daevelopment Board

Chemical Water Analysis Report
wse_CL 1034 D@

TWDB Use Only
: Woark No. B/ ~ | l
Sand Reply Tor 2120~ 1220
Ground Water Unit 1AC No.
Texas Water Development Board
P.O.Box 13291
Austin, Texas 78711

Attention: h‘\ ’\b_tdih’bm State Well Number: 70"33‘?0‘1\1
Al JP(LL Date & Time: S'QLPCU-(; \ 5~

m; T o { Fi-o e wsand&pyToOmar .

Address: L 'A ‘l QA ..’ ! 3—\(J  Sampled After Pumping: OL% Hours
Date Drilled: Depth: Yield: GPM O Measured O Estimated
Collection Point: _ oH : Use: Temperaturs: g
By: l L]‘n[ h F l gee- 8pecific Conductanes:
Requieted Chamioll Axtiria S04 19
Laboratory Date Recsived: © Date Reported:

*206110  WT[LQD wsTS|[sep -

 Acd £Bn Byt (6ems)
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‘ TEXAS DEPARTMENT OF HEALTH
“C/MS ANALYTICAL RESULTS - SEMIVOLATILE 0. I

TDHumphmmbu- &.ﬁ'“——'/

TErre Do L
M/ 7 i TWC sample number: ¢/ /7 & *?o-.r —‘?
ficrogrsmsfiter () miligrams/ilogrem sampie type: Zem 4 . sample condition: /
Sompoynd. mum____ﬁmgzt
Fluoranthene

Phenol L4 2 Pyrene __
2-Chioraphenol _’_ bis(2-ethylhexylladipate

2-Nitrophenaol . Butylbenzyl phthaiate

2,4-Dimetlyyiphenol s Benz(alanthracene .
2.4-Dichiorophenol | Chrysene L
3-Mathyi-4-chiorophenol bis{2-ethyihexyliphthaists :
2,4,8-Trichlorophenol Di-n-octyl phthalats .
2,4,5-Trichlorophenol Berizo(biflucranthens I
2,4-Dinltrophenol “l Benzoik)fluoranthene -t
4-N Benzola)pyrene |
4,8-Dinitro-2-cresol Indencil,2,3-cdipyrene

Penachiorophencl 4 Dibenz{a,hjantiwacene
arNitroso-n-dimethylamine <& Benzo(g,h,iiperylens v
Pyridine "‘F"‘ alpha-BHC v
r-Nitrosodiethylamine -1 bets-BHC ot
n-Nitrosodibutylamine S Lindane R
Anilina —_l deita-BHC N
bis(2-Chioroethyllether 1 Heptachior .
1.,3-Dichlorobenzene JE S Aldrin T
Benzyl alcohol L Heptachior epoxide e
1.4-Dichiorohenzene —_— Benzidina .
1,2-Dichicrobanzens | 3,3"-Dichiorobenzidine .
o-Cresol . alpha-Endosuifsn I
bis{2-Chiofoisopropyhether . p,p'-DDE I
m&p-Cresal (costute} . . _ Dieldrin s
Hexachloroathane R Endrin . -
n-Nitroso-di-n-propylamine N beta-Endosulfan < 2 E
Nitrobenzene S p,p'-DDD : -4
Benzoic acid: —_— Endrin aldehyds- —t .
Isopharans —_—4% p,p-DDT

bistz-cmomaﬁ\nxvlmethana; N Endosuifan sulfata iiz
1,2,4-Trichlarobanzena - I
‘Naphthaisne . Tentative identification of the largest non-priority
4-Chloroaniline —_l pollutant peaks by comparison with EPA/NIH mass

- Hexachiorobutadiene: - _— spactral library. Quantitaion as internal standard is

2-Methyl naphthaiena: . provided and the valuss should be reqarded as
1.2,4, 5-Tetrachioroberzens —_—t approximate,

Hexachiorocyclopentadisne —t

2-Chigronaphthalane | Tentative C spproximate
total Nitraaniiines ] identification concantrations
Acenaphthyishe . (Lmi mafliter

Dimethyl phthalste —_— { ) milligrama/kilogram
2,8-Dinitrotoluena |

Acsnaphthene —— 17T S

Dibanzofuran :

2,4-Dinitrotoivene n

Fluorens .

4-Chiorodiphenyl ether N

Diethyl phthalate .

n-Nitrosodiphanylamine i

Diphenyl hydrazine

4-Bromodiphenyl ether E

Hexachiorobanzena

Phananthrene

Anthracens

Di-n-butyl phthatate

. oommon lab contaminants

* reported at lass than quantitation limits
commants:

approval: @ g’.?gz




Send Reply Te

Ground Waer Maniroring Unit
Texas Warer Devefopment Board
PO, Box 13231

Austin, Texas 78711

M ™

Texas Water Development Board

Chemical Water Analysis Report

RAD » Radioactiviey Sample

TWDB Use Only

Work No. 3120 = 11220

IAC No.

Astention: ’P‘ml NMS{IDM Scate Well Number: 70"33‘0(04
Q09

Date & Tire: 5‘9%"‘4% 1\13‘5‘

Ko

}ﬁ Send Copy To Owner |

Address: ZJL Sampled After Pumping: Oxjg/ Hours
Dace Drilled: Depeh: Yiekd: GPM O Mamrd O Estimated
Collection Point: pH Use: Temperature: «
By f:,f mi\{_ (ee Spesific Conductance

N
hhmow:._bmwm WA T L2919

(01503) = 2. b pCll
(03503) <5.3 . pCift

—toTso 7 il i
45001, TV~

$4-0147-R12
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Texas Water Dovelopmant Board

Chemical Water Analysis Report

(Nitrogen Cycle)

TWDB Use Only

Send Roply To: | Work No. {20~ 1/22.0

Ground Water Unit

IAC No.
Texas Water Development Board
P.O. Box 13231
Austin, Texas 78711
Attention: Mﬂm State Wall Number: 70—3 3 "‘[T 0%

Date & Time = DAL \ P35
% Send Copy To Owner

Address: pled After Pumping: { },_7g- Hours

Date Drilled: Depth: Yield: GPM QO Measured Q Estimated

Collection Point: pH Use: Temperature: Lo

By: _{ A!d!{ [ Bpecific Conductance:

Requested Chemi¢al Analysis MAY 27 1994

Laboratory No.: te Received: Date Reported: JUN 17 1994

THD-SamplaﬁNo- EB4 973 Date Received 05/27/94 Date Reported 06716/34 ‘
i ’ 00623~ 0.2 TKN az N mg/L

00808~ 0.08 Ammonia as N mg/L
00613~ < 0.01 Nitrite as N mg/L
00618~ 0.51 Nitrate as N mg/L

*Note: To convert NO,.N to NO,, multiply by 4.427.

'i 0081-D
| ) July 1991

1:







APPENDIX 6

MINERALOGIC ANALYSIS BY CORE LABORATORIES
OF TURBIDITY SEDIMENT FROM WEST SAN FELIPE SPRING
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APPENDIX §

MICROPARTICULATE ANALYSES BY
ANALYTICAL SERVICES INCORPORATED



nalytical
& /N Services, Inc.

Client: LBG-Guyton & Associates Sampling Date: March 11, 1999
1101 South Capitol of Texas Highway Date Received: March 12, 1999
Austin, TX 78746

Projectt 4DLRIO/DELRIO

Section IV.

MPA Risk Rating Table

The risk rating for surface water influence as calculated according to the EPA Consensus Method for
Microscopic Particulate Analysis is as follows:

' A Hackberry "
89071-010 Well None NA 0 Low
San Felipe - 4 _ — *
99071-011 East #2 Algae=13x10"=EH EH = 14 14 Moderate
EH = Extremely Heavy NA = Not Applicable

The tables of relative risk factors used to calculate surface water influence in the EPA Consensus Method for Microscopic
Particulate Analysis are based on a limited set of data. These data are not representative of all aquifer types or well designs.
Therefore, the relative risk values calculated from these tables are of limited value in determining health risks associated with
surface water indicators.

* This EPA Risk Rating table classifies each sample according to the number of surface water indicaling organisms per 100 gallons,
However, due to the high amount of sediment recovered from these samples, only 3.3 and 1.5 gallons, respectively, could be
analyzed for MPA. Due to the small volumes analyzed, this risk rating result should be interpreted with caution.

Wb, Kl —

Mari-Beth DeLucia
Staff Microbiologist

Project No.: 99071-017
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nalytical
Services, Inc.

Sample No. 99071-011, LBG-Guyton Associates
Del Rio/San Felipe #2
unicellular Chiorophyta taken at 1000X magnification

Project No.: 99071-010
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i nalytical
& /\| Services, Inc.

Client: LBG-Guyton & Associates Sampling Date: March 15, 1999
1101 South Capitol of Texas Highway Date Received: March 16, 1999
Austin, TX 78746

Project: 4DLRIO/DELRIO

Section V.

MPA Risk Rating Table

The risk rating for surface water influence as calculated according to the EPA Consensus Method for
Microscopic Particulate Analysis is as follows:

99075-011 San Felipe West #5 None NA 0 Low*

99075-012 Agarita Well None NA 0 Low*
NA = Not Applicable

The tables of relative risk factors used to calculate surface water influence in the EPA Consensus Method for Microscopic
Particulate Analysis are based on a limited set of data. These data are not representative of all aguifer types or well designs.
Therefare, the relative risk values calculated from these tables are of limited value in determining health risks associated with
surface water indicators.

* This EPA Risk Rating table classifies each sample according to the number of surface water indicating organisms per 100 gallons.

However, due to a high amount of sediment recovered from this sample, only 1.2 and 5.8 x 107 gallons, respectively, could be
analyzed for MPA, Due to this small volume of sample analyzed, this risk rating result should be interpreted with caution.

4

ot oA —

Mari-Beth DelLucia
Staff Microbiologist

Project No.: 99075-011



a|geolddy jJoN = ¥N

110-6.066 :"ON 103f0id

:SjuaLIWion
VN | :eusjoeg uol|,,
VN | ‘suonesiiuap] aebly,
Jur] uoyoe}e Mojeg = 1ag Duidues jo pu3 umN K Bmﬂ_”m% H_ouwwwn S
1aq | :eeqaoluy as0Jons ||00Jad | :=8dfy N
7ag | seeArey/s)oesu Jag | -eozojoid :
S8 "mu__“__n,q _ a8 | twelaoeg uol| 7105 | Aeold Jay
alWn|oA j9l19d
7ag | :sbb3 apojewen | 1aqg | :usjiod W S0 | :poreo|d sWnop
7ag | ;sepojewsp 7ag | :seacdg W O'E | oWnjOA JUBWIPSS
71ag | -sepesbipae] qag | :eeydAH febung] UMOIq 14BN | 110j0D Jaid
704 | 'sysmonsen 7ag | :.eeblv Jaui0 W T GUIooRBUGH
70d | :seuw Jarem 708 | :nAydolojya Jnoym |BoIeWWos | a1y
a9 | 'sbb3 syeigapaau] a8 | -iAydolo|ya ypum suojeB y901 | :pateyid swnjop
7a9g | :sbb3 uease)sni) - suiojeiq UMOIUN | :19Jepn @2BUNS
1ag | :sped ueaseysnin 7dg | :nAydoiojya Jnoum woi4 asuelsiq
Tag | sueaseisnin 7ag | :pAudodojyo yum sucu | Jjuswyead)
7ag | :sbb3 18)304 - suqaq aane)ebap Z'L3 1'2:s | Hd
7ag | :sismoy Juanpuo) auld | :suqaq snoydiowy 8,03 950 'S | S.NLN ‘Aipigin)
Buuds/mel | sadAlL Joiepm
¥8 = Jlwi] uonIajaqg X1 ‘ony 12@ | :aug ajdweg
suojjeb og) Jad ale payodal siaquiny it 1S9\ adijad ueg | gl ajdwes

L10-62066 :"ON @|dweg

s)insay jeanAteuy
‘Il uoyoeg

olTEQ/oNIar  9sload
op/8. XL ‘ugsny
RemybiH sexa] Jo [ouded tinos 1oL}
SOlel00SSY P UOKND-OGT  :JusyD

pqu :sfjeuy
6661 ‘gl Uolely :paal@day ajeq
6661 ‘G1 UoieN :ajeq Budwes

ouj ‘saoiazag N/ #
[Boniou



L10-62066 :"ON 12sloid

iapserD Jsydoisuys yshjeuy

‘sainflj JuesyiuBis Buisn paplodal ale slagquiny “AUaLInOUOD PaupLUEXa pUk pallels alam
S|0.jU02 aAljeBau pue sASD ] WmpUodsopd i pUe eipiers 10} 219eds S| YoM "Apogiue [BUO|20UOLL [ENP JU8s3J0N)jounwiul Ue sAoidwa poyjsil siy ]
(£00-S6-8-F18/¥d3) PoUlay ue0Zojold (YOl 2Ny UOIKDa[00 UoHELLICIU| 2U) JO UDISIOA palipow B Buisn pauiluexs pue paulels ‘passacold alom (s)ajduiesg

pajsje( suoN = ON

' Pajoslap SIMINNS (BWSHU WM S1SA200 wnipuodsojdAsD

9g>
06> an pajoalep aimoniis snoydiowy Yum S1sA00Q WinipLiodsojdAn
pajoalap siskooQ wnipliodsoldAin fAidwg

9G> anN T pa)o9jop 8JMonng {euloju| suo :mﬁ asoul yum ﬂmxo BIpJeIo)
9'G> aN paloslep 2INONAS [BUILIUl U0 UYiMm S1SAD elpielo
96> aN paloolep alnjonng snoydiowy Yim S1sAD Bipseio)

pajoalap sisAo eipseto Adwg

AWNIQIIOdSOLdAYD ANV VIQH VIO
‘Il uoyd2s§

G# I1Sep adije4 ueg  '@’| ajdweg olyI3g/oar  aslold
110-G.0668 :"ON 8jdiies oy/8. XL 'unsny
666} ‘9l YOl :paAlaIay ajeg AemybiH sexa] jo |oudeDd yinos Lot |
6661 ‘Gl yole :sjeq buljdweg SOJeI00SSY @ UOKND-DFT Ui

auf ‘saotazag N/#
m_cua_cﬂ ?/



ajgeoliddy 1N = ¥N

Spusuwuod

L10-GL066 "ON 109l0ud

vN | ‘euajoeq uoly,,
VN | :suonesynuapj aebjy,
Jwry uonaleg Meleg = 1ad Buydwesg jo pu3 = 3 Buidweg jo yejs = §
Si'L | :Apaeib oiioads
a9 | ieeqeowy as04ons |j02Jad | :adA)
q09 | jeeare/spoesu) qag | 7eozojoid = JUejART
70g | 'spyeuuy 109 | “. ele)0eg Uod| W0 | Heold 1Sy
7qa | 'sbb3 spojewsN a4 | usliod T W_MMMQM.___@:“__O n
g | :sepojeuiay 1ag ! :sasodg ez ”mEs OATUSWIDS
Qg | isapeibiple] 7ag | teeydAH [ebuny T ”._o o_ “’a “_ 'PS
708 | 'sysHjonses 7a8 | -.eebly 1ayi0 T T GIiOoAaUO +0109 T
Qg | ‘sayi Jaepy 108 | :nAydoiojya Jnoyum [eIoJOWIWOT | t1omig
a4 | :sbb3 ajeiqapsau) 108 | :Aydolojya ypm SuoieD g6 | :paJaiid SWN|oN
7ag | :s663 uesoeysniy - swojelq UMOUXNUN | SI8}ep 80EHNS
dg | :sped ueajeisnid 108 | :itAydotojya Jnoyum o4 aosueisia
7dg | :sueaseisni) 949 | :itfydosojys ypum auou | :juauneal]
qag | sbb3 Jajoy - suqa( aApejabap FEINEIET
1Aag | :sisyjoy juanyuos auld | :suqag snoydiowy umowjun | :s,nkEN ‘Aupigqingt
[lewymer | :adA) Jeyepp
01X L'} = W uofpaeq X1 ‘ory 13Q | @318 3jdweg
suoped g0 Jod aie pepodes siequinpy e eaedy | :qf e dwes

s)insay |eanAjeuy

210-5.066 :"ON 9jdwesg

‘Il uoloeg
old13q/0id1ay  :28foid
pgw :sAfeuy orig/ X1 ‘ujsny
6661 'Ol Yore :paaladay aje( KemybiH sexa] jo [onded yinog 1oL
6661 ‘Gl yorew :apeq Hundwes $9IBID0SSY B UOKND-OgGT ULl

2uf ‘sao1azag N/ %
[eondou V\)




1 10-5L066 "ON 109foid

liepuelD Jaydoisuyd ysAleuy

"s8.nBy jueoyubis Buisn papodal aie slaquInN “AJUSLINSUGS PIUIUEXS PUE DIUE)S 218M
sjonuoa aapeBau pue aasod wpuodsoydiin pue eipiels Joj oyoads s1 Uoiym ‘Apogiue [Bucioouow [BNp jusdselonjounww) ue sfojdwe poljew syt
(£00-S6-8F 18/Yd3) POURIN Ueozojold (HS1) 2Ny UoiOsjoD UoReLLIol| 8Y) Jo UoISIaA paljipow e Buisn paullexs pue paulels ‘passecold alam (s)sidwes

peoejeq suUoN = ON

paloalap aIMONS [BUISN] YyiMm S1SA00Q winpLiodsoidAin

pajoalap ainonis snoydiowry Yum sisAoo0 winipuodsodAin
patoslep SisAn00 winipuodsodius fidwg

og>

pojosiap aINoNaS [eussju] SU0 UBY) aJoul YUMm SISAD eipueio
pojoslep aINjoNAg [BUILIU| U0 UIM SISAD eipsels
pajoaep aamonis snoydiowy UIm SISAD eipseio
patajap sisho eipseio Adwg

WNIQIYOdSOLdAYD ANV VIQHVID

Tl uondas

lIoAA eiely @'l sidwes oT13Q/0IEIay  3aeload
210-6.066 :'ON 9jdweg opi8L X1 ‘unsny
6661 ‘91 Yol :paAIodsy ajeq KemybiH sexa] jo joyded ynog oL}
6661 ‘'Sl yosew :eyeq bBuljdwesg S9JEI008SY R UOYNS-987  Jusld

Juj ‘saoiazag N/ %
-—Goﬁ%—&ﬁV\;



. fInalytical
& N\ Services, Inc.

Client: LBG-Guyton & Associates Sampling Date: June 22, 1999
1101 South Capitol of Texas Highway Date Received: June 23, 1999
Austin, TX 78746

Section IV,

MPA Risk Rating Table

The risk rating for surface water influence as calculated according to the EPA Consensus Method for
Microscopic Particulate Analysis is as follows:

San Felipe
West of the
99174-022 Side of Pump Algae =2.0x 10° = EH EH =14 14 Moderate*
#5 Cave,
Del Rio, TX
EH = Extremely Heavy

The tables of relative risk factors used to calculate surface water influence in the EPA Consensus Method for Microscopic
Particulate Analysis are based on a limited set of data. These data are not representative of all aquifer types or well designs,
Therefore, the relative risk values calculated from these tables are of limited value in determining health risks associated with
surface water indicators.

* This EPA Risk Rating table classifies each sample according to the number of surface water indicating organisms per 100 gailons.
However, due to a high amount of sediment recovered from this sample, only 2.3 gallons could be analyzed for MPA. Due to this
small volume of sample analyzed, this risk rating result should be interpreted with caution.

O hetsphe, C \

[
Christopher Ciardelli
Staff Microbiologist

Project No.: 99174-022
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