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1.0 INTRODUCTION 

The Edwards Aquifer Authority (the Authority) was created by the Texas Legislature in 
1993 to replace the Edwards Underground Water District (EUWD) and to manage, conserve, 
protect, recharge and prevent pollution of the groundwater in the Edwards Aquifer. In 1995, the 
Texas Legislature passed a bill that provided for elections of Authority directors in 1996. This 
technical data report for calendar year 1996 has been prepared in keeping with the Authority's 
statutory charge and provides a historical perspective by providing annual data for the period of 
record (1932-1996). 

This report addresses the San Antonio Region of the Edwards Aquifer. which extends 
through South-Central Texas, from the groundwater divide near Brackettville in Kinney County 
to the groundwater divide near Kyle in central Hays County. Figure 1.1 is a regional map 
showing primary physiographic features of the Edwards Aquifer within the report area. 
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Figure 1.1 Edwards Aquifer and other physiographic features in the San Antonio area. 
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More than 850,000 water-level measurements from 25 digital recorder-equipped 
observation wells, as well as monthly measurements from 17 periodic observation wells were 
recorded in 1996 as part of the Authority•s water-level data collection program. Plate 2.1 shows the 
locations of the Authority's observation well network within the Edwards Aquifer region. 

Periodic water-level measurements from a variety of wells have been compiled since 1929 
in the San Antonio area of the Edwards Aquifer region. These periodic measurements were 
enhanced with the introduction of continuous water-level recorders in some of the observation 
wells in the 1930s by the United States Geological Survey (USGS). The Authority has further 
enhanced the data with the introduction of continuous digital recorders, developing a groundwater 
network from eastern Kinney County to central Hays County. All water-level measurements arc 
made in feet above mean sea level (MSL ). 

The digital recorders measure water levels across the aquifer every 15 minutes. 365 days a 
year. These wells are equipped with a float device or a pressure transducer for water-level readings. 
Data are recorded on digital storage cards and then downloaded during a monthly site inspection. or 
by modem, to the Authority•s office in San Antonio. 

The water-level observation network consists of wells equipped with water-level recorders 
located in both the water-table (unconfined) and the artesian (confined) zones of the Edwards 
Aquifer. The Authority (and the EUWD) has also collected water-level data from the Trinity 
Aquifer (Glen Rose Formation) in northern Bexar County since 1991 and alluvial aquifers of the 
Leona Formation in southern Uvalde County since 1966. The Edwards and Trinity aquifers are 
hydraulically connected, allowing pathways for groundwater flow to and from the Edwards 
Aquifer. The Leona Formation in the vicinity of the Leona River of southern Uvalde County is 
recharged by Edwards Aquifer springflow of the Leona Springs. Water-level monitoring of the 
Edwards Aquifer and associated hydrogeologic units adds to the base of scientific knowledge and 
to help in the management of this regional water resource. 

To augment the water-level observation network, Authority staff measure water levels at 17 
observation wells on a monthly basis during normal aquifer conditions, and at least 50 additional 
wells during periods of extreme high or low water-level conditions. These periodic measurements 
are made manually with steel tape and electric-line measuring devices. Water-level data collected 
by the Authority are also forwarded to federal, state and regional agencies. 
Historical water-level trends in observation wells, along with corresponding precipitation and 
discharge information, are necessary to determine the quantity of groundwater stored in the aquifer 
during any given period. Water-level increases generally indicate that greater quantities of water 
are recharging the aquifer than are being discharged. During periods when groundwater recharge is 
greater than discharge, springflow increases in proportion to increases in groundwater levels. 
Likewise, during drought or high-demand conditions, water levels and springflows generally 
decline, reflecting greater groundwater discharge than groundwater recharge. Table 2.1 shows the 
annual and period of record high and low water levels measured in five selected Edwards Aquifer 
observation wells. 

In 1996, total discharge was greater than total recharge as was demonstrated by generally 
declining water levels from January to December. The net change in water levels at the Bexar 
County index well between January and Jw1e was a decline of37.4 feet. The remaining months of 
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the year indicated a slight rise of 22.9 feet, to end the year at 650.4 feet above MSL as measured at 
the Bexar County index well. 

Edwards Aquifer water levels fluctuated dramatically in 1996. The lowest reading at the 
Bexar County index well since 1989 was measured at 627.5 feet above MSL in June. The average 
water level at the Bexar County index well for June was 662.7 above MSL, a difference of35.2 feet 
between the average water level and the low water-level measurement in June. Figure 2.1 
compares the average water level for the period of record and maximum water levels for the year 
1996. Tables A-1 through A-6 in Appendix A show 1996 water levels from selected observation 
wells. 
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r 
r Table 2.1 Annual water-level highs and lows for selected index wells in the San Antonio area of the Edwards 

Aquifer, 1934-1996 (Measured in feet above mean sea level). 

City of Uvalde Castroville San Antonio New Braunfels San Marcos 
Year Uvalde County Medina County Bexar County Comal County Hays County r YP-69-50-302 TD-68·41·301 AY-68-37-203 DX-68-23-302 LR-61·0 1·304 

High Low High Low High Low High Low High Low 
1934 866.6 675.2 666.8 
1935 872.1 681.3 666.8 

r 1936 876.6 876.5 683.0 676.6 
1937 878.1 877.1 682.1 674.9 583.4 581.6 
1938 875.8 874.0 681.4 673.6 590.6 581.5 
1939 873.4 869.6 674.1 665.7 580.6 569.6 
1940 872.3 868.5 671.4 661.0 572.2 568.7 r 1941 875.7 867.7 682.5 668.3 587.7 578.6 
1942 875.8 871.9 685.4 669.7 580.8 573.7 
1943 874.5 868.0 679.6 668.5 578.2 574.6 
1944 869.3 866.8 677.6 667.1 580.5 579.3 

~ 
1945 870.1 865.2 681.9 668.8 581.8 
1946 867.1 862.9 681.2 663.6 580.3 

L 1947 870.7 867.1 680.7 665.8 577.3 577.0 
1948 868.4 860.5 667.7 653.7 624.4 624.3 560.5 559.4 
1949 871.2 859.1 671.6 655.6 626.7 624.1 562.3 561.8 

r 1950 871.2 861.8 687.0 674.9 665.4 653.8 625.2 624.0 575.8 575.2 
1951 861.8 846.8 675.2 659.9 656.0 640.6 624.2 622.5 575.3 569.4 
1952 846.8 834.9 663.8 649.9 650.5 633.4 623.0 621.5 573.0 569.1 
1953 835.2 817.8 665.1 647.7 651.5 630.5 623.6 621.1 584.5 573.2 
1954 836.7 823.1 660.3 642.4 646.3 628.9 623.1 620.5 581.8 562.8 

r 1955 834.3 824.1 649.1 635.6 638.5 624.2 621.9 619.8 575.7 558.4 
1956 834.2 814.2 641.6 622.3 632.2 612.5 621.0 613.3 569.8 542.2 

l 1957 840.9 811.0 666.1 633.0 653.8 624.4 624.7 620.1 584.9 568.3 
1958 866.1 840.8 704.4 665.7 679.6 653.3 626.6 624.6 593.6 580.8 
1959 876.1 866.2 703.8 689.0 677.7 661.5 627.1 625.1 591.4 580.5 

i 1960 876.9 873.1 706.3 686.0 679.4 657.9 627.1 624.9 589.4 584.3 
1961 878.5 875.6 710.3 693.4 681.2 663.9 627.3 625.7 591.6 573.2 

L 1962 878.3 867.7 703.6 676.3 675.5 646.9 626.3 623.2 584.1 565.0 
1963 869.7 860.9 689.1 659.2 665.8 635.0 625.0 621.7 581.6 560.0 
1964 860.9 849.0 676.3 654.8 657.1 632.8 624.1 621.6 578.2 562.8 

r 1965 865.8 860.3 689.6 666.8 675.0 645.6 626.6 623.5 590.1 573.4 
1966 867.2 860.2 686.1 665.0 668.8 642.7 625.9 623.1 589.0 566.6 
1967 867.4 856.4 679.4 645.2 659.7 624.9 624.6 620.0 582.8 556.6 
1968 873.3 864.8 702.0 679.2 678.3 655.9 627.2 624.6 593.8 574.4 
1969 875.0 866.5 694.8 670.5 676.1 642.8 626.3 623.4 588.7 567.7 r 1970 876.1 871.3 700.7 678.8 677.1 650.4 627.2 624.3 593.2 575.0 
1971 877.7 864.0 701.3 646.4 674.6 627.9 626.2 621.0 577.1 551.3 
1972 877.8 874.6 704.6 676.7 679.0 651.2 626.7 624.1 579.7 576.3 
1973 881.6 874.5 731.2 690.1 696.5 665.9 629.8 626.1 589.9 572.3 

r 1974 881.4 876.0 723.8 696.0 689.2 660.9 629.1 625.8 593.6 558.5 
1975 882.1 879.4 721.0 708.2 686.9 672.0 629.3 626.5 589.8 571.4 
1976 884.9 876.0 732.4 694.9 693.1 663.8 629.4 625.8 584.6 571.2 
1977 886.2 881.3 737.8 715.3 696.0 675.6 630.2 627.6 587.4 562.1 
1978 882.6 875.6 722.4 681.7 684.1 650.1 628.1 624.5 572.0 540.4 

r 1979 882.0 876.1 728.2 710.3 690.5 676.4 629.0 627.3 584.9 572.0 
1980 879.1 868.0 716.1 666.8 680.3 640.8 627.5 623.0 572.0 551.8 
1981 881.8 867.9 723.2 698.8 686.0 668.6 628.0 625.5 586.2 565.5 
1982 881.8 876.4 717.1 682.8 680.5 645.3 627.3 623.6 584.7 544.7 
1983 877.1 871.3 698.2 667.7 670.0 642.1 625.6 623.0 588.7 560.4 

i 1984 873.3 856.9 684.5 642.0 657.0 623.3 624.4 619.6 582.5 544.3 
1985 876.9 862.2 699.0 670.7 674.5 644.1 626.8 623.3 591.4 561.8 

L 1986 877.8 872.2 704.6 674.2 685.6 649.8 627.7 624.1 595.0 576.3 
1987 889.1 877.9 743.5 711.1 699.2 676.9 630.4 627.2 595.9 583.5 
1988 887.0 878.0 725.3 679.9 684.9 647.7 627.9 623.9 593.2 585.9 

r 1989 879.0 866.6 695.3 650.5 663.9 626.4 624.9 620.5 571.7 571.5 
1990 872.9 861.6 679.5 640.8 658.1 622.7 624.3 620.3 577.6 561.2 
1991 873.8 865.4 703.8 666.1 680.3 640.5 627.0 623.3 593.8 575.1 
1992 885.2 872.9 743.6 704.3 703.3 680.7 630.9 627.0 595.4 586.2 
1993 884.9 877.3 730.2 706.6 692.8 672.0 629.4 626.9 593.7 575.9 

l'1ilil 1994 718.6 684.1 679.2 652.1 627.2 624.7 575.0 545.3 

l 1995 877.2 871.1 703.0 681.8 676.5 651.1 626.8 624.5 575.4 552.4 
1996 874.2 859 693.0 650.2 664.9 627.5 625.3 621.2 573.2 551.30 

Average High Low High Low High Low High Low High Low 

~ 
871.9 863.1 700.9 672.7 675.2 652.5 626.5 623.5 583.3 567 .. 5 

l Record High Low High Low High Low High Low High Low 
Level 889.1 811.0 743.6 622.3 703.3 612.5 630.9 613.3 595.9 540.4 
Month June April June Aug. June Aug. June Aug. Sept. July 

r Year 1987 1957 1992 1956 1992 1956 1992 1956 1987 1978 

Data source: Edwards Aquifer Authority, 1996. 
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Figure 2.1 Water-level comparison between the monthly average of record (1934-1996) and the monthly 
highs for 1996 at the Bexar County index well, AY-37-203. 
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3.0 PRECIPITATION 

Precipitation is the primary source of recharge to the Edwards Aquifer. Water levels 
monitored by the Authority's network of observation wells across the Artesian Zone have risen 
within hours of a heavy rainfall event on the Edwards Aquifer Recharge Zone (EARl) or 
associated upstream drainage basins in the central Texas Hill Country. 

Annual precipitation in the Edwards Aquifer region is monitored by the Authority to 
determine the volume of groundwater recharge to the aquifer. Precipitation data are gathered 
from Authority rain gage stations, National Oceanic and Atmospheric Administration (NOAA) 
weather stations, and USGS rain gage stations located across the EARZ and upstream drainage 
basins. 

A map showing the locations of the precipitation gaging stations the Authority uses to 
record area rainfall is shown in Figure 3.1. 

A Real Time Data Network consisting of 68 rain-gage observation sites report 
precipitation data at six-minute intervals to the Authority office. In addition, daily precipitation 
data are forwarded every month to the Authority from seven rain-gage observation sites located 
on the EARZ. This information is augmented with data from numerous weather and rain-gage 
stations maintained by NOAA and the USGS. The precipitation information is used to calculate · 
recharge and to monitor any precipitation trends that may affect recharge to the Edwards Aquifer. 
Plate 3.1 indicates the locations of all Real Time Data sites. 

Figure 3.1 Regional rain gage network utilized by the Edwards Aquifer Authority to monitor precipitation. 
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Precipitation data from San Antonio have been maintained since 1871. Historical aquifer 
water levels, recharge and springflow are closely related to precipitation and decrease during 
periods of low precipitation. 

The amount of rainfall during 1996 was generally below normal levels in the Edwards 
Aquifer region. Average precipitation in San Antonio for the period between 1934 and 1996 is 
28.68 inches. In 1996, total precipitation, measured at the San Antonio International Airport. 
was 17.8 inches, approximately 62 percent ofthe average. A hydrograph of precipitation for San 
Antonio from 1935 to 1996 is shown in Figure 3.2. Table 3.1 shows annual precipitation lor 
selected rain gages in the region. Table 3.2 shows monthly measurements for 1996 at selected 
rain-gage stations across the region. 

Figure 3.2 Precipitation for San Antonio, 1935-1996. 
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Table 3.1 Annual precipitation for selected rain gages in the Edwards Aquifer region, 1934-1996 (Measured in 
inches). 
Year 
1934 
1935 
1931i 
193'1 
1938 
1939 
1940 
1941 
1942 
19-13 
1944 
19-15 
1946 
1947 
1948 
1949 
1950 
19SI 
1952 
1953 
1954 
1955 
1956 
1957 
19S8 
1959 
1960 
1961 
1962 
1963 
1964 
J96S 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

Years orReconl 
Yearly A\'a3ge 

Bracketville 

22.34 
16.85 
19.97 
18.38 
22.43 
21.52 
21.01 

b/23.39 
2.J.76 
15.69 
19.10 

b/22.92 
a/20.02 

31.32 
17.70 
14.71 
12.26 
10.12 
19.38 
26.55 
7.58 

3-1.21 
4S.37 
27.51 
19.12 
17.91 
10.87 
15.o7 
20.75 
21.48 
21.63 
21.9S 
17.26 
28.53 
16.50 
29.46 
21.21 
30.61 
18.25 
26.62 
34..10 
15.06 
19.04 
16.3-1 
18.33 
28.73 
19.10 
19.35 
16.24 
18.93 
27..1-1 
39.45 
12.08 
16.98 

b/38.24 
23.11 
22.22 
15.18 

a/22.8S 
25.87 

b/20.32 
95 
21.24 

Uvalde 
16.70 
41.17 
24.53 
17.88 
13.12 
25.30 
27.66 
31.79 
19.01 
2o.63 
32.76 
22.37 
26.41 
22.67 
18.31 
3-1.41 
18.27 
16.07 
18.24 
18.34 
15.60 
18.36 
9.29 

39.30 
39.03 
31.51 
23.98 
26.26 
14.12 
16.70 
22.30 
26.21 
20.87 
20.10 
25.20 
33.38 
ll.S9 
31.01 
15.49 
30.85 
30.9-1 
2-1.92 
46.04 
19.90 
18.48 
32.35 
23.05 
26.2-1 
23.35 

a/24.45 
b/15.33 
a! 5.76 
b/29.86 

36.39 
15.20 
18.65 
2-1.73 
21.77 

a/27.85 
cJ9.32 
39.61 
19.47 
16.20 

93 
24.66 

Sabinal 
18.07 
48.21 
26.53 

a! 9.57 
15.39 

b/13.98 
27.51 

a/33.7-1 
all 1.37 

17.21 
a/27.62 

26.60 
a!l-1.16 

a/15.28 
IS,63 
23.16 
21.44 
1-1.72 
20.87 
11.29 
40.03 
41.18 
27.02 
26.24 
27.24 
13.58 
18.99 
23.78 
29.41 
21.5-1 
23.89 

b/29.88 
33.05 
22.13 
31.00 
21.10 

b/35.1-1 
b/20.93 

23.65 
40.82 
17.06 
21.28 
31.-1-1 
22.67 
30.19 
18.-14 
23.33 
20.67 
23.67 

b/29.62 
38.36 
13.52 
17.26 
30.06 
31.12 
37.73 
13.20 
29.32 
21.55 
14.20 
78 
25.3 

Hondo San Antonio 
23.97 27.65 
58.73 42.93 
35.27 34.11 
22.93 26.07 
21.56 23.26 
23.14 18.83 
28.13 30.79 
4-1.07 26.34 
3-1.83 38.46 
.11.-13 20.5 I 
32.-16 33.19 
29.57 30.46 
29.65 4S.J7 
18.98 17.32 
28.82 23.64 
39.90 40.81 
24.91 19.86 

a/2-1.05 
2S.S6 
20.61 
I 1.92 
21.21 
15.5-1 
35.09 
.U.60 
30.68 
32.37 
27.36 
17.85 
18.90 
28.29 
30.80 
29.-16 
30.33 
.11.91 
32.30 
30.96 
32.96 
25.-13 
-17.82 

b•36.41 
a/25.8-1 

45.21 
19.40 
2-1.64 
28.83 
21.27 
27.40 
21.99 

b/20.92 
a!ll.l9 

21.94 
b/36.01 

40.09 
bl 9.81 

16.10 
27.01 
34.5S 
45.34 
16.60 

b/22.38 
24.55 
JS.SO 
92 
28.35 

24.44 
26.24 
17.56 
13.70 
18.18 
14.31 
48.83 
39.69 
2-1.50 
29.76 
26.-17 
23.90 
18.65 
31.88 
36.65 
21.4-1 
29.26 
30.-10 
31.42 
22.7-1 
31.80 
31.-19 
52.28 
37.00 
25.67 
39.13 
29.64 
35.99 
36.6-1 
2-1.23 
36.37 
22.96 
26.11 
25.95 
41.43 
42.73 
37.96 
19.01 
22.14 
38.31 
42.76 
46.49 
32.00 
40.42 
23.20 
17.80 
112 
28.68 

a/ Partial record not included in long-term average; missing one month. 

Boerne New Braunfels Snn l\lnrcos 
26.78 :10,811 ,l$.1o7 
52,93 4 J.(o7 ·11.111) 

47.59 30.-11 1-'AIC 
32.81 
24.14 
26.20 
32.29 
41.60 
31.12 
26.33 
-12.98 
33.50 
-15.62 
21.89 
23.77 
41.15 
24.94 
18.76 
37.5-1 
21.42 
10.29 
19.27 
12.05 
52.55 
40.94 
35.64 
32.55 
25.4S 
25.26 
20.66 
27.36 
42.41 
29.05 
26.75 
JS.J-1 
38.07 
27.79 
45.2-1 
35.09 
50.93 
-11.80 
33.49 
45.2-1 
32.43 
3S.J7 
39.97 
39.02 
-11.05 
27.64 
34.60 
26.97 
37.77 
43.52 
39.86 
19.-19 
2S.I-I 
42.SJ 
48.22 
64.17 
24.02 
40.98 
30.29 
24.S7 
93 
33.30 

2'>.19 
28.32 
13JS 
3M. II 
42.'l'l 
-12.08 
2'>.93 
43.14 
3'U8 
61.60 
27.52 

bll9.88 
43.21 
21.13 
2-1.8-1 
33.87 
:IO.Oit 
10.12 
2~ 12 
1~.41 

SI.Sll 
36.411 
4U.H 
,1-1.28 

:o'IS.70 
2UU 
2.\.41 
30.ItS 
4S.IIt 
2~.'lll 
)1.7.1 
3S.'I7 
3:1 Ill 
3S.2l 
2'1.-l.l 
-12.02 
51.61> 
.a~.ss 

35.82 
49.06 
24.83 

b'36.3S 
36.72 
33.611 

-13.23 
21.0-1 
34.13 
20.90 
:\7.2Co 
47.14 

at37.H 
btl(o.21 

20.'l'l 
:t':!-1.58 

56.55 
b/38.8-1 
b119.5·1 
a!35.7Ct 

23.2•> 
19.110 
97 
32.24 

a·2Co.U.1 
28.17 
J!U•> 
4.lH 
·1!1.·11 
4-I.I•S 
25.45 
-17.42 

1..:11.74 
52.24 
27.53 

a'2U7 
.16.22 
2110 
.10 KX 

.19.'11 

.13.1'1 
I:\.J2 
2Co.J-I 
IX 17 

·1Ct51 
\<JIIIC 
-1.\..17 
.IS ..Ill 
.111.02 
2K.-17 
1'1.•11) 

.\U.27 
4$.11() 

17 ·~ 
2CoJI 
11 I'\ 

"(• ~·J 

l!.1U 

·' 1.111 
·' 1.'10 
-17.'ll 

w.n.2s 
-UU>-1 
-17.-ICo 
29.lt'l 
.l3.08 
,18.74 
29.SCt 
49.1t2 

It 22-17 
.1Ct.115 

n• 8.2C• 
13.S4 
-12.~11 

\7.'1-1 
21.SU 
25.-IC• 

h135.14 
SI.07 

h•·I0.33 
h•21.UI 

.III.KS 

32.57 
28.20 
9.'1 

.ll.l!Ct 

b/ Partial record not included in long-term average; missing more than one month. 
The symbol"-" indicates no data available. 
Data source: US Department of Commerce (1934-1996). 
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Table 3.2 Monthly precipitation data from Edwards Aquifer Authority rain-gage network and National 
Oceanic and Atmospheric Administration precipitation-gaging stations, 1996 (Measured in inches). 

Gage County Jan Feb t\lar t\pr ~lny Jun July t\ug Sep Oct :'\O\" llec 

Vanderpool Bandera 0.12 0.63 0.73 0.86 2.27 2.25 2.58 1.87 3.45 5.o7 3.33 IAI 
Children's Home Bandera 0.00 0.60 0.50 1.72 1.45 1.85 1.42 6.47 6.15 4.70 2.18 11.117 
Vale Bexar 0.00 0.70 0.00 1.00 0.45 4.05 0.20 2.74 5.55 2.67 0.25 
New Braunfels Co mal 0.02 0.03 1.47 2.22 0.3 1.42 0.79 5.04 2.58 0.3 3.21 1.66 
San Marcos Hays 0.04 0.04 0.6 2.28 0.57 4.52 0.19 11.0 3.64 0.87 2.64 1.80 
Boerne Kendall 0.00 0.21 0.96 0.43 0.54 1.66 1.48 3.85 1.68 0.9 1.62 0.86 
Bracketville Kinney 0.00 0.36 0.54 0.44 1.06 0.6 0.66 4.21 4.32 8.51 Nil> 0.38 
Hondo Medina 0.00 0.17 0.77 1.11 0.59 2.15 1.95 2.51 1.84 1.58 2.17 058 
Prade Ranch Real 0.00 0.45 0.30 1.30 3.08 1.00 1.10 3.32 5.70 7.75 2.80 1.30 
Livingston Uvalde 0.00 0.00 0.80 0.63 1.12 0.36 2.65 4.81 5.77 4.65 1.05 0.60 
Utopia22 Uvalde 0.00 0.95 0.25 0.35 1.90 1.15 LIS 5.05 1.15 0.95 1.95 1.30 
Utopia24 Uvalde 0.00 0.81 0.30 0.45 0.51 2.07 1.80 3.87 2.85 3.85 1.00 I.IU 

The symbol"-" indicates no data available at time of publication. 
Data source: Edwards Aquifer Authority and US Department of Commerce, 1996. 
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4.0 GROUNDWATER RECHARGE 

The segment of the EARZ that supplies groundwater to the San Antonio area of the 
Edwards Aquifer extends from central Kinney County to central Hays County. Figure 4.1 
identifies the eight drainage basins that cross the EARZ. These basins are also listed below in 
Table 4.1. 

Table 4.1 Drainage basins that cross the Edwards Aquifer Recharge Zone. 

Nueces-West Nueces River basin 
Frio-Dry Frio River basin 
Sabinal River basin 
Medina River basin 
Comal Creek basin 
Cibolo Creek and Dry Co mal Creek basin 
Guadalupe River basin 
Blanco River basin 

Although some recharge to the Edwards Aquifer is provided by other hydraulically 
connected aquifers, this type of recharge has not been quantified. Only surface water data from 
precipitation and streamflows are utilized to calculate total recharge. 

The USGS has been calculating groundwater recharge to the Edwards Aquifer since 
1934. Table 4.2 shows annual recharge by river basin from 1934 through 1996, based on USGS 
calculations. 

The USGS estimates annual recharge for the period of record, 1934 to 1996. ranges from 
43,700 acre-feet at the height of the drought in 1956 to 2,486,000 acre-feet in 1992. In 1996. 
estimated recharge was 324,300 acre-feet. The average annual recharge from 1934 to 1996 was 
668,700 acre-feet. However, since 1987, the 10-year average annual recharge is estimated to be 
approximately 953,200 acre-feet. Figure 4.2 is a graph of yearly recharge and the I 0-year 
floating average recharge estimate for the San Antonio area of the Edwards Aquifer from 1934 to 
1996. 

Recharge directly affects groundwater levels in the aquifer. Water levels rise during 
years of higher-than-normal recharge, and generally decline during periods of normal to below
normal recharge. Since recharge is a direct result of precipitation, water levels in the aquifer arc 
greatly affected by rainfall. The lower than normal rainfall conditions in 1996 resulted in the 
lowest recharge to the Edwards Aquifer since 1984. 

The Authority operates four recharge dams across the EARZ. The locations of the 
recharge structures are shown in Figure 4.1. These structures did not contribute any recharge to 
the aquifer in 1996. The average annual recharge is 3,007 acre-feet. Table 4.3 shows the 1996 
monthly recharge to the Edwards Aquifer by each structure and Table 4.4 shows the annual 
historical recharge recorded for each site since construction. 
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Figure 4.1 Eight major drainage basins and Edwards Aquifer Authority recharge structures in the San Antonio area of the Edwards Aquifer. 
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r Table 4.2 Estimated annual groundwater recharge to the Edwards Aquifer by river basin, 
1934-1996 (Measured in thousands of acre-feet). 

Year Nueces Frio River- Sabinal Area Medina Area Cibolo Blanco Total 

r River- Dry Frio River between River basin between Creek - Dry River 
West River basin Sabinal Medina Co mal basin 

' Nueces basin River River and Creek 
River and Cibolo basin 

i basin Medina Creek-
River Dry 
basin Coma I 

Creek 

r basin 

1934 8.6 27.9 7.5 19.9 46.5 21 28.4 19.8 179.6 
1935 411.3 192.3 56.6 166.2 71.1 138.2 182.7 39.8 125!1.2 
1936 176.5 157.4 43.5 142.9 91.6 108.9 146.1 42.7 1)(1<).6 

~ 1937 28.8 75.7 21.5 61.3 80.5 47.8 63.9 21.2 4011.7 

~ 1938 63.5 69.3 20.9 54.1 65.5 46.2 76.8 36.4 432.7 
1939 227 49.5 17 33.1 42.4 9.3 9.6 11.1 Jl)l) 

1940 50.4 60.3 23.8 56.6 38.8 29.3 30.8 18.8 30lU! 

r 1941 89.9 151.8 50.6 139 54.1 116.3 191.2 n8 1150.7 
1942 103.5 95.1 34 84.4 51.7 66.9 93.6 28.6 :'57.11 

' 1943 36.5 42.3 11.1 33.8 41.5 29.5 58.3 20.1 27.1.1 
1944 64.1 76 24.8 74.3 50.5 72.5 152.5 46.2 56CI.'l 

rm 1945 47.3 71.1 30.8 78.6 54.8 79.6 129.9 35.7 527.11 

i 1946 80.9 54.2 16.5 52 51.4 105.1 155.3 40.7 556.1 
l 1947 72.4 77.7 16.7 45.2 44 55.5 79.5 31.6 422.6 

1948 41.1 25.6 26 20.2 14.8 17.5 19.9 13.2 1711.3 

r 1949 166 86.1 31.5 70.3 33 41.8 55.9 23.5 5011.1 
1950 41.5 35.5 13.3 27 23.6 17.3 24.6 17.4 200.2 
1951 18.3 28.4 7.3 26.4 21.1 15.3 12.5 10.6 139.11 
1952 27.9 15.7 3.2 30.2 25.4 50.1 102.3 20.7 275.5 
1953 21.4 IS.I 3.2 4.4 36.2 20.1 42.3 24.9 167.6 r 1954 61.3 31.6 7.1 11.9 25.3 4.2 10 10.7 162.1 
1955 128 22.1 0.6 7.7 16.5 4.3 3.3 9.5 192 
1956 15.6 4.2 1.6 3.6 6.3 2 2.2 8.2 43.7 
1957 108.6 133.6 65.4 129.5 55.6 175.6 397.9 76.4 1142.() r 1958 266.7 300 223.8 294.9 95.5 190.9 268.7 70.7 171 1.2 
1959 109.6 158.9 61.6 96.7 94.7 57.4 77.9 33.6 (,91).4 

1960 88.7 128.1 64.9 127 104 89.7 160 62.4 112·1.8 
1961 85.2 151.3 57.4 105.4 88.3 69.3 110.8 49.4 717.1 

r 1962 47.4 46.6 4.3 23.5 57.3 16.7 24.7 18.9 231).4 
1963 39.7 27 5 10.3 41.9 9.3 21.3 16.2 1711.7 

l 1964 126.1 57.1 16.3 61.3 43.3 35.8 51.1 22.2 4U.2 
1965 97.9 83 23.2 104 54.6 78.8 115.3 66.7 62.15 

r 1966 169.2 134 37.7 78.2 50.5 44.5 66.5 34.6 615.2 
1967 82.2 137.9 30.4 64.8 44.7 30.2 57.3 19 466.5 
1968 130.8 176 66.4 198.7 59.9 83.1 120.5 49.3 884.7 
1969 119.7 113.8 30.7 84.2 55.4 60.2 99.9 46.6 6111.5 

r 1970 112.6 141.9 35.4 81.6 68 68.8 113.8 39.5 661.6 
1971 263.4 212.4 39.2 155.6 68.7 81.4 82.4 22.2 'l2:U 
1972 108.4 144.6 49 154.6 87.9 74.3 104.2 33.4 75li.4 
1973 190.6 256.9 123.9 286.4 97.6 237.2 211.7 82.2 1486.5 
1974 91.1 135.7 36.1 115.3 96.2 68.1 76.9 39.1 651!.5 

r 1975 71.8 143.6 47.9 195.9 93.4 138.8 195.7 85.9 973 
1976 150.7 238.6 68.2 182 94.5 47.9 54.3 57.9 1194.1 

L 
1977 102.9 193 62.7 159.5 77.7 97.9 191.6 66.7 952 
1978 69.8 73.1 30.9 103.7 76.7 49.6 72.4 26.3 502.5 

~ 1979 128.4 201.4 68.6 203.1 89.4 85.4 266.3 75.2 1117.8 
1980 58.6 85.6 42.6 25.3 88.3 18.8 55.4 31.8 40( •. 4 

L 1981 205 365.2 105.6 252.1 91.3 165 196.8 67.3 1448.3 
1982 19.4 123.4 21 90.9 76.8 22.6 44.8 23.5 422.4 

r 1983 79.2 85.9 20.1 42.9 74.4 31.9 62.5 23.2 42CI.I 
1984 32.4 40.4 8.8 18.1 43.9 11.3 16.9 25.9 197.7 
1985 105.9 186.9 50.7 148.5 64.7 136.7 259.2 50.7 11103.3 
1986 188.4 192.8 42.2 173.6 74.7 170.2 267.4 44.5 I I 5.1.8 

r 1987 308.5 473.3 110.7 405.5 90.4 229.3 270.9 114.9 21103.5 
1988 59.2 117.9 17 24.9 69.9 12.6 28.5 25.5 355.5 
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Table 4.2 (Cont'd) 

Year Nueces Frio River- Sabinal Area 
River- Dry Frio River between 
West River basin Sabinal 

Nueces basin River 
River and 
basin Medina 

River 
basin 

1990 479.3 255 54.6 131.2 
1991 325.2 421 103.1 315.2 
1992 234.1 586.9 201.1 566.1 
1993 32.6 78.5 29.6 60.8 
1994 124.6 151.5 29.5 45.1 
1995 107.1 147.6 34.7 62.4 
1996 130.0 92.0 11.4 9.4 

For the period of record 1934-1996: 
Average 115.6 131.9 41.4 105.5 
Median 91.1 113.8 30.8 78.2 

For the period of record 1987-1996: 
Average 185.3 237.6 60.01 163.4 
Median 127.3 149.6 32.2 61.6 

Data source: USGS, 1996. 

Medina Area Cibolo 
River basin between Creek - Dry 

Medina Co mal 
River and Creek 

Cibolo basin 
Creek-

Dry 
Coma I 
Creek 
basin 

54 35.9 71.8 
52.8 84.5 109.7 
91.4 290.6 286.6 
78.5 38.9 90.9 
61.1 34.1 55.6 
61.7 36.2 51.1 
42.3 10.6 14.7 

61.0 68.6 103.3 
57.3 49.6 76.9 

64.9 77.7 99.2 
61.4 36.1 63.7 

14 

Blanco Total 
River 
basin 

41.3 1123.1 
96.9 1:'1111.4 

226.9 2-18(t 
37.8 447.(t 
36.6 5311.1 
30.6 :'31.3 
13.9 324.3 

41.3 Mlll.7 
33.6 :'i311.1 

64.8 95].2 
37.2 :'i3-1.7 
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Figure 4.2 Annual recharge and 1 0-year floating average recharge for the San Antonio area of the r Edwards Aquifer (1934-1996). 
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Table 4.3 Monthly groundwater recharge at Edwards Aquifer Authority recharge projects, 
1996 (Measured in acre-feet). 

Month Parker Creek Verde Creek San Geronimo Seco Creek 
Dam Dam Creek Dam Dam 

Adjudication Adjudication Adjudication Adjudication 
No. 3192 No. 3444 No. 2956 No. 3551 

January 0 0 0 0 

February 0 0 0 0 

March 0 0 0 0 

April 0 0 0 0 

May 0 0 0 0 

June 0 0 0 0 

July 0 0 0 0 

August 0 0 0 0 

September 0 0 0 0 

October 0 0 0 0 

November 0 0 0 0 

December 0 0 0 0 

Total 0 0 0 0 

Data source: USGS and Edwards Aquifer Authority, 1996. 

Table 4.4 Estimated annual Edwards Aquifer recharge from Edwards Aquifer Authority recharge projects 
(Measured in acre-feet). 

Parker Verde San Geronimo Seco Yearly Total 

Year (4-20-74) (4·28-78) (11·13·79) (10·21·82) 
1974 160 160 
1975 620 620 
1976 2.018 2.018 
1977 6 (I 

1978 98 ISO 248 
1979 2.315 1,725 0 4.040 
1980 0 371 903 1.274 
1981 772 1.923 1.407 4.102 
1982 3 112 91 0 206 
1983 0 254 0 0 254 
1984 251 246 0 143 6-10 
1985 232 440 1,097 643 2.412 
1986 217 889 963 1.580 3.649 
1987 2,104 4,141 1,176 12,915 20.33(• 
1988 0 0 0 0 () 

1989 0 0 0 0 () 

1990 49 176 41 479 745 
1991 647 966 1.647 2.160 5.420 
1992 723 2.775 2.874 14,631 21.003 
1993 0 0 334 508 842 
1994 159 0 0 s 16-1 
1995 18 79 51 880 1.028 
1996 0 0 0 0 II 
To cal 10,392 14,247 10,584 33,944 69.167 
Average 452 750 588 2263 3007 
Median 159 246 71 479 74:i 

Data source: Edwards Aquifer Authority, 1996. 
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5.0 GROUNDWATER DISCHARGE AND USAGE 

The Edwards Aquifer provides water for many diverse uses in South Central Texas. 
including agricultural, municipal, industrial, domestic and recreational needs. Groundwater is 
discharged from the Edwards Aquifer through springflow or from wells. 

Springflow supports recreational economies in New Braunfels and San Marcos. and 
provides habitat for threatened and endangered animal and plant species. The amount of 
groundwater discharged as springflow is greater than the amount discharged through wells for 
any of the above-mentioned uses. Springflow is calculated by measuring the downstream flow 
from springs, or by measuring water levels in observation wells near the springs and making 
corrections from these values. A location map of the major springs of the Edwards Aquifer is 
shown in Figure 5.1. 

Groundwater discharge resulting from pumping is calculated by tabulating reported 
water-use data from public supply, irrigation, agricultural, industrial, commercial and domestic 
wells. 

Estimates for annual groundwater discharge from springflow and pumping tor the 
Edwards Aquifer are available from 1934 to 1996, and range from the calculated low of 3 88.1 00 
acre-feet in 1955 to the calculated high of 1,100,000 acre-feet in 1992. 

Table 5.1 contains annual estimated groundwater discharge data for the San Antonio 
area of the Edwards Aquifer from 1934 to 1996. Spring discharge from the Edwards Aquifer for 
1996 was calculated at 212,000 acre-feet and accounted for 30 percent of total discharge from the 
Edwards Aquifer in 1996. 

Springflow from 1934 to 1996 has varied from a low of 69,800 acre-feet in 1956 to a high 
of 802,800 acre-feet in 1992. In 1996, total groundwater discharge from the Edwards Aquifer 
was approximately 705,600 acre-feet. Table 5.2 shows the monthly estimated discharge in 1996 
for six primary Edwards Aquifer springs 

While springflow can vary greatly from year to year and is dependent on precipitation 
and aquifer water levels, groundwater pumping has progressively increased since records have 
been maintained. The lowest estimated annual aquifer pumping level was 101.900 acre-feet. 
which was recorded in 1934. Since 1934, pumping from the Edwards Aquifer has increased 
more than 400 percent. Average annual well production is estimated to be 294,600 acre-teet per 
year for the period of record from 1934 to 1996, while the estimated floating 1 0-year average for 
pumping from 1987 to 1996 is 442,000 acre-feet. Groundwater pumping accounted tor 493,600 
acre-feet of water discharged from the Edwards Aquifer in 1996. Figure 5.2 is a graph 
comparing groundwater withdrawal to springflow. 

Table 5.3 shows the 1996 discharge data by use for the six counties in the region. Table 
5.4 shows annual estimated Edwards Aquifer groundwater discharge by use from I 955 to 1996. 
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Table 5.1 Annual estimated groundwater discharge data by county for the Edwards Aquifer. 
1934-1996 (Measured in thousands of acre-feet). 

L Kinney, Total Total 
Year Uvalde Medina Bexar Co mal Hays Total Wells Springs 

r 1934 12.6 1.3 109.3 229.1 85.6 437.9 101.9 336.0 
1935 12.2 I.S 171.8 231.2 96.9 519.6 103.7 41S.9 
1936 26.6 I.S 215.2 261.7 93.2 S98.2 112.7 485.5 
1937 28.3 I.S 201.8 2S2.S 87.1 511.2 120.2 451.0 
1938 25.2 1.6 187.6 250.0 93..1 551.8 120.1 437.7 

f1l1 
1939 18.2 1.6 122.5 219.4 71.1 432.8 118.9 313.9 
19-10 16.1 1.6 116.7 203.8 78.-1 416.6 120.1 296.5 

I 19-11 17.9 1.6 197.4 250.0 134.3 601.2 136.8 464.-1 l 
19-12 22.5 1.7 203.2 255.1 112.2 S94.7 144.6 -150.1 
19-13 19.2 1.7 172.0 249.2 97.2 539.3 149.1 390.2 

r 19-14 11.6 1.7 166.3 252.5 135.3 561.4 147.3 420.1 
19-15 12.4 1.7 199.8 263.1 137.8 614.8 153.3 461.S 
19-16 6.2 1.7 180.1 261.9 134.0 583.9 1SS.O 428.9 
19-17 13.8 2.0 193.3 256.8 127.6 S93.5 167.0 42rt.S 
19-18 9.2 1.9 159.2 203.0 77.3 450.6 168.7 281.9 

i 19-19 13.2 2.0 165.3 209.5 89.8 479.8 179.4 300..1 
1950 17.8 2.2 177.3 191.1 78.3 466.7 193.8 :!72.9 

l 1951 16.9 2.2 186.9 150.5 69.1 425.6 209.7 215.9 
1952 22.7 3.1 187.1 133.2 78.8 424.9 215.4 20'}.5 
1953 21.5 4.0 193.7 141.7 101.4 468.3 229.8 238.5 ra 1954 26.6 6.3 208.9 101.0 81.5 424.3 246.2 178.1 
19SS 28.3 II. I 215.2 70.1 64.1 388.8 261.0 127.8 
1956 S9.6 17.7 229.6 33.6 S0.4 390.9 321.1 69.8 
1957 29.0 11.9 189.4 113.2 113.0 456.5 237.3 21'J.2 

r 1958 23.7 6.6 199.5 231.8 155.9 617.5 219.3 398.2 
1959 43.0 8.3 217.5 231.7 118.5 619.0 234.S 38U 
1960 S3.7 7.6 215.4 235.2 143.5 655.4 227.1 428.3 
1961 56.5 6.4 230.3 249.5 140.8 683.5 228.2 H5.3 
1962 64.6 8.1 220.0 197.5 98.8 589.0 267.9 321.1 

r' 
1963 Sl.4 9.7 217.3 155.1 81.9 516.0 276.4 239.6 
1964 49.3 8.6 201.0 1-11.8 73.3 474.0 260.2 213.8 

r 196S 46.8 10.0 201.1 194.7 126.3 S78.9 256.1 322.8 l 
1966 48.5 10.4 198.0 198.9 IIS . .J 571.2 255.9 315.3 
1967 81.1 15.2 239.7 139.1 82.3 551.4 341.3 216.1 

r 1968 58.0 9.9 207.1 238.2 146.8 660.0 251.7 408.3 
1969 88.S 13.6 216.3 218.2 122.1 658.7 307.5 351.2 
1970 100.9 16.5 230.6 229.2 149.9 727.1 329.4 J97,7 
1971 117.0 32.4 262.8 168.2 99.1 679.5 406.8 272.7 
1972 112.6 28.8 2-17.7 23-U 123.7 747.1 371.3 375.8 r 1973 96.5 14.9 273.0 289.3 164.3 838.0 310.4 527.6 
1974 133.3 28.6 272.1 286.1 141.1 861.2 377.4 483.8 
197S 112.0 22.6 259.0 296.0 178.6 868.2 327.8 540..1 
1976 136.4 19.4 253.2 279.7 164.7 853.4 349.5 503.9 
1977 156.5 19.9 317.S 295.0 172.0 960.9 380.6 580.3 r 1978 IS.U 38.7 269.S 245.7 99.1 807.3 431.8 315.5 
1979 130.1 32.9 29-I.S 300.0 157.0 914.5 391.5 523.0 
1980 151.0 39.9 300.3 220.3 107.9 819.4 491.1 3211.3 
1981 104.2 26.1 280.1 241.8 141.6 79-1.4 387.1 407.3 
1982 129.2 33.4 305.1 213.2 105.5 786.4 453.1 333.3 

~ 1983 107.7 29.7 277.6 186.6 IIS.S 720.1 418.5 301.6 
I, 1984 156.9 46.9 309.7 108.9 85.7 708.1 529.8 17K.3 

1985 156.9 59.2 295.5 200.0 144.9 856.5 522.5 334.0 
1986 91.7 41.9 294.0 229.3 160,.1 817.3 -129.3 388.0 

~ 
1987 9"-9 15.9 326.6 286.2 198.4 922.0 364.1 557.9 
1988 156.7 82.2 317.4 236.5 116.9 909.7 540.0 369.7 

i 1989 156.9 70.5 305.6 147.9 85.6 766.5 542.4 224.1 ( 
1990 118.1 69.7 276.8 171.3 9-1.1 730.0 489.4 240.6 
1991 76.6 25.6 31S.S 221.9 151.0 790.6 436.0 354.6 

r 1992 76.5 9.3 370.5 412.4 261.3 1130.0 321.2 802.8 
1993 107.5 17.8 371.0 349.5 151.0 996.7 407.3 589.4 
199-1 95.5 41.1 297.7 269.8 110.6 814.8 424.6 390.2 
1995 90.8 35.2 "272.1 235.0 127.8 761.0 399.6 361.3 
1996 117.6 66.3 286.8 150.2 84.7 705.6 493.6 212.0 

F" For period of record 1934-1996: 
234.9 217.9 117.3 658.3 Average 69.8 18.S 29U 363.5 

\ Median ss.o 10.4 217.5 229.3 113.0 619.0 267.9 369.7 
For period of record 1987·1996 (10 years): 
Average 109.1 43.4 314.0 248.1 138.1 852.7 442.4 410.3 

~ Median 101.5 38.2 316.6 235.8 122.4 802.7 430.3 3(•5.5 

( Differences may occur due to rounding procedures. 
*The USGS revised the method of calculating domestic/livestock pumping, which significantly decreased 

r- the estimate for 1996. 
i Data source: USGS, 1996. 
\ 
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Table 5.2 Estimated spring discharge from the Edwards Aquifer, 1996 (Measured in acre-feet). 

Month Comal San Hueco San San Pedro Leona Total , 
Springs Marcos Springs Antonio Springs Springs monthly 

Springs Springs and Leona discharge 
Springs combining 

J Underflow all springs 
Jan. 16,250 7,180 386 0 189 2,010 26,015 
Feb. 13,690 6,170 223 0 42 1,610 21,735 
March 13,710 6,620 210 0 0 1,450 21,990 "l 
April 12,380 6,020 175 0 0 1,010 19,585 ~ 

May 10,200 6,120 146 0 0 521 16,987 
June 6,800 5,610 98 0 0 387 12,895 
July 5,720 5,190 35 0 0 383 11,328 

19 

Aug. 6,000 4,980 249 0 0 385 11,614 
Sept. 9,010 6,500 731 0 0 465 16.706 
Oct. 10,140 6,630 880 0 0 480 18,130 , 
Nov. 10,100 5,510 484 0 0 568 16.662 
Dec. 11,760 5,600 236 0 0 701 18.297 
Total 125,760 72,130 3,853 0 231 9,970 211,944 ""'"! 

Differences may occur due to rounding procedures. 
Data source: USGS, 1996. 
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Figure 5.2 Groundwater pumping compared to springflow in the Edwards Aquifer, 1934-1996. 
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Table 5.3 Total groundwater discharge from the Edwards Aquifer, 1996 (Measured in 
thousands of acre-feet). 

County Irrigation Municipal/ Domestic/ Industrial Springs Total 
Military Stock 

Bexar 24.1 233.5 8.2 21.2 0.2 286.8 
Comal 0.2 3.6 0.2 16.5 129.8 150.2 
Hays 0.1 11.3 0.7 0.6 72.3 84.7 
Medina 58.9 6.7 0.8 66.3 
Uvalde 97.7 5.5 2.1 0.6 10.0 115.7 
Kinne~ 0.6 1.0 0.3 1.9 
Total 181.3 261.3 12.3 38.8 212.0 705.6 

Differences may occur due to rounding procedures. 
Data source: USGS, 1996. 
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Table 5.4 Annual estimated Edwards Aquifer groundwater discharge by use, 
1955-1996 (Measured in thousands of acre-feet). 

Year Irrigation Municipal Domestic/ Industrial/ Springs , 
Stock Commercial I 

1955 85.2 120.5 30.1 25.1 127.8 
1956 127.2 138.3 28.9 22.4 69.8 
1957 68.8 116.1 29.8 22.6 219.2 "") 
1958 47.2 113.7 33.4 25.1 398.2 
1959 60.0 118.9 31.5 24.2 384.5 
1960 54.9 121.1 29.1 23.3 428.3 
1961 52.1 124.5 29.6 22.2 455.3 "9 

1962 72.7 143.7 28.8 22.8 321.1 I 

1963 75.4 151.8 27.8 21.8 239.6 
1964 72.6 140.2 26.3 21.7 213.8 9 
1965 68.0 138.8 27.0 22.3 322.8 I 
1966 68.2 141.8 23.3 22.6 315.3 
1967 119.4 171.0 25.1 25.8 216.1 
1968 59.3 146.9 25.5 20.0 408.3 "9 

I 

1969 95.2 162.0 29.2 21.1 351.2 
1970 110.1 167.5 29.3 22.5 397.7 
1971 159.4 196.2 28.6 22.6 272.7 

""'' 1972 128.8 190.5 30.8 21.1 375.8 I 
1973 82.2 177.1 32.3 18.8 527.6 
1974 140.4 174.6 33.5 15.1 483.3 
1975 96.4 182.5 33.6 15.3 540.4 ""'1 
1976 118.2 182.1 34.6 14.7 503.9 
1977 124.2 205.3 38.1 13.0 580.3 
1978 165.8 214.2 40.3 11.5 375.5 
1979 126.8 208.9 40.7 15.2 523.0 

, 
' 

1980 177.9 256.2 43.3 13.7 328.3 
1981 101.8 231.8 40.9 12.6 407.3 
1982 130.0 268.6 39.5 15.0 333.3 ""'1 
1983 11S.9 249.2 38.8 14.7 301.5 I 

1984 191.2 287.2 36.2 15.2 178.3 
1985 203.1 263.7 39.2 16.5 334.0 
1986 104.2 266.3 42.0 16.8 388.0 9 

1987 40.9 260.9 43.5 18.7 557.9 
1988 193.1 286.2 41.9 18.8 369.7 
1989 196.2 285.2 38.2 22.9 224.1 

"'9 
1990 172.9 254.9 37.9 23.7 24D.6 
1991 88.5 240.5 39.5 67.5 354.6 
1992 27.1 236.5 34.8 29.0 802.8 
1993 69.3 252.0 49.9 36.1 589.4 ~ 

1994 104.5 247.0 33.9 39.3 390.2 
1995 95.6 255.0 •11.6 37.3 361.3 
1996 181.3 261.3 •12.3 38.8 212.0 

Average 108.9 198.8 33.1 22.6 367.3 
,., 

1955-96 
Median 103.0 193.4 33.5 22.0 36S.S 
1955-96 
Average 116.9 258.0 34.4 33.2 410.3 """' 
1987-96 
Median 100.1 255.0 38.1 32.6 365.5 
1987-96 

~ 

Differences may occur due to rounding procedures. 
*The USGS revised the method of calculating domestic/livestock pumpage, which significantly 
decreased the estimate for 1995 and 1996. 
Data source: USGS and Edwards Aquifer Authority, 1996. "'9 
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6.0 WATER QUALITY 

The Authority, in cooperation with the USGS and the Texas Water Development Board 
(TWDB), has conducted a systematic program of water-quality data collection since 1968. 
Through this cooperative effort, the Authority (and the EUWD) has maintained a network of 
monitoring wells and surface water sites for gathering water-quality data across the entire area of 
the Edwards Aquifer. Analyses of these data have been used by the Authority to monitor 
changes in aquifer water quality. A bulletin has been published annually to report the results 
from the sample analyses obtained from the data collection network. 

In 1996, the Authority collected water quality samples from 76 wells and three springs. 
The locations of these wells and springs are shown in Plate 6.1. These samples were analyzed in 
the field for selected water-quality properties and in the laboratory for both inorganic and organic 
chemical constituents. The field analysis includes temperature, pH, specific conductance and 
alkalinity. The laboratory analyses includes common major ions, minor elements (metals, 
including heavy metals), nutrients, pesticides, herbicides, volatile organic compounds and other 
selected analytes. A detailed list of constituents and their typical concentrations in groundwater 
are listed in Table 6.1. 

In 1996, 44 wells in the Edwards Aquifer were sampled and analyzed for the occurrence 
of minor elements (metals). Laboratory analyses indicated several wells contained minor 
element concentrations slightly above the minimum analytical detection limit (MDL) for these 
constituents. However, these data have been documented by the testing laboratory under 
detection limits set through duplication of analytical methods to obtain reasonable confidence 
levels. Concentrations slightly above MDLs are not considered to be reproducible quantitative 
values and must be viewed with a degree of caution. The American Chemical Society has 
defined the limit of detection of any analyte concentration to be three times the standard 
deviation of a mean blank signal, and goes further to define the limit of quantification to be I 0 
times the standard deviation before the result can be considered as a quantifiable and 
reproducible value (Analytical Chemistry, vol. 52, no. 14, 1980). The analytical values in the 
subject wells are extremely low in magnitude, and in no case were any of these parameters more 
than 20 percent of the maximum contaminant level (MCL). These analytical values all 
correspond to typical aquifer results for trace element content, as seen in Table 6.1. 

In 1996, 16 wells in the Edwards Aquifer were sampled and analyzed for organochlorine 
and organophosphate pesticides. Each well was tested for up to 20 pesticides at analytical 
detection levels below those of the MCLs posted by the U.S. Environmental Protection Agency 
(EPA) in the National Primary Drinking Water Regulations. No pesticides were observed at or 
above the MDL for any of the wells sampled during the 1996 water-quality study. 

MCLs for nine volatile organic compounds are given in Table 6.2. MCLs are established 
by the EPA and are enforceable federal standards. While these levels are detectable, they are 
well below the limits set by current EPA drinking water standards. Volatile organic sampling in 
1996 consisted of 18 wells distributed in all five counties. With one exception, the samples 
showed no detectable levels of any volatile organic compounds. Well YP-69-51-114 measured a 
tetrachloroethylene (PCE) concentration of 6 J.lg/L (micrograms per liter). The MDL for this 
constituent is 0.2 J.lg/L and the MCL is 5 J.lg/L. This well is out of service as a public-supply 
well and is part of a current investigation by the Texas Natural Resource Conservation 
Commission (TNRCC). 
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In 1996, 18 wells were sampled and analyzed for 3 chlorphenoxy herbicides, (2. 4-D; 2. 
4, 5-T; and 2,4,5-TP (Silvex}). The samples showed no detectable levels of any of these 
compounds. 

Table 6.1 Groundwater quality standards. 
Parameter Current Maximum or Secondary 

Laboratory Parameters: 
pH 
Hardness (mg/L) 
Non-carbonate hardness 
Dissolved Solids (mg/L) 

Major Ions: 
Calcium (Ca) (mg/L) 
Magnesium (Mg) (mg/L) 
Sodium (Na) (mg/L) 
Potassium (K) (mg/L) 
Bicarbonate (CO, ) 
Carbonate (COJ) (mg/L) 
Sulfate (504) (mg/L) 
Chloride (CI) (mg/L) 
Fluoride (F) (mg/L) 
Silica (Si02) (mg/L) 

Nutrients: 
Total Nitrate Nitrogen (mg/L) 
Total Nitrite Nitrogen {mg/L) 
Total Ammonia Nitrogen (mg/L) 
Total Phosphorus (mg/L) 

Microbiological Parameters: 
Biochemical O;'(ygen Demand 
Total Organic Carbon 
Detergents (MBAS) 
Total Colifonn (cols/IOOml) 
Fecal Colifonn (cols/IOOml) 
Fecal Streptococci (cols/IOOml) 

Minor Elements (Metals): 
Arsenic (As) (Jtg/L) 
Cadmium (Cd) (Jtg/L) 
Chromium (Cr) (Jlg/L) 
Copper (Cu) (Jtg/l) 
Iron (Fe) (Jlg/l) 
Lead (Pb) (Jlg/L) 
Manganese (Mn) (pg/L) 
Mercury (Hg) (pg/L) 
Zinc (Zn) (Jts/l) 
Nickel (Ni) (Jts/l) 

Pesticides: 
Aldrin (pg/L) 
Chlordane (~1g/L) 
DOD (Jls/l) 
DOE (!Jg/L) 
DDT (!Jg/L) 
Heptachlor (Jtg/L) 
Heptachlor epo;'(ide (!Js/l) 
Lindane (pg/L) 
Mirex (pg/L) 
Diazinon (pg/L) 
Ethion (pg/L) 
Malathion (pg/L) 
Methyl Parathion (pg/L) 
Methyl Trithion (pg/L) 
Parathion (pg/L) 
Trithion (pg/L) 

Contaminant Levels 

6.5·8.5• 

10 

0.5 

10.000 (raw water for drinking water supplies) 
2.000 (raw water for drinking water supplies) 

50 
5 

100 
1ooo• 
3oo• 

50 
so• 
2 

sooo• 
100 

I 
3 

so 
0.4 
0.2 
0.2 
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Edwards Aquifer Typical 
Range of Results 

6.5-8.0 
250-300 

20·50 
250-450 

80-120 
10-20 
3·10 
1-2 

250-400 
0 

10·30 
10-30 

0.1-05 
10-20 

0·0.1 
0-0.1 
0-0.1 
0-0.1 

0-1 
1-5 

0-0.1 
0-5.000 
0-150 
0-1110 

0-2 
0-1 
0-15 
0-40 

0·500 
0-10 
0-50 
0-1.5 

0·2000 
0-4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Table 6.1 (Cont'd) 

Parameter 

Pesticides (cont'd) 

PCB (~giL) 
Endosulfan (~giL) 
Ethyl trithion (~giL) 
Penhane (~giL) 
Toxaphene (~giL) 

Herbicides 
2. 4-D (~giL) 
2. 4, 5-T (~giL) 
2, 4, 5-TP (Silvex) (~giL) 

Current Maximum or Secondary 
Contaminant Levels 

0.5 

3 

70 
2 
50 

.. _ .. indicates no applicable maximum or secondary contaminant level. 
* Secondary maximum contaminant level. 

Edwards Aquifer Typical 
Range of Results 

0 
0 
0 
0 
0 

0 
0 
0 

Data source: USEPA maximum contaminant levels, 40 CFR, Part 141& Part 143, 1995. 

Table 6.2 Volatile organic compounds. 

Contaminant 

1,1.1-Trichloroethane (~giL) 
1.1.2-Trichlorocthane (~giL) 
I ,2-Dichloroethanc (~giL) 
1,2-Dichloropropanc (~giL) 
1,1-Dichlorocthylene (~giL) 
1,2,4-Trichlorobenzene (~giL) 
Benzene (~giL) 
Carbon tetrachloride (~giL) 
cis-I ,2-Dichloroethylene 
Dichloromethane (pgiL) 
Ethylbenzene (~giL) 
Monochlorobenzene (pgiL) 
o-Dichlorobenzene (~giL) 
Para-Dichlorobenzene (~giL) 
Styrene (~giL) 
Tetrachloroethylene (~giL) 
Toluene (~giL) 
trans·I,2·Dichloroethylene (pg/L) 
Trichloroethylene (~giL) 
Vinyl Chloride (~giL) 
Xylenes. total (mg/L) 

Maximum Contaminant Level 

200 
5 
5 
5 
7 
70 
s 
s 

70 
s 

700 
100 
600 
75 
100 
s 

1000 
100 
s 
2 
10 

Edwards Aquifer Typical Results 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Data source: USEPA maximum contaminant levels, 40 CFR , Part 141, 1995. 
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Overall, results of the 1996 water-quality sampling and analysis program illustrate the 
continued excellent quality of water in the Edwards Aquifer. The classification of groundwater 
quality is based on the concentration of minerals dissolved in water, termed total dissolved 
solids (TDS), as shown in Table 6.3. 

Table 6.3 Classification of groundwater quality based on total dissolved solids. 

Description TDS Concentration (mg/L) 

Fresh Less than I ,000 
Slightly saline I ,000 to 3,000 
Moderately saline 3,000 to 10,000 
Very saline 10,000 to 35,000 
Brine More than 35,000 

Source: Winslow and Kister, 1956. 

Freshwater/Saline-water Interface Study 

A transitional interface exists between the freshwater zone and the downdip. saline-water 
zone. A line of 1,000 mg/L dissolved-solids concentrations defines an arbitrary boundary 
between the freshwater zone and the saline-water zone. Locally this line is referred to as the 
freshwater/saline-water interface (or "bad-water line"), which defines the farthest downdip extent 
of potable water (Pavilicek and others, 1987). The freshwater/saline-water interface is shown in 
Plates 2.1, 3.1 and 6.1. 

South and southeast of the interface, water from the aquifer is slightly to moderately 
saline, and contains moderate to large concentrations of dissolved chloride and sui tate. The 
interface varies both laterally and vertically, as determined in several wells near the boundary. 
Water from some wells north of the interface and from all wells south of the interface contain 
hydrogen sulfide gas. In most wells along the interface, freshwater has been encountered in the 
upper portion and saline water in the lower portion of the Edwards Aquifer (Groschen. 1993; 
Reeves, 1971 ). Other wells along the interface have encountered the opposite vertical 
distribution, with saline-water zones overlying freshwater zones, particularly in the southern area 
of Medina County (J.R. Waugh, oral communication, 1997). 

In 1985, a research study of the freshwater/saline-water interface was begun by the 
EUWD in cooperation with the USGS, TWDB and the San Antonio Water System (SA \VS). A 
series of seven wells were drilled in the San Antonio area that transect the freshwater/saline
water interface to detect changes in water quality as hydraulic head in the aquifer changes. This 
program was started in response to the concern that increased aquifer withdrawals might result in 
encroachment of saline water into the aquifer freshwater zone. As part of the water-quality 
program, monthly and other periodic samples have been collected and analyzed. Other samples 
are collected when certain spring-discharge criteria are met. 

The possibility of saline-water encroachment and subsequent deterioration of water 
quality in the aquifer led to the subsequent construction of two additional water-quality monitor 
well transects across the freshwater/saline-water interface. The monitor wells were drilled and 
tested by the Authority and the USGS with the cooperation of local entities. These transects arc 
located in the New Braunfels and San Marcos, Texas areas (Poteet and others. 1992). All 
transect wells maintained relatively constant values of water quality with no significant changes. 
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During the period of study (1986 -present) the data indicate that normal changes in th.: 
aquifer water level have little effect on the water quality in theses wells which arc directly 
adjacent to the freshwater I saline-water interface. 

Miscellaneous Water-Quality Constituents and Standards 

During the 1996 water-quality study, the San Antonio area of the Edwards Aquifer was 
exposed to a drought of near-record proportions as evidenced by decreased precipitation and 
spring-discharge data. The Authority took additional water-quality samples from selected wells 
and springs when the Comal Springs discharge fell below 150 cubic feet per second (cfs). This 
data is included in Appendix B. An analysis of the 1996 water-quality study may be issued as u 
separate report. 

Since 1968, the Authority and the EUWD, in cooperation with the USGS. haw 
monitored water quality in the Edwards Aquifer. Water-quality data from these monitoring 
activities have been presented in various bulletins and reports with detectable concentrations of 
certain contaminants noted. A short background on several of these contaminants and th.:ir 
significance and potential health effects follows. 

Lead - Lead is a highly toxic metal. Exposure to lead in high concentrations can cause 
anemia, kidney damage and mental retardation. High levels of lead in the blood can delay 
physical and mental development in infants, and can impair mental abilities in children. It is also 
classified by the EPA as a probable human carcinogen. 

Lead occurs in drinking water primarily as a result of corrosion of pipes and other 
plumbing materials. Lead levels are monitored in public drinking water systems on a regular 
basis by the TNRCC. The minimum detection limit for lead in water quality sample analysis is 
0.01 J.Lg/L, and the maximum contaminant level (MCL) is 15 J.Lg/L. Detectable concentrations of 
lead in Edwards wells are predominantly found in or near the saline portion of the aquifer. where 
corrosion of casing and pumping equipment occurs rapidly. Lead has also been detected in 
monitor wells adjacent to closed landfills and industrial sites. As of 1996. no significant 
recurring levels oflead exceeding the MCL have been found in the Edwards Aquifer region. 

Mercury - Mercury is known to cause damage to the central nervous system, and is a 
known human carcinogen. It occurs naturally in groundwater associated with highly mineralized 
fluids in the vicinity of volcanic activity, or due to geothermal heating of deep brines. Mercury 
is also used in some batteries, paints, pesticides and electrical components, and therefore can 
possibly be detected in the vicinity of landfills and manufacturing sites that produced these items. 
The MCL for mercury is 2 J.Lg/L. The minimum detection limit is 0.01 J.Lg!L. The primary 
occurrences of detectable concentrations of mercury have been found in saline-water wells ami 
monitor wells used to investigate abandoned landfills and industrial sites in Bexnr County. No 
detectable concentrations of mercury were measured during the 1996 sampling program. 

Volatile Organic Compounds (VOCs) -At least five of the chemicals on this list arc 
known or suspected carcinogens when ingested by humans. These include benzene. carbon 
tetrachloride, 1 ,2-dichloroethane, trichloroethylene (TCE), and vinyl chloride. Several other 
VOCs are regulated based on chronic toxicity. 
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These chemicals are commonly used as industrial solvents. Because of their toxicity, 
MCLs for these contaminants are very low, ranging from 2 to 5 J.tg/L for most of the VOCs. 
Minimum detection levels for VOCs predominantly range from 0.01 to 0.03 J.tg/L. Occurrences 
of significant detectable concentrations of VOCs have been uncommon in the Edwards A qui fer. 
Specific sites of former industries and landfills in Uvalde and Bexar counties have been 
investigated by the Authority, as well as other local, state and federal agencies. No new reported 
instances of VOC contamination were investigated by Authority staff during 1996. 

Secondary Drinking Water Standards - These standards are nonenforceable and are set 
for contaminants that may affect the aesthetic qualities of drinking water, such as odor or 
appearance. Table 6.4 is a list of the current secondary standards. While these contaminants arc 
not considered to affect public health, their presence can result in an adverse effect on public 
welfare. 

Table 6.4 Secondary drinking water standards. 

Contaminant Secondary Maximum Contaminant 
level (SMCL)(mg/l) 

Aluminum 
Chloride 
Color 
Corrosivity 
Fluoride 
Iron 
Manganese 
pH 
Silver 
Sulfate 
Total Dissolved Solids (TDS) 
Zinc 

0.05-0.2 
250 
15 color units 
Non-corrosive 
2.0 
0.3 
0.05 
6.5-8.5 
0.10 
250 
500 
5 

Data source: USEPA, 40 CFR, Part 143, 1995. 

The Edwards Aquifer Authority's water-quality monitoring program will continue to 
monitor for these contaminants as well as many others in order to detect and investigate any 
occurrences of possible contamination to the aquifer. The Authority continues its programs to 
protect the water quality of the aquifer through investigating groundwater contamination. 
identifying and analyzing anomalous data from the Authority's aquifer-wide sampling program. 
diligently monitoring development activities over the EARZ, and locating and causing 
abandoned wells to be plugged. All of these programs are intended to ensure that the water in 
the Edwards Aquifer will remain at its current, excellent quality. 

Surface Water-Quality Data 

Surface water-quality data is collected within the catchment area at stations upstream o\" 
the EARZ. The surface water data-collection sites are located within the seven major stream 
basins that flow across the western portion of the EARZ. These include from west to east, the 
'Nueces R\ver, Dry Frio River, Frio River, Sabinal River, Seco Creek, Hondo Creek <md Medina 
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River. Data from this network of data-collection sites can be used as a base level to evaluate the 
quality of water recharging the aquifer and the sensitivity of water quality resulting from land usc 
in various areas of the Edwards Aquifer region. Locations of data collection sites arc illustrated 
in Plate 6.1. Laboratory analyses of the samples collected in 1996, as seen in Appendix B. 
indicate no evidence of detectable concentrations of pesticides, herbicides. volatile organic 
compounds, or other constituents or parameters in excess of typical standards. 

Surface water-quality data for the stream basins in the eastern portion of the EARZ wcr~ 
not collected during the 1996 water-quality study. It is proposed that data collection sites be 
established in this region of the EARZ and may possibly include Helotes Creek. Salado Creek. 
Cibolo Creek, Dry Comal Creek and the Blanco River. As rapid urban and suburban 
development occurs on the eastern portion of the EARZ, the need for surface water quality 
monitoring in this area will increase. 

29 



r 
r 
r 
r 
l 

r 
l 

r 

r 
r 
r 
~ 
l 

r 
r 

r 
r' 
l 

r 
L 

7.0 SUMMARY 

The average estimated annual groundwater recharge to the Edwards Aquifer in the San 
Antonio area from 1934 through 1996 was 668,700 acre-feet. Recharge in 1996 was 324.300 
acre-feet, which was well below the regional average. The lowest annual recharge of 43.700 
acre-feet occurred in 1956, and the highest annual recharge of 2,486,000 acre-feet occurred in 
1992. 

The estimated annual discharge from the Edwards Aquifer through wells and springs in 
1996 was 705,600 acre-feet. The lowest annual discharge through wells and springs was 
388,800 acre-feet, which occurred in 1955. 

Water-level data during 1996 reflected a general decrease in water recharging the aquifer 
and an increase in pumping during the year. 

Results of the Authority's 1996 water-quality monitoring program illustrate the continued 
excellent quality of water in the Edwards Aquifer. In 1996, the Authority collected water-quality 
samples from wells, springs and stream basins, which were analyzed for major ions. minor 
elements, pesticides, herbicides, volatile organics/aromatics and nutrients. Laboratory analyses 
of well samples indicated no detectable levels of any volatile organic compounds. Laboratory . 
analyses of samples from several wells contained minor element concentrations slightly above 
the minimum analytical detection limit for these constituents. but these values are extremely low 
in magnitude. Laboratory analyses of the surface water samples collected in 1996 indicated no 
evidence of detectable concentrations of pesticides, VOCs or other constituents or parameters in 
excess of typical standards. 
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8.0 DEFINITIONS 

Technical terms and abbreviations used in this report are defined as follows: 

Acre-foot 
{ac-ft) 

Aquifer 

Artesian well 

Artesian zone 

Bacteria 

Conductance 

Confined aquifer 

Discharge 

Drainage basin 

The quantity of water required to cover one (1) acre to a depth of one 
(1) foot and is equivalent to 43,560 fe (cubic feet), about 325.900 gal 
(gallons), or 1,233 m3 (cubic meters). 

A body of rock that contains sufficient saturated permeable material to 
conduct groundwater and to yield economically significant quantities 
of groundwater to wells and springs. 

A well tapping confined groundwater. Water in the well rises above the 
level of the confined water-bearing strata under artesian pressure but 
does not necessarily reach the land surface. 

An area where the water level from a confined aquifer stands above the 
top of the strata in which the aquifer is located. 

Microscopic unicellular organisms, typically spherical, rodlike. or 
spiral and threadlike in shape, often clumped in colonies. Some 
bacteria cause disease while others perform an essential role in nature 
in the recycling of materials. (Measured in colonies/100 ml). 

Also called Specific Electrical Conductance and Conductivity. A 
measure of the ease with which an electrical current can be caused to 
flow through an aqueous solution under the influence of an applied 
electric field. Generally in water, the higher the total dissolved solids. 
the higher the electrical conductivity. (Measured 111 

microsiemens/centimeter (~S/cm) at 25°C ). 

An artesian aquifer or an aquifer bound above and below by 
impermeable strata, or by strata with lower permeability than the 
aquifer itself. 

The volume of water that passes a given point within a given period of 
time. 

A part of the earth's surface that is occupied by a drainage system. 
which consists of a surface stream or a body of impounded surface 
water together with all tributary surface streams and bodies of 
impounded surface water. 
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Edwards 
Underground 
Water District 

Freshwater/ saline
water interface 

Gaging station 

Groundwater 
Divide 

Micrograms per 
liter 
CUG/L, lJ.giL) 

Milligrams per liter 
(Mg/L,mg/L) 

Potentiometric 
surface 

Real Time Data 

Recharge 

Recharge zone 

Specific 
conductance 

Ten-year floating 
average 

Total Dissolved 
Solids CTDS) 

The regional governmental entity that preceded the Edwards Aquifer 
Authority. 

The interface or area that separates TDS values less than 1.000 mg/L 
(freshwater) from TDS values greater than 1,000 mg/L (saline-water). 
Commonly referred to as the "bad water line." 

A particular site that systematically collects hydrologic data such as 
streamflow, springflow or precipitation. 

A ridge in the water table or other potentiometric surface from which 
the ground water represented by that surface moves away in both 
directions. 

A unit expressing the concentration of chemical constituents in solution 
as mass (micrograms) of solute per unit volume (liter) of water. 1.000 
micrograms per liter is equal to 1 milligram per liter. 

A unit for expressing the concentration of chemical constituents in 
solution as mass (milligrams) of solute per unit volume (liter) of water. 
1 ,000 milligrams per liter is equal to 1 gram per liter. 

An imaginary surface representing the total head of groundwater and 
defined by the level that water will rise in a well. 

Instantaneous or near instantaneous information used to monitor u 
current condition such as precipitation, stream flow, spring discharge. 
etc. 

The process involved in absorption and addition of water to the zone of 
saturation. 

The area in which water infiltrates into the ground and eventually 
reaches the zone of saturation in one or more aquifers. 

A measure of the ability of water to conduct an electrical current. 
Expressed in micro-siemens per centimeter ().I.S/cm) at 25"C. 

The calculated mean of the current year plus the previous nine years in 
a graph. 

The concentration of dissolved minerals in water, expressed in units of 
milligrams per liter (mg/1). 
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Transect wells A group of water quality monitoring wells located at particular a site 
positioned to monitor water-quality changes, such as across the 
freshwater/saline-water interface. 

Unconfined aquifer An aquifer, or a portion of an aquifer, with a water table and containing 
groundwater that is not under pressure beneath relatively impermeabk 
rocks. 

Underflow The movement of water flowing beneath the bed or alluvial plain of a 
surface stream. 

Water table The interface between the zone of saturation and the zone of aeration 
where the surface pressure of unconfined groundwater is equal to the 
atmospheric pressure. 

Water level A water well used to measure the water level or potentiometric surface 
observation well of water-bearing strata such as the Edwards Aquifer. Leona Gravel 

Aquifer, and Lower Glen Rose (Trinity) Aquifer. 

Zone of aeration The subsurface zone where the voids and pore spaces are filled with 
water under less pressure than that of the atmosphere and air. 

Zone of saturation The subsurface zone in which all voids and pore spaces are filled with 
water under pressure greater than that of the atmosphere. 
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Table A·1 Bracken well (DX-68-30-208) daily high water levels (in feet above MSL), 1996. 

Day Jan. l'eb. Mar. Apr. I Moy I June I Ju Y A us. J ~ep1 J Ocl. I Nov. I 
I 652.6 6)1.7 645 6 646.1 640.7 hJl.) 1'15 F/S 628.1 N/0 6)1o8) 

2 6S4.S 651.6 N/0 646.0 640.8 1>)).7 FIS FIS 628.8 N/0 631• 8) 

l 654.4 651.5 N/0 64.5.9 640.6 1>34.2 F/S F/S 629.0 N/0 6)1• 72 
4 654.3 651.) N/0 64.5.7 640.5 1•34.3 F/S F/S 629.0 N/D 6lh.7l 
s 654.2 651.3 6468 646.0 639.9 1>34.3 F/S 674,4 FIS N/D 631>.82 
6 654.1 651.2 646.1 646.4 639.4 h34.3 FIS 627.5 F/S N/D 631o 77 
7 654.0 651.0 646.8 646.7 639.3 lo33.3 F/S 627.5 F/S N/D 6llo.74 

8 653.9 650.7 646.7 646.8 639.2 1•33.6 F/S 627 . .5 F/S 637 . .52 631o.811 

9 65).9 650.3 646.8 646.5 639.3 b3l.8 FIS 627.6 F/S 6)7.36 637.04 

10 653.8 6.50.1 646.9 646.2 639.1 1>33.7 F/S 627.7 634.6 637.12 631• 94 

II 6.53.7 649.7 646.8 645.8 639.1 1>33.3 F/S 626.7 634.7 637.1.5 631> 91 

12 653.7 649.5 646.1 645.7 639.5 1•32,5 F/S 626.5 634.7 637 09 631>81 

13 653.6 649.3 646.8 645.4 639.4 h31.7 F/S 626.5 6)4.8 636.81 6)6 78 

14 65).6 649.0 646.6 645.0 639.) b)l.3 F/S 626 . .5 63.5.0 636.63 6)1>.74 

IS 653.6 641.6 646.4 644 . .5 638.8 1>)1.1 F/S 626.5 63.5.6 6)6 6) 63h 'IS 

16 6SJ.4 648.2 646.2 644.3 638.5 F/S F/S 626.5 635 9 636.66 6)7 1'1 

11 6Sl.S 648.0 646.2 644.1 637.7 F/S F/S 639.4 636 0 636 . .59 6)7.28 

II 6533 647.8 646.0 643.7 637.) F/S F/S 639.3 6360 636 SJ 6l7.SS 
19 653.1 647.7 645.9 643.2 636 7 F/S F/S 638.8 6360 6)6 64 6)7 7l 

20 6SJ.I 647.1 645.8 643.1 636.1 F/S F/S 638.5 6362 636.49 617 8 

21 653.0 646.6 645.8 642.8 635.9 F/S F/S 637.7 636.3 636.35 637.73 

22 65).0 646.1 645.6 642.5 635.5 F/S F/S 637.3 636.3 63637 637 7R 

23 652.9 645.7 645.5 642.1 635.1 F/S F/S 636.7 636.2 636.4 6)8 01 

_24 652.7 64.54 645.6 642.8 F/S F/S F/S 636.1 6)6.2 6)649 617 96 

2S 6.52.6 645.3 645.4 642.6 F/S F/S F/S 635.9 637.3 636 71 638 OS 

26 652.5 64.5.1 645.7 641.9 FIS FIS F/S 63.5.5 6)7.6 6)6 7.5 6)812 
27 652.2 645.0 646.0 641.6 FIS FIS F/S 635.1 637.6 636.55 6316 
28 652.2 645.1 646.3 641.5 F/S FIS FIS 628.8 637.6 636 64 6JOJ OS 

29 652.2 645.4 646.4 640.6 F/S FIS F/S 628.8 617.6 636.79 6)11 2'1 

JO 651.9 646.5 640.6 633 4 FIS F/S 6288 637 6 636 79 6)11 41 

31 651.7 646.4 633 4 FIS 628 8 6)6 7l 

Table A·2 Landa Park well (OX-68-23-302) daily high water levels (in feet above MSL), 1996. 

Day Jan. Feb. Mar. I Apr. 
I 62).2 N/D N/D N/D 
2 62.5.3 NID NID NID 
l 625.3 NID NID NID 
4 62.5.2 NID NID 624.1 
s 625.2 NID N/D 624.1 
6 625.2 NID NID 624.2 
7 625.2 N/0 NID 624.2 
I NID NID N/0 624.2 
9 NID NID N/D 624.2 
10 NID NID N/D 624.2 

II NID NID N/D 624 I 
12 NID NID NID 624.1 

IJ NID 625.6 NID 624 I 
14 NID 625.6 N/D 624.0 
IS NID 62$.6 NID 624.0 
16 NID 62$.6 NID 623.9 
I N/D 62S.S NID 623.9 

II NID 62S.S N/D 623.9 

19 NID 62S.S NID 623.1 
20 N/D 62S.4 NID 623.8 

21 NID 625.4 NID 623.1 

22 NID 62.5.3 NID 623.1 

23 N/D 625.2 NID 623.1 
24 N/D 625.2 NID 623.1 
l) NID 62.5.2 NID NID 
l6 NID 625.1 NID N/D 
2 NID 625.1 NID NID 
28 NID NID NID NID 
29 NID N/0 NID NID 
30 N/D NID NID 
ll N/0 NID 

•FtS" indicates mechanical failure. 
"N/0" indicates no data available. 

May 
N/D 
NID 
NID 
NID 
NID 
NID 
NID 
NID 
NID 
NID 
NID 
NID 
N/D 

623.2 
623.2 
623.1 
623.0 
623.0 
622.9 
622.1 
622.7 
622.7 
622.7 
622.$ 
622.4 
622.3 
622.4 
622.4 
622.4 
622.4 
622.4 

I June I July I Au a. I Sept. I Oct I Nov 
1•22.3 621.6 621 6 622.4 N/D 623 0 
1•22.4 621.6 621.6 622.$ NID 6lJ 0 
1•22.4 621 . .5 621.6 622.5 NID 623 0 
C.ll.5 621.6 621.5 622.5 NID 623 0 
1•22.5 621.6 621.5 622 . .5 N/D 6l3 0 
1•ll.5 621.6 621.4 622.5 N/D 623.0 
C.22.4 621.4 621.4 622.5 623 I 623 0 
loll.4 621.4 621.4 622.6 623.1 6ll u 
Co224 621.4 621.5 622.6 1123 0 l>ll u 
1>22.4 621 4 621.4 622.6 623.0 bll 0 
1>22.3 621.5 621.3 622.6 621 0 62J 0 
1•22.2 621.6 621.J 622.6 621 0 613 0 
C.ll.O 621.6 621.4 622.6 623 0 623 0 
1>21.9 621.5 621.4 622.7 62) 0 613 0 
1•21.9 621.5 621.4 622.7 623 0 623 0 
1>21.1 621.6 621 4 622.8 623.0 1123 0 
1>21.7 621 . .5 621.4 622.1 623.0 623.0 
1121.7 621.6 621.3 622.1 623.0 623.1 
1>21.7 621.6 621.2 622.1 623.0 62l I 
1>21.6 621.6 621.3 622.1 623.0 623.1 
621.5 621.4 621.3 622.8 623.0 613.1 
621.5 621.4 621.4 622.9 62).0 623.1 
1121.4 621.4 621.S 622.9 623 0 623.1 
1>21.4 621.4 621.7 622.9 623.0 623.2 
c.21.S 621.5 621.9 623.1 623.0 C.2l2 
1>21.5 621.6 621.9 623.1 623.0 623 2 
lo21.6 621.7 621.9 623.1 62].0 623 2 
h21.7 621.7 622.0 623.1 623.0 623.2 
1>21.7 6217 622.0 623.1 623.0 623.2 
1•21.6 621.7 622.2 623.1 62].0 623.) 

621.6 622.3 623.3 
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Occ I 
6)'1 S.l 

b)11 S<> 
1>40 

1>40 (17 
640 21 
64037 
640 l7 
b4CI l4 
640 46 

640 SJ 
640 51 
640 4S 
640 42 
640 S2 
b.tO ~·J 

r.4U hh 

641 )~ 
b41 27 
641 II 
1>41 (18 

64 I.) I 
641 J8 

641 44 
641 )S 

641 S'l 
641 8 

641 71 
641 7 

IJ41 1>8 

"" bb 
b41 tob 

Oec 
1>2.1 4 
1>23 4 
C>lJ 4 
62) 4 
1>23 4 
1>23 4 
6ll 4 
I>H 4 

1>2.1 \ 

1123 4 
Col)\ 
Col) 4 

C.2J 4 
c.2l.4 
bll 4 
623 I> 

C.23 6 
Co2) 6 
6236 
112)6 
62) b 

62J.b 
623 6 
623 I> 

623 6 
623 6 
623 6 
623 I> 

6211> 
6ll 6 
1>13" 



T bl A-3 c· fC a e 1ty0 'II astrov1 ewe II TO ( -68-41-301 ) d h' h aily IIQI water levels (in feet above MSL), 1996. 
DBy Jill. I Feb. I Mar. I Apr. I May I June I July I Aug.~ Sept. ~ Oct. ~ Nov. ~ Dec. l 

I 693.0 687.2 F/S 680.3 FIS lo53,7 652.7 FIS 664.4 669.4 N/D F/S 
2 692.7 686.9 684.1 680.1 FIS 653.9 653.0 658.9 664.8 669.4 Nil> F/S 
3 692.7 686.6 684.1 680.1 FIS 657.8 653.1 658.9 665.2 669.3 N/0 I' IS 
4 692.7 686.4 684.1 679.9 FIS 658.4 653.3 658.9 665.4 669.2 Nil> F/S 
5 692.4 688.2 684.1 679.7 FIS lo58.6 653.7 658.8 665.7 667.8 N/0 FIS 

6 692.3 688.1 684.1 680.2 FIS 658.5 653.9 658.5 666.1 668.0 N/0 FIS 
7 692.0 687.3 684.1 680.7 FIS lo58.3 654.1 658.5 666.3 668.1 N/D F/S 
8 691.9 686.8 684.1 680.8 666.0 (>59.1 654.4 658.2 666.5 668.1 668.16 FIS 

9 692.0 686.0 684.1 680.8 666.1 FIS 654.7 658.2 668.7 668.1 668.36 FIS 
10 692.1 FIS 684.1 680.7 666.1 FIS 654.8 658.3 666.2 668.0 668.41 F/S 
II 692.1 FIS 684.1 680.6 667.2 658.4 FIS 658.2 666.4 668.0 668.3 F/S 
12 691.8 FIS 684.1 680.4 664.8 656.9 FIS 657.9 666.5 667.9 668.22 FiS 
13 691.7 FIS 680.4 680.2 665.0 655.6 FIS 657.8 666.6 667.8 668.25 F/S 
14 691.7 FIS 680.3 679.9 664.9 654.7 FIS 657.7 666.9 667.6 668.42 F/S 
IS 691.7 FIS 680.3 679.9 664.4 654.7 FIS 657.7 666.9 667.6 668.52 F/S 
16 691.4 FIS 679.8 678.8 663.7 653.4 FIS 657.9 667.4 667.6 668.7) F/S 
17 691.5 FIS 679.8 678.6 662.8 652.8 FIS 657.9 667.6 667.6 668.66 FIS 
18 691.5 FIS 679.8 678.3 661.8 652.5 FIS 657.9 667.7 667.5 668.97 F/S 
19 690.6 FIS 679.6 FIS 660.8 1152.3 FIS 657.6 667.9 667.5 669.21 FIS 
20 690.6 FIS 679.S FIS 660.2 651.9 FIS 657.7 668.1 667.5 669.4S FIS 
21 690.4 FIS 679.S FIS 659.4 161.4 FIS 657.9 668.2 667.5 669.43 1'/S 
22 690.4 FIS 679.4 FIS 659.4 I.SI.O FIS 658.2 668.3 667.3 6(o•>.43 FIS 
23 690.4 FIS 679.2 FIS 657.4 lo50.6 FIS 659.6 668.3 667.3 669.61 FIS 
24 689.9 FIS 679.2 FIS 656.4 lo50.4 FIS 659.4 668.4 667.3 670.9K I' IS 

2S 689.S FIS 679.2 FIS 65S.I IIS0.2 FIS 660.2 668.7 667.5 6(,•).7K I' IS 
26 689.4 FIS 679.2 FIS 654.3 1•50.6 FIS 661.5 669.1 667.5 669.9 F/S 
27 688.7 FIS 679.7 FIS 654.1 loSI.5 FIS 661.8 669.1 667.4 670.011 F/S 

28 688.3 FIS 680.1 FIS 654.3 1•52.1 FIS 662.3 669.2 BID 670.61 F/S 

29 688.3 FIS 680.3 FIS 654.2 loS2.3 FIS 662.8 669.4 BID 670.77 F/S 
30 688.0 680.5 FIS 653.9 to52.6 FIS 663.3 669.4 BID 670.77 F/S 

31 687.$ 680.5 653.4 FIS 664.5 BID I' IS 

Table A-4 City of Hondo index well (TD-69-47-306) daily high water levels (in feet above MSL), 1996. 

Day Jan. I Feb. I Mar. I Apr. 
I 715.0 703.8 697.4 699.5 
2 714.5 702.3 698.0 695.2 
3 714.4 1023 697.9 695.0 
4 714.5 702.3 698.3 694.2 

5 714.3 702.3 698.3 694.8 

6 714.1 698.4 698.6 695.9 
7 714.0 697.8 698.3 696.7 

8 713.9 696.1 698.4 696.8 
9 714.0 6953 698.6 696.3 
10 714.0 694.0 699.2 695.6 
II 713.7 692.4 698.9 695.5 
12 712.8 692.4 699.0 695.6 
13 712.9 692.1 698.8 695.1 
14 712.9 690.5 698.8 694.8 
IS 712.9 689.8 698.1 693.9 
16 712.3 6893 697.6 693.1 
17 712.1 689.1 698.0 6923 
18 711.5 688.S 698.0 691.5 
19 711.S 688.7 698.1 690.8 

20 711.5 687.5 697.8 689.6 
21 711.2 686.4 697.5 688.3 
22 711.2 686.3 696.7 688.2 
23 710.7 F/S 696.6 F/S 
24 7093 F/S 697.0 F/S 
25 709.0 F/S 696.9 FIS 
26 707.4 F/S 697.8 F/S 
21 706.7 F/S 698.8 F/S 
28 706.0 F/S 699.2 F/S 
29 706.0 F/S 699.4 F/S 
30 10S.9 699.5 F/S 
31 704.9 699.4 . ·F/s·andacates mechamcal failure. 

·wo· indicates no data available. 

I May I 
687.6 
681.5 
679.5 
679.5 
677.8 
678.4 
678.3 

677.6 
678.3 
678.5 
680.4 
682.1 
682.5 
680.2 
678.8 
676.8 
674.7 
673.2 
672.4 
671.7 
669.5 
667.7 
666.5 
665.4 
664.2 
664.2 
665.3 
666.0 
665.4 
663.9 
663.2 

·ooc· indicates station out of commission. 

JUlie I July I Aug. T Sept. T OCl. l Nov. T Dec. l 
665.3 661.9 670.6 678.1 683.3 682.1 688.8 
fo66.8 6623 670.5 678.6 683.3 682.2 689.0 
670.1 662.0 670.5 678.7 682.9 682.2 689.0 

fo713 662.9 670.6 679.1 683.0 682.6 689.3 

671.0 663.4 670.5 679.4 681.5 682.8 689.6 

670.1 663.6 669.7 679.5 681.8 683.0 689.8 

668.9 664.4 669.2 F/S 681.9 682.9 689.9 

668.4 664.5 668.8 F/S 681.9 684J 689.7 
668.0 664.8 668.9 F/S 681.9 684.8 689.9 

667.5 668.1 669.4 680.1 681.8 684.7 690.0 

664.5 670.0 669.0 680.1 681.8 684.5 690.1 

662.8 671.3 668.9 680.4 681.4 684.7 689.8 

fo61.2 672.0 668.8 680.6 680.8 684.8 689.6 
lo60.7 672.2 668.6 F/S 680.9 685.0 689.8 
1•59.9 672.2 668.6 F/S 680.9 685.0 689.8 

f>58.6 672.1 669.0 F/S 680.9 685.4 690.9 

659.0 672.2 668.9 682.2 681.0 685.4 690.5 

b$9.2 671.4 668.3 682.4 680.5 685.8 690.) 

f•S8.8 671.0 6683 682.6 680.8 686.0 690.4 

657.7 670.5 668.8 682.9 680.9 686.2 690.4 
656.6 670.3 668.9 682.9 680.8 686.2 690.7 
bS6.6 670.3 669.2 682.9 680.5 685.7 690.9 
656.9 670.1 670.5 682.8 680.6 686.2 690.9 

656.5 670.1 672.1 683.0 680.6 686.4 690.6 

656.0 669.1 673.3 683.2 680.8 686.9 690.9 
658.8 669.0 674.4 683.0 681.0 687.1 691.2 
661.1 670.0 675.28 683.6 680.8 687.3 691.0 

662.2 670.1 675.77 683.7 680.9 687.9 691.0 

662.3 670.4 676.27 683.9 681.3 688.5 691.0 
fo62.6 670.5 676.69 683.8 681.5 688.7 691.1 

670.7 677.49 681.9 690.8 
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Table A-5 J-17, Bexar County index well (AY-68-37-203) daily high water levels (in feet above MSL), 
1996. 

Day Jan. I Feb. I Mar. I Apr. I May I June I July I Au&. --. Sept. --. Oct. --. Nov. I Dec. I 
I 664.9 659.8 652.9 653.2 645.7 634.9 630.7 632.8 640.1 645.3 643.8 648.7 

2 664.8 659.8 653.7 652.9 645.1 635.8 631.0 633.4 640.7 644.9 643.9 648.7 

J 664.1 659.5 653.9 652.8 644.0 636.4 630.5 632.6 640.4 644.3 64:\.6 648.7 

4 664.2 659.3 653.7 652.5 64U 636.7 630.6 632.1 640.3 644.5 643.4 6484 

5 664.0 659.2 653.9 653.2 643.1 636.6 631.0 630.2 640.6 644.8 643.8 648.11 

6 663.9 659.0 654.1 654.0 642.0 636.0 630.4 630.4 640.8 645.1 643.3 649.2 

7 663.7 658.4 653.7 654.5 642.3 633.7 628.6 630.9 641.0 644.7 643.6 64'1.2 

a 663.3 657.9 653.7 65<4.6 642.0 635.8 628.8 631.1 640.6 644.8 644.3 649.1 

9 663.5 657.2 653.9 653.6 642.8 636.1 630.0 631.7 641.2 644.3 644 .. \ 64'L:! 

10 663.3 656.9 654.4 652.7 642.2 635.7 630.1 631.3 642.2 644.0 644.0 649.2 

II 663.2 656.4 654.1 652.0 643.0 63-4.5 631.4 629.4 641.9 644.1 644.2 648 9 

12 663.1 655.6 654.0 652.2 643.9 632.3 632.7 629.6 6.41.5 643.8 6.43.9 6411 11 

lJ 663.2 6,.1 654.0 651.7 643.5 631.5 632.2 630.9 641.7 643.3 643.5 648.9 

14 663.2 654.9 653.5 651.3 642.9 631.7 630.8 630.8 6.42.5 643.1 643.6 648.9 

15 663.2 654.3 653.0 650.2 6.42.1 631.3 631.2 631.2 6.43.0 643.4 644.2 M9.2 

16 662.5 653.5 652.9 650.0 641.4 629.9 632.2 631.6 6.43.6 643.2 644.K MO.II 

17 662.5 653.7 653.0 649.7 639.7 629.6 631.5 631.1 6.43. 7 643.0 644.K Mll.h 

18 662.4 653.7 652.6 649.0 639.5 630.0 631.6 629.2 6.43.0 642.9 645.3 649.9 

19 661.6 652.8 652.8 648.1 638.5 629.6 632.0 628.9 6.43.1 643.3 6.45.3 649.5 

20 662.2 651.9 652.6 648.0 637.4 628.8 631.5 631.1 6.43.3 642.9 645.3 649.3 

ll 662.0 651.2 652.5 647.8 637.6 628.6 629.7 630.5 6.43.8 642.6 645.2 650.11 

l2 661.7 650.6 652.1 647.3 637.0 628.1 629.7 631.9 643.7 642.9 645.5 650.2 

13 661.9 6.49.9 652.2 648.1 636.1 627.5 630.7 633.2 643.3 642.7 645.9 650.3 

Z4 661.2 649.9 652.5 647.6 6334 627.6 630.3 633.9 6.43.4 642.9 646.2 650.2 

15 661.0 650.0 651.9 647.3 633.7 6290 630.7 634.9 6.45.2 643.7 646.9 650.4 

16 660.9 6.49.6 652.1 645.8 634.6 630.1 632.6 635.9 6.46.1 643.7 646.(o 6SI.I 

17 660.6 650.0 653.0 645.8 635.0 631.2 633.2 636.7 646.1 643.2 646.4 650.7 

18 660.6 650.1 654.0 645.1 635.8 631.7 632.6 637.0 645.9 643.4 647.3 650.9 

29 660.7 650.8 653.8 644.4 635.4 6316 632.7 637.2 645.8 643.9 648.4 650.6 

JO 659.9 654.2 645.9 634.3 630.7 633.1 638.0 645.6 643.4 648.11 6SII.S 

31 659.6 653.9 63<1.4 632.6 639.0 643.4 6S0.4 

Table A-6 City of Uvalde index well (YP-69-50-302) daily high water levels (in feet above MSL), 1996. 

Day Jan. I Feb. I Mar. I Apr. I May I June July I Aug. I Sept I Oct No\. I lice. I 
I 874.2 873.0 871.0 8708 868.6 K63.8 859.6 859.4 859.6 861.6 1161 4 Slob II 

2 874.1 872.9 871.0 870 8 868.4 K63 7 859.5 859.3 859.6 861.7 8i>l s Slob I 
3 874.1 872.8 871.0 870.7 868 3 K63 6 8592 8593 859.6 861.8 86.1 b 861> I 
4 8741 872.7 871.0 870.7 868.2 K63.5 859.2 859.3 859 6 861.7 81>3 7 81>1> l 
5 874.1 872.7 871.0 870 7 868.1 H63 4 859.2 859.3 859.7 861 9 86) 7 81>6 4 
6 874 I 873.1 871.0 870.7 868 0 1163.2 859.1 859.2 859.7 861.9 86] 8 Rlol> S 

1 874.1 873.0 871.0 870 7 867.9 1163.1 859 I 859.2 859.7 862.0 8b.l \) M(th S 

8 8741 872.9 871.0 870.8 867.8 ~62.9 8591 859.2 859.8 862.0 81>4 () l'(tb ,, 

9 874.1 872.8 871.0 870.8 867.7 H62.7 859 0 859.2 859.9 862.1 81>4 () St•b 7 

10 874.1 872.7 871.0 870.7 867.6 862.6 859.2 859.2 859.9 862.1 864 I 8bb 8 

II 874.1 872.6 871.0 870.7 867.4 861.6 859.1 859.2 860.0 862.2 864 2 81>1> II 
12 874.0 872.5 871.0 8706 867.3 861.6 859 6 859.2 860.0 862.2 864 2 8blo 9 

13 874.0 872.4 871.0 870.6 867.2 161 4 BS9.7 859.2 860.1 862.3 864 J 8b7 0 

14 874.0 872 . .4 870.9 870.5 867.1 861.3 859.7 859.3 860.1 862.3 81>4 4 81>7 I 

15 874.0 872.4 870.9 170.5 866.9 1161.3 859.8 859.3 860.1 862.3 864 4 867 I 

16 874.0 872.1 870.9 870.4 866.7 1161.0 859.8 859 4 860.4 862.5 81>4 (> 867.2 

17 !74.0 872.0 170.9 8703 866.5 860.8 859.8 859.3 860.5 862.5 81>4 7 81>7) 

18 174.0 871.9 170.9 170.2 866.3 860.7 859.8 859.3 860.5 862.5 864 8 867 J 

19 874.0 871.8 870 9 870.1 866.2 860.S 8S98 8S9.2 860.6 862.6 864 9 867 4 

20 87<4.0 871.6 870.8 869 9 866 0 860.3 859.8 8S9.2 860.7 862.7 8<>5 0 81>7 5 

21 873.9 871.5 870.8 869.8 8658 860.1 859.8 8593 860.8 862.7 86S I 81>7 b 

22 873.9 871.4 170.8 869.7 865.6 160.4 8S9.7 859.3 860.9 862.7 86S I 81>7 7 

23 873 9 871.2 870.7 869.6 865.4 860.3 859.7 859.3 861.0 862.8 86S 2 8117 7 
24 873.8 871.1 170.7 869.5 865 2 1160.1 859 6 859.4 861.0 862.8 86S J 81o7 7 

25 173.7 871.0 870.7 869.3 86S.O 1160.0 859.6 159.4 861.2 862.9 86S 4 8117 q 

26 873.6 171.0 170.7 869.2 864.8 K59.9 859.6 859.4 861.3 862.9 8bS S 81o7 q 

27 87l.S 171.0 !70.8 869.0 864.6 M59.9 8596 859.5 861.3 863.0 81>5 b 81•11 0 

28 873.4 171.0 870.8 861.9 864.5 159.8 859.6 859.5 161 4 863.1 86S 7 81>8 II 

29 873.3 870.9 170.9 868.1 864.3 159.7 859.6 159.5 861.S 863.2 86S ll 81>8 I 

30 873.2 1709 868.7 864.1 1159.6 859.5 859.6 161.6 863.3 865 q 81>8 I 

31 173.1 8709 864.0 859.5 8S9 6 863 3 81>K IK 
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25.0 
211.0 
211.0 
211.0 
211.5 
211.5 
28.0 
28.5 
28.0 
211.0 
211.5 
211.5 
211.0 
211.0 
211.0 
211.0 
211.0 
211.5 
211.5 
211.5 
28.5 
211.0 
28.5 
28.0 
211.0 
25.0 
25.0 
25.5 
25.5 
211.0 
25.5 
211.0 
28.0 
25.5 
25.5 
25.5 
25.5 
25.0 
28.0 
25.0 
25.0 
28.0 
211.0 
28.0 
21.0 
211.0 
25.5 
25.5 

~ 

~ 
lie Con

dUct· -pSicm 

sao 
501 
524 
555 
551 
5SO 
520 

2.730 
2.150 
2,110 
2,140 
3,040 
3,030 
uao 
2.140 
2,870 
2,110 
2,8110 
2,1110 
1,700 
1,720 
1.730 
1,740 
1,700 
1,720 
1,732 
1,731 
1,743 
1,740 
1,738 
1,741 

sao 
Sill 
5113 
5113 
5113 
Sill 
515 
Sill 
5112 
584 
sao 
Sill 
1120 
121 
121 
Ill 
122 
123 
121 
121 

1117 
121 
127 
827 
540 
540 
537 
530 
533 
542 
540 
541 
542 
541 
542 

~ ~ 
Wat_.,dy Clato lor 

EdWordo ~oqu~~.,_ .. ond tpdnOS .....,.....,,_ 

pH 

"* -
7.0 
11.1 
11.1 
7.4 
7.0 
7.1 
7.1 
7.2 
11.1 
11.1 
7.0 
u 
u 
11.1 
7.0 
7.0 
7.0 
7.0 
1.11 
7.2 
7.1 
7.1 
7.1 
7.1 
7,1 
7.1 
7.2 
7.1 
7.1 
7.1 
1.11 
7.3 
7.2 
7.0 
7.2 
7.3 
7.3 
7.3 
u 
7.2 
7.3 

7.1 
7.1 
7.2 
7.3 
7.4 
7.4 
7.4 
7.S 
7.2 
7.4 
7.4 
7.4 
7.3 
7.0 

7.2 
7.4 
7.3 
7.3 
7.3 
u 
7.2 
7.4 
7.3 
7.5 
7.3 

Comalt-, 

Alkalnly, 
FkEnd 
Flold, 
caco. 
mgiL 

2115 
237 
245 
230 
282 
233 
234 

270 
210 
270 
240 
250 
210 
270 
2711 
280 
270 
2111 
248 
220 
230 
230 
230 
220 
212 
230 
232 
234 
2H 
230 
2011 
220 
210 

220 
200 
200 
zoe 
211 
222 
22:1 
224 
214 
220 
200 
200 
200 
200 
tao 
IN 
114 
200 
203 
zoa 
202 
2011 
200 
200 
200 
210 
110 
Ill 
Ill 
202 
204 
1118 
210 

--· Tahl 
mgiL 

IS CoCO. 

204 
232 
244 
258 
272 
252 
231 
130 
140 
140 
ISO 
850 

1100 
eoo 
775 
SOD 
710 
110 
110 
540 
532 
540 
532 
548 
545 
520 
510 
520 
510 
530 
530 
272 
272 
2111 
218 
2118 
211 
212 
204 
252 
241 
274 
218 
204 
211 
204 
258 
210 
204 
254 
241 
244 
252 
210 
210 
252 
241 
252 
244 

240 
244 
231 
232 
231 
234 
242 

,-, 

Colcbn. 
dboohed 

mgiL 
ucaco. 

87 
71 
14 
71 
78 
75 
77 
152 
151 
151 
ISS 
151 
leo 
152 
112 
ISS 
ISS 
155 
155 
87 
118 .. .. 
IS .. 
" .. 
17 
104 

" Ill 
55 
sa 
sa 
sa 
sa 
51 
sa 
58 
511 
sa 
52 
511 
~ 

51 
53 
52 
50 
51 
51 
53 
50 
~ 

~ 

53 
41 
48 
50 
~ 

41 

" 50 
52 
48 
41 
511 

,-, 

Moglloslum. 
~ 

mgiL 
uMg 

17 
12 
12 
18 
II 
II 
14 

103 
103 
104 
103 
101 
101 
105 
104 .. .. 
101 
102 
15 
as 
14 
110 
as 
03 
II 
03 
14 
IS 
14 
as 
27 
21 
21 
21 
21 
27 

29 
27 
27 
27 
27 
21 
n 
33 
54 
54 

33 
n 
35 
34 
31 

32 
n 
54 

30 
30 
32 
31 
31 
31 
32 
31 
Z9 
3D 
30 

·~ 

SoCillm. 
~ 

mgiL 
ISNa 

10.2 
8.5 ... 
1.1 
IU 
11.7 
IO.S 
383 
327 
257 
210 
270 
547 
301 

289 
252 
200 
2117 
m 
ISS 
I sa 
1211 
129 
127 
175 
141 
121 
132 
145 
131 
131 
11.0 
12.3 
10.0 
10.5 
10.4 
IU 
10.4 
IU 
10.4 
IU 
IU 
10.1 
25.4 
25.7 
21.3 
21.1 
21.2 
28.7 

22.2 
22.3 
21.0 
25.2 
24.4 
25.1 
12.8 
IU 
12.5 
13.0 
10.4 
17.8 
12.1 
IU 
12.2 
15.0 
14.0 

~, 

Pahssbn, 
dboohed 

mgiL 
asK 

<I 
<I 
<I 
<I 
<1 
<I 
<I 

21.0 
211.3 
24.3 
23.1 
23.8 
23.0 
2U 
23.2 
22.1 
23.1 
23.0 
20.3 
10.4 
IU 
IU 
12.8 
12.2 
12.2 
13.2 
12.1 
IU 
13.0 
13.0 
10.3 
u 
2.5 
1.4 
<1.0 
<1.0 
1.4 
3.0 
u 
1.1 
<1.0 
u 
<1.0 
2.1 
3.1 
2.5 
2.1 
u 
2.0 
3.0 
2.2 
u 
1.1 
2 .. 4 
1.7 
1.11 
2.0 

<1.0 
1.1 

<1.0 
1.4 
2.0 

ct.O 
<1.0 
ct.O 

• 1.3 

~~ 

CNolttlt. 
Cllss-.. 

mgiL 
ISCI 

21 

" II 
21 
21 
23 
II 
530 
530 
4to 
500 
525 
sao 
sao 
550 
550 
530 
550 
540 
275 
215 
2115 
285 
2115 
270 
310 
300 
310 
300 
310 
200 
22 
21 
21 
21 
211 
22 
23 
22 
22 
22 
21 
21 
a 
42 
41 
48 

so 
43 
52 

50 
52 
48 
50 
41 
28 
21 
27 
30 
32 
27 
21 
27 
27 
27 
21 

~ 

Sulfate, 
CIIUolvod 

mgiL 
.. so, 

23 
10 
II 
22 
32 
29 
21 
410 
481 
4eo 
108 
542 
5to 
see 
510 
511 
511 
5115 
soa 
241 
231 
271 
241 
270 
217 
304 
:Ill 
312 
311 
310 
282 
42 
40 
u 
41 
54 
55 
52 
53 
55 
57 
511 
sa 
54 

" sa 
5I 
eo 
13 
14 
as 
IS 
as 
as 
02 
31 
32 
St 
311 
44 

41 
42 
45 ., 
41 
41 

,.------~ 

"""'*· -mgiL .. , 
0.21 
0.10 
0.17 
0.22 
0.30 
0.25 
0.21 
u 
u 
3.7 
3.11 
3.5 
u 
4.2 
3.5 
u 
3.5 
3.1 
u 
3.4 
3.4 
3.7 
3.1 
3.2 
3.4 
3.5 
3.7 
3.5 
3.5 
3.5 
3.1 
1.11 
1.20 
1.50 
1.30 
1.31 
1.30 
1.44 
uo 
1.34 
1.22 
u1 
1.27 
2.55 
2.70 
3.05 
2.55 
2.15 
z.to 
U3 
2.15 
2.15 
2.SO 
2.80 
2.50 
2.40 
2.30 
2.30 
2.40 
2.25 
2.55 
1.02 
2.40 
2.15 
2.35 
2.40 

~ 

Slice, 
dbsolved 

mgiL ••so, 
1.2 
u 
5.2 
5.7 
4.1 
u 
5.1 
u 
1.1 
e.z 
0.5 
5.2 
1.7 
e.e 
7.4 
7.1 
u 
u 
u 
1.2 
u 
1.1 
u 
3.1 
1.3 
1.4 
1.0 
11.7 
11.5 
1.1 
1.7 
5.1 
5.8 
5.1 
0.0 
5.1 
5.1 
5.1 
1.2 
5.3 
1.0 
11.3 
1.4 
1.2 
e.t 
1.1 
u 
5.1 
e.o 
u 
5.1 
u 
u 
1.1 
a.8 
u 
u 
u 
u 
5.1 
I. I 
4.3 
4.1 
1.5 
e.c 
es 

~ 

TOiol 
IIIHoloocl -· mgiL 

351 
210 
2114 
300 
211 
341 
320 

2.000 
1,112 

ueo 
1.8111 
Ut2 
2.124 
1,172 
1.114 
1,151 
1,112 

use 
1,120 
1,171 
1,144 
1,140 
1,112 
1,040 
1.200 
1,138 
1,0112 
1.1118 
1,091 
1,182 
1.131 

310 
310 
311 
3M 
330 
sao 
314 
540 
400 
324 
3118 
210 
411 
311 
544 

372 
311 
401 
soa 
344 
408 

351 
311 
330 
352 
311 
210 
354 
211 
331 
332 
2ta 
331 
304 
321 



~, ~]I -~ -~ ,-, ··--! ~ ~ ~ r-~ ~ r-, 
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Edw01d1 Aqullor-ls and spdngl 
umploelln lODe 

COrNie-, 

Pump 
at Flow Sped- Ablnly. 

Sllll DIIIUiol ~ FlOw lice- Fix End --· c-. Ulgl>eslum, 80CIIum, Potos-. c-. 81111110, F~, SIIU, TOitl 
WtiiD Wtl Pilat to 

~··· 
Wttcr duel· "" Flelll, TOitl .... .- ~ ciGsotved Clblotved - - dissolved dlssolvad dlsl-

Number Dllt Tlml Tot" 8""*'11 lnst T- ·- lldnl coco, moiL moiL moiL moiL moiL moiL moiL moiL mgiL SOlidi 
Fttl (min) (gpm) "C .,.stan unlit moiL II CoCO, IICICO, ISMg 11Na IlK IICI uso, 11F IS SID, ~ 

IODet%18 11:50 esz 55 12 25.5 542 7.2 207 2~e ~· 31 IU «1.0 ze ~2 2.50 u 271 

OX-ta-2UifB 10810110 10:10 787 eo 13 ze.o 510 7.1 220 zee 57 27 12.2 1.1 24 40 1.48 u :NO 

10880214 11:45 787 50 13 ze.s 582 u 220 zee 58 ze 12.4 1.1 22 H 1.41 S.l m 
189110327 10:15 787 55 13 25.5 557 7.0 220 284 58 28 10.4 ci.O 22 ., uo s.e 320 

10810412 10:12 787 S7 13 21.0 Ul 7.3 220 ze• Ill 27 11.0 ci.O 211 47 1.51 u .m 
10810529 12:40 787 eo I) 21.5 580 7.3 220 284 57 ze 10.3 ci.O 22 .a uo 4.0 2711 

ltM0$24 12:Da 711 ee 13 ze.s 501 7.3 212 284 57 28 14.0 ci.O 23 51 ue 5.1 3.21 

10810722 10:01 711 " tl ze.s SilO u 215 251 57 ze IO.t 1.e 23 45 0.72 4.8 341 

10810121 10:21 717 43 u ze.s SilO 7.4 220 258 eo 27 II.$ ct.O 24 50 1.112 1.3 321 

10810811 01:57 787 55 13 ze.5 512 7.3 222 2~8 57 21 8.1 ci.O 30 48 1.50 4.7 318 

118810111 10:00 717 55 13 ze.o 582 7.3 221 252 57 ze IU ci.D 30 53 1.52 II. I 300 

118et121 II:Sll 787 .. 13 21.0 583 7.4 218 zee 5I 21 IU 1.0 23 50 ue e.o 358 

1188121t 11:51 787 II 13 ze.o 5113 7.0 222 zee 59 ze 11.2 ci.O 22 ~9 1.54 5.4 304 



~--~ ,-j .--, -j ~ ~-, 
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Waler.quallly ft18 for 
Ectwerdl Aqil1et ftlll lllc:llpMgt 

Ull'ljlCed In 1188 

Hap Coin)' 

or Flow 
Petlod Allcallnlly. Hltdnell, Ce!clum, Magnetlum. Soclum, Pot11slum. CNoltcle, Sulla!e, FIIIOIIde, Slllcl. Total 

Sllteweft Date Time Depllof Prior to Flow Willet SpecMc pH fteld tote! cllstohed cllsiOived dlstohed ciiiiOived dittohed dlstohed dissolved dlstohed disSOlved 
Number tamplecl sampled wan. Smplng Rete, llllljletDilml coneuctance (SIInclard (mg/L (mgll. (mgll. (mg/L (mg/L {mg/L (mgll. (mgll. (mgll. {mg/L Solids, Sum 

(l'l) (min) Cgprnl (C) O•Sicm) un!la) asCaCO,) ••CoCOa) as CoCOa) liMO) IINI) asK) esCI) OISO.) ••FI nSIOa) (mgll.) 

LR~ 19960904 09:S8 250 17 350 22.5 595 7.11 2S8 280 73 28 D.4 <1 24 27 0.51 5.2 4111 

LR.e7..01-308 19960904 11:02 650 22 400 25.0 702 7.21 2192 340 60 40 11.5 <I 24 132 3.55 6.1 SOot 
LR.e7..01-801 19960528 12:55 .. 1440 22.0 590 7.30 214 282 79 19 10.4 <1 32 24 0.42 5.1 328 

LR.el'..OI-802 19960904 13:S8 .. 1440 23.0 614 7.02 260 280 69 17 12.2 <I 32 25 0.26 5.8 400 

LR~7..01-806 19960904 13:28 .. 1440 230 624 8.94 252.8 300 90 17 12.7 <I 34 29 0.32 5.6 384 
LR~7..01~12 1!1960328 13:28 543 48 13 24.5 14,790 6.29 370 4,100 880 459 1810 69.8 3,700 2.600 5.00 7 11.744 

111960627 14:40 543 45 13 25.0 14,840 6.68 388 4,000 869 478 1980 96.0 4,150 2,786 5.75 7.2 11,988 
10980930 14:25 543 117 13 24.5 14,790 6.49 384 3,600 868 44D 1730 Dl.8 4.200 2.980 5.10 6.9 11,784 

LR~7..01~13A 19960328 12:05 5114 55 13 24.5 14,750 8.41 381) 4,200 871 487 1590 85.2 3,950 2.630 6.00 6.7 11,784 
1996Q627 12:28 5114 53 II 24.5 14,860 6.46 400 4,200 860 468 1960 96.0 3,700 2.833 6.00 7.2 12.023 
19981001 11:20 584 85 II 24.5 14,820 8.31 378 4,000 859 451 1824 78.2 4,000 2,970 4.70 6.3 11,578 

LR~7..01~13B 19980328 12:08 899 sa 13 25.5 14,770 8.38 370 4,100 881 461 1800 90.3 4,050 2,588 5.30 8.7 11.700 
1996Q627 12:30 899 55 13 25.5 14,750 6.42 388 3.700 884 480 2040 DB.O 3,800 2,854 5.75 7.2 11,812 
19981001 12:33 899 81 13 25.5 14,780 8.28 380 3,700 878 480 1980 73.8 3,050 2,850 5.08 7.2 11,888 

LR.e7..01~14A 19980328 10:38 558 38 13 25.0 14,820 8.33 380 4,100 949 480 1580 69.8 4,050 2,480 5.00 8.9 11,980 
111960627 lOSS 558 53 13 25.0 14,530 6.43 380 4.200 873 475 1910 103.0 4,050 2.834 5.75 7.5 12,194 
19960930 10:55 558 52 13 24.5 t4,900 8.51 388 3,900 859 450 1740 81.9 4,100 3,000 4.70 6.8 11,494 

LR.e7.01~149 19980328 10:33 728 48 13 26.0 14,670 6.30 380 4,000 947 458 1800 88.8 4,050 2.498 11.00 6.7 12.078 
1996Q627 11:00 728 55 13 26.0 14,720 8.45 372 4,100 885 488 2110 06.0 3,800 2.847 5.75 7.2 12,054 
19960930 11:S8 728 sa 13 26.0 14,730 6.44 380 3,700 879 480 1792 61.3 3,950 3.010 3.75 8.9 11.678 

LR~7 .Q9.111 19960925 09:37 294 27 350 22.7 592 7.01 257.2 268 88 Ill 11.9 <I 30 26 0.11 8.1 388 
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water.quatlly delll tor 
Edwards Aqulfer wells and aprlnga 

aampled In 1996 

Medina Ccunty 

Pump 
or Flow 
Period Atkallnlly, Harcllleu. Clld11111, MagneSium, Sodium. PotasSium, ChiOIIde. Sulfate, Fluollde, SiliCa, Total 

Slltewau Date Time Dtplllof Pilot to Flow water Specific: pH field total dissolved dissolved diSSolved dissolved dissOlved diSSOlved dissOlved dlssOI\IId dissolved 

Number sampled sampled WDU, SflllllnD Rail, temperalllre conc:uc~~nc:e (standard (mgll. (mgll. (mgll. (mgll. (mgll. (mgll. (mg/1. (mgll. (mgll. {mg/1. Solids 
(II) {min) (gpm) ('C) (J<Siem) unltJ) II CoCO,) asCaco,) aacaco.1 asMg) asNa) asK) asCI) asSOJ as F) osSI~) (mgll.) 

11).68.26.701 19960213 09:40 715 70 23.0 536 7.1 200 258 68 21 u 1.7 18 35 0.33 8.72 308 

TOa-33-202 111960208 14:15 278 44 15 22.5 480 7.2 ISO 220 118 II 8.9 <I 18 23 0.17 7.90 248 

TD-68-41-303 19960812 15•25 717 73 28.5 ~94 7.3 199 228 66 15 II <I 27 18 0.22 5.90 296 

T0-69-29-901 19960810 10:50 278 45 19 23.0 437 7.1 200 21<4 75 7 8.2 <I 1<4 10 0.14 6.10 252 

T0-68-37 o302 19980810 12:40 410 50 20 23.0 494 8.9 208 238 7~ 13 9.9 <I 17 18 0.2 4.60 284 

T0-69-40-403 111960208 11:50 518 >1«0 1800 23.0 471 7.2 220 238 73 11 8.4 1.2 15 7 0.17 5.14 244 

T0-68-45-eal 19960728 13:43 28 15 24.0 470 7.5 210 220 46 28 10.2 <I 19 14 2.85 5.30 224 

TD-49-45-ea2 19960728 13:37 28 15 23.5 484 7.7 212 212 50 28 13.3 <I 23 14 1.76 5.30 248 

T0-6~1 19960810 13:50 1290 >160 24.0 476 7.1 195 228 118 15 D.D <I 19 18 0.2 6.00 278 

T0-69-47-301 19980814 13:25 1510 17 900 24.5 474 7.2 202 220 85 18 10.2 <I 18 18 0.2 4.90 232 

T0-69-54-199 111960607 11:55 1300 85 38 23.5 850 7.2 209 240 88 18 33.2 <I 66 14 0.2 6.10 362 
T[).49-54-401 19960811 14:48 2000 58 15 24.5 515 7.3 193 224 51 18 15.8 <I 33 18 0.32 5.60 284 
T0-69-58-508 111960213 11:50 2715 1440 34.0 485 7.2 190 228 51 22 11.6 1.2 22 28 068 7.84 284 

19960528 13:50 2715 120 1200 32.0 506 7.3 IDO 232 51 23 11.4 <I 32 27 0.83 8.00 300 

'f0.61J.63.103 111960530 10:30 3410 >660 200 435 562 73 180 244 53 22 13.5 <1 23 58 1.8 8.30 316 

19960825 14:08 3410 249 42.5 609 7.1 215 220 50 21 37.6 2.3 46 42 3.6 9.00 352 



~ 
, __ j 

,-~ ~ ~ 
,___, c-J ~ ~ ~ ~ ~ -----, ,_____, r-, ~ .-----,j ··~ c--~ 

Wlller.quality dalllat 
Ee1wn1 Aqul1et we!ll encllj)llngl 

umplad In 11198 

Uvllde CouniJ 

P\.rl'lp 
at flow 
Plll1od AlkaiWiy. HardneSI. Calcium, Megneslw1!. Socllum. Pa4PIIum. Chlorlclo. Mate. Fluollde. smc.. TOll! 

SIN well 0111 Time Depalof PllatiO Flow Wlllt Speclllc pH 6elcl IOI8l cllslalved cllslalved diualwlcl dllldvad dliSCIIwlcl CliJSOMid dinclved diiiOived disSOlved 
Numller lllfllllled aampled Well. ~ Rete. lemjletDiute cancuclanee (standard (~ (l!lgl\. (l!lgl\. (l!lgl\. (l!lgl\. (mg/1.. (mg/1.. (~ (~ (mg/1. Sclldl 

(II) (min) (gpm) ('C) (J1S/cm) units) ••caco.l ••caco.l IICIICO,) uMg) uNa) IlK) IICI) as SO.) •• F) ••SOzl (mg/1.) 

YP.all-38-702 18960825 11:13 538 .. 1440 23.0 469 7.2 170 220 62 17 11.8 1.4 31 15 0.17 4.7 280 
YP.ft.311.704 19980314 09:50 1440 23.0 4110 7.3 1110 220 58 18 10.4 1.1 42 11 0.15 5.5 242 

18960825 11:.0 23.0 475 7.2 179 
YP.aii-Q.304 18960812 11:33 752 .. 1440 27.5 480 7.3 192 216 63 11 12.7 <1 26 11 0.13 6.0 240 
YP-81-4U06 18960811 13:28 898 23 23.5 50S 7.1 194 224 75 10 11.5 <1 28 13 0.14 8.0 228 
YP-89-43-1103 18960812 13:38 .. 1440 25.5 834 7.3 202 140 63 19 35.8 <1 71 124 1.00 8.2 488 
YP-89-43-904 11960612 14:18 >1440 25.0 694 7.1 196 288 77 17 22.6 <1 72 51 0.46 5.1 428 
YP-89-44-102 19960912 12:28 659 >1440 23.0 498 7.3 193 224 53 12 13.9 <1 29 13 0.12 5.9 232 
YP-89-4 .. -402 19960911 11:28 >1440 1200 23.5 556 7.4 191 240 63 12 12.5 <1 40 13 0.14 6.3 236 
YP.e9-44-502 19960911 10:28 1360 .. 1440 28.5 630 7.1 188 276 88 17 14.2 <1 70 22 0.38 6.5 388 
YP-89-44.eo3 19980614 11:20 1500 .. 1440 30.0 590 7.2 196 244 68 18 22.9 1.9 44 54 0.92 5.7 320 
YP-89-44-8a1 19960914 10:50 1200 .. 1440 29.5 599 7.2 203 248 88 111 20.9 1.7 34 53 1.48 3.4 372 
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YP-89-51-1 14 19960228 12:30 565 80 175 24.5 928 7.0 250 372 123 15 38.3 <1 100 49 0.52 8.4 620 
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232 
m 
254 
242 

.... ~ 

Calcium, 
dlssolwd 

mgll. 
at CoCO, 

07 
78 
54 
71 
71 
75 
77 
t52 
Ill 
tse 
ISS 
uo 
teo 
152 
102 
tse 
153 
155 
155 
t7 
00 

" ea 
03 
oa 
00 .. 
07 
104 
00 

" 55 
se 
50 
se 
50 
50 
50 
58 

se 
se 
52 
50 
50 
51 
» 
52 
50 
51 
51 
53 
50 
50 
50 
» 
•• 
48 
50 
50 
47 

•• 
50 
52 
48 .. 
50 

.---, 

M-Ilum, -mgll. 

••M8 
11 
12 
12 
18 
10 
10 
14 
103 
103 
104 
103 
tOO 
tOO 
105 
t04 .. .. 
101 
t02 
05 
u 
04 
eo 
13 
13 .. 
u 
04 
u 
54 
OS 
27 
21 
28 
20 
21 
27 
2t 
27 
27 
27 
27 
28 
n 
n 
54 
54 
33 
33 
35 
54 
31 
22 
33 
54 
30 

30 
32 
31 
31 
31 
22 
31 
2t 
so 
30 

~ 

SOdilm. 

~-·IIIQA. 
II HI 

10.2 
u 
u 
••• 
10.4 
11.7 
10.3 
w 
227 
251 
200 
270 
547 

* 211 
252 
2tO 
217 
212 
t03 
ISO 
121 
121 
127 
175 

'" tze 
132 
145 
138 
131 
11.0 
12.1 
10.0 
10.5 
10.4 
IU 
IU 
11.4 
10.4 
11.4 
IU 
toe 
25.4 
25.7 
2U 
21.0 
21.2 
2U 
22.2 
22.3 
21.0 
25.2 
2U 
25.1 
12.1 
14.1 
t2.5 
130 
10.4 
17.1 
12.1 
13.4 
12.2 
15.0 
140 

~ 

I'GhiiSium. 

~·tftOIL 
aK 

•• ct 
ct ., 
ct 
ct ., 

21.0 
21.3 
2U 
23.0 
23.1 
23.0 
23.5 
23.2 
ttt 
23.1 
23.1 
20.3 
11.4 
IU 
IU 
12.0 
t2.2 
t2.2 
tU 
t2.1 
tt.t 
13.0 
13.0 
10.3 
u 
u 
u 
•1.0 
•1.0 
1.4 
3.0 
t.4 
t.t 
<1.0 
u 
ct.O 
10 
3.1 
2.5 
2.1 
u 
2.0 
3.0 
2.2 
t.l 
t.t 
2 .. 4 
1.1 
u 
2.0 

ct.O 
u 

<1.0 
1.4 
20 

<1.0 
cl 0 
c:t.O 
1.3 

c-, 

Cblotlde. -tftOIL 
UCI 

28 
18 
18 
21 
21 
23 .. 

530 
530 
400 
500 
525 
500 
seo 
550 
550 
ISO 
550 
540 
275 
215 
215 
215 
215 
270 
310 
300 
310 
300 
310 
2tO 
22 
2t 
21 
20 
21 
22 
23 
22 
22 
22 
2t 
21 
43 
42 
41 ... 
50 
42 
52 
50 
52 .. 
50 ... 
2t 
20 
27 
30 
32 
27 
21 
27 
27 
27 
28 

rj 

Sullie. -tftOIL 
.. so. 

23 
10 
11 
22 
22 
21 
21 
410 
481 
410 
eoa 
542 
seo 
500 
500 
SOt 
501 
505 
500 
248 
231 
271 
241 
270 
211 
S04 
211 
312 
311 
310 
212 
42 
40 
45 

•• 
54 
55 
52 
» 
55 
57 
50 
50 
54 
4t 
50 
se 
eo 
13 
04 
13 
13 
15 
15 
12 
31 
22 
38 
38 
« .. 
42 
45 
41 
41 
47 

,----"'11 

, __ 
diSI

mgll. 
uF 

0.2t 
0.18 
O.t7 
0.22 
0.30 
0.25 
0.21 
3.4 
u 
3.7 
u 
u 
u 
u 
3.5 
u 
u 
3.0 
3.4 
3.4 
3.4 

3.7 
u 
3.2 
3.4 
35 
3.7 
3.5 
u 
u 
3.1 
1.11 
1.20 
1.50 
t.30 
t.31 
t.30 
1.44 
1.30 
1.54 
1.22 
1.2t 
1.27 
2.15 
2.70 
3.05 
2.55 
2.15 
2.00 
303 
2.15 
us 
2.50 
2.eo 
2.50 
2.40 
z.so 
2.30 
2.40 
us 
2.55 
1.02 
2.40 
us 
235 
2 40 

~ 

-· cr .. -
tftOII. 

USIO, 

0.2 
5.3 
5.2 
5.7 
u 
1.2 
u 
0.4 
0.1 
1.2 
0.5 
5.2 
1.7 
u 
7.4 
7.1 ... 
u 
u 
1.2 
u 
1.1 
1.2 
u 
u 
1.4 
1.0 
0.7 
0.5 
I.e 
1.7 
S.t 
5.1 
5.1 
o.o 
5.1 
s.1 
5.8 
1.2 
5.3 
1.0 
u 
0.4 
1.2 
l.t 
1.1 
u 
5.t 
1.0 
u 
5.1 
5.a 
e.• 
1.7 
eo •.. 
1.2 
u 
1.2 
5.8 
1.1 
u ..• 
1.5 
14 
IS 

~ 

Total 
dls

oo!ds 
tftOIL 

350 
200 
204 
300 
211 
541 
320 

2.000 
t.OI2 
t.oeo 
I .eel~ 
1,012 
2.t24 
U72 
1,154 
t.ose 
1.102 
1.150 
U20 
t.t71 
1,144 
1.140 
1.102 
1,040 
uoo 
1,131 
1,012 
I, too 
t.-
1.102 
1,131 

300 
310 
311 
300 
330 
310 
314 
540 
400 
324 
300 
200 .,. ,.. 
544 
372 
311 
400 ,.. 
544 
401 
3511 
:114 
330 
352 
311 
200 
3!4 
211 
331 
332 
2811 
331 
304 

321 
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Wltlt.q\11131:1 dal• f.or 

I!CIWitdl Aqu!lll WOIS lOCI lpMol 

""""""''"' 
COC!III C0Un1J 

...,. 
O<l'low llpodo Allulllnly, 

111111 O.plhol Ptdod flow llcCoft. fiiEIIII Honlnaaa Clldum, loloonuklm. BO<IIum. POIIIIIum, ClllolliM, BuWole, -· Sl:leO, TOIII 
Wtlll) Wtl, Pototlo Role. Wlllt dud· "" Fltll, Tolll dlloolved dis- diiiOived dllsolwecl dill- ~ Clll- dill- diSsolved -· 0111 'l1mt Totti O"'l*>o IIIII T~ ·- llllnl CoCO, mg/1. mg/1. mg/1. mg/1. mg/1. mg/1. mg/1. mg/1. mg/1. SOiciS 

Ftet "'*'' (Opm) .. - .,.. mg/1. •• c.co, toCICO, IS lolg IINI ISIC IICI •• so. uF IS SiOa mg!l. 

I 

Utota!l 11:10 •n 55 12 2U 542 7.2 207 2ce •• ll 14.5 ci.O 20 42 2.10 ••• m 
OX-2Wie& UMOIIO 10:10 717 10 ll 20.0 100 7.1 220 211 57 27 IU 1.1 24 40 1.40 S.t -IIM0214 11:45 717 eo ll 20.5 se2 u no 211 51 20 12.4 1.1 22 H 1.41 5.8 lH 

IHIOl27 10:15 717 55 ll u.s 557 7.0 no 204 sa 20 10.4 •1.0 22 4l 1.10 s.e 320 

10100412 10:12 717 17 ll 28.0 55t u no 204 .. 27 11.0 •1.0 21 47 1.51 u ,lH 

11100121 12:40 m 10 u 28.5 100 u m 204 57 ze IO.l ci,O 22 41 1.40 4.0 271 

11100121 IZ:ill 717 II u 20.5 Ill u 212 204 57 21 11.0 ci,O n 51 1.41 5.1 321 

11100722 IO:Ot 717 IC II 21.5 - u 215 2se 57 za 10.1 u 23 45 o.n l.t lee 

IIMOIZI 10:21 717 ll u 20.5 100 7.1 m 211 10 27 11.5 c1.0 21 50 U2 0.3 ua 
IIMOIII 01:57 717 55 u 21.5 112 u w 241 57 ze 1.1 •1.0 30 41 1.50 1.7 310 

liM lOll 10:00 717 55 u ze.o 112 7.3 m 252 57 ze IU c1.0 30 53 1.52 1.1 300 

18111121 11:51 717 14 u ze.o Ill 7.1 211 :lei 5I ze IU 1.0 23 50 1.41 0.0 311 

18111211 11:11 717 .. n 21.0 585 7.0 222 211 50 ze 11.2 <1.0 u •• 1.54 5.1 314 
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Water.quallty data for 
Edwards Aquilar wel!1 end tptnoa 

Mmjlledln 19118 

HayaCcutly 

Plnp 
Of flow 
Pctllod ~- Hetdnell, Calcium. MIIOI*Ium, Sodium. Palaulum. Chlollde. Sc&te, Fluollcle. smc.. TOll! 

Slate well Da1o Time Depllor Pllorlo Flow Wt!ct Spedftc pH llol::l tolD! CIIUolvod eli~ cliaaol¥ed cllUCIMid cllaaol¥ed ell~ dissalvecl diSSOlved dllaolved 
Nlmber Mmjlled aampled Will. Smplng Rete. lempemlunl concucllnCe (alandetd (mgll (mgll (mgll (mgll (mgll (mgll (mgll (mgll (mgll (moiL Solllll, Sum 

(1IJ (min) IOPml (C) (pS/c:m} units) .. caco,, IIICIICO,) IIICIICO,) Ill Mg) ISNa) asK) IICI) II SO.,) as F) ltSIO,} (mgll) 

lR-58-58-<103 111!1601104 09:58 250 17 350 22.5 595 7.11 258 280 73 28 9.4 <1 24 27 0.51 5.2 418 

LR.e7~1..:w8 111!1601104 11:02 850 22 ~ 25.0 702 7.21 219.2 340 80 40 11.5 <1 24 132 3.55 8.1 504 
lR-87~1-801 18980528 12:55 >1440 22.0 590 7.30 21A 282 79 19 10.4 <1 32 24 0.42 5.1 328 

LR.e7~1-802 111!1601104 13:58 ,.1440 23.0 814 7.02 260 280 89 17 12.2 <1 32 25 0.28 5.8 400 

LR.e7~1-808 19980904 13:28 ,.1440 23.0 824 8.94 252.8 300 90 17 12.7 <1 34 29 0.32 5.8 384 
lR.SM1-e12 18980328 13:28 543 48 13 2A.5 14,790 8.29 370 4,100 880 459 1610 69.8 3,700 2.800 5.00 7 11,744 

18980827 14:40 543 45 13 25.0 14.840 8.88 388 4,000 869 478 1980 98.0 4,150 2,786 5.75 7.2 11.988 
18980930 14:25 543 67 13 24.5 14,790 8.49 384 3,800 858 449 1730 91.8 4.200 2.980 5.10 8.9 11,784 

LR.e7~1-e13A 18980328 12:05 584 55 13 24.5 14,750 8.41 380 4.200 871 487 1590 85.2 3.850 2.830 8.00 8.7 11,784 
18980827 12:28 584 53 11 24.5 14,880 6.48 400 4.200 880 468 1960 98.0 3,700 2.833 6.00 7.2 12.023 
19981001 11:20 584 65 11 24.5 14.1120 6.31 376 4.000 859 451 1824 76.2 4,000 2.970 4.70 6.3 11,578 

lR-87~1-e139 18980328 12:08 899 58 13 25.5 14,770 8.38 370 4.100 861 481 1600 90.3 4.050 2.566 530 6.7 11,700 
18980827 12:30 699 55 13 25.5 14.750 8.42 388 3,700 884 480 2040 98.0 3.800 2.1154 5.75 7.2 11.812 
19981001 12:33 899 61 13 25.5 14.780 8.28 380 3,700 878 480 1980 73.6 3,950 2.850 508 7.2 11.668 

lR.e7..01-814A 19980328 10:38 556 38 13 25.0 14,820 8.33 380 4,100 849 480 1580 89.8 4,050 2.480 5.00 6.8 11.980 
18980827 10.58 556 53 13 25.0 14,530 8.43 380 4,200 873 475 1910 103.0 4,050 2.834 5.75 7.5 12,184 
18980930 10:55 556 52 13 24.5 14,900 8.51 386 3,900 859 450 1740 au 4,100 3.000 4.70 8.8 11,484 

LR.e7~1-814B 18980328 10:33 728 48 13 28.0 14,870 8.30 380 4.000 847 458 1600 88.8 4.050 2,498 8.00 8.7 12,078 
18980827 11:00 728 55 13 28.0 14.720 6.45 372 4,100 885 468 2110 98.0 3.800 2,847 5.75 7.2 12.054 
19980930 11:58 728 58 13 280 14.730 6.44 380 3,700 879 460 1792 81.3 3,950 3,010 3.75 8.9 11,878 

LR.e7-09·111 19980925 09:37 264 27 350 22.7 592 7.01 257.2 268 118 18 11.9 <1 30 26 0.11 6.1 368 
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Wlltor.qualily data for 
Edwallll Aqulfet wens and spllngs 

sampled In 1996 

Medina County 

l'ul!tp 
or Flow 
Peltod AlkalirOiy. Halllness. Celclum. M8gnetlurn. Sodium. PoWIIum, Chloride. 5\dfele. Flwrlde. Silica. TOIII 

Slate well Dale Tine Depllof PrloriO Flow Willer Speclllc pH lleld 10181 CliiiGMd dillofved dissolved ClllteM!d CIIIIGMd dissolved Cllslofved diUdYed CllsiOIVed 
Nllmller Mmj)led l8lllllled Well, Sniping Rale, ..,.,.,.liJta concuctanca (~ (mg.\. (mg.\. (mg.\. (mg.\. (mgll (mgll (mgll (mg.\. (mg.\. (mgn.. Sallcls 

(II) (min) (gpm) ("C) (pSit.m) units) asCBCo.J ••eeco.J ueeco.J ISMg) BINI) asK) BICI) as SO.) II F) asSIO,) (rng/1.) 

TOa-25-701 189e0213 09:40 715 70 23.0 538 7.1 200 256 68 21 9.8 1.7 18 35 0.33 8.72 308 
~3-202 18960208 14:15 279 44 15 22.5 480 7.2 190 220 ee 11 8.9 <1 18 23 0.17 7.90 248 
ll).68.41.3CJ3 19960812 15:25 717 73 28.5 4114 7.3 189 228 ee 15 11 <1 27 18 0.22 5.90 296 
TD-6&-29-901 19960810 10:50 278 45 19 23.0 437 7.1 200 214 75 7 8.2 <1 14 10 0.14 8.10 252 
TD-6&-37 -302 19960810 12:40 <110 50 20 23.0 <184 6.8 208 236 74 13 8.8 <1 17 18 0.2 4.80 28<1 
fD.6t.40.<I03 19960208 11:50 511 >1440 1600 23.0 <171 7.2 220 238 73 11 8.4 1.2 15 7 0.17 5.14 2<14 

TD-6&-<15-811 11160728 13:~ 28 15 24.0 <170 7.5 210 220 48 28 10.2 <I 19 14 2.85 5.30 22<1 

~ 19980728 13:37 28 15 23.5 484 7.7 212 212 50 28 13.3 <1 23 14 1.76 530 248 
f0..81-48«11 19960810 13:50 1290 >180 24.0 478 7.1 185 228 ee 15 9.9 <1 19 18 0.2 6.00 278 
TD-6t-<17 -301 19980814 13:25 1510 17 900 24.5 474 7.2 202 220 65 18 10.2 <1 18 18 02 4.90 232 
TD-69-54·198 19960807 11:55 1300 85 38 23.5 850 7.2 209 240 68 18 33.2 <1 88 14 02 8.10 382 
TD-69-54-401 19960811 14:48 2000 58 15 2.U 515 7.3 193 224 51 18 15.6 <1 33 18 0.32 5.80 284 
TD-69-58-508 18960213 11:50 2715 1<140 34.0 485 7.2 190 228 51 22 11.6 1.2 22 28 0.69 7.84 284 

19980528 13:50 27t5 120 1200 32.0 508 7.3 190 232 51 23 11.4 cl 32 27 0.83 8.00 300 
To.et-83-103 19960530 10:30 3410 >660 200 43.5 562 7.3 180 244 53 22 13.5 <1 23 56 1.8 8.30 316 

19960825 14:08 3410 249 42.5 809 7.1 215 220 50 21 37.8 2.3 48 42 3.8 8.00 352 
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Eitfttlll ~wells enos lfiCinOS 
..,..llclln1996 

Uvalde County 

or flow 
Period Alkelinily. Hatdneu. Celclum. Magnesium. Soclllm. Polullum. CHoltde. &Mate. Ftuot~Go. Silica. Total 

Stale well Date Time Oeplllof l'ltorto • Flow Wlltllr Spedftc pH lleld 10181 dluolved diiSOived dlslolved dilldwed diUatwed ditldwed diuolved diuolved dissolved 
NumiMit nmpled IIIIIIJIIICI Will. ~ Rill. lllmpel'8ture COI'ICUCI8nCII (111ndard (rngiL (rngiL (rngiL (rngiL (mg/1. (mg/L (mgft. (mgft. (mgft. (rngiL Solids 

(11) (min) (gpm) (C) CI'Sicm) llllll) uCIICO,l 
··~ ••eeco.J Ill Mg) BINI) IISK) asCI) nSO.) II F) es SIO,) (mgll.) 

YP-81-38-702 19960625 11:13 538 >1440 23.0 489 7.2 170 220 82 17 11.8 1.4 31 15 0.17 4.7 280 
YP-89-38-704 19980314 09:50 1440 23.0 490 7.3 190 220 58 18 10.4 1.1 42 11 0.15 5.5 242 

19960625 11:40 23.0 475 7.2 179 
YP-8~ 19980812 11:33 752 >1440 27.5 484 7.3 192 211 83 11 12.7 •1 28 11 0.13 1.0 240 
YP.a9-t3-801 19960811 13:28 891 23 23.5 eoe 7.1 11M 224 75 10 11.5 <1 28 13 0.14 8.0 228 
YP-8~903 19960812 13:38 >1440 25.5 834 7.3 202 140 83 19 35.8 <1 71 124 1.00 8.2 488 
YP~904 199B0812 14:18 >1440 25.0 894 7.1 188 288 n 17 22.8 <1 n 51 0.48 5.1 428 
YP-8~102 19960612 12:28 8511 >1440 23.0 498 7.3 193 224 53 12 13.9 <1 29 13 0.12 5.9 232 
YP-8~4-402 19960611 11:28 >1440 1200 23.5 556 7.4 191 240 83 12 12.5 <1 40 13 0.14 8.3 238 

YP-8~4-502 19960611 10:28 1380 >1440 28.5 830 7.1 188 278 88 17 14.2 <1 70 22 0.38 8.5 388 
YP-8~4-803 19980814 11:20 1500 >1440 30.0 590 7.2 188 244 88 18 22.9 1.9 44 54 0.92 5.7 320 
YP-89-44-Ba1 19960814 10:50 1200 >1440 29.5 599 7.2 203 248 88 19 20.9 1.7 34 53 1.48 3.4 372 

YP-8~5-405 19960612 Ut.25 1210 >120 590 23.0 482 7.4 208 228 87 14 10 <1 111 19 0.23 1.0 251 

YP-89-50-207 19980702 12:25 285 23.5 587 7.0 2011 248 84 11 17.4 2.9 48 18 0.09 5.4 296 

YP-89-50-508 19980702 11:45 525 24.0 573 70 212 248 88 9 18.1 2.8 42 21 0.14 5.8 280 
YP.aB-51-102 19960228 11:35 391 35 50 25.0 784 8.8 240 338 107 15 22 0.4 58 83 0.80 8.9 512 

19880410 13:30 391 
19980702 10:52 391 22 25.0 888 8.9 214 304 102 14 21.5 3 42 73 0.92 7.7 372 

YP.aB-51·114 19980228 12:30 585 80 175 24.5 928 7.0 250 3n 123 15 38.3 <I 100 48 0.52 8.<1 820 
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Mtdnt River 0 8anc1111, T1 
Mtdnl River 0 Bandtrt, T1 
Mtdnt River 0 Btncltll, T1 

HolldoCrttlntTI~, Ta 
HolldoCrttknrT~. T1 
HoncloCrttknrT~. T1 

NvtcnAMrOI.Igune. Ta 
INial Rlvtr 0 Loguq, Ta 
Nvaceolllvlr 0 Laguna. T• 

OayFIIo RlvetntRtlgtftWtDI, Ta 
Day Fllo Rivet 11t Rt101n WtDI, T1 
Dly Fllo River 11t RttQift Wtfta, T1 

Fllo Rivet 0 C011can, 1'1 
Fllo Rivet 0 COIICCII\ To 
Fllo RlvetOConcall. Ta 

SIIIIMI Rlvtr ttl Sablfttl, 1'1 
Sablftal AMrnr Salllnll. Ta 
SablftallllvlrttSablfttl, Ta 

StOI Crttl 0 lollltr Rlllell nr ~. Ta 
SHO Crtt'k 0 Mi:ltt Rlllell N Ulojllt, Ta 
Stto Crttk 0 IRitt Rlllell11t Uloplt, T1 

Rivet 
Ot 

SIN till 

Utdnl Rlvlt 0 Bandttt, Ta 
Uodnllllvlr 0 Blnclttl, T• 
U111nolllvlr 0 8ancltrl. T1 

HoncloCrttknrT~. Ta 
HanciOC..otnrT~. Ta 
HoncloCrttknrTetplfY, Ta 

Nvtetl River 0 LIOUfll, 1'1 
Nvttel River 0 Ltguna, Ta 
Nuttel R._.r 0 LIOUfll, Ta 

Dry Frio Rivet ttl RtiQIII Wth. Tt 
Dry Frio River t1t Rttflll Wth. Tt 
Day Frio lllvlr t1t R••tt" went, T• 

Frio Rivet 0 COlleen, Ta 
Fdo Rivet 0 Concan. Tt 
FdoRMtOConcall. Tt 

Stllinl! Rivet t1t Stblllal. Ta 
Stlllni!RivltntSalllnll. Ta · 
Stblftal Rivet,.. Sibilla!. Tt 

StOI Crttk 0 Uilltt Rondl N Ut4plt, Tt 
Seco Creek 0 Uillor Rtndl nr Ut4pla, Ta 
Steo Crttk 0 lollllat Rtndl nr Utopia, Ta 

C.lt 
llmplld 

ltte03M 
ID!III0730 
19981209 

IH80)04 
ltlll0730 
IH6120D 

ID9S030$ 
ID9S0731 
1tlll1210 

1He0305 
ltlll0731 
10981210 

18180305 
ID!III0731 
IHSIZIO 

ltlll0300 
11!1110730 
I MUll 

·ID9S0731 
10981201 

Date ....... ., 
109S0304 
10980730 
199SI20D 

IH6031M 
IH60730 
19961201 

ltlll0305 
10980731 
1H&I210 

ID98030S 
ltlll0731 
IH61210 

IH60305 
10980731 
10981210 

IH80308 
ltlll0730 
ltlll1211 

19980301 
11!1110731 
IHGI20S 

TN .. ~ 
11:15 
10:00 
11:00 

1:1:15 
11:50 
13:00 

OD:20 
10:00 
OD-.20 

11:25 
11:45 
11:00 

12:SO 
13:10 
12:20 

10:35 
14:00 
OD:45 

12:35 
OilY 
11:15 
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MAVERICK 

Plate 2.1 -
Water Level Observation Network. 
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MAVERICK ZAVALA 

Plate 6.1-
Water Quality - wells, springs and streams sampled. 
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