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ABSTRACT
The average annual ground-water recharge to the Edwards aquifer in the San
Antonio area, Texas, from 1934 through 1985 was 604,500 acre-feet. Recharge in
1985 was 1,003,300 acre-feet, which is the seventh highest estimated annual

recharge since 1934. A maximum annual recharge of 1,711,200 acre-feet occurred

in 1958, and a minimum annual recharge of 43,700 acre-feet occurred in 1956.

The calculated annual discharge by wells and springs in 1985 was 856,500
acre-feet. Annual discharge by wells and springs ranged from a maximum of
960,900 acre-feet in 1977 to a minimum of 388,800 acre-feet in 1955. In 1985,
the annual discharge by wells was 522,500 acre-feet. This is near the record

high of 529,800 acre-feet in 1984.

Although water levels in many of the wells fluctuated near or above the
midpoint between record high and Tow levels in 1985, the volume of ground water
in storage in the aquifer was near average during most of the year. In 1985,
substantial increases occurred during the fall and winter, and water levels

then remained above average in most of the area.

Analyses of water samples from 94 wells and 3 springs in the Edwards aqui-
fer show that the water quality in the freshwater zone is significantly better

than the level established for public water systems. However, trace concentra-

-5-



|
tions of organic compounds were detected in many of the analyses. Analyses of
water samples collected from nine wells in Uvalde County showed concentrations
of tetrachloroethylene in excess of 5 micrograms per 1iter. In 1985, samples
were collected from Qells along the "bad-water" line to detect changes in water

quality as the potentiometric head in the Edwards aquifer changed.



sIe IR M Re e RE R Re RE RERE RE RERE RGN RERE RE RE RE RERE RE RS IS RS 0 RE RS RS RERE RS R RE RE R 2 RE 2626 26 B B RERE 6 26 26 26

INTRODUCTION
This annual compilation of the records of ground-water recharge, discharge,
water levels, and water quality for the Edwards aquifer and for surface-water
data in the San Antonio area, Texas, is part of a continuing investigation by
the U.S. Geological Survey in cooperation with the Edwards Underground Water

District.

The calculations of annual recharge are based on data collected from a
network of streamflow-gaging stations and on assumptions that relate the runoff
characteristics of gaged areas to ungaged areas (Puente, 1978). The basic
approach is a water-balance equation in which recharge within a stream basin is
the difference between measured streamflow above and below the infiltration
area plus the estimated runoff within the infiltration area. Location of the
Edwards aquifer and physiographic regions is shown in figure 1, drainage basins

are shown in figure 2, and data-collection sites are shown in figure 3.

Annual discharge is compiled from: (1) Data collected by the Texas Water
Development Board on pumpage for municipal, military, and industrial use;
(2) calculations of pumpage for irrigation tabulated by the U.S. Soil Conserva-
tion Service as determined from records of power consumption and irrigated acre-

age; and (3) Geological Survey records of spring flow at points of discharge.

Periodic measurements have been made in observation wells in the Edwards
aquifer since 1929 to determine changes in ground-water storage in the aquifer.
The first continuous water-stage recorders were installed during the late
1930's. During 1985, periodic water-level measurements were made in 17 wells,

and continuous water-stage recorders were in operation on 17 other wells.
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Surface-water data for Texas for the 1985 water year are presented in
three volumes, respectively identified by river basins. Data in each volume
consist of records of stage, discharge, and water quality of streams and canals
and records of stage, contents, and water quality of lakes and reservoirs.
Records for a few pertinent stations in bordering states also are included.
These data are included in the National Water Data System operated by the

Geological Survey in cooperation with State and Federal agencies in Texas.

PRECIPITATION
The annual and lTong-term average precipitation at selected stations in the
San Antonio area for 1982-85 are given in table 1. Annual rainfall for 1982-84
was below average at nearly all of the stations in the San Antonio area, result-
ing in below average recharge for 1982-84. In 1985, annual rainfall was above

average at most stations, resulting in above average recharge for the year.

GROUND-WATER RECHARGE

The infiltration area used for calculating recharge for the Edwards aqui-
fer in the San Antonio area is modified slightly from the area described by
Puente (1978) to reflect existing data-collection sites. The delineation of
the infiltration area is based on surface- and ground-water divides. Recharge
to the Edwards aquifer is derived mainly from seepage from streams that cross
the outcrop of the aquifer and, to a lesser extent, from direct infiltration of
precipitation on the outcrop. Some recharge also is derived from other aqui-
fers that are hydraulically connected to the Edwards aquifer. Water can move
freely between two aquifers either along solution-widened fractures and faults
or where the aquifers are in fault contact (Welder and Reeves, 1962, p. 36).
Other aquifers that contribute recharge to the Edwards aquifer are, from oldest

to youngest, Glen Rose Limestone, Buda Limestone, Eagle Ford Shale, and Austin

-15-



Table 1.--Annual and long-term average pr?cipitation at
selected stations, 1982-85

Precipitation Long-term average

Station (inches) Inches Years of
1982 1983 1984 1985 record
Brackettville  12.62 19.35 16.24  18.93 20.70 94
Uvalde 23.35 -- -- -- 24.73 79

Sabinal 18.44 23.33  20.67 23.67 25.64 62 -

Hondo 21.99 -- - 21.94 28.55 77
San Antonio 22.96 26.11 25.95  41.43 28.65 107
Boerne - 27.64 - 26.97 37.77 33.12 88
New Braunfels 21.04 34.13 20.90 37.26 31.69 90
San Marcos -- 36.95 -- 33.54 33.70 81

1 Precipitation data from the U.S. Department of Commerce (1982-85).

-16-



Group. Only recharge derived from the land surface is included in this compi-
lation. The amount and significance of recharge from other aquifers is not

known, but is believed to be small in comparison to the surface sources.

The calculated annual recharge by basins for 1934-85 and the average
annual recharge for 1934-85 are given in table 2. Recharge in the Guadalupe
River basin is not included because the amount of net recharge to the aquifer

is not significant.

The annual recharge for 1934-85 ranged from 43,700 acre-ft in 1956 to
1,711,200 acre-ft in 1958. The average annual recharge for 1934-85 was 604,500
acre-ft. The annual recharge for 1985 was 1,003,300 acre-ft, which is signifi-
cantly above the average annual recharge and is the seventh highest estimated

annual recharge since 1934.

GROUND-WATER DISCHARGE
The calculated discharge, by county, from the Edwards aquifer during 1934-
85 is given in table 3. The calculated discharge by county and by water use

in 1985 is given in table 4.

The discharge from springs was from San Marcos Springs in Hays County,
Comal Springs in Comal County, San Antonio and San Pedro Springs in Bexar
County, and Leona River Springs in Uvalde County. The calculated discharge
from Leona River Springs includes underflow into the alluvial gravels along the

stream.

The major discharge from wells was in Bexar, Uvalde, and Medina Counties,
while the major spring flow was from Comal and Hays Counties. Many wells in
Bexar County supplied water for municipal and military use. Other wells in

Bexar County and most of the large wells in Uvalde and Medina Counties supplied

-17-
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Table 2.--Calculated annual recharge to the Edwards aquifer by basin, 1934-85 D
{in thousands of acre-feet) =
Calen-  Hueces-West™ Frio-Dry Sabinal Area between Area between Cibolo- BTanco ™
dar Nueces Frio . River Sabinal River Medina Cibolo Creek Dry Comal Ri ve{' )
year River basin Rive basinl and Medina Lake and Medina Creek basin Total =
basi River basins! River basins!  basin z
my
1934 8.6 27.9 7.5 19.9 46.5 21.0 28.4 19.8 179.67
1935 411.3 192.3 56.6 166.2 71.1 138.2 182.7 39.8 1,288.2 7 ™
1936 176.5 157.4 | 43.5 142.9 91.6 108.9 - 146.1 42.7 909.6” m
1937 28.8 75.7 | 21.5 61.3 80.5 47.8 63.9 21.2 400.77 >
1938 63.5 69.3 | 20.9 54.1 65.5 46.2 76.8 36.4 432.7”7 ™
1939 227.0 49.5 17.0 33.1 42.4 9.3 9.6 11.1 399.07 2
1940 50.4 60.3 23.8 56.6 38.8 29.3 30.8 18.8 308.8 i
1941 89.9 151.8 50.6 139.0 54.1 116.3 191.2 57.8 850.77 P
1942 103.5 95.1 @ 34.0 84.4 51.7 66.9 93.6 28.6 557.87
1943 3.5 42.3 ‘ 11.1 33.8 41.5 29.5 58.3 20.1 273.17 ™
1944 64.1 76.0 24.8 74.3 50.5 72.5 152.5 46.2 560.97 ™
1945 47.3 71.1 30.8 78.6 54.8 79.6 129.9 35.7 527.87 G
1946 80.9 54.2 16.5 52.0 51.4 105.1 155.3 40.7 556.1 ™
1947 72.4 77.7 16.7 45.2 44.0 55.5 79.5 31.6 422.67 -
1948 41.1 25.6 26.0 20.2 14.8 17.5 19.9 13.2 178.3 - -
1949 166.0 86.1 31.5 70.3 33.0 41.8 55.9 23.5 508.17 ™
1950 41.5 35.5 13.3 27.0 23.6 17.3 24.6 17.4 200.2 7 I
1951 18.3 28.4 7.3 26.4 21.1 15.3 12.5 10.6 139.9 -
1952 27.9 15.7 3.2 30.2 25.4 50.1 102.3 20.7 275.57 ™
1953 21.4 15.1 3.2 4.4 36.2 20.1 42.3 24.9 167.6 - I
1954 61.3 31.6 7.1 11.9 25.3 4.2 10.0 10.7 162.1~ ™
1955 128.0 22.1 | 0.6 7.7 16.5 4.3 3.3 9.5 192.0 ™
1956 15.6 4.2 | 1.6 3.6 6.3 2.0 2.2 8.2 43.7~ ~
1957 108.6 133.6 | 65.4 129.5 55.6 175.6 397.9 76.4 1,142.6; ™
1958 266.7 300.0 223.8 294.9 95.5 190.9 268.7 70.7  1,711.2 oy
1959 109.6 158.9 61.6 96.7 94.7 57.4 77.9 33.6 690.4~ ™
1960 88.7 128.1 ! 64.9 127.0 104.0 89.7 160.0 62.4 824.8 ~ S
1961 85.2 161.3 57.4 105.4 88.3 69.3 110.8 49.4 7117.17 -
1962 47.4 46.6 4.3 23.5 57.3 16.7 24.7 18.9 239.4 ™
1963 39.7 27.0 5.0 10.3 41.9 9.3 21.3 16.2 170.7 - s
1964 126.1 57.1 16.3 61.3 43.3 35.8 51.1 22.2 413.2 ; =
1965 97.9 83.0 23.2 104.0 54.6 78.8 115.3 66.7 623.5 g
1966 169.2 134.0 37.7 78.2 50.5 44.5 66.5 34.6 615.2 7 -
1967 82.2 137.9 30.4 64.8 44.7 30.2 57.3 19.0 466.5~ )
1968 130.8 176.0 66.4 198.7 59.9 83.1 120.5 49.3 884.77 P
1969 119.7 113.8 30.7 84.2 55.4 60.2 99.9 46.6 610.5 m,
1970 112.6 141.9 35.4 81.6 68.0 68.8 113.8 39.5 661.6 — =
1971 263.4 212.4 39.2 155.6 68.7 81.4 82.4 22.2 925.37 ™
1972 108.4 144.6 49.0 154.6 87.9 74.3 104.2 33.4 756.4 7 -
1973 190.6 256.9 | 123.9 286.4 97.6 237.2 211.7 82.2 1,486.5 - -
1974 91.1 135.7 | 36.1 115.3 96.2 68.1 76.9 39.1 658.5 7 @T\
1975 71.8 143.6 47.9 195.9 93.4 138.8 195.7 85.9 973.0~ ~
1976 150.7 238.6 68.2 182.0 94.5 47.9 54.3 57.9 894.1° !
1977 102.9 193.0 62.7 159.5 77.7 97.9 191.6 66.7 952.0~ s
1978 69.8 73.1 | 30.9 103.7 76.7 49.6 72.4 26.3 502.5 "‘”’s
1979 128.4 201.4 68.6 203.1 89.4 85.4 266.3 76.2 1,117.8 - ~
1980 58.6 85.6 42.6 25.3 88.3 18.8 55.4 31.8 406.4;
1981 205.0 365.2 105.6 252.1 91.3 165.0 196.8 67.3 1,448.4 o
1982 19.4 123.4 21.0 90.9 76.8 22.6 40.1 23.5 417.7— P
1983 79.2 85.9 20.1 42.9 74.4 31.9 62.5 23.2 420.17 -
)
1984 32.4 40.4 8.8 18.1 43.9 11.3 16.9 25.9 197.9 -
1985 105.9 186.9 50.7 148.5 64.7 136.7 259.2 50.7 1,003.3~ %
1.
AVERAGE 100.9 110.4 37.9 92.9 60.0 65.0 100.8 36.7 2604.5 -
1l Includes recharge from gaged and ungaged areas within the basin. N
Average totals may not be identical because of rounding procedures. -
-18- -~
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Table 3.--Calculated annual discharge from the Edwards aquifer by county, 1934-85
(1in thousands of acre-feet)

Kinney- Total Total

Year Uvalde  Medina Bexar  Comal Hays ||Total spring well
Counties County County County County discharge discharge
1934 12.6 1.3 109.3 229.1 85.6 |]|437.9 336.0 101.9
1935 12.2 1.5 171.8 237.2 96.9 |]519.6 415.9 103.7
1936 26.6 1.5 215.2 261.7 93.2 ||598.2 485.5 112.7
1937 28.3 1.5 201.8 252.5 87.1 [|571.2 451.0 120.2
1938 25.2 1.6 187.6 250.0 93.4 | |557.8 437.7 120.1
1939 18.2 1.6 122.5 219.4 71.1 ||432.8 313.9 118.9
1940 16.1 1.6 116.7 203.8 78.4 ||416.6 296.5 120.1
1941 17.9 1.6 197.4 250.0 134.3 |[601.2 464.4 136.8
1942 22.5 1.7 203.2 255.1 112.2 ||594.7 450.1 144.6
1943 19.2 1.7 172.0 249.2 97.2 |1539.3 390.2 149.1
1944 11.6 1.7 166.3 252.5 135.3 ||567.4 420.1 147.3
1945 12.4 1.7 199.8 263.1 137.8 ||614.8 461.5 153.3
1946 6.2 1.7 180.1 261.9 134.0 ||583.9 428.9 155.0
1947 13.8 2.0 193.3 256.8 127.6 ||593.5 426.5 167.0
1948 9.2 1.9 159.2 203.0 77.3 | |450.6 281.9 168.7
1949 13.2 2.0 165.3 209.5 89.8 ||479.8 300.4 179.4
1950 17.8 2.2 177.3 191.1 78.3 |]466.7 272.9 193.8
1951 16.9 2.2 186.9 150.5 69.1 ||425.6 215.9 209.7
1952 22.7 3.1 187.1 133.2 78.8 ||424.9 209.5 215.4
1953 27.5 4.0 193.7 141.7 101.4 ||468.3 238.5 229.8
1954 26.6 6.3 208.9 101.0 81.5 ||424.3 178.1 246.2
1955 28.3 11.1 215.2 70.1 64.1 |[388.8 127.8 261.0
1956 59.6 17.7 229.6 33.6 50.4 ||390.9 69.8 321.1
1957 29.0 11.9 189.4 113.2 113.0 ||456.5 219.2 237.3
1958 23.7 6.6 199.5 231.8 155,9 ||617.5 398.2 219.3
1959 43.0 8.3 217.5 231.7 118.5 ||619.0 384.5 234.5
1960 §3.7 7.6 215.4 235.2 143.5 | |655.4 428.3 227.1
1961 56.5 6.4 230.3 249.5 140.8 ||683.5 455,3 228.2
1962 64.6 8.1 220.0 197.5 98.8 ||589.0 321.1 267.9
1963 51.4 9.7 217.3 155.7 81.9 ||516.0 239.6 276.4
1964 49.3 8.6 201.0 141.8 73.3 ||474.0 213.8 260.2
1965 46.8 10.0 201.1 194.7 126.3 ||578.9 322.8 256.1
1966 48.5 10.4 198.0 198.9 15.4 ||571.2 315.3 255.9
1967 8l1.1 15.2 239.7 139.1 82.3 ||557.4 216.1 341.3
1968 58.0 9.9 207.1 238.2 146.8 | |660.0 408.3 251.7
1969 88.5 13.6 216.3 218.2 122.1 ||658.7 351.2 307.5
1970 100.9 16.5 230.6 229.2 149.9 ||727.1 397.7 329.4
1971 117.0 32.4 262.8 168.2 99.1 ||679.5 272.7 406.8
1972 112.6 28.8 247.7 234.3 123.7 ||747.1 375.8 371.3
1973 96.5 14.9 273.0 289.3 164.3 |1838.0 527.6 310.4
1974 133.3 28.6 272.1 286.1 141.1 ||861.2 483.8 377.4
1975 112.0 22.6 259.0 296.0 178.6 |]868.2 540.4 327.8
1976 136.4 19.4 253.2 279.7 164.7 ||853.4 503.9 349.5
1977 156.5 19.9 317.5 295.0 172.0 ||960.9 580.3 380.6
1978 154.3 38.7 269.5 245.7 99.1 ||807.3 375.5 431.8
1979 130.1 32.9 294.5 300.0 157.0 ||914.5 523.0 391.5
1980 151.0 39.9 300.3 220.3 107.9 }|819.4 328.3 491.1
1981 104.2 26.1 280.7 241.8 141.6 ||794.4 407.3 387.1
1982 129.2 33.4 305.1 213.2 105.5 |[786.4 333.3 453.1
1983 107.7 29.7 271.6 186.6 118.5 |]720.1 301.6 418.5
1984 151.1 46.9 309.7 108.9 86.7 11702.3 172.5 529.8
1985 156.9 59.2 295.5 200.0 144.9 |{856.5 334.0 522.5
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Table 4.--Calculated discharge from the Edwards aquifer by county and
by water use, 1985

Municipal Domestic supply, Total Total
Springs supply and Irrigation  Industrial stock, and (million  (thousand
County military use use miscellaneous use gallons acre-feet
MiTlion galTons per day per day) per year)
. Ki nney hudd . - .- L =- 0-2 002 0.2
Uvalde 14.4 4.4 118.9 0.5 1.6 139.8 156.7
Medina -- 4.8 47.3 -- .7 52.8 59.2
Bexar 1.1 207.2 14.6 10.1 30.6 263.6 295.5
. Comal 164.7 10.0 .2 3.0 .6 178.5 200.0
N
? Hays 117.8 8.9 .2 1.1 1.3 129.3 144.9
Total 298.0 235.3 181.2 14.7 35.0 764.2
(million
gallons
per day)
Total 334.0 263.7 203.1 16.5 39.2 856.5
(thousand
acre-feet
per year)
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water for irrigation of about 93,000 acres during 1985. The remaining dis-
charge, principally from wells in Bexar County, was for industrial use, domes-

tic supply, and miscellaneous uses.

The calculated total discharge from wells and springs in 1985 was 856,500
acre-ft. The discharge from wells decreased from 529,800 acre-ft in 1984 to
522,500 acre-ft in 1985. 1In 1985, about 61 percent of the total discharge was
from wells, and approximately 57 percent of this amount was discharged from
wells in Bexar County. The discharge from wells in 1985 was almost the same
as in 1984, however, spring flow increased by about 94 percent. The total dis-

charge from wells and springs in 1985 was about 22 percent more than in 1984.

The relationship between accumulated recharge and discharge for 1934-85

is shown in figure 4.

WATER LEVELS AND GROUND-WATER STORAGE
Water levels have been measured periodically in selected observation wells
in the Edwards aquifer since 1929 to determine changes in ground-water storage.
During the late 1930's, continuous water-level recorders were installed on some

of the observation wells.

Water levels in wells fluctuate mainly in response to change in ground-
water storage in the aquifer. When recharge is greater than discharge, water
levels rise, and flow of the springs increases; when discharge is greater than
recharge, water levels decline, and spring flow decreases. In general, the
water levels are lowest during the summer because of the increased withdrawals

from wells.
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Figure 4.--Accumulated recharge and discharge, 1934-865.
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The annual high and 1ow water levels recorded in five selected observation
wells in the artesian part of the aquifer during 1982-85 are given in table 5.
The general trend in 1985 was upward, reflecting above normal recharge for the
months of September through December. The water levels in observation wells in
1985 are given in Appendix A. Water Levels. Although the measured and recorded
data show that the water levels during 1985 fluctuated near or above the mid-
point when compared with historically recorded high and l1ow measurements, the
volume in storage in the aquifer was near average during most of 1985. The
data also show that substantial increases occurred during the fall of 1984 and
winter of 1985; water levels then remained above average for the remainder of
1985 in most of the wells. During the beginning of the year, recharge was
normal and withdrawals were at a record high. However, the volume in storage

in the Edwards aquifer was above average during the latter part of 1985.

In 1985, 17 wells were measured periodically, and continuous recorders
were in operation on 17 other wells (fig. 3). Water levels in about 80 addi-
tional wells are measured annually in the San Antonio area by personnel of the
Texas Water Development Board. Tabulations of current and historical water-
level measurements are available on computer printout from the Texas Water
Development Board in Austin, Texas. These records also are on file in the

office of the Geological Survey in San Antonio, Texas.

Water-level measurements are reported in feet below land-surface datum
(1sd) unless otherwise indicated. Water levels above land surface are indi-
cated by a plus (+) sign. Water levels in wells equipped with recorders are
reported every fifth day and at the end of the month (eom). If known, the alti-

tude of the land surface above NGVD of 1929 is given in the well description.
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Table 5.--Annual high and 1ow water levels in selected observation wells in the Edwards aquifer, 1982-85
(feet above NGVD of 1929)

1982 1983 1984 1985 Record Record Period of
Well High Low H1gh Low High Low High Low high 10w record
YP-69-50-3021 881.80 876.40 877.10 871.30 873.31 856.89 876.90 862.29  886.26 811.0 1929-32,
H-5-1 (Uvalde Co.) May 1977  Apr. 1957  1934-85
TD-68-41-3011——717.08 682.73 698.12 667.65 684:.48 641.99 698.94 670.64  737.78 622.3 1950-85
J-1-82 (Medina Co.) May 1977 Aug. 1956
AY-68-37-2031,2 680.53 647.33 669.92 642.11 656.97 623.17 674.50 644.05 696.5 3%12.5 1%%%
J-17 (Bexar Co.) Oct. 1973  Aug. 1956
DX-68-23-3021 627.26 623.57 625.64 622.96 624.36 619.61 626.76 623.25  630.17 613.3 1948-85
G-49 (Comal Co.) Apr. 1977  Aug. 1956
LR-67-01-3041 584.66 647.33 589.72 560.36 582.53 544.27 591.44 561.75  593.8 540.4 1937-85
H-23 (Hays Co.) Mar. 1968 July 1978

1 New State well number replaces old well number.

Replaces well 26 and reflects the same water level; composite record of wells 26 and AY-68-37-203.

Record 1ow for well 26.

4 Composite record of wells 26 and AY-68-37-203.
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WATER QUALITY FOR WELLS AND SPRINGS
The water-quality data-collection sites for the area, along with the sites
for which data are given in Reeves (1976, 1978), are shown in figure 5. Figure
6 is an inset for the San Antonio area. Although some of the wells are no
longer in use, additional samples can be collected at most of the sites in

order to detect changes in water quality.

The results of the analyses of water samples that were collected from 94
wells and 3 springs in the Edwards aquifer during 1985 are given in Appendix
B. Water Quality. Many of the samples were analyzed for more than 50 properties
or constituents, most of which affect the suitability of the water for domestic
use. The analyses included determinations of the concentrations of major inor-
ganic constituents; minor elements, including heavy metals; and pesticides.
Analyses of samples from the wells and springs in the freshwater zone of the
aquifer show that the water is of a significantly better quality than the level

established for public water systems (Appendix D. Supplemental Information).

Because of the concern that increased withdrawals from the aquifer may
result in the encroachment of mineralized water into the freshwater zone of the
aquifer, a program was begun in 1984 to resample wells along the "bad-water"
line in order to detect changes in water quality as the head in the aquifer
changes. As part of the water-quality program, about 30 samples are collected
annually. The analyses will be used as historical reference data to determine
changes in water quality if the head in the aquifer declines below the 1956

record low.

The "bad-water" 1line, which marks the downdip 1imit of the freshwater
{1ess than 1,000 mg/L dissolved solids), is shown in figure 5. South and

southeast of this 1ine, the water from wells is slightly to moderately saline
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and is high in sulfate and chioride. Water from some wells north of the line
and all wells south of the Tine is charged with hydrogen sulfide gas. For many
purposes, the dissolved-solids concentration is a major limitation on the use
of water. A general classification of water based on dissolved-solids concen-

tration follows (Winslow and Kister, 1956, p. 5):

Dissolved-solids

Description concentration
(mg/L) L/
Fresh Less than 1,000
Slightly saline 1,000 to 3,000
Moderately saline 3,000 to 10,000
Very saline 10,000 to 35,000
Brine More than 35,000

1/ Milligrams per liter (mg/L) is considered equivalent
to parts per million (ppm) for water containing less
than 7,000 mg/L dissolved solids.
Water from wells in the freshwater zone near the "bad-water" line generally
is more mineralized and has been designated as the transition zone in a previ-
ous report by Garza (1962, p. 38). Also, higher concentrations of dissolved
solids occur in the lower part of the aquifer in the transition zone and in
the slightly to moderately saline zone south and southeast of the "bad-water"
Tine. A well drilled in the transition zone near the "bad-water" line can
encounter freshwater in the upper part of the aquifer and slightly saline water
in the lower part (Reeves, 1971, p. 5). Comparison of the analyses of samples
collected from wells in 1985 with previous analyses indicates no significant

change in the quality of water in the freshwater or transition zones.
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Samples from 35'wells in the Edwards aquifer were analyzed for purgeable

volatile organics in 1985 (Appendix B. Water Quality). The samples were ana-

lyzed for, but are not limited to, the following compounds on the U.S. Environ-

mental Protection Agency Priority Pollutant list:

Volatile Organic Compounds

Benzene

Bromoform

Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethyl vinyl ether
Chloroform l
Dich1orobromqmethane
Chloromethane
1,1-Dichloroéthane
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane

1,2-Dichloroethane
1,1-Dichloroethylene
1,2-trans-Dichloroethylene
1,2-Dichloropropene
Cis-1,3-Dichloropropene
Trans-1,3-Dichloropropene
Ethylbenzene
Methylbromide

Methylene chloride
1,1,2,2-Tetrachlorethane
Tetrachloroethylene
Trichloroethylene
Trichlorofluoromethane

Vinyl chloride

Analytical methods used for the determination of the organic compounds are

described by Wershaw and others (1983) in "Methods for the Determination of

Organic Substances in Water and Fluvial Sediments." Although concentrations

for benzene, chloroform, methylene chloride, and toluene are given, these com-

pounds are common solvents used in the laboratory, and their presence in a

sample often can be traced to contamination of the sample by laboratory atmos-

phere.
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The volatile organics are determined by purge and trap followed by gas
chromatography/mass spectrometry. A water sample is purged with helium and the
purgeable organic compounds are carried by the helium and trapped on a porous
polymer trap. The trapped compounds are thermally desorbed into the gas chro-
matograph and detected by mass spectrometry. Data reported below the method
detection limit of 3.0 pg/L are provisional in that precision and accuracy are
not defined at these lower concentrations; however, the data are qualitatively

accurate.

Mass spectra are obtained for every compound that elutes from the gas chro-
matograph in sufficient concentration to yield a discernible peak. A computer-
ized search is performed for the unknowns using a National Bureau of Standards
computer library reference spectra of about 35,000 compounds. Although most
common organic compounds can be identified by this method, most of the samples
contain compounds that cannot be identified because the concentrations were too

low or because reliable library matches could not be obtained.

The Environmental Protection Agency's proposed maximum contaminant levels
(MCL's) for eight volatile organic compounds (VOC's) are given in Appendix B.
Water Quality. The MCL's were promulgated in the Federal Register on November
13, 1985 (vol. 50, no. 219, p. 46880-46933) as revisions to the National Interim
Primary Drinking Water Regulations. The MCL for a ninth VOC (tetrachloroethyl-
ene), will be determined after an appropriate public comment period. MCL's are
enforceable standards and are set as close to the recommended maximum contami-
nant levels (RMCL's) as is feasible. MCL's are based upon treatment technolo-
gies, costs (affordability), and other feasible factors, such as availability,
analytical methods, and treatment technology and costs for achieving various

lTevels of removal.
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RMCL's are non-enforceable health goals which are set at levels which would
result in no known or anticipated adverse health effects with an adequate mar-
gin of safety. RMCL's for substances considered to be probable human carcino-
gens are set at zero, and RMCL's for substances not treated as probable human
carcinogens are based upon chronic toxicity or other data. The final RMCL's

for eight volatile synthetic organic chemicals in drinking water are:

Compound 1/ Recommended maximum
contaminant level
Benzene 0
Vinylchloride 0
Carbon tetrachloride 0
1,2-Dichloroethane 0
Tric h'l oroethylene 0
1,1-Pich1oroethylene .007 mg/L
1,1,1-Trichloroethane .20 mg/L

p-Dichlorobenzene .75 mg/L

1/ The RMCL for tetrachloroethylene was proposed
at zero. New toxicological data appear to con-
firm that zero is appropriate, but the public
comment period was reopened for public comment

on the new data.

In 1985, no volatile organic compounds were detected in samples from 24
of the 35 wells sampled. Samples from the other 11 wells contained one or more
measurable volatile organic compounds. A sample from one well, AY-68-35-102,
contained trihalomethanes. The principal source of trihalomethanes in drinking

water is chemical interaction of the chlorine (added for disinfection) with

-34.
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natural humic substances in raw water. Samples from 10 wells contained one or
more volatile organic compounds with concentrations equal to or greater than 3
ug/L, and only two compounds, tetrachloroethylene and trichloroethylene, were
detected in excess of 5 pg/L. Samples containing the highest concentration of

volatile organic compounds were from wells in Uvalde County.

Samples from wells YP-69-50-312, YP-69-50-313, YP-69-50-315, YP-69-50-316,
YP-69-51-104, YP-69-51-106, YP-69-51-107, YP-69-51-114, and YP-69-51-115 in
Uvalde County contained tetrachloroethylene in excess of 5 ug/L. The source of

the tetrachloroethylene is unknown at the present time.

Tritium occurs in the environment as a result of both natural and man-made
processes. It is produced naturally by interaction of cosmic radiation with
nitrogen and oxygen of the upper atmosphere and enters the hydrologic cycle as
part of the water molecules in precipitation. Large amounts of man-made tritium
were released to the atmosphere by thermonuclear test explosions during 1953-
62. One tritium unit is equal to a concentration of 1 tritium atom per 1018
hydrogen atoms and equals 3.2 picocuries per liter (Pearson, 1975). A counting
error, commonly reported as 1 standard deviation, is reported with each tritium
analysis. This error is calculated so that the true tritium content of the
sample has a 67-percent probability of being within the reported range (Maclay

and others, 1980).

Tritium in ground water is not significantly affected by chemical pro-
cesses. Its most important use is in distinguishing between water that entered
an aquifer prior to 1953 (prior to thermonuclear testing in the atmosphere) and
water in contact with the atmosphere after 1953. Pre-1953 water contains no

triti