TEXAS DEPARTMENT OF WATER RESOURCES

REPORT 234

GEOHYDROLOGY OF COMAL, SAN MARCOS, AND HUECO SPRINGS

By

William F. Guyton & Associates

June 1979



TEXAS DEPARTMENT OF WATER RESOURCES

Harvey Davis, Executive Director

TEXAS WATER DEVELOPMENT BOARD

A. L. Black, Chairman John H. Garrett, Vice Chairman
Milton Potts Glen E. Roney
George W. McCleskey W. O. Bankston

TEXAS WATER COMMISSION

Felix McDonald, Chairman Dorsey B. Hardeman, Commissioner
Joe R. Carroll, Commissioner

Authorization for use or reproduction of any original material contained in
this publication, i.e., not obtained from other sources, is freely granted. The
Department would appreciate acknowledgement.

Published and distributed
by the
Texas Department of Water Resources
Post Office Box 13087
Austin, Texas 78711



TABLE OF CONTENTS

Page

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS . . . . . . . . . . . . . . . . . 1
INTRODUCETION . . o ¢ & & s @ & & s % 4 @2 & % 5 % % % & & = & #% & & 5 5 & %@ 3
Purpose . . . . . . L L oL e e e e e e e e 3
DEOPE = « w o ot 8 o e @ s B E B & B @ m F & 8 W om X 8 5 M W e % % 8w W 3

Area of Investigation . . . . . . . . . L L L L e e 3
Previous Investigations . . . . . . . . . . . . . L. L L .. 4
Acknowledgements . . . . . . . L L L L L Lo oo e e 4
Metric Conversions « « = : & =/ @ & % % 4 @ % & 8 4 e W W F e % s G e & % @ G 4
DESCRIPTION OF SPRINGS . . . . . . . . . . . . . . . o o o e 7
Comal Springs . . . . . . . Lo 7

San Marcos Springs . . . . . . ... 7
HEees SPrimgs.: « « w o w o« = = e & & & @ & o & © % % S & 8 ¥ #@ & W ¥ o4 & 4 7
EDWARDS (BALCONES FAULT ZONE) AQUIFER . . . . . . . . . . . . . . . . . . .. 8
Geologyc & & 3 5 5 5 5 5 5 o e s = e e e e e e e e m e m e e e 8
Recharge . . . . . . . L L e 8
NaturalDischarge . = o 2 = & @ @ & = & & @ 5% & & & u G om § 8 @ & @ o @ ¢ 9
SOFage « & « < = = o & % & & & & ¥ ¥ ¥ & @ ¥ o§ % 8 W oW 8 ¥ 3 & 3 % 3 & 9

Bad Water Line . . . . . . . . . . . L L L Lo e 9
Withdrawals of Water Through Wells . . . . . . . . . . . _ . . . . . . . . . .. 11
Effects of Withdrawals . . . . . . . . . . . . . . . . . . . L. L. 1
GEOLOGY IN VICINITY OF SPRINGS . . . . . . . . . . . . . . . . . . . . ... 15
General . . . . . L L L L L L L e e e e 15

Stratigraphy . . . . . . L L Lo e 15



TABLE OF CONTENTS—Continued

Page

Glen:RosetFormation « .= & ¢ s < & om o2 v @ o omow o5 o8 o8 o= oAmow 8 % ¥ B 15

Walnut Formation . . & . & ¢ & = % & v s 5 e e v % s s omow s s . 15

Edwards Group . . . . . . . . . . L L Lo 15
Georgetown Formation. . . . . . . . . . . L . ..o e e e 19

Del Rio: Formation. « o « o« = @ & @ @ « % 5 &% @ & ® & % m % u @ ¥ & @ 19

Buda Formation . . . = o & « 4 o @ « & & & 2o & & 0z & % E & % s 19

Eagle Ford Group . . . . . . . . . . . e e e e 19

Austin Group . . . . . L L . L e e e e e 19

Taylor Group ¢ om omo s B & ¥ & & W e w % % W W & 8 4 % = W @ ¥ % & 19

Navarro Group = = = = & & & & & % @ & « % & % % § # & & % % § ¥ & 19

Quaternary Alluvium . . . . . . . . . . . . . . ... ... 20

Structural Geology . . . . . . . . . L L Lo 20
Detailed Geology of Comal, San Marcos, and Hueco Springs Localities . . . . . . . . . . . . 20
ComalSpringss, = v 2 & 5% % % & % 5 i & & 5 § & & % o & % & § o B 5 20

San Marcos Springs . . . . . ... e e . 25
Hueco Springs. . . . . . . . . .o 25
Recent Geohydrologic Subdivision of Edwards Aquifer by the U.S. Geological Survey . . . . . . . 31
SPRINGELOW : : & & w & & 3 9 % % & % 3 & % % & § % & & % & % ¥ § 4 % = & + 39
Comal Springs .. . . . . . . . . . ..o e e e e 39
San Marcos Springs . . . . . . .. oo . e e e e e e 39
Hueco Springs . = = = = o w = 5 % o & % 5 % % o 5 % % & & e ¥ 0§ s w owm w5 46
CHEMICAL QUALITY OFWATER! . : 5 & w & ¢ = % = &= & % 5 & % & & % 3 2 & %= & & 46
Comal Springs . . . . . . L L Lo 46
San Marcos Springs . . . . . . L L 54
HUBEG SPHngs = = = = s o« v & & 2 % & % % & % & & & & 5 & & & § & % & o s 54

TEMPERATURE OF WATER . . . . . . . . . . . . . .« . .« o v v v v e 54



TABLE OF CONTENTS—Continued
Page
Comal Sprifags- = = w o % 5 % 2 % % % % = @ & i B @ © % ¥ ¥ 3§ mowl s 4 . 1515}
San Marcos Springs . . . . . ..o 55
Hueco Springs . . . . . . . . Lo e e e e e e b5
TRITIUM CONTENT OF WATER . . . . . . . . . . .« « o o o v e e e e e e 55
ComalSprngs : : & 7 w ¢ & 5 o & @ & 5 % % % & ¥ ¥ & Lo £ 0% & L@ & § 3 57
San Marcos Springs . . . . . . L. L L L oL e e e e e e e e 57
Hueco Springs . . . . . . . . L L . Lo e e e e e 57
Wells o v e w0 5 5 wome & 5 & & w0 e & & & 8 oW @ % % o8 & % 4w % B A ow u b s 57
SPRING FLOW CORRELATIONSTUDIES . . . . . . . . . . . . . « « « v v v v v . 61
Long-Term Recharge and Discharge. . . . . . . . . . . . .« .« .« « .« . o ... 61
Recent Correlations by U.S. Geological Survey . . . . . . . . . . . . . . . . . . . . 61
Study by William F. Guyton & Associates . . . . . . . . . . . .. ..o, 65
Studies by U.S. Bureau of Reclamation . . . . . . . . . . . . . . . . . . . . .. 66
Digital Model by Texas Department of Water Resources . . . . . . . . . .« . . . . . . . 67
Similarity of Fluctuations in Flow of San Marcos and Hueco Springs . . . . . . . . . . . . . 68
RECHARGE AREAS FOR SPRINGS . . . . . . . . . . . . . . . . . o o o .. 68
Comal Springs . . . . . . . L. L Lo s s, 71
San Marcos Springs . . . . . L ..o 71
HuecoiSpengsi=: = = « s = o o & & & m % @ 8 8 o m fe @ % 5 @ & m & 5§ @ & 8 71
Local Water Balarice . . . . < « « ¢ & 4 & & ¥ 4 3 % ¥ o5 F o5 5 o9& £ 03 s s ow s 72
POSSIBILITIES OF POLLUTION . . . . . . . . . . . . . . . . . . . . . . .. 72
Present Records . . . . . . . . . . . . . L L L L 72
Legal Control of Pollution. . . . . . . . . . . . . . . . . ... 72
ComalBprings: = « s : 5 @ m @« 2 5 3 = @ 5§ E § % % % B & i % B & & 5 5 o e 72
San Marcos SPrings . . . . . L L, 72

Hueco Springs . . . . . . . L L e 79



TABLE OF CONTENTS—CONTINUED

Page
EFFECTS ON SPRING FLOW CAUSED BY WITHDRAWALS FROMWELLS . . . . . . . . . . . 79
Comal Springs: = s = & & 2 « = = & a 5 % % @ # % & ¥ % @ ¥ £ & % & W, L ¥ 3 79
San Marcos Springs . . . . . L L L L 79
Hueco Springs . . . . . . . . L. L L Lo 80
POSSIBILITIES OF MAINTAINING COMAL AND SAN MARCOS SPRING FLOWS AT
PREDETERMINED RATES . « & : & . = & & & 5 & = % & 5 3 % % % & £ 5 % % @ & 3 80
FUTURESTUDIES . . . . . . . . . . . . . . o o o o e 81
General Edwards Program . . . . . . . . . . . . . ..o 81
Special Studies Related to Comal, San Marcos, and Hueco Springs . . . . . . . . . . . . . 81
REFERENCES . . : : 5 w w @ 3 % & & « ¥ 5 % % @ & # 5 & & & % § s % & % & i 83
TABLES
1. Ground-Water Recharge and Discharge, Edwards Aquifer Northeast of San Antonio. . . . . . . . 45
2. Chemical Analyses of Water From Comal, San Marcos, and Hueco Springs . . . . . . . . . . . 47
3. Temperature of Water From Hueco Springs . . . . . . . . . . . . . . . . . . . .. 56
4. Minor Elements in Water From Comal, San Marcos, and Hueco Springs . . . . . . . . . . . . 73
5. Nutrients and Bacteria in Water From Comal, San Marcos, and Hueco Springs. . . . . . . . . . 75
6. Insecticides and Herbicides in Water From Comal and San Marcos Springs . . . . . . . . . . . 78
FIGURES
1. Edwards (Balcones Fault Zone) Aquifer, San Antonio Region . . . . . . . . . . . . . . . 5
2. Recharge and Discharge of the Edwards Aquifer and Discharge From Wells and Major Springs . . . . 10
3. Surface Geology of the Edwards Aquifer Area Northeast of San Antonio Showing Water-Quality
Features and Locations of Springs, Observation Wells, and Test Holes . . . . . . . . . . . . 13
4, Elevation of the Top of the Glen Rose Formation, and Surface Geology of the Edwards Aquifer
Area Northeast of San Antonio . . . . . . . . . . . . . . . . . . . . . . ... 17
5. Surface Geology of Comal Springs Locality . . . . . . . . . . . . . . . . . . o . . 21
6. Geologic Cross-Section Through Comal Springs Locality . . . . . . . . . . . . . . . . . 23
7. Surface Geology of San Marcos Springs Locality . . . . . . . . . . . . . . . . . . . 27

vi



10.

11.

12,

13.

14.

15.

16.

j 74

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

TABLE OF CONTENTS—Continued

Geologic Cross-Section Through San Marcos Springs Locality

Surface Geology of Hueco Springs Locality

Geologic Cross-Section Through Hueco Springs Locality .

Geohydrologic Subdivision of the Edwards Aquifer Northeast of San Antonio
Flow of Comal, San Marcos, and Hueco Springs, 1881-1928

Flow of Comal, San Marcos, and Hueco Springs and Precipitation at New Braunfels and
San Marcos, 1928-1975.

Surface Geology of the Edwards Aquifer Area Northeast of San Antonio Showing Tritium Analyses
of Water From Wells and Springs and Surface-Drainage Divides.

Relationship Between the Flow of Comal Springs and the Water Level in Well DX-68-23-302 .
Relationship Between the Flow of Comal Springs and the Water Level in Well AY-68-37-203 .
Comparison of Observed and Computed Annual Average Discharge of Comal Springs

Relationship Between the Flow of San Marcos Springs and the Water Level in Well LR-67-09-102

Relationship Between the Water Level in Well DX-68-23-302 and the Discharge of Regional Underflow

at San Marcos Springs
Comparison of Observed and Computed Annual Average Discharge of San Marcos Springs .
Comparison of Observed and Computed Annual Average Discharge of Hueco Springs

Correlation of Year-End Water Levels in Beverly Lodges Well With Change in Storage in the
Edwards Aquifer .

Correlation of Average Yearly Water Levels in Beverly Lodges Well With Comal Springs Flow

Correlation of Average Yearly Water Levels in Beverly Lodges Well With Estimated San Antonio
and San Pedro Springs Flow

Comparison of Calculated and Measured Water Levels in Beverly Lodges Well, 1934-1961 .
Historical and Simulated Sum of Spring Flows, 1947-1971

Annual Flow of San Marcos Springs Versus Annual Flow of Hueco Springs, 1945-1974

vii

Page
29
33
35
37

41

43

59
62
63
63

64

65
65

65

66

67

68
69
70

70



P P IS ———Y




GEOHYDROLOGY OF COMAL, SAN MARCOS,

AND HUECO SPRINGS

SUMMARY, CONCLUSIONS, AND
RECOMMENDATIONS

Comal, San Marcos, and Hueco Springs are major
natural discharge points for the Edwards (Balcones Fault
Zone) aquifer, hereafter referred to in this section as the
Edwards aquifer. Comal Springs are in the city of New
Braunfels in Comal County and are the largest group of
springs in Texas. San Marcos Springs occur in the city of
San Marcos in Hays County and are the second largest
group of springs in Texas. Hueco Springs are a smaller
group of springs near the Guadalupe River about 3 miles
north of New Braunfels in Comal County. All three
groups of springs occur along major faults in the
Balcones Fault Zone.

The formations comprising the Edwards aquifer in
the area of the three groups of springs, from top to
bottom, are the Georgetown Formation, the Person and
Kainer Formations of the Edwards Group, ‘and the
Walnut Formation. The aquifer considered in this report
occurs in an area about 5 to 30 miles (8.0 to 48.3 km)
wide and 175 miles (282 km) long extending from a
ground-water divide at Brackettville in Kinney County
on the west through parts of Uvalde, Medina, Atascosa,
Bexar, Guadalupe, and Comal Counties to a
ground-water divide northeast of Kyle in Hays County.
The formations range in total thickness in this area from
about 400 to 1,000 feet (122 to 305 m).

The Edwards aquifer is recharged principally by
seepage of water from streams crossing its outcrop, and
by direct infiltration of precipitation falling on its
outcrop areas. Average recharge for the period 1934-73
is estimated at slightly less than 600,000 acre-feet (740
million m?) per year. Annual recharge during this period
ranged between a minimum of less than 50,000 acre-feet
(61.7 millionm?®) to more than 1.7 million acre-feet
(2,096 million m?). Roughly one-fourth of the recharge
occurs northeast of San Antonio and the remainder to
the west.

Before there were any withdrawals from wells,
essentially all the recharge that entered the Edwards

aquifer was discharged through six major spring outlets:
Leona Springs along the Leona River south of Uvalde in
Uvalde County, San Pedro and San Antonio Springs at
San Antonio in Bexar County, Comal Springs, Hueco
Springs, and San Marcos Springs. The water moved
generally from west to east, and the springs served as
natural spillways for the aquifer. Since withdrawals from
wells began, the spring flow has decreased, with the total
reduction in volume of spring flow being roughly equal
to the total volume of withdrawals from wells.

Estimates of storage of water in the aquifer range
from about 15 million acre-feet (18.5 billion m?) to
about 45 million acre-feet (55.5 billion m?).

The first substantial withdrawals of water from
wells penetrating the aguifer were in the late 1800’s. In
1934, the total withdrawal from wells was about
100,000 acre-feet (123 million m*). Withdrawals
reached their maximum in 1971, when they were
407,000 acre-feet (502 millionm?). In 1974,
withdrawals were 364,000 acre-feet (449 million m?).
The primary effects of the withdrawals have been
reductions in spring flows during periods of drought.
Comal Springs were dry, for the first time on record, for
about 5 months from July 1956 to November 1956. The
lowest recorded flow for San Marcos Springs also
occurred at that time.

The daily average flow reported for Comal Springs
has ranged from a minimum of zero in 1956 to a
maximum of 534 cubic feet per second (15.1 m?/s) in
1973. Prior to 1948, the lowest daily average flow
reported was 245 cubic feet per second (6.9 m?/s) in
1939. The average annual discharge for Comal Springs
during the period 1945-73 was 184,000 acre-feet (227
million m?) per year.

The daily average flow of San Marcos Springs has
ranged from a minimum of 46 cubic feet per second
(1.3 m?/s) in 1956 to a maximum of 316 cubic feet per
second (8.9 m®/s) in 1975. The average discharge of San
Marcos Springs during the period 1945-73 was 105,000
acre-feet (129 million m*) per year. Although Comal



Springs have shown progressively greater effects from
withdrawals through wells, the flow of San Marcos
Springs has not shown a very noticeable effect caused by
the withdrawals except during 1956 when Comal Springs
were dry.

Hueco Springs have ranged in flow from zero
during a number of drought periods to a maximum of
131 cubic feet per second (3.7 m3/s) in 1968. The
average discharge of Hueco Springs during the period
1945-73 is estimated at 26,000 acre-feet (32.1
million m?) per year.

The water from all three groups of springs is very
good and is constant in mineral quality. Reported
dissolved solids range from about 253 to 302 mg/I
(milligrams per liter) for Comal Springs, 310 to 349 mg/l
for San Marcos Springs, and 291 to 357 mg/l for Hueco
Springs. The average temperature of Comal Springs is
about 74.3°F (23.4°C), with a range from about 73.5 to
75°F (23.1 to 23.9°C). The average temperature of San
Marcos Springs is about 71.68°F (22.0°C), with a range
from about 71 to 72°F (21.7 to 22.2°C). The average
temperature of Hueco Springs is about 70.4°F (21.3°C),
with a range from about 68 to 73°F (20.0 to 22.8°C).

The tritium content of the water from Comal
Springs in 1974 was 4.9 tritium units. In 1975 the
tritium content of water from San Marcos Springs was
19 tritium units, and from Hueco Springs 24 tritium
units. The analyses indicate that most of the water from
Comal Springs is more than 20 years old. Much of the
water from San Marcos Springs is considerably younger,
and the water from Hueco Springs younger still.

Long-term total discharge from Comal, San
Marcos, and Hueco Springs correlates well with
long-term recharge and withdrawals from wells. The flow
from Comal Springs correlates closely with water levels
in wells to the southwest in San Antonio. The flow of
San Marcos Springs correlates with water levels in wells
in its vicinity. Major fluctuations in the flows of San
Marcos and Hueco Springs correlate reasonably well with
one another.

Available data indicate that the recharge area for
Comal Springs includes (1) all the recharge area of the
Edwards aquifer southwest of the Cibolo Creek basin,
(2) probably a substantial part of the recharge area of
the Cibolo Creek basin, and (3) probably a small amount
of the recharge area of the Dry Comal Creek basin.

Roughly 55 to 60 percent of the average flow
from San Marcos Springs is estimated to be water which
flows past Comal Springs to San Marcos Springs from

the southwest. The remaining water from San Marcos
Springs is from local recharge derived primarily from
(1) the Blanco River basin, (2)the Sink, Purgatory,
York, and Alligator Creek basins, (3) the Guadalupe
River basin recharge area east of the river, (4) probably
part of the upper portion of the Dry Comal Creek basin
recharge area, and (5) possibly part of the upper part of
the Cibolo Creek basin recharge area.

The recharge area for Hueco Springs is considered
to be relatively local for the most part and to be
comprised primarily of the upper part of the Dry Comal
Creek basin and the Guadalupe River basin recharge area
west of the river, with perhaps some water from the
upper part of the Cibolo Creek basin recharge area. Also
there may be some water spilled from the main portion
of the Edwards aquifer between San Antonio and Comal
Springs into the area north of the Hueco Springs Fault
which supplies Hueco Springs, when the water levels in
the aquifer are especially high.

No evidence of major pollution has been found at
any of the three groups of springs to date. Because of
their sources and because of the present strict legal
control over activities which might create pollution, it
seems doubtful that any of the springs will be seriously
polluted in the forseeable future.

Since 1956, when Comal Springs were dry, average
withdrawals from wells have increased substantially. The
next time a major drought of the size which occurred in
the early 1950°s occurs, Comal Springs may be expected
to go dry again and to stay dry for a longer period that it
did in 1956. Eventually, they may go dry even if a major
drought does not occur, because average withdrawals
from wells are slowly approaching average recharge to
the aquifer, which in time will leave little or nothing to
spill out through the springs.

In the future when Comal Springs are dry again, it
is expected that the effects of well withdrawals will be
felt again on San Marcos Springs, the intensity
depending on the length of the period Comal Springs are
dry and the depth to which water levels in the aquifer
are lowered at that time. San Marcos Springs probably
will go dry in one or more of these future periods if the
withdrawals from wells are large enough and the drought
is severe enough.

Hueco Springs may be affected to some extent by
withdrawals from wells, but it is doubtful that such
withdrawals will intercept much of the flow from Hueco
Springs. There will be periods when the springs are dry,
but they are likely to be caused mostly by droughts.



Because water that is pumped from wells in the
Edwards aquifer diminishes spring flow by an equal
amount, it is not possible to withdraw a major portion
of the aquifer’s recharge from wells and still keep Comal
and San Marcos Springs flowing at high rates during
droughts. It probably would be physically practical,
however, to pump well water from the aquifer and
convey it in the stream channels downstream from the
springs during droughts to maintain moderate flows at
times when the streams otherwise would be dry or have
very low flow. In that case, dams probably would be
required between those portions of the stream channels
and the spring openings, to keep the pumped water from
returning to the aquifer through the spring openings.

Future studies should include evaluation of all
practical means of conjunctive use of ground water and
surface water, to obtain the optimum development of
both. Possibilities of artificial recharge should be
investigated. The current U.S. Geological Survey's
continuing observation and research studies of the
Edwards aquifer should be continued indefinitely into
the future.

It is recommended that special studies be made in
(1) the area in which the artesian portion of the aquifer
occurs from northeastern Bexar County to the
northeastern limit of the aquifer near Kyle in Hays
County, (2)the area within the Cibolo Creek basin
where recharge enters the main portion of the aquifer,
and (3) the area around Hueco Springs, between it and
possible sources of recharge, and between it and San
Marcos Springs.

In addition, further studies should be made of
natural recharge to the Edwards aquifer in_ the
Guadalupe River basin and the possibilities of artificial
recharge through wells in this area. These studies should
include detailed well inventories, water-level
measurements, sampling of waters for chemical analyses
and tritium determinations, and test drilling in selected
localities. A continuous gaging station should be
established to measure the flow of Hueco Springs, and
waters from Comal, San Marcos, and Hueco Springs
should be sampled approximately every 3 months for
monitoring and evaluating possible pollution.

INTRODUCTION

Purpose

The purpose of this report is to document
information now available on Comal, San Marcos, and
Hueco Springs, and to define the geologic and

hydrologic conditions under which the springs occur.
The need for the report has been occasioned by the
planning activities underway by the Texas Department
of Water Resources with respect to water supplies for
the Guadalupe, San Antonio, and Nueces River basins.
In their upper reaches, these three basins are crossed and
hydrologically connected by the Edwards (Balcones
Fault Zone) aquifer, which is the principal source of
water supplies for Uvalde, Sabinal, Hondo, San Antonio,
New Braunfels, San Marcos, and other users in this area.
The aquifer receives water principally by infiltration
from the streams which cross it. The water in the aquifer
moves generally from west to east, across the lines of
surface drainage divides, and is discharged through wells
and springs en route. Comal, San Marcos, and Hueco
Springs are in the eastern part of the aquifer in Comal
and Hays Counties, and their flow comprises most of the
natural discharge of the aquifer.

Scope

This investigation has included a compilation of
historical records of the flow of Comal, San Marcos, and
Hueco Springs and the quality and temperature of the
water. It also has included a compilation of
measurements of tritium contents of the water and an
evaluation of the hydrologic meaning of these
measurements. Available published and unpublished
reports on the geology in the vicinity of each group of
springs have been studied, and maps and cross-sections
have been prepared presenting the information for each
locality. Existing knowledge of correlations of the spring
flows with water levels in wells, pumpage, recharge, and
streamflow has been compiled, and representative data
are presented and discussed herein. Recharge areas for
the three groups of springs have been investigated and
described. The possibilities of contamination of the
water issuing from the springs are discussed. Likewise,
the possibilities of artifically regulating the discharge of
the water from the springs are considered and discussed.
Finally, because complete answers are not yet available,
recommendations are made for additional research and
observations in the future.

Area of Investigation

The locations of Comal, San Marcos, and Hueco
Springs are shown on the various maps included in this
report. The primary study area for this report has been
that part of the Edwards (Balcones Fault Zone) aquifer
lying east and northeast of San Antonio in parts of
Bexar, Guadalupe, Comal, and Hays Counties. In
studying the springs, however, it has been necessary to
consider to some extent the remaining part of the



aquifer in Bexar, Atascosa, Medina, Uvalde, and Kinney
Counties. As shown on Figure 1, the Edwards (Balcones
Fault Zone) aquifer in the San Antonio region, as
defined by the Texas Department of Water Resources,
extends from a ground-water divide at Brackettville on
the west through San Antonio to the east, thence
northeastward through New Braunfels and San Marcos,
terminating at a ground-water divide north of Kyle
about 12 miles (19.3 km) northeast of San Marcos. This
portion of the entire Edwards (Balcones Fault Zone)
aquifer has been called by others the ‘“Edwards
Underground Reservoir” or the ““Edwards Limestone
Reservoir.” For convenience throughout the remaining
discussions of this report, this portion of the entire
aquifer will generally be called the Edwards aquifer or
the aquifer.

Previous Investigations

Many investigations of the geology and water
resources of this area have been made since the late
1800’s. These investigations have been made by a large
number of agencies and individuals, some of whom are
named in the list of references at the end of this report.
Additional references are given in the reports listed.
Among the agencies involved are the U.S. Geological
Survey; the Texas Department of Water Resources and
its predecessors; the San Antonio City Water Board; the
Edwards Underground Water District; the U.S. Army
Corps of Engineers; the U.S. Bureau of Reclamation; and
The University of Texas Bureau of Economic Geology.
The geology of the area also has been studied extensively
by students at The University of Texas at Austin in
connection with masters theses and Ph.D. dissertations.

The most complete studies have been made since
the late 1940s by the U.S. Geological Survey in
cooperation with the Texas Water Development Board (a
predecessor of the Department of Water Resources), the
Edwards Underground Water District, and the San
Antonio City Water Board. The U.S. Geological Survey
has maintained an office continuously since that time in
San Antonio for the purpose of studying the Edwards
aquifer. During the past several years, the Texas Water
Development Board also has maintained an office in San
Antonio to study the Edwards aquifer, and it has
conducted an extensive test drilling project and has
developed a digital computer model of the aquifer.
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Metric Conversions

For persons desiring to use the metric system, the
metric equivalents of English units of measurements
presented in this report are given in the text in
parentheses following the English units. The English
units may be converted to metric units by the following
factors:

Multiply
From by To obtain
acre-feet (ac-ft) 1,233 cubic meters (m?)
cubic feet 0.02832 cubic meters
per second (ft:i /s) per second {msfs)
inches (in) 2.54 centimeters (cm)
feet (ft) 0.3048 meters (m)
yards (yd) 0.9144 meters (m)
miles (mi) 1.609 kilometers (km)

To convert degrees Fahrenheit (°F) to degrees
Celsius (°C) use the following formula:

°C=5/9 (°F - 32)



DESCRIPTION OF SPRINGS

Comal, San Marcos, and Hueco Springs each
discharge water from the Edwards aquifer. Each of these
groups of springs occurs in the Balcones Fault Zone
along or near one or more major faults.

Comal Springs

Comal Springs are inside the city limits of New
Braunfels in Comal County and are the largest group of
springs in Texas. They issue crystal clear from a large
number of openings in limestones of the Edwards
aquifer along a distance of about 1,500 yards (1,372 m)
at the base of the escarpment along the Comal Springs
Fault. This escarpment runs approximately in a
north-northeast direction. The largest spring discharges
are near the southwestern end of the group, in Landa
Park which belongs to the city of New Braunfels. The
area to the northeast of the park, which surrounds about
one-half of the 1,600-yard (1,372-m) stretch along
which the springs occur, is privately owned.

The altitude of the spring openings is about 623
feet (189.9 m) above sea ievel. The water flows into a
lake in the park and thence down the Comal River. The
springs supply all the water that normally flows in the
Comal River, which joins the Guadalupe River at a point
about 1 mile east of the springs and at an elevation
about 40 feet (12.2 m) below the level of the springs.
The level of the lake in Landa Park is controlled by a
small dam on the river at the southeastern edge of the
park. The large amount of clear, pure water of nearly
constant temperature which flows through Landa Park
and then down the Comal River between the park and
the Guadalupe River is responsible for a large amount of
both public and private recreational development.

San Marcos Springs

San Marcos Springs are the second largest group of
springs in Texas. They are located in the city of San
Marcos in Hays County and are surrounded by land
owned by Aquarena, Inc. Aguarena Springs is a
privately-owned recreational development whose central
feature is San Marcos Springs. The water discharges into
a lake impounded by a dam on the San Marcos River
about 1,000 feet (304.8 m) downstream from the
principal spring outlets. At one time, the water from the
lake was used by a small hydroelectric power plant, but
this power plant has not been operated for many years.
The level of the lake is controlled by boards on a
spillway which are reported to be occasionally adjusted
by Aquarena, Inc. in connection with its activities. The

altitude of the lake surface is approximately 574 feet
(175.0 m) above sea level. During dry periods when
there is no surface runoff, the springs provide the entire
flow of the San Marcos River in this locality.

The water from San Marcos Springs is very clear
and pure and almost constant in temperature. The
springs occur along or very near the San Marcos Springs
Fault, which runs in a southwest-northeast direction. On
the northwest side of the lake there is a steep fault-line
escarpment, but on the southeast side the land is
relatively flat. Water is reported to issue from five large
openings in limestones of the Edwards aquifer in the
rock bottom of the spring lake and from many smaller
openings and sand boils. The water is at least 40 feet
{12.2 m) deep in places, although the dam at the lower
end of the lake is less than 10 feet (3.1 m) high.

As in the case of Comal Springs, a large amount of
recreational development is associated with San Marcos
Springs, including Aquarena Springs and public and
private developments along the San Marcos River
downstream.

Hueco Springs

Hueco Springs are on property belonging to Judge
R. T. Pfeuffer. There is no apparent use of the water at
this time other than a small amount of recreational and
livestock use, although at one time the water was used to
operate a very small hydroelectric power plant. The
springs are on the west side of the Guadalupe River
about 3 miles north of New Braunfels.

Water issues from stream gravels of the Guadalupe
River floodplain in two places, one about 500 feet
(152.4 m) and the other about 300 feet (91.4 m) west of
the river at altitudes reported by the U.S. Geological
Survey to be 652 and 658 feet (198.7 and 200.6 m)
above sea level. The springs rise within the complexly
faulted area related to the Hueco Springs Fault. The
source of the water issuing from the springs is the
Edwards aquifer. The spring openings are about 4 and 10
feet above the bed of the river, respectively, the one
closer to the river being higher. The west spring flows
down a small ravine into a diversion canal to a small
lake, from which it spills into the river. The east spring
rises from a deposit of stream gravels between the
county road and the river and flows directly to the river.

Hueco Springs go dry periodically and are not
considered to be one of the major spring groups of
Texas. However, their average flow has been estimated
by the U.S. Geological Survey to be 26,000 acre-feet
(32.1 millionm?®) per year for the period 1945-73,



which makes the springs large enough to be seriously
considered in any evaluation of water resources of the
Edwards aquifer.

EDWARDS (BALCONES FAULT
ZONE) AQUIFER

The Edwards (Balcones Fault Zone) aquifer in the
San Antonio region is comprised of the Edwards Group
and the associated limestones of the Georgetown and
Walnut Formations. The entire Edwards (Balcones Fault
Zone) aquifer extends along the Balcones Fault Zone in
a relatively narrow belt from north of Georgetown
through Austin, San Marcos, New Braunfels, San
Antonio, Hondo, Sabinal, and Uvalde to Brackettville.
That part of the entire aquifer generally considered in
this report and simply called the Edwards aquifer, is the
hydrologic system in the San Antonio region between
the ground-water divide at Brackettville in Kinney
County and the ground-water divide just north of Kyle
in Hays County. Essentially it is that part of the entire
Edwards aquifer which occurs in the Guadalupe, San
Antonio, and Nueces River basins, and supplies water to
several springs in these basins, including Comal, San
Marcos, and Hueco Springs. The Edwards aquifer, so
defined, is about 5 to 30 miles (8.0 to 48.3 km) wide
and about 175 miles (281.6 km) long (Figure 1). Most of
the discussions in this report emphasize and focus on
that part of the aquifer northeast of San Antonio in
parts of Bexar, Guadalupe, Comal, and Hays Counties,
which is the area that includes Comal, San Marcos, and
Hueco Springs.

Geology

The Edwards Group and the associated limestones
comprising the Edwards aquifer formerly were named
the Edwards, Comanche Peak, and Georgetown
Formations. The name Comanche Peak is not now in
common usage. Instead, in Hays, Comal, Guadalupe,
Bexar, and eastern Medina Counties all of the rocks
which formerly were called Edwards and Comanche
Peak Formations are now included in the Edwards
Group, which is divided into the Person and Kainer
Formations. In the western part of the area, in western
Medina, Uvalde, and Kinney Counties, the rocks
formerly known as Georgetown, Edwards, and
Comanche Peak Formations are now called the Devil’s
River Formation in a reef complex known as the Devil's
River Trend, or the West Nueces, McKnight, and Salmon
Peak Formations in the Maverick basin. They all,
however, are still recognized as the rocks comprising the
Edwards aquifer. In addition, the relatively thin Walnut

Formation, formerly considered to be below the
Edwards aquifer, is now included in the aquifer as its
basal subdivision.

The Edwards aquifer ranges in thickness from
about 400 to 1,000 feet (121.9 to 304.8m). It is
underlain by the Glen Rose Formation, which contains
impermeable clays and relatively impermeable
limestones and dolomites, and it is overlain by the Del
Rio Clay, which forms a confining bed above the
aquifer.

The Edwards aquifer lies within the physiographic
province known as the Balcones Fault Zone. North of
the fault zone, on the Edwards Plateau, the Edwards and
associated limestones occur at the surface and dip gently
to the south and southeast. At the north and northwest
edge of the fault zone, where the topography slopes
steeply, these formations have been almost completely
removed by erosion. However, in the fault zone, the
Edwards and associated limestones occur again, first at
the surface and then passing beneath younger beds. A
combination of increased dip and faulting exposes
progressively younger beds at the surface in the downdip
directions and places the Edwards aquifer at
progressively greater depths beneath the surface.

Recharge

The Edwards aquifer is recharged principally by
seepage of water from streams crossing the outcrops of
the limestones comprising the aquifer, and by direct
infiltration of precipitation falling on the outcrops of
the limestones. The recharge area is shown on Figure 1.
A large part of the recharge is contributed by perennial
spring-fed streams, including the Nueces River, Frio
River, Sabinal River, Hondo Creek, Medina River, Cibolo
Creek, and Blanco River. The springs supplying the
streams flow mostly from the Edwards and associated
limestones at the edge of the Edwards Plateau where the
streams have cut completely through these formations.
Most of the perennial base flows of these streams are lost
to the Edwards aquifer where the streams cross the
recharge area of the aquifer to the south and southeast
of the plateau.

Average recharge to the aquifer from all the
streams except the Guadalupe River, and direct
penetration of precipitation in the outcrop of the
Edwards and associated limestones in their drainage
basins, was estimated by the U.S. Geological Survey to
have been about 561,000 acre-feet (692 million m?) per
year for the period 1934-73. Additional amounts,
estimated to have been about 30,000 acre-feet (37



millionm®) per year and 6,000 acre-feet (7.4
million m?) per year, have been contributed by inflow
from the Glen Rose Formation and by direct
penetration of precipitation in the outcrop of the
Edwards and associated limestones in the Guadalupe
River basin, respectively. There is no measurable
recharge directly contributed to the Edwards aquifer by
the Guadalupe River. Roughly one-fourth of the
recharge to the aquifer occurs in the drainage areas of
Cibolo Creek and other streams to the east and
northeast. The remaining recharge occurs in the drainage
areas west of Cibolo Creek.

Figure 2 shows the recharge computed by the U.S.
Geological Survey for the period 1934 through 1973,
with a maximum of about 1,711,000 acre-feet (2,110
million m®) in 1958 and a minimum of about 44,000
acre-feet (54.3 million m?) in 1956. This graph does not
include any of the recharge from the Guadalupe River
basin or the Glen Rose Formation. Until recently the
U.S. Geological Survey has not considered these, or the
discharge of Hueco Springs, in its water balance studies
for the Edwards aquifer. Other studies, however,
indicate that these quantities should be included.

Natural Discharge

Before there were any withdrawals from wells, all
the recharge that entered the Edwards aquifer was
eventually discharged by natural means. Essentially all of
this discharge occurred through six major spring outlets:
Leona Springs along the Leona River south of Uvalde,
San Pedro and San Antonio Springs at San Antonio,
Comal Springs at New Braunfels, Hueco Springs a short
distance up the Guadalupe River from New Braunfels,
and San Marcos Springs at San Marcos. The water moved
generally from west to east, and the springs served as
natural spillways for the aquifer. The largest springs were
Comal Springs, San Marcos Springs, and San Antonio
Springs. The total discharge of the springs varied from
time to time depending on climate and the amount of
water which entered the aquifer as recharge, but because
of the dampening effect of the storage in the aquifer, the
variation in discharge was not nearly as much on a
year-to-year basis as the variation in the amount of
recharge. Since the withdrawals from wells began, spring
flows have decreased, with the total reduction in volume
of spring flows being roughly equal to the total volume
of withdrawals from wells.

The spring flows from 1934 through 1974 are
shown on Figure 2. Hueco Springs discharge is shown
separately from the discharges of the other springs
hecause in the past it has not been included by the U.S.

Geological Survey in its water balance studies for the
Edwards aquifer.

Storage

The Edwards aquifer serves both as an
underground conduit and an wunderground storage
reservoir. As a conduit, it transmits water from recharge
areas to points of discharge. En route, the water is held
in storage in the intergranular porosity of the rocks and
in the fractures and solution openings. In 1956, Petitt
and George estimated that the specific yield of the
aquifer might be about 2 percent and that in that case
the total drainable storage of water in the reservoir
would be about 15 million acre-feet (18.5 billion m?).
More recently, the Texas Water Development Board
has estimated that the specific yield is about 6 percent
(Klemt and others, 1975}, and this is the number used in
the digital model which the Water Development Board
has developed for the Edwards aquifer. If this number
is correct, the total storage in the aquifer is more
nearly on the order of 4b million acre-feet (55.5
billion m?) than the 15 million acre-feet (18.5
billion m?) previously estimated by Petitt and George.
Recent estimates by Maclay and Small (1976), based
on studies of cores from test holes, are that the
drainable intergranular porosity for the entire thickness
of the aqguifer ranges from 1.2 to 2.b percent in the
eastern part of the aquifer area and that it probably is
smaller in the western part. This is water which is in
addition to that held in the fractures and solution
openings in the rocks. Other studies by Maclay and
Rettman (1973), based on annual water balances and
stage changes in the aquifer, indicate that the specific
yield of the aquifer is about 3 percent. All of these
studies indicate that the total drainage storage in the
aquifer probably is somewhere in the order of 15 to
45 million acre-feet (18.5 to 55.5 billion m?).

Studies by Lowry (1955), Petitt and George
(1956), and Guyton & Associates (1963) indicate that
the amount of storage in the Edwards aquifer in the
zone of transient storage (that is, in that part of the
reservoir through which the water level has fluctuated
during historical time) amounts to roughly 2.5 million
acre-feet (3.08 billion m?). This is the amount of water
which has been alternately stored and released when
the water levels in wells have fluctuated about 70 to
75 feet (21.3 to 22.9 m) at San Antonio.

Bad Water Line

Chemical analyses of water from the Edwards
aquifer show an abrupt change in the quality of the
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water along the south and southeast edge of the aquifer.
This indicates that the openings in the limestones are not
large or well connected in this direction and that the
water in the aquifer does not circulate freely downdip
from this line of quality transition. The zone of
transition from fresh to mineralized water is relatively
narrow and is commonly called the bad water line. In
parts of the area, this bad water line coincides with
faults. However, in other parts of the area, the line has
no relationship to known structural features.

Recent studies by the U.S. Geological Survey have
shown that the rock matrix in the fresh water zone is
less porous than the rock matrix in the mineralized zone
because recrystallization and cementation have
obliterated or filled the interparticle spaces. However,
fractures in the fresh water zone are relatively open,
whereas they are generally closed or only slightly open
within the mineralized zone (Maclay and Small, 1976).

The bad water line of the Edwards aquifer is
shown on Figure 1, and in more detail on Figure 3 for
that portion of the aquifer in parts of Bexar, Guadalupe,
Comal, and Hays Counties northeast of San Antonio.
The position of the line as shown is the most recent
version by the U.S. Geological Survey, with a few
modifications made as part of this study in the area
northeast of San Antonio. This is the approximate
position at which the water on the northwest side of the
bad water line is believed to have less than 1,000
milligrams per liter dissolved solids and that on the
southeast side of the line has more than 1,000 milligrams
per liter dissolved solids. The control used to draw the
bhad water line is shown on Figure 3. It should be noted
that the control is fairly good in places, but in other
places it is severely lacking, especially on the southeast
(bad water) side of the line. Also, it should be noted that
the available control for positioning the line, as drawn
by the U.S. Geological Survey in the vicinities of Comal
Springs and San Marcos Springs, is especially limited.

In recent years, it has been found that the bad
water line is not a vertical line through the entire
Edwards aquifer along its entire length. In some places,
the bad water line is farther downdip in the upper
portion of the aquifer than it is in the lower portion.
This has been shown by test holes on both sides of San
Marcos.

Whether the bad water line will move in response
to changes in recharge and withdrawals from wells has
not been finally determined. The data which have been
compiled to date indicate that there has not been much
change so far, and that the chances do not appear great
that there ever will be a change. However, research by
the U.S. Geological Survey in cooperation with the
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Texas Department of Water Resources and the San
Antonio City Water Board is still being conducted in
order to predict with more certainty what will happen in
the future if water levels in wells are drawn down to
depths far below those which have prevailed in historical
times.

Withdrawals of Water Through Wells

The first large wells penetrating the Edwards
aquifer in the San Antonio area were drilled in the latter
part of the 19th century. The first successful well for the
San Antonio Water Company was completed in 1891.
Other wells were soon constructed, and it is reported
that in 1897 the discharge of wells in Bexar County was
over 30,000 acre-feet (37 millionm?). In 1934 the
withdrawals from wells in the entire Edwards aquifer in
the San Antonio region was about 100,000 acre-feet
(123 million m®). Annual withdrawals from 1934
through 1974 are shown on Figure 2. The maximum
annual withdrawal was in 1971, when the total was
407,000 acre-feet (502 million m?). It will be noted
from Figure 2 that withdrawals are greater during
periods of low recharge, when the weather is dry and
there is more need for water for public supply and
irrigation. Total withdrawals from the reservoir through
wells in each county in 1974 were as follows: Kinney
County, 200 acre-feet (247,000 m*); Uvalde County,
97,000 acre-feet (120 million m*); Medina County,
29,000 acre-feet (35.8 million m?); Bexar County,
220,000 acre-feet (271 million m?); Comal County,
11,000 acre-feet (13.6 million m®); and Hays County,
7,000 acre-feet (8.6 million m?). These made a total of
364,000 acre-feet (449 million m?).

Effects of Withdrawals

The primary effects to date of withdrawals of
water through wells have been reductions in spring
flows. The Edwards aquifer is still full to overflowing
and water is still being discharged through the springs
which are its natural spillways. So long as this is the case,
any water withdrawn from a well is essentially offset by
a subsequent reduction in discharge from a spring. Water
levels in the aquifer fluctuate in response to changes in
withdrawals, but the fluctuations are dampened by the
changes in discharge from the springs, which offset the
effects of the changes in withdrawals from the wells. So
far in the history of withdrawals from the Edwards
aquifer, the recharge and discharge relationships have
been such that the aquifer has become completely
refilled during wet periods after dry periods. In fact, the
highest water levels on record and the highest spring
flows have been reached during the period 1973-75.
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The effects of withdrawals through wells are
graphically shown on Figure 2. Note that the flows of
Leona, San Pedro, and San Antonio Springs completely
disappeared during the drought period from 1951
through 1956, when the pumping from wells was
accelerating and reached a high of over 300,000 acre-feet
(370 million m?) in 1956. Comal Springs decreased in
flow drastically during this period, and ceased to flow
for a period of time from June 13 to November 4, 1956.
The lowest recorded flow for San Marcos Springs also
occurred in 1956, when the annual discharge was about
48,000 acre-feet (59.2 million m?).

The effects of withdrawals through wells have
been most evident at San Antonio Springs and San Pedro
Springs, which are at altitudes of about 668 feet
(203.6 m) and 661 feet (201.5 m), respectively, and
which are in the area of heavy pumping in and near San
Antonio. These springs have been dry or nearly dry in
many years since withdrawals through wells became a
large proportion of the total yield of the aquifer.

In recent years, Comal Springs have become more
and more affected by pumping. This may be seen on
Figure 2 and also on Figure 13, which gives monthly
flows from the springs. Studies indicate that, for the
most part, however, the flow from San Marcos Springs
has been relatively unaffected by withdrawals from
wells. The only very substantial effect recorded so far on
San Marcos Springs occurred during 1956 when Comal
Springs were dry.

Predictions by Guyton (1963), the U.S. Bureau of
Reclamation (1972), and Klemt and others (1975),
indicate that, if withdrawals from wells continue to
increase io average amounts greater than the average
recharge to the Edwards aquifer, both Comal and San
Marcos Springs may be expected to cease to flow at
some time in the future. When this happens, further
increases in pumpage then will be solely at the expense
of storage in the aquifer, and the water levels in the
aquifer will decline more rapidly in response to unit
increases in pumping.

GEOLOGY IN VICINITY OF SPRINGS

General

Stratigraphy

The rocks comprising the Edwards aquifer in the
primary study area northeast of San Antonio in parts of
Bexar, Guadalupe, Comal, and Hays Counties, and the
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formations overlying and underlying it in this area, are
Cretaceous limestones, dolomites, shales, and clays,
which are fractured and displaced by faulting in the
Balcones Fault Zone (Figures 3, 4, and 14). These rocks
are locally mantled by Quaternary alluvium. They are
described, from oldest to youngest, in the following
paragraphs.

Glen Rose Formation

The Glen Rose Formation, which underlies and
serves as a confining base, or floor, of the Edwards
aquifer, consists of limestone, dolomite, and clayey
limestone as alternating resistant and recessive beds. The
limestone is fine-grained, hard to soft, chalky and
clayey, and has some silty, laminated, calcareous clay.
The dolomite is fine-grained and porous. Fossils include
molluscan steinkerns, rudistids, oysters, and echinoids.
The upper part of the Glen Rose is relatively thinner
bedded and more dolomitic than the lower part. The
lower part is more massive, generally much more
fossiliferous, and contains some rudistid reefs, The Glen
Rose is about 900 feet (274 m) thick in northern Bexar,
Comal, and Hays Counties (Bureau of Economic
Geology, 1974b, 1974c; George, 1952; Stricklin and
others, 1971).

Walnut Formation

The Walnut Formation is a relatively impermeable
nodular limestone (Moore, 1959 and 1964; Abbott,
1973) at the base of the Edwards aquifer. The lower part
of the Walnut is a hard, dense, clayey, burrowed,
dolomitic limestone. The upper part is a soft to hard,
nodular, clayey limestone containing common specimens
of Exogyra texana. The upper part of the Walnut
commonly contains minor quartz sand and glauconite.
The Walnut is 30 to 50 feet (9.1 to 15.2 m) thick in the
primary study area (Bureau of Economic Geology,
1974a; George, 1952; Newcomb, 1971).

Edwards Group

The Edwards Group is a thick section of white to
gray, cherty limestones and dolomite, the most porous
and permeable strata of the Edwards aquifer northeast
of San Antonio. In the Balcones Fault Zone in northern
Bexar, Guadalupe, Comal, and Hays Counties, the
Edwards Group has been divided into the Kainer and
Person Formations (Rose, 1972; Abbott, 1973). The
Kainer Formation consists of a lower section of
honeycombed and cavernous limestones, dolomitic
limestones, and leached evaporitic rocks. The upper






section of the Kainer is mainly dense, chalky to hard,
medium-grained, bioclastic limestone characterized by
miliolid foraminifera (Maclay and Small, 1976). The
Kainer is 230 to 285 feet (70.1 to 86.9 m) thick in the
study area. The Person Formation is marked by the
regional dense bed at its base, which is a dense, shaly,
clayey limestone. The upper part of the Person is a
sequence of hard, recrystallized limestones, variably
dense to very porous. Locally rudistids are common
both as small reefs and as individuals. Solution breccias
and honeycombed beds are also common (Maclay and
Small, 1976). The Person is 130 to 180 feet (39.6 to
54.9 m) thick in the primary study area.

Georgetown Formation

The Georgetown Formation consists mainly of
nodular limestone with minor calcareous shale and is the
uppermost subdivision of the Edwards aquifer in the
primary study area. This limestone is fine grained and
clayey and is usually soft and nodular. Some sections of
the Georgetown may be hard, brittle, and thickly
bedded. The most common fossils are marine oysters
and brachiopods, including the small brachiopod
Kingena wacoensis. The Georgetown is 15 to 50 feet
(4.6 to 15.2m) thick in the study area in Bexar,
Guadalupe, Comal, and Hays Counties (Bureau of
Economic Geology, 1974a and 1974c; George, 19562;
Newcomb, 1971).

Del Rio Formation

‘ The Del Rio Formation, which is the principal
“confining bed above the Edwards aquifer, consists of
calcareous and gypsiferous clay containing common
pyrite and becoming less calcareous and more
gypsiferous upward. The Del Rio often contains some
thin lenticular beds of very calcareous siltstone. Fossils
include marine microfossils and pelecypods, in particular
the oyster Exogyra arietina. A complete section of the
Del Rio is 40 to 70 feet (12.2 to 21.3 m) thick in the
primary study area (Bureau of Economic Geology,
1974a, 1974b, and 1974c; DeCook, 1956; George,
1952).

Buda Formation

The Buda Formation consists of an upper section
of very fine-grained, porcelaneous, white to light gray
limestone, and a lower section of harder, fine-grained,
hioclastic, often burrowed, limestone that is a pinkish
yellow brown or pale orange. The Buda is commonly
glauconitic and pyritiferous and varies from massive,
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poorly bedded to nodular. The Buda is 35 to 70 feet
(10.7 to 21.3 m) thick in the primary study area (Bureau
of Economic Geology 1974a, 1974b, and 1974c; Bills,
1957; George, 1952; Newcomb, 1971).

Eagle Ford Group

The Eagle Ford Group consists of shale, siltstone,
and limestone. The lower part is thinly bedded
calcareous shale. The middle of the unit is a sequence of
sandy, flaggy limestone which is overlain by an upper
sequence of compact, silty shale. The Eagle Ford is
about 30 feet (9.1 m) thick in the primary study area
(Bureau of Economic Geology, 1974c; Bills, 1957;
DeCook, 1956).

Austin Group

The Austin Group consists of chalky and clayey
limestone. The chalky limestone and soft clayey
limestone units alternate throughout the Austin and are
locally broken by seams of bentonite. The Austin
contains sparse glauconite and common pyrite nodules.
Fossils are uncommon and consist mainly of
foraminifera and /noceramus prisms (Bureau of
Economic Geology, 1974a, 1974b, and 1974c). The
Austin is 140 to 200 feet (42.7 to 61.0 m) thick in the
primary study area (DeCook, 1956).

Taylor Group

The Taylor Group consists of a lower and an upper
section of calcareous, montmorillonitic clay separated
by a usually thick section of chalk and chalky, clayey
limestone. The clays contain variable silt-sized quartz
and scattered calcite, glauconite, and pyrite. Both clays
are blocky with conchoidal fracture and may develop
poor fissility. The limestone is primarily a chalk grading
upward to a chalky, clayey limestone (Bureau of
Economic Geology, 1974a, 1974b, and 1974c). The
Taylor Group is about 300 feet (91.4 m) thick in the
primary study area (George, 1952; DeCook, 1960).

Navarro Group

The Navarro Group consists of calcareous clay that
is locally silty or sandy, is thinly laminated and has
conchoidal fracture. The Navarro is not mapped
separately from the Taylor Group because of its
similarity to the upper clay section of the Taylor
(Bureau of Economic Geology, 1974a, 1974b, and
1974c). The Navarro is about 300 feet (91.4 m) thick in
the primary study area (DeCook, 1960).



Quaternary Alluvium

Quaternary alluvium occurs discontinuously in the
larger stream valleys in the hill country northwest of the
Balcones escarpment and forms extensive deposits along
major streams southeast of it. This alluvium is mainly
floodplain and fluvial terrace deposits and consists of
gravel, sand, silt, and clay in varying proportions. A few
isolated outcrops of caliche-cemented gravel also occur
in the area, occupying topographically high areas not
associated with currently active streams (Bureau of
Economic Geology, 1974b).

Structural Geology

The surface geology in the primary study area in
Bexar, Guadalupe, Comal, and Hays Counties, and
elevations of the top of the Glen Rose Formation
(Figure 4), show this area to be very complex
structurally. The rocks in the area are broken into
numerous large tilted blocks by major faults and fault
zones. In this area, the Edwards aquifer is comprised of a
relatively shallow, water table subsystem on the
northwest connected to an artesian subsystem on the
southeast. In the primary study area, the artesian
subsystem is continuous from Bexar County to Hays
County and is characterized by surface outcrops of the
Austin and Taylor Groups and extensive mantles of
Quaternary alluvium. The area underlain by the shallow,
water table subsystem is generally characterized by
extensive outcrops of the Edwards Group and Walnut
and Georgetown Formations.

Detailed Geology of Comal, San Marcos,
and Hueco Springs Localities

The geology around Comal, San Marcos, and
Hueco Springs (Figures b through 10) was taken from
the best available existing geologic maps. These maps
were briefly field checked in the immediate vicinity of
each group of springs. The geologic units shown are
those mapped by previous workers, except that the
Edwards limestone has been treated as the Edwards
Group and, where possible, the Kainer and Person
Formations have been mapped separately. This usage
follows the definitions of these units by Rose (1972)
except where the Kainer Formation is emended to
exclude the Walnut Formation, which is mapped after
the usage of Abbott (1973) and Moore (1959 and 1964).

Comal Springs

Comal Springs issue from limestones of the
Edwards Group at the base of the Balcones escarpment,
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In the vicinity of the springs, the Edwards Group crops
out in a continuous escarpment with about 100 feet
(30.6 m) of topographic relief that has been created
along the Comal Springs Fault. Individual springs occur
along the base of the escarpment for a distance of about
1,500 vards (1,372 m). Most springs issue directly from
the limestone, but some spring water rises into and
through the Quaternary alluvium that occurs southeast
of the escarpment related to the Comal Springs Fault
(Figure 5). All observed springs are less than 50 yards
(45.7 m) from the base of the escarpment.

Northwest of Comal Springs, 300 to 350 feet
(91.4 to 106.7 m) of the Edwards Group occurs above
the Walnut and Glen Rose Formations. Qutcrops of the
Del Rio and Buda Formations overlie the Georgetown
Formation northwest and northeast of the Comal
Springs locality at Mission Hill and north of Gruene
(George, 1952; Bureau of Economic Geology, 1974b;
Whitney, 1956b; King, 1957). Assuming a linear dip
between these outcrops places the base of the Edwards
Group at about 460 feet (140.2 m) above mean sea level
one mile (1.6 km) northwest of the springs along the line
of the cross-section in Figure 6. The log of a U.S. Army
Corps of Engineers core hole (George, 1952, Well G-49
or DX-68-23-302) places the elevation of the base of the
Edwards Group at about 390 feet (118.9 m) above mean
sea level just over 100 vards (91.4 m) northwest of the
Comal Springs Fault near the largest spring outlet.
Apparently the rocks immediately northwest of the
Comal Springs Fault are folded or faulted about 70 feet
(21.3 m) downward toward the southeast. The units are
shown to be folded in Figure 6 because no direct
evidence of faulting (displaced mappable horizons or
units) was observed in the field. Dipping beds with a
wide variety of strikes and dips were observed at many
places in the area immediately northwest of the Comal
Springs Fault. Faulting cannot be proven in this area
with aerial photograph linears; however, linears traced
from February 1951 photos show the limestones in the
area immediately northwest of the Comal Springs Fault
to be extremely fractured.

Along the main trace of the Comal Springs Fault,
the rocks of the Edwards Group are faulted against the
Taylor Group. Well data along the line of the
cross-section show that the area southeast of the Comal
Springs Fault is broken into at least three major blocks.
The top of the Georgetown limestone is displaced in
these three fault blocks to elevations of about 10 feet
(3.1 m), 110 feet {33.5 m), and 170 feet (51.8 m) ahove
mean sea level, respectively, toward the southeast.
Drillers” logs of wells to the northeast along and
southeast of the escarpment show the Edwards and
Georgetown limestones at very shallow depths,
suggesting that the Comal Springs Fault itself may
consist of several closely spaced fractures.



The surface geology for the area surrounding
Comal Springs (Figure b) was taken almost entirely from
George (1952). The San Antonio Sheet of the Geologic
Atlas of Texas (Bureau of Economic Geology, 1974b)
agrees completely in the vicinity of the springs with the
map by George except where the atlas map shows two
Quaternary alluvium units instead of one. A geologic
map by Whitney (1956b) was also consulted, but it was
not used because it did not agree at Comal Springs with
the maps by George and the Bureau of Economic
Geology. The geologic cross-section (Figure 6) was
drawn from the surface geology (Figure 5) and available
well data along the line of section. The thicknesses
shown for geologic units northwest of the Comal Springs
Fault were taken from Abbott (1973). Also consulted
was the work of George (1952), King (1957), and Sieh.'
Southeast of the Comal Springs Fault, the displacements
and thicknesses shown were defined in successive fault
blocks as follows: with a drillers’ log from well
DX-68-23-303 and an electric log from the Lower
Colorado River Authority’s (LCRA) Comal Plant No. 3
Well (DX-68-23-304) in the first fault block; with an
electric log from the LCRA Comal Plant No. 2 Well or
Test Hole in the second fault block; and with an electric
log from the LCRA Comal Plant No. 1 Well or Test Hole
in the third or southeasternmost fault block.

San Marcos Springs

San Marcos Springs issue from limestones of the
Edwards Group at the head of the San Marcos River near
the base of the Balcones escarpment. The springs are
located along or very near the San Marcos Springs Fault.
Near the springs, the Person (upper Edwards Group),
Georgetown, Del Rio, and Buda Formations and the
Eagle Ford Group crop out in a series of hills that
comprise the escarpment. Quaternary alluvium mantles
the flatland areas, and Quaternary colluvium locally
mantles the hillsides (Figure 7).

Immediately to the northwest of San Marcos
Springs, the Georgetown Formation and Edwards Group
are exposed beneath a cap of the Del Rio and Buda
Formations, and the Eagle Ford Group. The top of the
Edwards Group varies from about 615 feet (187.5 m) to
595 feet (181.4 m) above mean sea level under most of
the area northwest of the springs, with the rocks dipping
slightly toward the southeast (Figure 8).

The top of the Edwards Group is at an elevation of
about 575 feet (175.3 m) above mean sea level just

lSieh, T. W., 1975, Edwards (Balcones Fault Zone)} aquifer test
well drilling investigation: Texas Water Devel. Board unpublished
file rept.
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northwest of the San Marcos Springs Fault near the
springs and is at an elevation of about 230 feet (70.1 m)
immediately to the southeast across the fault. The San
Marcos Springs Fault displaces the Austin and Taylor
Groups against the Person (upper Edwards Group),
Georgetown and Del Rio Formations. This displacement
is substantiated by outcrop and drillers’ log data
(DeCook, 1960, well H-58 and well H-82). Southeast of
the San Marcos Springs Fault, the rocks are faulted into
two major blocks by the northeastern extension of the
Comal Springs Fault. The top of the Edwards southeast
of the Comal Springs Fault is about 110 feet (33.5 m)
below mean sea level, compared to about 230 feet
(70.1 m) above mean sea level across the fault to the
northwest. This displacement is also substantiated by
drillers’ log data (DeCook, 1960, well H-64 and well
H-98).

The surface geology for the area surrounding San
Marcos Springs (Figure 7) was taken almost entirely
from DeCook (1956 and 1960). Maps by Whitney
(1959) and the Bureau of Economic Geology (1974c)
were also consulted, but the maps by DeCook appear to
be the most accurate and most detailed geology
available. The geologic cross-section through San Marcos
Springs (Figure 8) was drawn from DeCook’s surface
geology (Figure 7) and available drillers’ log and core
hole data. Thicknesses shown on the geologic section
were taken from DeCook (1960, Table 3), from
DeCook’s mapped thicknesses and drillers’ logs
(DeCook, 1960), and from U.S. Geological Survey log
and core data from well LR-67-09-110 southwest of San
Marcos. A U.S. Geological Survey gamma log from a well
owned by Travis H. Tate was also consulted.

Hueco Springs

Hueco Springs issue from alluvium inside an
incised meander bend of the Guadalupe River about
three miles north of New Braunfels. The spring water
rises from limestones of the Edwards Group, flows into
the Quaternary alluvium along the west side of the
Guadalupe River, and issues from two shallow
depressions in the alluvial surface.

Hueco Springs are located just south of the trace
of the Hueco Springs Fault, which has 380 to 400 feet
(115.8 to 121.9 m) of displacement in the vicinity of the
springs. The trace of the Hueco Springs Fault is exposed
in the Guadalupe River bed just northeast of the springs
as a small escarpment with a waterfall (George, 1952,
Plate 1-A). Along the east bank of the river, the Person
(upper Edwards Group) and Georgetown Formations are
in contact with the Walnut Formation across the fault
(George, 1952, and Guyton & Associates, 1975, field
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investigations). Northwest of the fault the Kainer (lower
Edwards Group) and Walnut Formations are exposed.
These rocks are apparently only slightly broken by
faulting or other deformation. The Person, Georgetown,
Del Rio, and Buda Formations, and the Eagle Ford
Group are exposed in the complexly faulted and
deformed area southeast of the Fault (Figure 9).

The exposed Kainer Formation northwest of the
Hueco Springs Fault is deeply dissected by many small
ephemeral drainages and is cut almost completely by the
Guadalupe River. In most of this area near the springs
the base of the Kainer is 650 to 660 feet (198.1 to
201.2 m) above mean sea level. Just northwest of the
Hueco Springs Fault a small fault displaces the base of
the Kainer to an elevation of 630 to 640 feet (192.0 to
195.1 m) (Figure 10).

Southeast of the Hueco Springs Fault the base of
the Kainer is faulted down to between 210 and 370 feet
(64.0 and 112.8 m) above mean sea level in a series of
four fault blocks. Between the Hueco Springs Fault and
the southeasternmost fault shown on the map (Figure 9)
the rocks are in a complexly faulted and possibly folded
graben characterized by surface exposures of the Del Rio
and Buda Formations, and the Eagle Ford Group
(Figure 10).

The surface geology for the area surrounding
Hueco Springs (Figure 9) was taken mainly from Bills
(1957). Maps by George (1952), Whitney (1956a and
1956b), Abbott (1973), and the Bureau of Economic
Geology (1974b) also were consulted, but the map by
Bills appears to be the most accurate and most detailed
and complete geology available. The area northwest of
the Hueco Springs Fault was modified after Abbott
(1973). This meodification involved using Abbott’s
mapping of the Walnut Formation rather than following
the usage of Bills (1957) and George (1952). Mapping a
thicker Walnut Formation places the top of the Glen
Rose 30 to 40 feet (9.1 to 12.1 m) lower in this area
than previously mapped by Bills and George.

The geologic cross-section (Figure 10) was drawn
from the surface geology shown by the geologic map
(Figure 9), except where the fault block containing
Hueco Springs was reinterpreted based on field
observations from this and previous studies (Guyton,
1958). Bills (1957, Plate 1) shows that the rocks in the
fault block dip between 12 and 14 degrees away from
the springs, with a dip direction of about S 60° to 70° W
subparallel to the major faults. Bills also shows a
Georgetown-Edwards Group contact about one-fourth
mile southwest of the springs in the same fault block. If
this fault block is not otherwise deformed, these data
place the uppermost Glen Rose, the Walnut, or the
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lowermost Edwards Group beneath the alluvium at the
springs, depending on whether the 14° or 12° dip is
used. The occurrence of the lowermost Edwards Group,
Walnut Formation, or uppermost Glen Rose Fromation
beneath Hueco Springs is possible but not likely
considering nearby exposures; thus, Bills’ interpretation
of the geology beneath Hueco Springs has been revised
in this report. Immediately northeast of the springs and
just southeast of the Hueco Springs Fault, the Person
Formation (upper Edwards Group) and Georgetown
Formation are exposed in the east bank of the
Guadalupe River (George, 1952, and W. F. Guyton &
Associates, 1975, field investigations). The Person
Formation (upper Edwards Group) is exposed in a bluff
immediately west of the springs (Guyton, 1958) and in a
large depression or excavation 30 or 40 yards (27.4 or
36.6 m) north of the westernmost spring (W. F. Guyton
&  Associates, 1975, field investigations). The
Georgetown occurs farther to the southwest in the same
fault block (Bills, 1957, Plate 1). These exposures
suggest that the uppermost parts of the Edwards Group
(Person Formation) occur in the area immediately
beneath the Quaternary alluvium at the springs. The
southwesterly dips of 127 and 14° shown by Bills for
these rocks may result from solution collapse structures
or slope creep, because the areas shown as having
dipping beds are limited “bedrock’ exposures and thus
cannot be explored completely. The interpretation of
the geology beneath Hueco Springs has been changed in
this report to show a nearly complete section of the
Edwards Group (Person and Kainer Formations) below
the alluvium at the springs.

Qutcrop data from Bills (1957) and Whitney
(1956a and 1956b) were used in the area south and east
of the Hueco Springs map area (Figure 9) to show fault
displacements in the two southeasternmost fault blocks
shown on the cross-section (Figure 10). In addition, data
from one well (George, 1952, well G-17) were used in
the northwesternmost fault block.

Recent Geohydrologic Subdivision of Edwards
Aquifer by the U.S. Geological Survey

The U.S. Geological Survey in cooperation with
the Texas Water Development Board, the San Antonio
City Water Board, and the Edwards Underground Water
Districts has conducted a program of core drilling and
detailed analysis of the rocks of the Edwards aquifer. A
very important result of the Survey’s work has been the
vertical geohydrologic division of the aquifer into
permeable and less permeable or non-permeable horizons
(Figure 11) in the primary study area of this report.
According to Maclay and Small {1976), the most porous
and permeable sections are Subdivisions 3 (Leached and






Collapsed Member) and 6 (Kirschberg Member). The
least porous and permeable sections are Subdivisions
1 (Georgetown Formation), 4 (Regional Dense Member),
and 8 (Basal Nodular Member). Figure 11 compares
these geohydrologic subdivisions to the terminology
used on the geologic maps and cross-sections in this
report.

SPRING FLOW

Figures 12 and 13 show average monthly flows of
Comal and San Marcos Springs for periods when
continuous gaging station records are available.
other periods miscellaneous individual measurements are
shown on the graphs. Hueco Springs has never had a
continuous gaging station and, accordingly, only
individual measurements are available for those springs.

For

The references at the end of this report include a
list of reports and records which provide a complete set
of all measurements that have been made of the flows of
these three groups of springs through September 1975.

Comal Springs

Records are available for Comal Springs since
1882. Only occasional measurements were made until
1927, at which time the continuous gaging station was
installed. So far as can be ascertained, the measurements
made prior to 1927 are reasonably representative, and all
are included on Figure 12. During the period of record,
the minimum monthly flow recorded was zero in 1956
and the maximum monthly average flow was 467 cubic
feet per second (13.2 m?/s) in 1973. The reported daily
average flow ranged from a minimum of zero in 1956 to
a maximum of 534 cubic feet per second (15.1 m®/s) in
1973. Prior to 1948, the lowest reported daily average
flow was 245 cubic feet per second (6.9 m?/s) in 1939.

As shown by Figure 13, the seasonal fluctuation in
flow from Comal Springs has become much greater
during the period since 1927. This appears to be the
result of seasonal changes in withdrawals from wells,
which have been steadily increasing through the years. In
early vyears, it appears that there was generally a base
flow from the springs of about 250 to 300 cubic feet per
second (7.1 to 8.5m?/s), with the fluctuations above
this amount being caused by variations in recharge.

Annual discharges of Comal Springs are shown on
Figure 2 for the period 1934-74, and are given for the
period 1945-73 in Table 1. The average for the 1945-73
period is 184,000 acre-feet (227 million m?) per vyear,
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with a minimum of 22,000 acre-feet (27.1 million m?)
in 1956 and a maximum of 279,000 acre-feet (344
million m?) in 1973.

The gaging station for Comal Springs is on Comal
River about 1 mile downstream from the springs. During
periods of rainy weather, the flow in the river includes
some surface runoff. This surface runoff must be
substracted from the total flow recorded at the gaging
station to estimate the spring flow. For the most part,
this has been done by the U.S. Geological Survey in
connection with its general studies of the Edwards
aquifer. In some instances, however, it was done by this
firm specifically for this report.

San Marcos Springs

Intermittent measurements are available for the
flow from San Marcos Springs since 1894. However, data
prior to 1916 are not included on the graph in Figure 12
because they are not believed to accurately reflect the
flow of the springs. For example, a flow of 51 cubic feet
per second (1.44 m?/s) was reported for the springs in
1898. In searching to find out why such an anomalously
low flow was reported at that time, it was found that the
discharge of the springs was regulated by the stage of the
lake at the springs, and the recorded measurements
affected by other dams and diversion structures
downstream from the spring lake and above the points
of measurements. Analysis indicated that at least some
of these early measurements were probably greatly
affected by what had recently transpired with respect to
the regulating structures upstream. Consequently, the
first measurements considered reliable enough to include
on Figure 12 are those beginning in 1916 when a
continuous gaging station was installed on the river. This
gaging station was discontinued in 1921 and periodic
measurements were again made without a continuous
gaging station until 1956. The intermittent
measurements made during this 35-year intervening
period are included on the graphs in Figures 12 and 13,
but they should not be considered entirely reliable as
indicators of the actual flows of the springs. Evidence
was found to indicate that the U.S. Geological Survey
personnel measuring the flow of the San Marcos River at
those times usually attempted +to make the
measurements when the flows were apparently
unaffected by regulation of the stream. However, this
was not always the case, and it is not possible to
distinguish the reliable measurements from those which
are not representative. Consequently, while the records
for the period 1916 to 1921 and for the period since
1956 are considered reliable as indicators of the actual
spring flow, at least on a daily basis, the records for the
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[A11 data from U.S. Geological Survey reports and records.

Table 1.--Ground-Water Recharge and Discharge, Edwards Aquifer Northeast of San Antenio

Amounts rounded off to nearest thousand acre-foot.]

Recharge Discharge
Sink,
Dry Purgatory,

Cibolo Comal York, Blanco Comal Hays

Creelk Creek Alligator River Comal County Hueco San Marcos County

Basin Basin Creek Basins Basin Springs Wells Springs Springs Wells
1945 93 37 25 11 261 2 42 136 2
1946 107 48 30 11 260 2 44 125 3
1947 67 22 21 11 255 2 30 124 3
1948 14 6 b 10 201 2 5 70 2
1949 37 19 13 11 207 2 18 87 3
1950 18 6 7 10 189 2 8 75 3
1951 10 3 [ T 149 2 1 68 2
1952 62 40 11 9 133 1 15 73 6
1953 22 20 14 11 139 3 16 98 4
1954 5 5 3 8 99 3 1 77 5
1955 3 0 3 7 66 4 1 61 3
1856 1 1 2 7 22 11 0 48 3
1657 253 145 31 45 103 10 37 110 3
1958 201 68 32 39 226 5 60 154 2
1959 50 28 15 18 227 5 34 116 2
1960 102 59 37 26 231 5 45 142 2
1961 70 41 32 18 242 8 34 138 2
1962 16 - ] 7 12 192 6 12 96 3
1963 12 10 5 12 151 5 3 79 3
1964 32 19 8 14 137 5 10 71 3
1965 63 52 a3 34 189 6 hé 123 3
1966 36 31 17 18 193 5 34 112 4
1967 31 27 5 14 131 8 15 78 5
1968 74 47 32 17 231 7 50 143 4
1969 58 42 27 20 211 8 37 118 4
1970 72 42 31 8 221 8 38 145 5
1971 58 25 9 13 159 9 25 92 7
1972 58 47 14 19 225 10 39 117 i
1973 147 65 46 36 279 10 58 158 6
Mean 61 33 18 16 184 5 26 105 4




period 1921 to 1956 are not considered entirely reliable
for correlation studies, even though the U.S. Geological
Survey has estimated total flows by months for part of
this period and has used the estimates in correlation
studies.

Although the gaging station is on the San Marcos
River about 1.5 miles (2.4 km) downstream from the
springs, the records reported by the U.S. Geological
Survey are for spring flow only, as that agency, before
publication, has subtracted any surface runoff which was
recorded at the gaging station along with spring flow.

The maximum monthly average flow from San
Marcos Springs during the period of record was 292
cubic feet per second (8.27 m®/s) in 1975, and the
minimum monthly average flow was 54 cubic feet per
second (1.53 m?/s) in 1956. The average flow during the
period 1956-74 was 161 cubic feet per second
{(4.56 m? /s). The maximum daily average flow reported
was 316 cubic feet per second (8.95 m?/s) in 1975 and
the minimum daily average flow reported was 46 cubic
feet per second (1.30 m?/s) in 1956.

Except for the period during 1956 when Comal
Springs were dry, the graph of the flow of San Marcos
Springs does not indicate any very noticeable effect
caused by withdrawals from wells. The springs seem to
have a persistent base flow of slightly less than 100 cubic
feet per second (2.83m?/s), with short-term
fluctuations above this, lasting from a few months to a
year or more and ranging in magnitude up to about 200
cubic feet per second (5.66 m>/s). The graphs indicate
that prior to the time withdrawals from wells greatly
affected Comal Springs, Comal Springs had a much
steadier flow, percentagewise, than San Marcos Springs.
Now, however, Comal Springs have a more variable flow
in terms of percentage, as they no longer have the
sustained type of base flow they formerly had.

Figure 2 shows the annual discharges of San

Marcos Springs for the period 1934-74, and Table 1 lists

them for the period 1945-73. The average for the
1945-73 period was 105,000 acre-feet (129.5
million m?), with a minimum of 48,000 acre-feet (59.2
millionm?*) in 1956 and a maximum of 158,000
acre-feet (195 million m?®) in 1973.

Hueco Springs

Intermittent measurements are available for the
flow from Hueco Springs since 1924, although only a
few measurements were made prior to 1945, Beginning
in 1945, measurements have been made on

approximately a monthly schedule. All available
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measurements of the flow of Hueco Springs are shown
on the graphs in Figures 12 and 13. |t will be noted that
the flow was zero during a number of drought periods,
and that the maximum flow recorded was 131 cubic feet
per second (3.71 m?/s) in 1968.

The flows of the two spring outlets are measured
separately. The east spring begins to flow when the flow
of the west spring reaches about 25 cubic feet per
second (0.71 m>/s). The flows of the two spring outlets
become nearly equal in the high range of their flows.
The relative flows of the two outlets are undoubtedly
related to the sizes of the openings leading to them.

Based on the monthly measurements, the U.S.
Geological Survey has estimated the total volume of
flow from the springs since 1945. The annual estimates
are given in Table 1 and on Figure 2, and indicate
discharges ranging from zero in 1956 to 60,000 acre-feet
(74 million m?) in 1958, with an average of 26,000
acre-feet (32.1 million m?) per year for the period 1945
through 1973.

It may be noted from Figure 13 that the
fluctuations of Hueco Springs are quite similar to those
of San Marcos Springs, with Hueco Springs fluctuating
above a base of zero and San Marcos Springs fluctuating
above a base of slightly less than 100 cubic feet per
second (2.83 m?/s).

CHEMICAL QUALITY OF WATER

Table 2 shows all the standard chemical analyses
available for water from Comal Springs, San Marcos
Springs, and Hueco Springs. The water from each group
of springs is relatively constant in quality. No progressive
change with time is discernible from the records.

Comal Springs

The analyses for Comal Springs in Table 2 show
that the silica ranges from 9.4 to 14 milligrams per liter
(mg/l) and the iron from 0.00 to 0.05 mg/l. Only one
analysis is available for manganese and it shows zero
content. Calcium is shown to range from 43 to 102 mg/I,
with most of the analyses being between 70 and 80 mg/I.
Leaving out the one anomalous reading of 43 mg/l, the
average for calcium is 76 mg/l. Magnesium is shown to
range from 13 to 23 mg/l, with most of the analyses in
the range of 15 to 20 mg/l, and the average being
17 mg/l. Sodium ranges from 6.2 to 8.5mg/l and
potassium from 0.4 to 3 ma/l. The range in bicarbonate
reported is 236 to 300 mg/l, with most of the numbers
being between 260 and 290 mg/l. Leaving out the one
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Table 2,--Chemical Analyses of Water From Comal, San Marcos, and Hueco Springs

[Results in milligrams per liter {(mg/l) except as otherwise noted and all analyses by U.$. Geological Survey except as noted. |
Date Manga- Cal- Magne- | Sodium Potas~ Bicar- Sul- Chlo- Fluo- Ni- Dis= Total Specific Temper -
of Silica Iron nese cium sium (Na) sium benate fate ride ride trate solved Hardness Conduc tance ature
Collection (8102) (Fe) (Mn) (Ca) (Mg) by (K) (HCO3) (804) (c1) (F) (NO3) Solids as CaC0q (micromhos) pH o
Comal Springs
5-25-34 -- -- -- -- b -- .- 268 30 12 -- - - 264 -- -- --
10-27-36 -- -- -- 56 19 15% -- 244 26 17 = s 253 219 ot D =
4-10-38 - -- -- s 17 3.3% S 266 23 13 0.0 5.0 267 257 == L i
6-24-41 -- -- -- 63 17 18+ B 272 23 12 e 3.7 271 227 == e e
8-13-41 -- o -- == == - e 272 23 11 v = o - = e A
9-16-41 12 e e 73 17 4. 8% e 264 24 12 0.1 4.4 279 252 o o o
4-2-42 11 T a 70 17 11% - 274 22 12 0.1 4.0 282 244 o o o
12- 4 -43 i o = 73 17 6. 7% e 263 24 14 - 5.8 - 252 - -- --
12- 4 -43 i e i 73 17 5.5% s 261 24 13 - 53 o 252 - - -
1-10-44 e o o 78 17 5.5% - 280 23 13 - ) 280 264 o o o
1-22-44 11 0.02 - 74 16 6.2 3.0 270 23 12 0.4 5.5 284 250 pe 7.5 -
3-23-44 -- -- -- -- - -- -- 270 24 12 == - . e e it -
9-14-44 -- - - 86 23 - - - - - - = -~ 309 — - -
10-11-44 -- -- e 8L 22 - -- - - . - e ey 292 - - e
11-22-44 - - -- 102 13 - - - . o~ o - .= 308 - e -
1-22-45 -- -- -- 74 17 -- - - -- - .- - - 254 - sk .
2-14-4