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ABSTRACT 

The San Antonio area, as the term is used in this report, includes parts of 
Kinney , Uvalde, Med ina, Bexar, Comal, and Hays Counties,  Texa s .  It lies within 
two physiographic provinces ,  the Edwards Plateau on the north and northwest and 
the Gulf Coastal Plain on the south and southeast, the two provinces being sepa
rated by the Balcones fault zone. The principal aquifer in' the area is the 
Edwards and as soc iated limestones,  whose hydraulic boundaries co incide with the 
boundar ies of the San Antonio area. 

Springflow from the >�ater-table part of the aquifer in the Edwards Plateau 
forms the base flow of the southward-flow ing streams which drain the plateau; 
most of the base flow and a part of the flood flow is lost at the fault zone on 
the outcrop of the Edwards and assoc iated limestones, Recharge to the aquifer 
in the fault zone is ch iefly by seepage from the streams that cross the outcrop 
of the Edwards and as sociated l imestone s ,  but partly by direct infiltration of 
precipitation on the outcrop . During the period 1934-5 9,  the average annual re
charge was estimated to be 500, 000 acre-feet , 

Since 1 934 most of the discharge from the Edwards and as soc iated limestones 
has been from springs except during the period 1954-57, when the discharge from 
wells exceeded the discharge from springs .  In 195 9 ,  ·the discharge from springs 
wa s about 38 7 , 000 acre-feet, 90 percent of which was in Comal and Hays Counties; 
di scharge from wells totaled about 234, 200 acre-feet, about 82 percent of which 
was in Bexar County . The average annual discharge from both wells and springs 
for the period 1934-59 was about 507 , 000 acre-feet . 

Water leve ls in wells in the Edwards 
lowes t of record in 1956 and early 1 95 7 .  
and 1958, water levels rose nearly to the 

and as soc iated limestones were the 
As a result of the heavy rains in 1957 
levels of 1 947,  when the drought began. 

The movement of water in a large part of the Edwards and as soc iated l ime
stones is characteri stically nonuniform and generally unsteady during most of 
the year. In general , nearly steady flow occurs only during the winter, when 
recharge and discharge are at a m1n1.mum . Changes in storage are detennined more 
accurately by comparing periods of nearly steady flow . 



The estimated accretion of ground water to the aquifer during 1957-58 was 
nearly 2 million acre-feet, whereas the decrease in ground-water storage during 
the drought period 1947-57 was slightly more than 2 million acre-feet. 

The water from the Edwards and associated limestones, although hard, is 
almost uniformly a calcium bicarbonate water of good quality. In the southern 
part of the San Antonio area, the water contains hydrogen sulfide gas; still far
ther south, the water becomes saline. ·The mineralization of Water from some 
wells in the transitional zone between water of good quality and water of poor 
quality decreases as the artesian·pressure increases. 

Where water circulates freely in .the Edwards and associated limestones, 
temperature and mineralization show little change in relation to depth; where 
circulation is restricted, however, both temperature and mineralization increase 
with depth. 

- 2 -
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INTRODUCTION 

Location and Extent o f  Area 

The tem " San Antonio area" is used in this report to include parts o f  
Kinney, Uvalde, Medina; Bexar, Comal, and Hays Counties, Texas , within and adja
cent to the Balcones fau l t  zone.  (See Figure 1 . )  The area forms a ?trip about 
180 miles long and about 5 to 40 miles wide" The main ground-water reservoir 
(aquifer) in the area is the Edwards and assoc iated limestones, ''hose hydraulic 
boundaries coincide with the boundaries of the San Antonio area . The aquifer 
supp l ies water to the c ity o f  San Antonio, center o f  activity in the area, and 
to the irriga t ion,  mil i tary, and industrial estab l i shments o f  prac tically a l l  the 
area . It  also sustains the flow o f  several large springs,  including Comal Springs 
one of the larges t in the southwestern part of the United States, 

Purpose and Scope 

Geologic and hydro logic investigations o f  the Edwards and associated lime
s tones in the Sa'n Antonio area have been carried on for many years by the U .  S .  
Geological Survey in cooperation with the Texas Board o f  Water Engineers and the 
c i ty of San Antonio . Most o f  the general geology o f  the area has been described, 
and the currently continuing quantita t ive s tudies are chiefly hydrologic . This 
report is one of several progress reports which have been prepared periodically 
to summarize the results of the investigations . Its chief purpose is  to supp le
ment and bring up- to -date through 1959 the data published in previous reports.  
It  gives e s t imates o f  recharge to  and discharge from the aqui fer, records o f  pre
c ipitat ion and s treamflow, and water-level data . The relation of aquifer head 
to the movement of water is discussed, and the balances -between recharge and dis
charge as related to aquifer head are used to make estimates o f  the changes in 
s t orage in the aquifero The report also brings up·-to -date the resul t s  of s tudies 
of the qua l i ty. of water in the zone of transition b etween water of good qua l i ty 
and water o f  poor quality in the Edwards and associated lime s tone s .  

This repor t  >1as prepared under the administrat ive direction o f  P . E. 
LaMoreaux, chief o f  the Ground Water Branch of the Geological Survey, and under 
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the innnediate supervision o f  R .  W .  Sunds trom, district engineer in charge o f  
ground -wa ter inves t igations in Texas . 

Previous Work and Acknowledgments 

Previous geo logic and hydrologic inves t igations in the San Antonio area 
have been made as e i ther countywide or areal s tudies . Mos t  of the results o f  
these s tud ies have been pub lished either b y  the Texas Board of Water Engineers 
or by the U. S. Geo logical Survey. · (See Referenc es . )  

Appreciation is expressed to the many persons who contributed informa t ion 
which a ided in the prepara tion of this report . Special thanks are due Mr . R .  A .  
Thompson, Manager o f  the C i ty Water Board o f  San Antonio, and Mr . Ben M.  Petit t ,  
Jr. , also o f  the C i ty Wa ter Board, who made helpful sugges t ions concerning the 
projec t .  The author is gra teful to the dri l l ers,  farmers, ranchers, and repre
senta t ives of industrial concerns who gave freely of their time and information. 

Topography and Drainage 

The San Antonio area o f  this report lies w i thin two physiographic provinces,  
the Edwards Plateau on the north and nor thwest and the  Gul f  Coas tal Plain on the 
south.·'and southea s t ,  the two provinces being separated by the Balcones fau l t  
zone. The topography o f  the San Antonio area is related to the composition o f  
the rocks and the geologic s tructure as soc ia t ed with the physiographic provinces . 
The Edwards Plateau has been cut by streams into a s teep and rugged t errain, 
underlain chiefly by l imes tone beds which dip very gently t oward the southeas t .  
The gently roll ing Gulf Coas tal Plain is underlain by beds o f  c lay, mar l ,  l ime
s tone, and sand dipping gently toward the southea s t  though a t  greater ra tes than 
the beds underlying the plateau. 

Mos t  of the San Antonio area is drained by southea s tward-flowing s treams o f  
the Nueces and Guadalupe River bas ins (Figu·ce 1 ). Springflow from the Edwards 
and associa ted l imes tones in the Edwards Plateau forms the base flow of the 
streams . In turn, most of this base flow and a part o f  the flood flow infi l trates 
into the Balcones fau l t  zone on the outcrop o f  the Edwards and associated lime
stones . South of the outcrop of the Edwards and associated l imestones, mos t  o f  
the streams a r e  dry o r  f low intermit tently . The Guadalupe River, however, which 
contributes l i t tle qr no water to the Edwards , is a perennial s tream. 

C l ima te 

A warm, tempera te,  and generally subhumid climate prevai l s  in the San Antonio 
area . Temp eratures during the winter generally are well above freez ing; maximum 
summer temperatures usually are above 90"F but rarely above 100°F . · The last kill
ing frosts in the spring are usually in late February or early March, and the 
firs t kil ling fros ts in the fal l are genera l ly in November . The growing season 
is long , ranging from 21,.g days in Uvalde County to 279 days in Bexar County .  

The average annual prec ipita t ion in the San Antonio area increases generally 
from wes t to east (Tab le 1) . Prec ip itat ion may vary considerably from year to 
year, but the dis tribut ion within a year generally is fairly uniform. During the 
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Table i . --Average annual precipitation at selected sta tions 
in the San Antonio area 

Station Length of record Annual average* 
(years) (inches) 

San Marcos 62 ,33. 19 

New Braunfels 69 31.11 

Fischer's Store 67 29.40 

Boerne 68 32.35 

San Antonio 86 27.61 

Riomedina 37 26.38 

' 

Hondo 59 28.54 

Sabinal 44 25.61 

Uvalde 61 24.26 

Bracke t tvil l e  73 20.61 

*Average of complete years -only. 
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wet years o f  1 957 and 1 958, the heaviest rainfall was in April, May , June, Sep 
tember, and October. Occas iona l ly rainfa l l  during the winter is  widespread, but 
most of the rain fal l s  as . isolated thundershower s .  

The monthly precipitation at selected stations o f  the U ,  S .  Weather Bureau 
in the San Antonio area is shown in Figure 2. The location of thes e  and other 
stations is shown in Figure 1 .  The heavy rains of 1 957 and 1 958 apparently 
broke the drought that had prevailed during the previous several years, Pre
cipitation during 1 959 general ly was above average .  

GENERAL GEOLOGY 

The geology of the San Antonio area has been described in considerab l e  
detail in reports o n  the individual counties in the area ( see References )  and 
has been summarized in a report by Petitt and George ( 1 956) . The description 
of the geology in th is report is therefore l imited to a brief d iscuss ion of 
the geologic units forming the major and minor

' 
aquifers and their general hydro 

logic properties. 

The geologic units , in order of their importance as aquifers, are the 
Edwards and associated l imestones, the Glen Rose l imestone, the Leona formation, 
the Travi s  Peak formation, the Austin chalk, rocks of the Taylor and Navarro 
group s ,  the Carrizo sand, and undifferentiated sands o f  the Wilcox group . 

The Edwards and as sociated l imestones, which consists o f  the Georgetown, 
Edwards, and Comanche Peak limestones o f  Cretaceous age, forms the main ground
water reservoir in the San Antonio area . It underl i e s  or forms the surface o f  
the Edwards Plateau north and northwest o f  San Antonio . In fresh exposures, 
mo�t of the Edwards is  a dense ,  hard l imestone, but, on weathering, the rock is 
extensively honeycombed and ca

.
vernous . Thus, v1here the Edwards and associated 

l imestones is exposed, conditions are favorab l e  for direct infiltration o f  rain
water . The exact th ickne s s  o f  the Edwards and associated l imestones at a l l  
p laces is  not knmm, but i t  probably averages a t  l east 500 feet, Wel l s  that 
penetrate fractures or cavernous zones obtain large yield s ,  but other w e l l s  may 
y ield l ittle or no water. 

The Glen Ros e  l imestone of Early Cretaceous age crops out north o f  the Bal 
cones fault zone,. where the overlying Edwards and associated l imestones has been 
removed by eros ion, In general , the Glen Rose yields sma l l  to moderate amounts 
o f  water o f  fair to poor qual ity for domestic and stock use .  In the Camp Stan
ley area in northern Bexar County, some wel l s  tapping the G l en Rose were acidized · 

in .the summer of 1 958 . The yields o f  the wells  increased, but whether the in
creas e  resulted from recharge due to the heavy rains in September 1 958 or from 
the acidization o f  the well s  i s  not known definitely.  The acidizing probably did 
in�rease the yield o f  the wel ls inasmuch as the yields were not increased in 1 957 
or early 1 958 when rainfall was above normal . 

The Leona formation of Pleistocene age cons ists of alluvium and terrace 
depos its in the vall ey s  of the major streams of the San Antonio area. The Leona 
formation i s  important as an aqui fer only in the Leona River ·val l ey so·utheast of 
the city of Uval4e, where some wells  yield enough water for irrigation. In this 
area the Edwards and as sociated l imestones and the gravel s  o f  the Leona formation 
are hydrau lica l ly connected, and production from the Leona is l imited by the re
charge the Leona recieves from the underlying Edwards and as sociated l imestone s .  

- 7 -
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The yields o f  wells  that draw from the other formations generally are small , 
and the quality o f  the water from some o f  the formations is unsatis factory in 
most o f  the San Antonio area . In Comal and Kendall Counties, the Cow Creek .lime
stone member o f  the Travis Peak formation o f  Early Cretaceous age y ields moderate 
quantities o f  water to wells; in the Cibolo Creek drainage area the Cow Creek 
may transmit a s ignificant volume of water to the Edwards and associated l ime
stones by underflow. In general,  the Austin chal k  of Late Cretaceous age yields 
only sma l l  quantities o f  water to wel l s ,  and in most p laces the water contains 
hydrogen sulfide gas in objectionab l e  quantities . Near Uva lde and other loca l 
ized areas , the Austin chalk yields moderate quantities o f  water similar in chem
ical quaiity to the water in the Edwards and associated l imestone s ,  suggesting a 
hydraulic connection between the formations . The Anacacho l imestone o f  Taylor 
age and the Escondido formation of the Navarro group yield sma l l  quantities o f  
water for domestic and stock uses west o f  Bexar County . 

The Carrizo sand of Eocene age supp lies water to the city o f  Devine in 
Medina County and to a few irrigation wel l s  in the extreme southern part o f  
Bexar County . The undifferentiated sands o f  the Wilcox group have not been fully 
tested, but in wel l s  used for domestic supply the water i s  generally o f  fair to 
poor qual ity . 

HYDROLOGY 

The principal aquifer in the San Antonio area i s  the Edwards and associated 
l imestones ;  it suppl ies most of the water for municipal , industria l ,  irrigation, 
and domestic purposes. 

Under natural conditions and over a long period, recharge to the Edwards 
and associated limestones must balance the discharge . During short periods, how
ever, when the r echarge-discharge relationship is not in balance, the storage · in 
the reservo ir increases or decreases,  and determinations o f  the changes in storage 
are based on the amount of recharge to and discharge from the aquifer . Recharge 
to the Edwards and associated l imestones is estimated from streamflow and rain
fall records ; discharge from the aquifer through springs and wells  is inventoried.  
Changes in storage are correlated with the artes ian head in the aquifer, as ob
tained from recording gages in representative wells,  and a curve i s  obtained which 
shows the changes in storage for each foot of change in artes ian head through the 
range o f  observed fluctuation s . 

Because o f  the wide variation in the rate o f  movement o f  the \>later in the 
Edwards and associated limes tones ,  a method has been devised for the determina
tion o f  change-in-storage curves for three of the four segments of the aquifer . 
The flow o f  ground water in the Edwards and associated l imestones is nonuniform-
·that i s ,  the rate of movement changes from place to p lace --and generally is un
steady--that i s ,  the rate of movement changes from time to time at a particular 
place.· When both pumpage and recharge are sma l l ,  the flow is nearly steady, but 
because changes in storage are constantly occurring, as shown by the continually 
fluctuating water l evels in wel l s ,  true steady flow is never attained.  However, 
the p eriods of nearly steady flow· as used in thi s  report, are relatively free 
from the effects o f  rap id changes in the rate o f . recharge and discharge that pro
duce unsteady flow; consequently, the changes in storage and artesian head can 
be related during these p er iods almost as "ell as if  the flow were steady . 

·Hydrologic observations in the Edwards and associated l imestones in the San 
Antonio area have been made intermittently since 1929. The records cover a w ide 
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range o f  climate ; the data in this report were obta ined during part o f  a severe 
drought and also during part of an extremely wet period. 

Recharge 

A large part o f  the recharge to the Edwards and associated l imes tones in 
the San Antonio area is derived by seepage from s treams that cross the outcrop 
of the aqui fer in the Balcones fault zone, Petitt and George ( 1 956,  page 22)  
determined the recharge to the Edwards and associated limes tones in the San 
Antonio area from seepage s tudies made a t  different s tages o f  the s treams and 
from discharge measuremencs made a t  es tab lished gaging s tations on the major 
streams (Figure 1).  The monthly mean discharge at the gaging s ta tions during 
the period 1958-59 is shown in Table 2; records for the peri�d 1 934-57 have been 
pub l ished by the Texas Board of Water Engineers ( 1 958) , and thos e  for 1957 -58 
have been publ i shed by the U. S. Geological Survey ( 1 960) . 

The es timates o f  recharge to .the Ed1•ards and associa ted limestones for the 
period 1 934-53 by Petitt and George ( 1956,  pages 2 1 -41) have now been rev ised 
s l ightly and extended to January 1 960 (Table 3) . The rev is ions were considered 
advisable for two reasons: (1) the inadver tent omi s s ion, in the early estimates, 
of 314 square miles o f  drainage area that furnishes recharge to the reservoir, 
and (2) refinements made possible by records from several new gaging s ta tions 
s ince 1 955 . 

The add itional area consists o f  the following: 

(1) Forty -eigh t square miles o f  the Blanco River basin and 46 s quare miles 
o f  the upper Leona River basin which have been included with the Frio -Dry Frio 
recharge basin. Recharge to the aquifer from these areas was prorated on the 
basis o f  flood - flow records for the Frio -Dry Frio River bas in. 

(2) Thir ty-three square mi.les in the Little Blanco Creek and Nol ton Creek 
area and 23 square miles in the Ranchero Creek area , bo th of which are included 
w i th the Sabinal River basin. 

(3)  Eighty -five square miles of drainage area in the area of recharge be
tween the Sabinal River and Medina River bauins. 

· (4) Seventy -nine square miles in the area of recharge between the Medina 
River and Cibolo Creek drainage basins . 

The estab l ishment o f  several new gaging s tations s ince 1955 has permitted a 
refinement o f  the recharge es timates in some of the basins . The West Nueces River 
gage at Brackettville,  which was re-establ ished in 1956,  accounts for all  flow con
tributed by the West Nueces River to the recharge area in the Nueces River basin. 
Previous ly, flow from the West Nueces had been prorated according to flood flow 
pas t the Nueces River gage a t  Laguna . 

A gage on the Blanco River near Ky le,  below the outcrop o f  the Edwards and 
associated l imes tones, was es tab l i shed in June 1 95 6 .  Recharge in the Blanco 
River basin i s  the difference between inflow above the outcrop o f  the Edwards 
and associated l imes tones and outflow at the gage near Kyl e .  The inf low includes 
the discharge a t  the gage near Wimberley and the prorated runo f f  on the area b e 
tween the gages based o n  the uni t  runof f  a t  the gage near Wimberley. The outf low 
i s  the d ischarge a t  the gage !lear Kyle. 
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Table 2.--..\fonthly mean discharge, in cubic feet per second, at stream-gaging statioris in the 
San Antonio area, October 1958-December 1959 

1 9 5 8 1 9 5 9 
Stat ion Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. 

West Nueces River near Bracket�ville 88 76 9 0 0 - 0 0 30· 253 182 31 

NueceS River at Laguna 502 422 255 169 147 125 105 129 ' 434 387 196 

Nuec es River below Uvalde 406 380 196 120 78 56 41 58 615 378 153 

Leona River springflow near Uvalde 0 0 0 0 2 4 6 8 11 15 18 

Dry Frio River near Reagan Wells 166 127 52 34 26 19 20 33 76 57 25 

Frio River at Concan 403 391 197 133 102 84 84 87 387 238 125 

Frio River below Dry Frio River near Uvalde 89 81 0 0. 0 0 0 0 305 3 0 

Sabinal River near Sabinal 299 321 130 74 50 35 45 33 220 150 62 

Sabinal River at Sabinal 191 219 62 18 5 3 2 0 197 64 5 

Seco Creek near Utop ia 89 77 25 11 6 5 23 10 15 19 7-' 
Seco Creek near D'Hanis 82 59 10 0 0 0 5 0 4 0 0 

Hondo creek near Tarpley 140 134 46 23 15 10 51 I 28 39 33 12 

Hondo Creek near Hondo 89 87 15 2 0 0 19 
I 

l 0 11 0 0 

;-!edina River near Pipe Creek 503 478 220 143 115 86 162 113 214 127 53 

Medina River near Riomedina 523 582 120 50 65 33 23 23 95 71 22 

Medina River near San Antonio 734 759 248 142 170 103 112 94 119 L29 62 

San Antonio R(ver at San Antonio 57 90 79 68 73 62 60 55 22 17 17 

Cibolo Creek near Bulverde 40 38 0 0 0 0 0 0 35 0 0 

Cibolo Creek at Selma 15 18 0 0 0 0 0 0 2 0 0 

Johnson Creek near Ingra:n 35 30 28 22 19 16 24 21 33 16 14 

Guadalupe River at Comfort 181 243 200 165 147 110 190 132 403 149 76 

Guadalupe River near Spring Branch 377 486 303 231 229 177 308 220 619 247 120 

Guadalupe River above Comal River at 
New Braunfels 608 741 454 36 7 384 346 422 308 663 335 181 

C omal River at New Braunfels 332 335 338 335 339 335 340 324 300 301 290 

Blanco River at Wimberley 160 

I 
238 111 82 

I 
122 107 219 120 115 61 60 

Blanco River near Kyle 167 262 116 77 111 97 204 120 96 50 50 

San Marcos River springflow at San Marcos 181 217 202 176 175 163 167 176 162 154 142 

*Discontinued Nov. 1959 

Sept. Oct. No v. Dec . 

5 38 0 0 

203 461 167 139 I 
318 833 170 115 

16 26 29 33 

58 166 37 28 

98 253 133 106 

1 112 0 0 

36 123 82 65 

2 52 10 4 

3 26 16 12 

0 8 0 0 

6 66 34 22 

0 48 0 0 

37 359 110 94 

23 35 27 43 

54 247 81 88 

16 62 40 50 

0 0 0 0 

0 0 0 0 

10 300 20 * 

56 1,090 124 115 

84 1,397 206 214 I 
I 121 1,496 328 326 

. 287 324 310 316 

43 376 77 99 

33 347 76 93 

135 163 160 151 



,_. 
N 

Year 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

Total 

Average 

Nueces and 
W. Nueces 

River 
basins 

8,6 

4U.3 

176.5 

28.8 

63.5 

227 .o 

50.4 

89.9 

103.5 

36,5 

64.1 

47.3 

so. 9 

72.4 

41. 1 

166. 0 

41.5 

18.3 

27.9 

21.4 

61.3 

128.0 

15.6 

108.6 

266. 7 

109.6 

2,467 

94.9 

Frio and 
Dry Frio 

River 
basins 

27.9 

192.3 

157.4 

75.7 

69.3 
. 

49.5 

60.3 

151.8 

95.1 

42.3 

76.0 

71.1 

54.2 

77.7 

25.6 

86.1 

35.5 

28.4 

15.7 

15.1 

31.6 

22.1 

4.2 

133.6 

300.0 

158.9 

2,057 

79.1 

Table 3.--Esttmated recharge, in thousands of acre-feet, to the Edwards and associated 
limestones in the San Antonio area 

Blanco Area between 
Sabinal Medina Cibolo and Guadalupe River Sabinal and 

River River Dry COU!al River basin and Medina. 
basin basin Creek basin adjacent River 

basins area basins 

7.5 46.5 28.4 o.o 19.8 19.9 

56.6 71.1 182.7 .0 39.8 166.2 

43.5 91.6 146.1 .o 42.7 142.9 

21.5 80.5 63.9 .o 21.2 61.3 

20.9 65.5 76.8 .o 36.4 54.1 

17.0 42.4' ' 
9,6 .o 1.1 33.1 

23.8 38.8 30.8 ,0 18.8 56.6 

50.6 54.1 191.2 .0 57.8 139.0 

34.0 51.7 93.6 .o 28.6 84.4 

11.1 41.5 58.3 .o 20.1 33.8 

24.8 50,5 152.5 .o 46.2 74.3 

30.8 54.8 129.9 .0 35.7 78.6 

16.5 51.4, 155,3 .o 40.7 52.0 

16.7 44.0 79.5 ,0 31. 6 45.2 

26.0 14.8 19. 9 .o 13.2 20.2 

31.5 33.0 55.9 .o 23.5 70.3 

13.3 23.6 24.6 ,0 17.4 27.0 

7,3 21.1 12.5 .o 10.6 26.4 

. 
3.2 25.4 102.3 .o 20.7 30.2 

3.2 36.2 42.3 .o 24.9 4.4 

7.1 25.3 8.8 .0 10.7 11.9 

.6 16.5 3.3 .o 9.5 7.7 

1.6 6,3 2.2 .0 8.2 3.6 

65.4 55.6 397.9 . o  76.4 129.5 

223.8 95.5 268.7 .o 70.7 294.9 

61.6 94.7 77.9 .o 33.6 96. 7 

819.9 1,232 2,415 , 0  769,9 1, 764 

31.5 47.4 92.9 .o 29.6 67.9 

Area between 
Cibolo Creek 

and Total 
Medina River 

basins 

21,0 179. 6 

138.2 1,258.0 

108.9 909.6 

47.8 4-00.7 

46.2 432.7 

9,3 399.0 I 
29.3 308.8 

116.3 850.7 

66.9 557.8 

29.5 273.1 

72.5 560.9 

79.6 527.8 

105.1 556.1 

55.5 422.6 

17.5 178.3 

41.8 508.1 

17.3 200.2 

15.3 139.9 

50.1 275.5 

20.1 167.6 

4.2 160.9 

4.3 192.0 

2.0 43.7 

175,6 l, 143 

190.9 1, 7ll 

57.4 690.4 

1,523 13 J 050 

58.6 501.8 



The earlier estimates o f  recharge from the Frio and Dry Frio Rivers (Pet itt  
and George, 1 956, page 32)  were based on the assump t ion that all flows less than 
600 cfs (cubic feet per second) that passed the upper gages entered the reservoir,  
inferring that 600 cfs might be the max imum rate o f  recharge. However, records 
show that in 1 958 losses from the Frio -Dry Frio River basin'were as . great as 939 
cfs on March 7,  indicating a greater recharge po tential. 

The to tal recharge for the per iod 1934-53, as revised, is approximately 7 
percent greater than the estimated recharge p reviously published, Although this 
increase may seem insignificant when applied over a shor t  t�rm, it  is appreciable 
when applied over the period of record. 

During the period 1934-59, the annual recharge to the Edwards and associated 
limestones in the San Antonio area (Table 3) was estimated to range from about 
44 , 000 acre-feet in 1956 to slightly more than 1 , 7 00, 000 acre-feet in 1958, and 
averaged about 500, 000 acre- fee t .  

D ischarge 

Ground water is d ischarged from the Edwards and associated limestones 
through springs and wells. F igure 3 shows that prior to 1 954 most o f  the d is
charge was from springs, although the discharge from wells showed an annual in
crease . In 1 954, the discharge from wells exceeded the discharge from spr ings, 
and by 1956, the last year of the long drough t ,  approximately 80 percent o f  the 
total discharge was from wells. In 1957 , when precip itation was above normal, 
the discharge from wells approximately equaled the flow from springs, but in 1 958 
and 1 959 , when precip itation cont inued above normal , the discharge from wells was 
only about 35 percent o f  the total d ischarge. 

The total d ischarge of ground water is shown, by counties, in Figure 4 and 
Table 4 .  A large par t of. the discharge is in Bexar, Carnal, and Hays Counties. 
In Carnal and Hays Counties all but a small part of the discharge is from Carnal 
and San Marcos Springs, whereas in the remaining counties most o f  the water is 
discharged from wells. The discharge in eastern Kinney, Uvalde, and Medina Coun
t ies has increased since 1 954 due , principally, to the increasing use of ground 
water for irr igation in Uvalde and Medina Count ies . 

D ischarge from Springs 

The large springs in the . San Antonio area are along faults that provide 
openings for the discharge of water from the Edwards and associated limestones. 
The pr incipal springs are the Leona River Springs near Uvalde, San Antonio and 
San Pedro Springs at San Antonio, Comal Springs a t  New Braunfels, and San Marcos 
Springs at San Marcos (Figure 1) . 

The average annual discharge of the
'
major springs from 1 955 to 1 959 is shown 

in F igure 5 .  During the period 1955-5 7 all the springs, excep t San Marcos Springs 
ceased flowing during at least a part of the period. The Leona River Spr ings and 
San Pedro and San Antonio Springs began to flow again in the latter part o f  1 958 
and early 1 959 after several years o f  little or no flow . 

The Leona River Springs consist o f  four groups o f  sp r ings issuing from the 
Leona formation along the Leona River near Uvalde (Figure 1 ) .  The springflow is 
maintained by discharge from the underlying Edwards and associated limestones, 
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FIGURE 3.-Discharge from spri ngs and wells in the Edwards and associated limestone s in the Son Antonio oreo 
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FIGURE 4.- Total discharge, by counties, from the· Edwards and ossocioted limestones in the Son Antonio area 
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Table 4 . - -Total d ischarge, by counties,  from the Edwards 
and associated l imes tones in the San Antonio areaJ 

1934-59, in m i l l ions o f  gallons per day 

--·--�-- - - --T- -- - - ---- - -- ___ _ , _ _ _ _ _ _  -r - -- - - --- · - - - - - - - - --- ----�--�- �-�-

L 

- -- ---· 

I Eastern I Uvalde Medirra Bexar I Carnal Hays Mi11io-;;--fThous;nd 
Year 1 Kinney 1 County County County County County ga llons 1 acre-feet 

1 County per day ' per year 

1934 
1935 
1936 
1937 
1938 

1939 : 1940 II · : 1941 1 1942 

1 1943 

1944 
1945 
1946 
1947 
1948 

1949 
1950 
1951 
1952 
19s3 I ! 

' 

0 .  2 
. 2  
. 2 
. 2  
. 2  

• 2 
• 2 
. 2  
. 2  
. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

• 2 
. 2  
. 2  
. 2  
• 2 

11 . 1 
10 . 7  
23 . 6  
2 5 . 1 
2 1 . 9  

16 . 1  
14 . 2  
15 . 8  
19 . 9  
17 . 0  

9 . 1  
10 . 9  

5 , 4  
12 . 1  

8 . 0  

11 . 6  
15 . 7  
14 . 9  
20 . 1  
24 . 4  

------

1 . 2  
1 . 3  
1 . 3  
1 . 3  
1 . 3  

1 .4  
1 . 4  
1 . 4  
1 . 5  
1 . 5  

1 . 5  
1 . 5  
1 . 5  
1 . 8  
1 . 7  

1 . 8  
2, 0 
2 . 0  
2 . 8  
3 . 6  

.. _
_____ 

97 . 6  
153 . 4  
192 . 1  
180. 2  
167 . 7  

109 . 4  
104 . 2  
176 . 3  
18 1 . 4  
153 . 6  

149 . 0  
178 . 4  
160 . 8  
172 . 6  
142 . 1  

147 . 6  
158 . 3  
166 . 8  
16 7 . 0  
172 . 9  

---····------

204 . 5  
2 11 . 8 
2 33 . 7  
225 . 4  
223 . 5  

195 . 8  
182 . 0  
223 . 2  
227 . 8  
222 . 4  

. 2 2 6 . 0  
234 . 9  
233 . 8  
2 29 . 3  
18 1 . 3  

187 . 0  
170 . 6  
134. 4  
118 . 9  
12 6 . 5  

----------

7 6 . 4  
8 6 . 5  
8 3 . 2  
77 . 8  
83 . 4  

63 . 5  
7 0 . 0  

119 . 9  
100 . 2  

8 6 . 8  

120 . 8  
123 . 0  
119 . 6  
113 . 9  

6 9 . 0  

8 0 . 2  
. 6 9 . 9  

6 1 . 7 
7 0 . 4  
90 . 5  

·--------

39 1 . 0  
463 . 9  
534 . 1  
510 . 0  
498 . 0  

386 . 4  
3 72 . 0  
536, 8 
53 1 . 0  
481 . 5  

I
I, 506 . 6  

548 . 9  
52 1 . 3  
529 . 9  

I
· 402 . 3  

! 

428 . 4  
4 16 . 7  
380 . 0  
3 7 9 . 4  
4 18 . 1  

--·--·------· 

437 . 9  
518 . 6  
598 . 2  
57 1 . 2  
557 . 8  

432 . 8  
4 16 . 6  
601 . 2  
594 . 7  
53 9 . 3  

56 7 . 4  
6 14 . 8  
583 . 9  
593 . 5  
450 . 6  

479 . 8  
466 . 7  
425 . 6  
424 . 9  
468 . 3  

i 1954 1 . 2  23 . 6  I 5 . 6 186 . 4  90 . 2  72 . 8  378 . 8  424 . 3  
1955 il . 2  25 . 1  i 9 . 9  192 . 1  62 . 6  57 . 2  349 . 1 388 . 8  
1956 . 2  1 53 . 0  i 15. 8  2 05 . 0  30 . 0  45 . 0  349 . 0  392 ;0' 

1957 . 2  I 25. 7 1 10 . 6  169 . 1  101 . 1 100 . 9  407 , 6  456 . 5  
1958 I . 2  I 2 1 . ; I � . 9  178 . 2  I 206 . 9  139 . 2  551 . 5  6 17 . 7  �-1��-9 
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the water moving upward along faults and thence into the Leona formation. A 
part o f  the water from the , Edwards flows into the. Leona River .thro!Jgh the springs, 
the flow of which . is measured at· s tream-gaging s ta tion 4. below Uvalde (Figure 1 ) ,  
and a part moves under the river southeas tward in the Leona formation . The under
flow in the Leona fo�ation below the gaging s tat ion was .

estimated from the pre
vai ling hydraulic gradient of the water table, the permeabi l ity o f  the sediments, 
and the cross -sec tional area, On this bas is the underflow was more than 800 acre
feet in 1957,  nearly 3 , 600 acre-feet in 1958, apd about 7 , 200 acre-feet in 1959.  
The flow o f  the springs above the gaging s ta t ion began in February 1959, whereas · 
that -below the gage began in the latter part of . 1958 . The discharge o f  the Leona 

·River Springs '(Figure 5 ) , includes the underflow in the ·Leona forma t ion._ 

Comal Springs ceased flowing for- the first time of record on June 13, 1956, 
and s tarted- to ' flow again on November 3 ,  1956; however·, the average discharge 
during 1958 and 1 959 was greater than the long-term average of 295 c f s .  The . flow 
o f  San Marcos Springs reached a record low o f  46 ·cfs on August 15,  1956 ; a record 
high o f  292 c fs was measured on May 9, 195.6 . 

Discharge from Wel l s  

. A large part o f  the discharge o f  water from wel l s  that draw from the Edwards 
and associated l imestones is in Bexar County, whereas the discharge from such . 
wel l s . in Carnal and Hays Counties is usual ly less than 10 percent of the total d i s 
charge from . the two coun t ies . The withdrawal of water from wells was grea. test in 
1956, principally because 19S6 was the , last ful l  year o f  the drought that extended 
from 1947 into 1957 . · 

Hos l:  o f  the water pumped from wells in the San Antonio area is used to supply 
the_ .c i t ies and .mi l itary estab l ishments • .  More than 70 p ercent of the water w i th
drawn for municipal supply is  used by the c ity of San Antoriio. 

The wi thdrawa-l of water from wel l s  in Bexar County from 1955 to 1959 is 
shown in F igure 6 .  The amount o f  water used annual ly for irrigation in Bexar 
County and elsewhere in the San Antonio area varies according to the dis tribution 
as w e l l  as the amount of precip itation. For examp l e ,  the use o f  ground water for 
irrigation in Bexar County in 1956, when precipi ta tion tota l ed only 14 . 3  inches ,  

was 5 0 . 6  mgd . _(mil l ion gal lons p e r  day ) ; i n  1958 , _when precipitation was 3 9 . 7  
inches, pumpage_ o f  ground w·ater for irrigation amounted to only 22 . 7  mgd. Most 
o f  the irrigat ion in Bexar County is in the western and southwes tern parts o f  the 
county, but a smal l  area is under -irrigati-on within the eastern limits of the 
c ity o f  San Antonio �long Salado Creek. More than 15, 000 acres, mos tly of vege 
table and feed crop s ,  was irrigated w i th water from w el ls in 'Bexar County during 
195 9 .  The use o f  water for industry and air cond i tioning and for commercial pur 
poses has remained relatively constant s ince 1955 . 

In Uvalde ,and Medina Counties mos t  o f  the water is used for irriga t ion. In 
Uvalde County nearly 14, 000 acres o f  .feed. crops and garden vegetables was irri
gated in 1959, and in Medina County about 3 , 600 acres was irrigated . ' The princ i 
pal ,irrigated "crea in Uvalde County i s  i n  the vicin i ty o f  the c ity o f  Uvalde, 
although scat tered areas in the eastern part of the county also have been devel 
oped . A large par t o f . the irrigated acreage i n  Medina County is in the eastern 
part betWeen Castrov i l l e  and the Bexar County l in e ;  sca t t ered areas throughout 
the rest of Medina County also are irrigated, 

The c ities of Uvalde and Sabinal in Uvalde County, and Hondo , Castrov i l l e ,  
D 'Hanis, and Lacoste i n  Medina County depend upon water from the Edwards and 
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as sociated l imestones. The c i t i es of Devine and Na tal i a ,  in the southeastern 
part of Medina County , obtain water .f rom wells that draw from the Carrizo sand 
and sands of the Wilcox group. 

The withd rawa l s  of water in ea s t ern Kinney County are sma l l  and are primar
ily for dome s t i c and s tock needs . 

Fluctuation of Water Leve l s  

Water leve ls i n  about 150 observa tion w e l l s  that draw from the Edwa rds and 
assoc iated l imestones in the San Ari ton io area are measured period ical l y .  During 
1959, 75 we l l s  were measured b imon thly and 54 were measured monthly ; recording 
gages were in operatio':l on 22 o ther wel ls. 

In mo s t  of these we l l s  the water lev e l s  fluctuate seasona l ly in response to 
changes in ground-wa ter wi thdrawa l s ;  the annual fluctuat ions reflec t the shift
ing imbalance between recharge to and di scharge from the aquifer. In genera l ,  
water leve ls fluc tua te more rapidly during periods of recharge than during pe r i 
ods of discharge , the magn i tude of the fluc tuation depending on the proximity 
of the we l l  to the centers of pump ing or recharge, 

The fluc tuations of water levels in representative wel l s  that draw from the 
Edwards and associa ted l imes tones in the San Antonio area are shown on Figures 7 
and 8 .  From 1947 to 1956 the trend o f  the wa ter leve l s  was downward , reflect ing 
the drought throughou t the area and the accompanying increase in ground-wa ter 

wi thd rawal s .  water leve l s  ro se somewha t during 1952 and 1953 a f ter heavy rains 
in parts of the area ; ·  however, the recharge was ins ufficient to s top the general 
downward trend. In mo s t  of the we l l s ,  wa ter levels decl ined to record lows in 
1956 ; a l though· in eas tern Kinney County and Uvalde County wa t e r  l evels were low
est in

. 
1957. They ro se ·rap idly as a resu l t  of the above-normal rainfa l l  during 

1957-59, . n early reaching the l evels o f  1947. F igure 9 shows a c lo s e  cornila tion 
of wa ter-l"evel f l uc tuations in Bexar County we l l  26 , discharge of Comal Springs, 
and precip i ta t ion a t  Boerne. The fluc tuations in. the .  flow of Coma l . Springs re
f l e c t  ch iefly the changes in pump ing rates in the area of heavy pump ing in Bexar 
County. 

Figures 7 and 8 show that wa ter - l evel fluctua t ions ·throughout the San Antonio . . 
area fol low s imilar trends 1 d i ffer ing i n  degree near the large springs and in 
areas. remo t e  from centers of large ground-wa ter wi thdrawal. For examp le·, fluc 
tuat ions of the water lev e l ·  in we l l  152 in eas tern Kinney County are rela tively 
uniform in compa,:ison with those in mo s t  of the other we l l s ,  the range between 
the hi ghe s t  and . lowest wa ter ·leve l s  being only about 10 feet. In fac t ,  nearly 
a l l  changes of water level in this w e l l  are related to changes in the d i s charge 
of Las Moras Spr ing � .  The wa ter · l evels i n  Bexar County we l l s  K-2 and 175 (Figure 
7 ) ,  which are in the zone that y ie l d s " wa t e r  of poor qual ity ,  fluc tuate simil arly · 
to tho s e  in we l l  F-24 , which is also in Bexar County bu t in the zone of fresh 
water • .  The s im i l"ar i ty of f luc tuation indicates close hydraulic connec t ion between 
the zones of fresh wa ter and water of poor qua l i ty .  

Movement o f .Water 

The approximate al titudes of the water tab l e  and the p iezome tric surface in 
the Edwards and associa t ed limestones in Augus t  1956 and March 1958 . a re shown in 
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Plates 1 and 2 .  The Edwards and associated l imestones i s  not homogeneous ;  there
fore, the water table and the piezome.tric surface cannot be mapped in great de
tai l with the control availab le.  The maps show, however ,  the gene.ral direc t ion 
of movement of ground water in the San Antonio area. 

Plates t and 2 show ground -Water divides in the vicinity of Bracket tville 
in Kinney County 

·
and in the northeastern part o f  Hays County .  These divides are 

arbitrarily cons idered as the boundaries of the Edwards and associated limestones 
in the San Antonio area, because it is bel ieved that changes in �ydros tatic head 
beyond these boundar ies have no s ignificant effect on the water levels in the 
San Antonio are�. 

In the area of outcrop of the . Edwards. and associated l imestones , water-table 
conditions prevail and the hydraulic gradients are steep, the water moving gen
erally southward or southeastward toward the artes ian part o f  the aquifer ( Plates 
1 and 2 ) .  In the artes ian zone, however, the hydraulic gradients are relatively 
low and ground water moves eastward and northeastward, roughly parallel .w i th the 
main sys tem of faul t s .  This relatively low hydraul ic gradient indicates that 
movement is through large openings, whereas the steep gradients indicate movement 
through smaller openings in which losses in hydros tatic head are large. 

According to. Petitt and George ( 1 95 6 ,  page 58) , the p iezometric surface fluc
tuates uniformly throughout the artes ian part of the aqu i fer, and the f luctuations 
of the piezometric surface along l ines normal to the main z one o f  faulting do not 
materially affect the hydraul ic gradients .  However, f luctuations of water levels 
along lines that roughly parallel the. zone of faulting affect the hydraulic gra
dien t .  Figure 10, which is based on simultaneous water -level measurements made 
in pairs o f  observation wells ,  shows that in general the ·hydraulic gradient in 
creases as the piezometric surface rises . A local excep tion to this relat ionship 
has been observed a·t Uvalde, where correlation of the water ievels in wells H -4-6 
and H-5 - 1  shows that .above about 850 .  feet in well · H-5 - 1 the hydraulic gradient 
decreases as the artesian pressure increases . The de�rease in hydraulic gradient 
may be attributed to the discharge of water from the Edwards and assoc iated lime
s tones into the overlying formations (Austin, chalk and Leona formation) . Accord
ing to Welder and Reeves ( 1 960, page 5 2 ) ,  hydraul ic connect ions between the for
mations probably exist  in many places in the faulted area in the vicin i ty of the 
c i ty of Uvalde. Below an altitude of about 845 feet in well H-5 - 1 ,  water moves 
eas tward in the Edwards and assoc iated limestones; above 845 feet, however, water 
also moves upward into the overly ing formations and thence laterally , where it is 
discharged through Leona Springs . If  most o f  the upward movement is in the vic in
ity o f  well H-4-6,  then this area, in effec t,  becomes a point o f  discharge for 
the Edwards and associated l imes'tones . Thus, a cone of pressu.re relief �c�urs in 
the area. o f  discharge and the hydraulic gradient between wells H-4-6 and H-5 -1 
decreases . The group o f  springs near Uvalde begin to flow at a water - level alti
tude of 845 feet in well H -5 - 1 ; .  the discharge from this group makes up the largest 
flow of the Leona River Spring s .  

The rate o f  movement o f  ground water i n  the Edwards and assoc iated limestones 
varies w idely throughout the San Antonio area because the aquifer contains open
ings o f  greatly varying s ize,  

'ranging from minute cracks to caverns . As s tated 
on page 9, the flow of ground water in the aquifer is characteristically nonuni
form and generally unsteady . The unsteady flow is indicated by an increase in 
the hydraulic gradient as the artes ian head increases , which means that the veloc
ity of flow increases as the artesian heas rises . Under natural condit ions a de
crease in artes ian head does not cause a rapid decrease in the velocity o f  f low 
because the decline in . artesian head is gradual .  Although it is recognized that 
any fluc tuation in artes ian head results in unsteady f low, when the changes in 
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head are · sma l l  and gradua l ,  the velocity o f  flow may' be considered to be nearly 
s teady . Generally uns teady- flow condit ions predominate throughout a large part 
of the aquifer during mos t  o f  the yea r .  Actually,  nearly s teady-flow condit ions 
may be approached only during the winter, when natural recharge to and artificial 
discharge from the aquifer are sma l l .  

Because o f  the variations in velocity during periods o f  uns teady flow, the 
relation between flow and artesian head is comp l ex, and any correlation b e tween 
changes in s torage and aquifer head during these periods is not possible because 
the ac tual mass movement of the water lags the change in artesian head. . This 
can be shown at San Pedro Springs,  where it  has been obs erved that the increase 
in springflow caused by a rapidly ris ing head lags the increas ing head observed 
in nearby observation wel l s .  

When the forces that cause uns teady flow reach a minimum, equil ibrium con
ditions are approached and artesian head and aquifer s tage become nearly synon
ymous . These conditions admittedly do no t represent true s t eady flow involving 
no change in s torage, but rather they represent a gradually changing flow ,  which 
in this repor t  is referred to as nearly s t eady flow .  

In summary , the larger changes in s torage in the Edwards and as soc iated 
l imestones occur during periods of uns teady flow, but the changes in s torage can
no t be correlated with aquifer head except during periods when the flow is nearly 
s t eady . 

Changes in S torage 

The Edwards and as sociated l imestones is an area l ly extensive ground -water 
reservo ir, and the use of fluc tuat ions of water level s  in One wel l to indicate 
the changes in s torage in the entire area may l ead to errors of considerab l e  
magnitudee Therefore, the res ervoir has been divided into four s egments,  which 
are, from wes t to eas t ,  ( l )  eas tern Kinney and Uvalde Coun t ie s ,  ( 2 )  Medina County, 
(3)  Bexar County, and (4) Carnal and Hays Counties . 

In order to determine reasonably accurately the change in s torage in each 
segment . o f  . the reservoir, the fol lowing data are needed : 

( l )  The quantity o f  natural �echarge, which is e s t imated from records o f  
losses from streams that cross  the outcrop o f  the Edwards and as sociated l ime 
s tones and the infil tration o f  precip i tation that fal l s  on the surface .  

(2) The quant i ty o f  d is charge, bo th natural ( from springs ) and art ificial 
( f rom wel l s ) . 

(3)  The underflow into and out o f  each s egment . 

(4) Continuous water-level records o f  representative wel l s .  

Figure 1 1  shows schema t ically the ground-water cyc l e  in the segments o f  the 
Edwards and a s socia ted t imes tones defined above. It shows the e l ements o f  re
charge, d ischarge, and underflow that provide a ba lance in each segment o  The 
change in s torage for the entire aquifer, therefore) is the sum o f  the differences 
between the recharge and discharge in the s egments.  
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T he underflow from any s egment fs equal to the ""rlif fere'rice .  between the re
charge, including any underflow into the segment, and the discharge for periods 
during which the net change in storage is negligible. Artesian heads· during 
periods of nearly steady flow 'repr�sen t ·

app;,oxima teiy .. tr�;,-
- aq;_,{ fer stages . How 

ever, during periods o f  un:s teady flow the artesian head does not 'represent the 
true aquifer stage, and unchanged artesian heads 'do not necessarily reflect a 
negligible change in storage (same aquifer stage).. An approximation of unchanging 
aquifer stages may be made during unsteady flow by relating identical artesian 
heads during rising trends or falling trends, thus bracketing a condition in which 
the change in storage would be small or neglig ible. T herefore; underflow may be 
approximated during bOth i; teady. a,nd unsteady pow .  .. T he underflow for per'iods 
representing different stages o f  the aquifer may be correlated with the artesian 
head during nearly steady flow ; it may be correlated with the hydraulic gradient 
during uns teady flew .  T he resultant correlation would thus def ine the underflow 
completely through the range o f  artesian heads ()b served . 

T he change in storage in any segment is the difference between the recharge 
and the discharge (including the underflow) in tha't seginent . T he cumulative 
changes in storage for any 'period may be co rrelated with the artesian head at the 
end of that period . Because changes in storage cannot be related to artesian 
head during unsteady flow, points representing changes in storage for periods of 
nearly steady flow define the change -in -storage curve. Points :that fall above 
or below the curve represent periods of uns'teady flow. 

T he underflow and the change in storage for each foot of change in water 
level in each segment are described bri efly in �he · fo-llow ing p

·ages . 

Segment 1 

Recharge of ground wat�r t'o Segmei'nt ·1  (Kinney aria Uva lde Counties)·  consists 
of stream lo sses from, the Nue.ces ,  Frio -Dry Frio, and Sabinal River basin s ;  dis 
charge consists o f  pumpage ' 'from wells in eastern Kinney and Uvalde Counties, the 
flow of the Leona River Spring s ,  and the under flow into. Segment 2 .  T he changes 
in water level were determined by a recording gage in well I-4"4 at the extreme 
lower edge of Segment l in ·Uvalde County. T he cumulative dif ferences between 
monthly recharge to and discharge (not including the under flow to Segment 2) from 
the segment and the altitude o f  the water levels in well I -4 -4 at - the. end of each 
month from April 1956 i:o Dec ember '1958 are shown in Figures" 12 -A and 12 -B .  Fig-

12 -A represents the fluctuations during a falling stage : Figure 12 -B repre
sents fluctuations during a r i s ing stage. T he breaks in the curve on F igure 12 -B 
represent short periods of water -level decline during a generally r i s ing trend o f  
water levels .  During the periods August -September 1956, June-September 195 7 ,  
March -April 1958, and July-August 1958, the changes in storage were negligible. 
T he monthly average underflow · for these periods ·and the corresponding average hy 
draulic gradient between wells I -4-4 and I-4 - 12 were plotted on- Figurei' 12 -C to 
determine the underflow curve. T able 5 shows the monthly underflow, cumulative 
underflow, cumulative diff�rence between recharge and discharge, and cumulative 
changes in storage. T he monthly under flow was .·determined from the hydraulic gra 
dient between wells I-4 -4 and. I -4 - 1 2  at the end. of each month a'nd the curve in 
Figure 12 -C .  T he cum;,lative changes in storage and the corresponding

-
hydrostatic 

head in well I-4-4. 'are shown in F igure 12 -D .  T he points that fall aboye or be_low 
the curve represent pe�iods durin'g which unsteady .. fl'ow conditions prev.ailed. 

T he method for determining annual changes in storage is s imilar to that for 
determining monthly changes· in storage . . . Although wat er--level fluctuations in well 
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Tab le 5 . - -Underflow to Segment 2 ,  and cumulative underflow, cumulative 
differences of recharge and discharge, and cumulative changes in 
s torage, in thousands of acre-feet, in the Edwards and assoc iated 

l imes tones of Segment 1, March 1957 -January 1959 

Cumulative Cumulative 
Month Underflow to Cumulative differences 

.chariges 
Segment 2 underflow of recharge 

Mar .  1957  -8 . 5  

Apr. -8 . 5  
' 

May - 6 . 8 

June -1 1 . 7  

July - 1 1 . 7 

Aug. - 1 1 . 3  

Sep t .  - 1 1 .  1 

Oc t .  +2 . 0  

Nov. 0 

De'c .  -2 . 0  
" 

Jan. 1958 -1 1 . 7  

feb . - 15 . 0  

Mar. - 1 6 . 5  

Apr .  - 1 6 . 5 

May - 1 6 . 5  

June - 1 6 . 5  

July - 1 9 . 8  

Aug . - 1 9 . 8 ' 

Sep t .  -1 6 . 5  

Oc t .  -23 . 0  

Nov . -1 9 . 8  

Dec . -22 . 3  

Jan. 1959 -2 1 . 7  
' . .  . . 

-8 . 5  

- 1 7 . 0  

-23 . 8  

-35 . 5  

-47 . 2  

-58 . 5  

-69 . 6  

-6 7 . 6  

-67 . 6  

-69 . 6  

- 7 9 . 3  

-94 . 3  

- 1 10 . 8  

-1 2 7 . 3  

-143 . 8  

- 160 . 3 

- 180 .  1 

- 1 9 9 . 9  

-2 1 6 . 4  

-239 . 4  

"25 9 . 2  

-281 . 5  

-303 . 2  

- 3 0  -

and discharge 
in s torage 

+3 . 1  - 5 . 4  

+48 . 6  +3 1 .  6 

+ 1 1 2 .  7 +88 . 9  

+178 . 4  +142 . 9  

+18 1 .  5 +134 . 3 

+180 . 3 +12 1 . 8  

+193 . 5 +123 . 9  

+243 . 6  +176 . 0  

+265 . 2  +19 7 . 6  

+282 . 4  +2 1 2 . 8  

+306 . 7  +2 27 . 4  

+35 7 .  2 +262 . 9  

+43 1 . 5  +32 0 . 7 

+454 . 3  +32 7 . 0  

+473 . 8  +330 . 0  

+630 . 6 .  +47 0 . 3  

+684 . 8  +504 . 7  

+702 . 6  +502 . 7  

+838 . 3  +62 1 .  9 

+93 6 . 8  +69 7 . 4  

+1 , 007 , 1  +74 9 . 9  

+1 , 049 . 0  +767 .  5 

+1 , 065 . 4  +7 62 . 2  



I -4 -4 were no t available for the en tire period o f  rec·ord (1947 -5 7 ) ,  extrapolation 
of the wa ter levels . was made from well I - 4 - 1 2 ,  Medina County, and the information 
from Figure 1 0 .  The annual changes in storage and" the corresponding . wat er level 
in wel l 1 -4-4 from 1947 to 1 957  are shown in Figure 12 -E .  The. curve i� Figure 
12 -·E is ·reffiarkably similar to the curve in Figure 1 2 -D ,  ind ica ting that the curves · 
may be used to det ermine changes in s torage in the Edwards and associated lime
stones in Segment 1 '"ith a reasonab le degree of ;,ccuracy. 

·segment 2 

Recharge t o .  Segment 2 (Medina County) consists of underflow from Segment 1 ,  
in f i l t ration o f  precipita t ion and s treamflow in the area be tween the Sabinal and 
Medina Rivers, and hal f  the recharge from Medina Lake . The . maps showing the gen
eral direc tion of movement of wa ter (Plates 1 and 2 )  indicate that a part of th� · 
recharge from Medina Lake moves south and southwes t into Medina County, and a 
part moves southea s t  into Bexar County . Discharge from Segment 2 consists o f  
pumpage from wel ls and the underflow into Segment 3 .  

The underflow from Segment 2 was determined for the periods November
December 1 95 6 ,  June -October 1 95 7 ,  Ap ril -May 1958,  and Novemb er -Dec emb.er 1958,  
when the water leve ls were on a ris ing trend. The relation between the under
flow and the corresponding hydraulic gradient between wells J -1 -82 near the 
eas tern edge of Medina County and H - 1 7  in Bexar County is shown in Figure 13-A.  
The cumulative dif ferences between recharge 8nd d ischarge, cumu la tive unde rflow, 
and cumulative changes in s torage from January 1 9 5 7  to January 1959 in Segment 2 
are shown in Tab le 6 .  Becaus e o f  the proximity o f  Segment 2 to areas o f  large 
ground -wa ter withdrmvals, the cond itions of relatively s teady flow occur less  
frequently than in Segment 1 .  As a resul t ,  the curve representing monthly changes 
in s torage in Segment 2 (Figure 13 - B) is more d ifficu l t  to define , The data show, 
however, that relatively steady flow oc curred in the early part of 1957  and 195 9 .  
The points that do not fall .  on the curve represent unsteady flow, when either re
charge or pumpage predomina ted , 

Records of water levels in well J c l -82 are not available fo r the period pr ior 
to 1 95 0 ;  however, correlat ion of the water levels in well  H�l7  in Bexar County 
and Figure 10 permits a rough extension of the data for we ll  J -1 -82 back to 19 34 . 
Th ese data ind icate a s t ead ily dec l ining artes ian head from 1947 to 1956,  inclu
s iv e .  Figure 13- C shows the relat ion between a.nnual changes in s torage and the 
a l t i tude of the wa ter level in well J - 1 -.82 for the period 1947 -5 6 .  

Because the water levels in wel ls  J - 1 -82 and H -1 7  are read ily affected by 
the pumping in Segment 3 ,  cond it ions of rela tively s t eady flow probably occur 
mainly during December and January of each year \Vhen natural recharge and pumpage 
from wells  general ly are at a minimum . Al though the monthly and annual curves 
agree closely (Figure 13- C ) ,  the annua 1 curve shows a larger storage change,  prob 
ably because the change in ar tes ian head during the period 1947 -56 sl igh t ly ex
ceeded the change during 1957 -5 8 .  

Segmen t 3 

Recharge to Segment 3 (Bexar County) cons i s t s  o f  underflow from Segment 2 ,  
infi ltration o f  precip i tation and streamflow in the area between Medina River and 
Cibolo Creek, hal f the recharge from Medina Lake, and hal f the recharge from 
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Tab l e  6 . --Underflow to Segment 3 ,  and cumulative underf low, cumulative 
differences of recharge and discharge, and cumulative changes in 
s torage, in thousands of acre-feet, in the Edwards .and assoc iated 

l imestones in Segment 2 ,  January 1957 -January 1959  
· 

Cumulative Cumulative 
Month 

Underflow to Cumulative dif ferences changes 
Segment 3 underflow of recharge* 

and discharge 
in s torage 

Jan. 1957  4 . 0  -4 . 0  8 . 3  4 . 3  

Feb . 4 . 0 8 . 0  1 6 . 5  8 . 5  " 

Mar.  4 . 0  12 . 0  33 . 7  2 1 .7 

Apr .  4 . 0  16 . 0  7 0 . 5  54 . 5  

May 2 . 5  18 . 5  92 . 9  74 . 4  

June 6 . 6  25 . 1 ' 124.  2 9 9 .  1 

July 1 0 . 4 35 . 5  ' 140.  2 104 . 2  

. Aug. 14 . 8  5 0 . 3  1 53 . 8  103 . 5  

Sep t .  14 . 8  65 . 1  183 . 1 1 18 . 0  

Oct . 1 0 . 4 .  75 . 5  204 . 7 129 . 2  
. .  

Nov. 6 . 6  82 . 1  223 . 2  1 4 1 .  1 

Dec . 1 0 . 4  92 . 5  238 . 3  145 . 8  . . , 

Jan. 1958 6 . 6  9 9 .  1 272 . 3  173 . 2  

. 

Feb . 1 9 . 4 , 1 18 . 5  3 1 9 . 5  201 . 0  

Mar. 1 0 . 4  128 . 9  37 1 . 9  243 . 0  

Apr .  1 9 . 4  . 148 . 3 '  405 . 9  2 5 7 . 6  

May 1 9 . 4  16 7 . 7  43 9 . 2  2 7 1 . 5  

June 1 9 . 4  187 . 1  525 . 5  338 . 4  
. 

July 28 . 1  2 15 . 2  5 63 . 7  347 . 5  

Aug. 23 . 8  239 . 0  5 92 . 8  353 . 8  

Sep t .  28 . 1  2 6  7 .  1 646 . 8  3 79 . 8  

Oc t .  3 2 . 5  2 99 . 6  706 . 6  407 . 0  

Nov. 28 . 1  327 . 7 . 753 . 3  425 . 6  

Dec . 28 : 1  355 . 8  7 9 1 . 2  435 . 4  

Jan. 1959  28 . 1  383 . 9  824 . 2  440 . 3  

1<Recharge includes underflow from Segment 1 .  

··- 3 2  -
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Cibolo Creek. Discharge from Segment 3 consists of pumpage from wel ls,  spring
flow from San Antonio and San Pedro Springs, and underflow into Segment 4 .  

The f luctuations o f  water level in well F-24 a t  the northeast edge o f  
Segment 3 ,  as shown . i n  Figure 7 ,  are based o n  month ly measurement·s . The fluc 
tuations of water level between measurements were interpola ted from the records 
of water levels in wells 26 (Bexar County) and H-39 (Comal County) , which are 
equipped with recording gage s .  The records show that from 1957 to 1959 the 
water l evels rose rapidly except during the summers o f  1957  and 1958, when they 
dec l ined sharply owing to heavy pump ing, and during November-December 1958,  when 
they were nearly constant. Therefore, the average monthly underflow, which was 
determined for the periods May-October 1957 and November -December 1958, and the 
corresponding hydraul ic gradient between wells F -24 and H-39 are shown in Figure 
14-A. The accuracy o f  the curve cannot be determined with the ava i lab le data;  
nevertheless,  the underflow ,  cumulative underflow; cumulative differences between 
recharge and d ischarge, and cumulative changes in s torage were computed as shown 
in Tab le 7 .  The monthly changes in s torage for the period January 1957 -December 
1 958 and the. corresponding a l titudes of water levels in w e l l  F -24 are shown in 
Figure 14-B .  Accurate definition o f  the curve was not possible because water 
l eve ls in Segment 3 were affected by either heavy recharge or pumpage a lmost con
tinuously during the period . 

The fluc tuations o f  water l evels in wel l  F�24 were extrapolated back to 1 934 
according to the correlation o f  water levels between wells· F -24 and 26  shown in 
Figure 10 . On this bas is the annual change in storage from 1945 to 1957  was 
determined, and is shown in Figure 14-C . The annual changes in s torage computed 
for the period 1954-56 f e l l  below the curve because recharge was smal l  and dis
charge from wells was large. The change-in-s torage curves shown in F igure 14-B 
and 14-C are s imilar ; however, the curves, at bes t ,  are only approximations be
cause o f  the effects o f  the large ground�ater withdrawals in Bexar County during 
mos t  of the year. · 

Segment 4 

Recharge to Segment 4 (Comal ·and Hays Counties ) cons i s ts of underflow from 
Segment 3 ,  hal f  the recharge from Cibolo Creek, seepage o f  s treamflow from Dry 
Comal Creek, and inf i l tration of precipi tation and s treamflow from the Blanco 
River basin. Discharge from the segment is through wel l s  in Comal and Hays Coun
t ies and .by springflow from Comal Springs and San Marcos Spring s .  

The discharge from Hueco Springs i n  Comal County was not included i n  the 
d ischarge from the Edwards and associated limes tones . According to George ( 1952 , 
pages 5 0 -5 1 ) , Hueco Springs may be supp lied by a ground-water reservoir that is 
separate from that supplying Comal Springs . According to avai lab le records, 
Hueco Springs had no flow from February 1954 to February 1 95 7 .  Since 195 7 ,  ind i 
vidual discharge measurements have ranged from 13 . 8  t o  102 c f s ,  the latter being 
the highest measured discha·rge s ince 1924 . 

A curve showing the changes in storage in Segment 4 could not be obtained 
owing to insufficient water-level data. Al though the water levels in wells in 
Comal County f luctuate similarly to those in the o ther segments, the fluc tua
tions in Hays County do not correlate c losely with those for the rest of the San 
Antonio area . The net change in storage, or the difference between recharge and 
d ischarge, in Segment 4 for the period 1 9 5 7 -58 was an increase of about 200,000 
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Tab le 7 . - -Underf low to Segment 4, and cumulat ive under f low, cumulat ive 
d i fferences of recharge and d is charge, and cumulative changes in 
s torage, in thousands of acre -feet, in the Edward s  and assoc iated 

l imes tones in Segment 3, January ,19 5 7 -December 1958 

,_. 

' 

" Cumulat ive , 
Cumulat ive 

Month 
Underf low to CLUTiulat �ve dif ferences 

changes Segment 4 underf low of recharge* 

Jan . 

Feb . 

Mar. 

Apr .  

May 

Ju11e -
July 

Aug . 

-Sep t .  

,Oc t .  
. ' 
Nov. 

Dec . 

Jan , 

Feb . .  

�ar . 

Apr . 

May 

June 

July 

Aug . 

Sep t .  

Oc t .  

Nov . 

Dec . 

-
· ;, and· discharge 

195 7 0 . 4  0 . 1-:- - 10 . 0  

. 5  , . . 9 -, - 19 . 6  ' 

. 7 1 . 6  -18 . 4  
--

1 . 3  2 . 9  +5 7 . 5  

4 .  7 7 . 6  +136 . 8  

7 . 6  15 . 2  +176 . l 
2 . 0  1 7 . 2  +16!; .  0 

. .  
. 8  18 . 0  +15 2 . 4  

l . S  I 1 9 . 5  +163 . 0  

5 . 3  24 . 8  +19 1 .  l 
8 . 6  33 . 4  +2 1 1 .  0 

1 0 .  1 4.'3 . 5  +22 6 . 8  

1958 1 1 . 8  5 5 . 3  +246 . 8  

13 . 4  68 . 7  +280 . 4  

16 . 7  85 . 4  +3 13 . 6 . 

16 . 2  101 . 6  +338 . 8  

16 . 9  1 18 . 5  +449 . 4  

14 . 5  133 . 0  +4 7.8 . 7 

1 3 .  7 146 . 7  +495 . 3 

1 1 . 1 15 7 . 8  +498 . 2  

1 1 . 4  169 . 2  +53 1 .  0 

1 7 . 0  186 . 2  +5 7 1 . 2  

19 . 3  2 05 . 5  +603 . 7 

18 . 9  224 . 4  +626 . 7 
. 

- -. 
*Recharge inc ludes und erf low .from ,Segment .2_. - .  

- 35 -

in s torage 

- 10 . 4  

-20 . 5  

-20 . 0  

+54 . 6  

+129 . 2  

+160 . 9  

+146 . 8  

+134 . 4  

+143 . 5  

+166 . 3  

+1 7 7 . 6  

+183 . 3  
. .  
' +1 9 1 .  5 

+2 1 1 .  7 

:+228,. 2 

+23 7 .  2 

+330 . 9  

+345 . 7 I ' 

+348 . 6  

+340 . 4  

+36 1- . 8  

+385 . 0  

+398 . 2  

+402 . 3  

' 

. 

.. 

" 
' ., .. , 
" 
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Texas Board of Water Engineers in cooperation with the U.S. Geological Survey and the city of Son Antonio 
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A. Averag e monthly underflow out of 
Segment3 ,  and average monthly hydraulic 
g radie n t  b e t w e e n  wells H - 39and F-24 
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B.  C u m u lative m onthly changes in storage,and altitude 
of water level in well F-24 
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acre - feet, whereas the change in s torage during the period 1947 -56 was a decrease 
o f  approximately 225, 000 acre- feet , · 

Summary 

Changes in s torage in sma l l  segments o f  the aquifer, as  determined from water 
levels in representative wel l s  in each segment, are probably more accurate than 
changes in storage in the ent ire aquifer, as determined from water levels in a 
s ingle wel l .  Moreover, the changes in s torage are determined more accurately by 
comparing those periods when the changes in artes ian head are sma l l - -that is,  

when the ground -water flow is nearly s teady. Periods o f  nearly s teady flow gen
erally occur during December and January, when pumpage and recharge are relatively 
sma l l .  

The changes in s torage for each segment o f  the Edwards and assoc iated l ime
s tones and totals for the period 1947 -58 are · shown in the fol lowing tab l e .  

Period 
Water-level 

Segment Key change 
well  (altitude 

in feet) 

1 I-4 -4 768 - 668 

2 J -1 -82 7 1 0  - 634 

3 F -24 680 - 625 

4 - - - -

To tal 

1947-56 Period 
Water- level 

Storage change 
decrease ( a l t i tude 

(acre- feet) in feet) 

820, 000 668 - 768 

500, 000 634 - 705 

500, 000 625 - 675 

2 2 5 , 000 - -

2 , 04 5 , 000 

1 9 5 7 -58 

S torage 
increase 

(acre - feet) 

800, 000 

450, 000 

4 1 5 , 000 

2 00, 000 . . 

1 , 8 65 , 000 

The tab l e  shows that the decrease in s torage during the period 1 94 7 -5 6 ,  when 
prec ipi tat ion general l y  was below norma l ,  was nearly balanced by the accretion o f  
groun� water during the 2 -year period 1957 -58 . This is shown a l s o  i n  a comparison 
of the accumulated recharge· and d ischarge in Figure 9 .  In · 1947 the accumulated 
recharge s l ightly exceeded the discharge, but from 1 94 7  to 1956  the discharge ex
ceeded recharge at an annua l ly increas ing ra te, and by the end o f. 1956  the differ
ence amounted to about 2 , 000, 000 acre- feet.  From 1957 through 195 8 ,  however, the 
recharge was very heavy, and by the end of 1 958 the accumulated d ischarge exceeded 
the accumu lated recharge by only about 180, 000 acre- feet.  

QUALITY OF WATER 

The qua l i ty o f  the water in the Edwards and associated l imes tones in the 
San Antonio area var ies cons iderably within short dis tance s ,  but in general the 
dissolved-solids content of the water increases toward the south and southea s t .  
The water i s  almo s t  uniformly a calc ium bicarbonate water o f  good qua l i ty ,  except 
that it is hard, generally more than 200 ppm (parts per million) . Chemical ana l 
yses o f  water from wel l s  and springs i n  the various formations in the San Antonio 

- 3 7  -

I ' ' 
I 
I 
j 



area are given in the repor t,  by ·P�titt . and George ( 1�56,  vo lume 2 ,  part 3 ,  . pages 
IV- 1 to IV-38) and in the reports on individual counties . ·  (See References . )  

Plate 3 shows the d isso lved solids , sulfate, and chlor ide content o f  water 
from wells  in the Edwards and as sociated l imes tones in the zone of transi t ion; 
between water o f  good and water of poor qual ity. The plate shows also the· approx 
imate boundary between water containing less than 1 , 000 ppm and water containing 
more than 1 , 000 ppm o f  d is solved so iids . In several well s ·  the dissolved -s o l ids 
content was estimated from the spe�ific conductance · of . the wate r .  Water from some 
wells nor th o f ·· the l ine and all  .the wells south o f  the l ine conta in · hydrogen. sul 
fide gas . 

A .s tudy o f  analyses o f  samples taken periodical ly s ince 1 955 shows that the 
dissolved-sol ids .content . of the water in parts of the aquifer ·changes in response 
to changes in the ar tes ian head. This is shown in F igure 1 5 ,  where the spec ific 
conductance of samples from several well s  is plotted agains t the alt itude o f  the 
water level in well 2 6 • at .the t imes the samp l es were collec ted. The points are 
connected in the chrono logical order o f  samp l ing . Wells  J -40 and J -8 7  are in the 
zone of water of good qua l i ty ;  the o ther we lls  are south and southeast  o f  the 
1 ine ,  where water is of poor qual ity. Wells G -8 and J - 75 are c lose to the l ine, 
and wel l s  M-44 and J �90 are at a cons iderab l e  dis tance south of the l ine.  The 
data indicate that .in the zone of poor -·qual i ty' water the dissolved -so l ids content 
of water . from wel l s  that are close to the l ine general ly decreases as the artes ian 
pressure in the aquifer i�crea s e s ,  whereas wells that are 'in the zone of good 
qua l i ty water or that are in the zone o f  poor qual ity d i s tant from the l ine show 
li ttle  or no net chang e .  Thus,  a change i n  artes ian head, such a s  the change 
during 1955-59,  probably causes a s l ight shift o f  the l ine in accordance with the 
change in pressure. The relatively small  shift o f  the l ine probably accounts for 
the .Principal �hanges occurring in wells that. are closest to the l ine in the zone 
of poor qual i ty .  

The relation o f  the disso lved -s o l ids content ,  depth o f  we l l ,  and t�perature 
is shown in Figure 1 6 .  Water'  containing lese than 500 ppm dissolved solids shows 
l it tle change in temperature even though the wells range in depth from about 100 
to 2 , 500 feet.  The thermal gradient of the water having less than 1 , 000 ppm dis 
solved solids is  . less  than 0 . 5 ° F  per 1 00 feet o f  depth , as compared to .a thermal 
gradient o f  about 2 . 5 °F per 100 feet o f  water containing more than 1 , 000 ppm d i s 
so lved solids.  The low thermal gradient o f  the wate>; o f  good quality may be  
attributed to  free and relativ.ely rapid c i rculation, whereas the water o f  poor 
quality probably does n� t c irculate freely:. Where the � irculation is  restric ted, 
the . _teffiperature aild ·�ineral iz at ion Of _the wat"er· ihCrease .  
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