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'!'he Honorable 0. C. Fisher 
2407 Rayburn House Office Bldg. 
Nashington, D. c. 20515 

The Honorable Abraham Kazen 
1514 Long\-.'Orth House Office Bldg. 
\'lashington, D. C. 20515 

The Honorable John Young 
2419 Rayburn House Office Bldg. 
Was·:'l.ington·, D. C. 20515 

Gentlemen: 

t.l \'/i\RDS UND!;RGROUND WATER DISTRICT 
IbiS NORTH ST. MARY'S 

P. 0. BOX 15830 
SAN ANTONIO, TEXAS 78212 

'!'he Honorable Henry D. Gonzalez 
116 Cannon House Office Bldg. 
Washington, D. C. 20515 

The Honorable Jake Pickle 
231 Cannon House Office.Bldg. 
Washington, D. c. 20515 

The undersigned organizations are the local agencies charged witt 
responsibility for water resource planning and development in most 
of the Guadalupe and San Antonio River Basins, some adjoining 
coastal areas, and the portion of the Nueces River Basin included 
in the Edwards Underground Water District. We have joined in 
writing you about our problems because of the complex inter­
relationship that exists between the water resources of our 
respective areas and because each of you represents a part of 
the overall area. 

As the San Antonio and Guadalupe Rivers join near the Gulf Coast, 
surface water developments in one basin inevitably affect interests 
in the other basin. Stream flow in both basins is affected by inflow 
to and withdrawals from the Edwards Underground Reservoir which 
traverses both basins (and also the Nueces River Basin) and 
contributes substantially to stream flow through discharges of large 
springs at San Harcos and New Braunfels and smaller spring's 
elsewhere. This aquifer is the sole present source of municipal 
and industrial \o~ater supply for the San Antonio metropolitan area 
and is also used to supply substantial irrigation developments. 

~umerous studies of the water problems and potentialities of our 
area have been made by our agencies and by State and Federal 
agencies. Some of the studies have been limited to one river basin 
or part of a basin while others have covered most or all of Texas. 
These studies generally have concluded that full development of the 
area•s surface water resources is essential to meet future water 
nee.js and support future economic development and population 
growth. As a result, several reservoirs have been proposed for 

~ the purpose of securing such development. 
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For a variety of reasons, however, investigations made in recent 
y~ars have been ineffective in advancing development of the water 
resources of our area. Localized proposals generally have been 
too limited in scope to permit adequate evaluation of their effect 
on other parts of the area! Broader based proposals covering the 
entire area generally have been advanced as elements of large­
scale plans involving all or most of the re$t of Tex~s requiring 
widespread unanimity of views and action not thus far attainable. 
Up until the present time there has been general reluctance to 
advance proposals involving coordinated and integrated use of 
ground and surface \'laters. 

In our collective view all of the past investigations have been 
useful in promoting better understanding of our water problems and 
potentialities and in exploring alternative means of developing our 
water resources. l~e also believe, however, that they badly need 
updating and broadening to reflect current conditions and. aspirations 
of the people of our area. In particular existing proposals need 
review in the light of the recent rapid growth of public interest in 
environmental and ecological considerations. We need to formulate 
a comprehensive long-term plan for coordinated integrated use of 
all of our water resources that will recognize every conceivable 
beneficial use of those resources and extract therefrom the maximum 
benefits obtainable for our entire area. 

such plan formulation must resolve several major questions to which 
answers are not now available. One of these involves the best use 
and disposition of sewage effluent from urban areas which simultane­
ously poses difficul~ problems and involves major potential bene.Eits. 
A~ apparently irreconcilable conflict that nevertheless must be 
resolved is the effect of storage and use of currently unregulated 
strea~flow on fishery values in the San Antonio estuary which 
apparently are subject to substantial losses if such development 
occurs. A third major question involves the most effective 
utilization of our groundwater resources, including the Edwards 
Underground Reservoir and the Carrizo-Wilcox aquifer, which appaar 
to afford a major potential source of ~dditional groundwater supply. 
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It is our joint conviction that we will need substantial assistance 
from appropri~te State and Federal agencies if we are t.o solve 
these and other questions and to formulate an area-wide plan that 
'"ill command gencr~l acceptance and have a good chance of being 
put into effect. Ne look to the •rexas \'later Development Board 
to assist us \'lith its staff and to obtain for us the services of 
other State agencies. All of the actions we are proposing herein 
represent implementation of the overall Texas Water Plan as advanced 
by the Texas lvater Deve_lopment Board in November 1968. At the 
Federal level \'le believe the Bureau of Reclamation to be well 
qualified to assume leadership in the necessary investigations, to 
secure participation by other Federal agencies in those investi­
gations as required, arid to prepare a report thereon recommending 
appropriate Federal actions for submission by the Secretary of the 
Interior to the Congress. ·· 

~·le understand that the Bureau has adequate authority to undertake 
the necessary studies as part of its Texas Basins Project investi­
gations if funds for those studies are appropriated by the Congress. 
Accordingly, we jointly ask that each of you transmit this letter to 
the Co~~issioner of Reclamation with a request that he include in 
his budget for the Texas Basins Project investigation for Fiscal 
Year 1972 and subsequent years the funds the Bureau will .require to 
provide us the Federal assistance we need to achieve the objectives 
previously outlined including a report to the Congress. 

VerY- truly yours, 

Jl~-':' t.d~L~,P 
Gerald C. Henckel &f' 

I , "~ /) () . ~'-"-­
'IM/U;/:; ~~ 

o e t P. Van Dyke 
City Manager 
City of San Antonio 
/'/ 1', --.Y:'l ~.-A!' .;(/ . Z.t)~ 

!•1cDonald D. Neinert 
·: General Man_ag.cr 

General Hanager 
City ~later Board 
rn . .; ft. [fi ,/ .. f/J. t' (. 

~-"(..:: ._..,.. ·t~C:t.Ct;.,...:. "' ~- ._.<:.: .._---.,r-... 
Rooert-H. Vanrenkamp 1 
General Manager 
Guadalupe-Blanco River Authority Ed\i1tr s pn~der<:!r~u d \vater District 

~ •• ·1· 'I ./~ . • .., ,. f-1{; . . -J' ·- • ,, 'K) / . \ 1-
_____...Fre~~. fe"irfer 

General Manager/! 
San Antonio River Authority 

cc: Mr. Harry Burleigh 
Hr. Trigg T\llichell 
Mr. Howard Boswell 
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Memorandum 

To: 

~rom: 

Subject: 

Files 

Chief, Hydrology Division 

Austin, Texas · 
April 13, 1972 

Uvalde Pool o£ Edwards Underground Aquifer 

The Uvalde Pool. The Uvalde Pool is a portion of 
the Edwards Underground Aquifer in the general vicinity of Uvalde 
which has a relatively flat piezometric water surface and a con­
sic\lrably higher piezometric water surface than the aquifer to the 
east. It is postulated that the higher water su1·facc elevation of the 
Uvalde Pool is caused by a zone which has considerable resistance 
to ilow located between the Uvalde Pool and the Central Pool to the 
east. Plate 1 shows the location of the Uvalde Pool. Its approximate 
outlines were determined by examination· o£ water level contour maps 
ior the Edwards Underground £or various dates {January 1952, 
Auzust 1954, August 1956, March 1958, and January 1961) that were 
p:-cscntcd in Texas Board of Water Engineers Bulletins 5608 and 
6201 and Texas Water Development .Board Report 34. 

Historic Water Levels. Water-level observations 
are available for many wells in the Uvalde Pool Elevations for two 
oi these wells, H-4-6 and H-5-1 arc available from 1930 to date. 
T'r.e locations of these two wells is shown on Plate 1. Throughout 
the period of record, the water level in well H-5-1 was about 10 
to 2.0 feet lower than in well H-4-6. Counting the two wells, frequent 
observations are available for 1930, and 1938 to date, and less fre­
quent observations aul"ing 1931-1937. Plate II shows the cbscrvc·d 
water-surface elevations for the two wells, and also for wells in 
other portions of the Edwards Underground. 

Historic Recharge. Inspection of water-level isolines 
indicates that the West Nueces and Nucces Rive1·s contribute recha1·ge 
to the Uvalde Pool. The Dry Frio may also contribute recharge to 
the Uvalde Pool, and possibly the headwaters o! Leona River and 
Pinto, Los Moros, and Turkey Creeks. It appears that the Frio 
River does not contribute very much if any recharge to the Uvalde 
Pool. · 
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f{""., The U. S. Geological Survey has estimated the 

. ,.,. 

net recharge from the Nueces ·River Basin for 1934-1969. These 
estimates are based primarily upon !low records for the upstream 
stations Nueccs River at Laguna, drainage area 764 square miles 
and West Nucccs ncar Bracketville, drainage area 700 square 
miles, and the downstream station Nueces River below Uvalde, 
drainage area 1947 square miles. Records for all three stations 
are available for October 1939 through September 1950, and 
April 1956 to date. During these two periods, only the runof£ from 
the 483 square miles between the two upstream gages and the down­
stream gage, which ~s about 25 percent of the total drainage area, 
had to be estimated. Thus the recharge estimates for these periods 
are reasonably accurate. During 1934 through September 1939 and 
during October 1950 through March 1956, the !low of the West Nueces 
River was not measured. During these two periods the runo!£ from 
1, 183 square miles, which is 61 percent of the total area, had to 
be estimated. Thus the estimated recharge for these two periods 
is considerably less reliable. Most of the area in question is 
·sparsely populated and few rainfall r~cords are available. The 
area is subject to occasional severe flood-producing storms, but 
the rainfall from such storms often varies substantially over 
relatively short distances. It was assumed in the Bureau analysis 
that the Qutflow from the Uvalde Pool is relatively constant. Under 
this assumption, substantial recharge must increase storage in the 

levels in the Uvalde Pool. Conversely, of course, a substantial 
rise in water levels in the Uvalde Pool is evidence that substantial 
recharge has occurred. These concepts were applied to the 
estimated recharge from the Nueces Basin and the recorded water­
surface elevations in wells H-4-6 and H-5-1 to see if any of the 
recharge estimates looked 11wild11

• This test indicatecl that data 
for a few years appeared abnormal •. The estimated recharge !or 
these years was modified to bring it into better agreement with 
well observations. The years so adjusted, the USGS recharge 
estimate, and the modified estimate are listed in Table 1. USGS 
Water Supply Paper 796-G "Major Texas Floods of 1935 11 indicates 
that rainfall during June 9-15, 1935, was greatest in the headwaters 
of the West N\teces, and least in the "remainder of area" below th~ 
two upstream gages. 

For purposes of this analysis, it was assumed that 
about one-half of the recharge from the Dry Frio was to the Uvalde 
Pool a.nd the remainder to the Central Pool • 

.. 
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·~ . Table 2 lists the estimated recharge to the Uvalde 
Pool !rom the Nueces Basin and from the Dry Frio River each 
·year, 1934-1969. Table 3 lists the average recharge !or various 
periods. During the 1948-1956 drought period, the estimated 
average annual recharge is 68 percent o£ the corresponding figure 
for the 1940-1969 period. This is a much higher percentage than 
occurred in the remainder of the Edwards Underground durin3 the 
1948-1956 period. During 1960-1969, the estimated recharge is 
112 percent o£ the 1940-1969 average. Du:.:ing 1960-1969, the 
gaged runoff of the Nueces River at Laguna was 117 percent o! the 
1940-1969 average, and the gaged runoff of the Nueces River below 
Uvalde was 115 percent of the 1940-1969 average. Therefore, the 
above averag~ recharge estimated for the 1960-1969 period appears 
reasonable. 

Correlations between the flow of the Nueces River 
at Laguna, plus the West Nueces River ncar Bracketville and the 
flow of the Nueces River below Uvalde, indicate that for the same 
upstream flow (provided it is over a threshhold value) the flow below 
Uvalde has been about 5, 000 acre-feet per month larger when the 
water level in well H-4-6 has been above 883' than when tl1e water 
level in the well has been below 883'. This indicates that net 
recharge from the Nueces River may'be affected by tht: water level 
in the aquifer. 

Historic Discharge. Discharge from the Uvalde Pool 
occurs through Leona Springs and associated Leona River underflow, 

"through wells and through eastward flow in the Edwards Underground 
Aquifer. Some water may also be discharged back into the Nueces 
River downstream from the recharge_ zone, but this has been allowed 
for in the computation of net recharge from the Nueces River .Basin. 

The discharge from Leona Springs and associated 
underflow has been estimated by the USGS for the 1934-1969 period • 

. For purposes of this analysis, the USGS estimate !or the 1934 
through 1950 was increased by 4, 000 acre-feet per year, and the 
USGS estimate .f:n 1951 was increased by 3, 000 acre-feet. The 
purpose of this adjustment was to make the average relationship 
between Leona Springs plus underflow and the water level in welt 
H-4-6 the same for the 1934-1951 period as for the 1957-1969 period. 
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The USGS has estimated the well discharge for 
eastern Kinney CoWlty and for Uvalde County for various uses 
for each year, 1934-1970. Based upon examination of the irriga .. 
tion inventory map for Uvalde County £or 1969, it was estimated 
that 60 percent of the Uvalde County area irrigated !rom the Edwards 
Underground tapped the Uvalde Pool. In 1970, the city of Uvalde 
accounted for about 63o/o of the total population of Uvalde County and 
a considerably higher percentage o! the population in Uvalde County 
served by mWlicipal water !rom the Edwards Underground. For 
purposes of this analysis, it was estin'lated 80% of the Uvalde 
County municipal water use from the Edwards Underground 
occurred from the Uvalde Pool, and that 60o/o of the irrigation, 
domestic and stock use tapped the Uvalde Pool. Table 2 lists the 
estimated well discharge from the Uvalde Pool each year. 

The well discharge has inc rea sed steadily over the 
years and at an increased pace during recent years. During recent 
years, the well disc}\arge has exc·eeded the flow plus under!low o! 
Leo:1a Spririgs. However, the highest well discharge for any year 
(through 197 O) is only about ·Ol'le-hal£ of the estimated average annual 
recharge. Thus a considerable further increase in well discharge 
from the Uvalde Pool can occur without straining the available water 
supply. It may b~ that the amount of suitable land is the physical 
limitation on irrigation development from the Uvalde Pool, not the 
water supplv. It is very probable that the present level of well 
discharge, and increases beyond the present level, will cause 
future water levels in the Uvalde Pool to drop considerably below 
the historic norm, however. 

The discharge from the Uvalde Pool through east-
ward !low in the Ed\vards Underground Aquifer can be computed 
b~tween times of equal Uvalde Pool Aquifer contP.nt as the e sti­
mated recharge minus the estimated discharge oi Leona Springs 
and· underflow, and minus the estimated well discharge. Water 
1evals in observation wells indicate that aqui~er content was 
nearly the same on December 31, 1939, December 31, 1949, and 
December 31, 1958. December 31, 1959, and December 31, 1969, 
water levels were also nearly the same. The average aquifer dis­
charge to the east was computed for these time intervals. The 
results are listed in Table 3 and range from 61, 000 acre-feet per 
year to 69, 000 acre-ieet per year. Since the discharge to the east 
was co:nputed as -the unknown item in a water budget, its estimated 
value is subject to a bigger margin .of' error than any of the 
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components used in the computation. During the 1950-1958 period, 
water levels in the Uvalde Pool were considerably lower than during 
the other two periods, yet the computed discharge to the east was 
about the same. This is not irrational, since the hydraulic gradient 
between the Uvalde Pool and the Central Pool was roughly the same 
in the three periods. 

Change in Uvalde Pool Content. By using the computed 
aqui!er discharge to the east, plus other i::ems in the Uvalde Pool 
water balance, it is possible to compute the change in Uvalde Pool 
content each year. This was done in Table 2. These computed 
changes in aguifer content can be con1pared with the change in the 
water-surface elevation of well H-4-6 each year. Plate 3 is a plot 
of change o£ water-surface elevation .v~. computed change-in-aquifer 
content. Based upon this plot, and also accumulated data1 for a few 
years, such as 1950-1952, 1957-1958, and 1962.-1963, it was esti­
mated that a change of Uvalde Pool content of 4, 500 acre-feet would 
produce a change of 1 foot in the water surface in well H-4-6. These 
. computations of change in reservoir content are residuals of the 
water balance and not very accurate. 

Operation Study for 1969 Level of Well Dischar~e. 
An operation study (same: as ma.the1natical 1nodcl or a.quifel· sinulla­
tion) was· made for the Uvalde Pool fol" the 1934-1969 period with the 
1969 level of well dischar~e, to see what effect this well discharge 
would have had upon water levels in the Uvalde Pool and on the 
aquifer water balance. The 1969 level of well discharge was esti­
mated to average 38, 000 acre-feet per year: The well discharge 
was varied from year to year according to weather conditions. 
The discharge from Leona Springs plus underflow was estimated 

·!rom the estimated water level in well H-4-6 and a correlation. 

The di·scharge in the aquifer from the Uvalcle Pool to the Cent:z:al 
Pool was estimated to equal 66, 000 acre-feet per year (the historic 
average), multiplied by the drop in elevation from well H-4-6 to 
well I-4-12 in this study, and divided by the historic drop in eleva­
tion from well H-4-6 to well I-4-12 •. The elevation in well I-4-12 
used in the 11this study11 computation was the historic elevation 
plus the difference between the historic elevation in well 26 and 
the elevation computed for well 26 with the 1969 level of well dis­
charge, in an earlier study that lumped the whole Edwards Under-
ground together. · 

5 

r. 



During those months when the historic water level in 
well H-4-6 was above 883', but the water level in this study was 
below 883', it was assum~d that the net recharge from the Nueces 
River would increase by an amount equal to the historic now of the 
Nueces River below Uvalde in excess of 1, 000 acre-feet but not 
over an increase in recharge of 3, 000 acre-feet per month. Corre­
lations described ea~lier indicate that the increase in recharge 
c.ould go up to about 5, 000 acre-feet per month, but an upper limit 
to 3, 000 acre-feet was used in this study because o£ the host of 
unknown factors. Except for this adjustment, historic recharge 
was used. It was asswned that a 4, 500-acre-foot change in the 
Uvalde Pool content from the historic would cause a !-foot change 
in piezometric water level in well H-4-6. 

The results of tlrls operation study are summarized 
in Table 4. The water level in well H-4-6 varies !rom 3 to 61 feet 
lower than historic, and Leona Springs plus underflow is almost 
wiped out. The average discharge to the Central Pool is 59, 000 
acre-feet per year. The lower water level in the Uvalde Pool is 
estimated to increase the average net recharge from the Nueces 
River by 8, 000 acre-feet per year compared to historic. 

This operation study is crude, with many qucztion<l.ble 
or very approximate assumptions. Still, i! the concepts it is based 
upon arc reasonable correct, it indicates that the 1969 level o£ well 
discharge from the Uvalde Pool can b~ sustained without any serious 
adverse consequences, except to those who may be dependent upon 
Leona Springs plus underflow • . 

Ef!ect of Future Increases in ·well Discharge Over 
the 1969 Level. The 1969 condition study indicates that a considerable 
e>..-pansion in well discharge above the 1969 level can occur without 
any serious effect except a lowering of aquifer ·water levels. Thus, 
if the well discharge were to increase by 30, 000 acre-feet per year 
(one-half of the operation study discharge to the Central Pool) the 
water level in well H-4-6 would be reduced by an additional 64 feet 
plus whatever decline in water level ~ould occur at well 1-4-12 as 
a result of a further increase in well discharge from the Central Pool. 
lu1 increase of well discharge of 30, 000 acre-feet per year is equal 
to about 79 percent of the 1969 level of well discharge from the 
Uvalde Pool. There may not now be enough unirrigated land suitable 
for irrigation to cause th.ia large an increase in well discharge from. 
the Uvalde Pool. ( 17 _,! / 

.~<~ ,J'..·f£,u-r.P'"" 
Enclosures M. Gep1·ge Schwab 
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Nueces 
at 

Year Laguna 

1935 G 465 
1936 G 233 
1937 G 62 

.1939 G 164 

1953 G 22 

1957 G 62 
1958 G 273 

1966 G 143 · 

Total 1424 

. G = gaged runoff. 

I ·• 

Table 1. Adjustt!Lents to estimated recharge from· Nucccs Basin 
(1,000 acre-feet) 

USGS data or estimate:1 
Run of! Modified estimate of rechargf 

.West Remainder 'I otal runof! Outflow at Change 
Nueces nr. of area above above or below •Est. I rom 
Bracketfille UvaJde gage Uvalde gage Uvalde gage Recharge Value USGS estimate 

228 399 1092 G 681 411 178 -233 
32 161 426 G 250 176 124 - 52 
10 13 85 G 56 29 · 49 + 20 

25 126 315 ·a 88 227 115 -112 

4 6 32 ·a 10 22 40 + 18 

G '18 48 128. G '19 109 144 + 35 
G 182 196 651 G 384 267 232 35 

G 19 80 242 G 73 169 134 - 35 

518 1029 2971 1561 1410 1016 -394 

.. 



r'- Table 2. Uvalde Pool 1 Estimated Historic Water Balance 

US Elev. rf 
Est. recharge Est. discharge Well H-4-6 

Nueces Leona Under- Recharge End 
and Springs Well flow to minus of Change 
West Dry + under- dis- Central dis- Year during 

Year Nueces Frio Total flow chttrge 
/ODO A~ 

Pool Total charge 886 xear 

1934 9 3 12 14 2 66 82 -70 877 -9 
1935 * 178 26 204 14 1 66 81 123 890 +13 

36 * 124 21 145 28 2 66 96 49 890 0 
37 * 49 11 60 29 2 66 97 -37 887 -3 
38 64 9 73 26 2 66 94 -21 886 -1 
39 * 115 5 120 19 2 66 81 33 886 0 

1940 50 7 57 17 2 66 85 -28 880 -6 
41 90 21 111 19 2 66 87 24 888 +8 
42 104 13 117 23 2 66 91 26 881 -1 
43 36 5 41 19 3 66 88 -47 880 -7 
44 64 10 74 . 10 2 66 78 -4 881 +1 

1945 47 9 56 12 3 66 81 -25 874 -1 
46 81 7 88 6 3 66" 15 13 878 +4 
47 73 10 83 13 3 66 82 1 878 0 
48 41 3 44 7 4 66 77 -33 871 -7 

~ 
49 166 11 177 9 5 66 80 97 885 +14 

1950. 41 4 45 11 7 66 84 -39 873 -12 - 51 18 3 21 3 11 66 80 -59 859 -14 
Cl) 1)0 ' ..... G 14 00 tfU -!)1 Ht•5 -14 ..... ....... ... 6.':1 

53 * 40 2 42 0 17 66 83 -41 844 -1 
54 61 2 63 0 17 66 83 -20 846 +2 

1955 128 4 132 0 18 66 84 48 850 +4 
56 16 0 16 0 37 66 103 -87 827 -23 
57 * 144 12 156 1 18 66 85 71 858 +31 
58 * 232 28 260 4 13 66 83 177 884 +26 
59 110 14 124 17 16 66 99 25 891 +7 

1960 89 11 100 30 15 66 1L. -11 891 0 
61 85 16 101 31 16 66 113 -12 892 +1 
62 47" 2 49 24 25 66 115 -66 882 •10 
63 40 2 42 10 26 66 102 -60 872 -10 
64 126 4 130 6 27 66 99 31 877 +5 

1965 98 1 105 7 25 66 98 7 880 +3 
66 * 134 12 146 8 25 66 99 47 882 +2 

... 67 82 12 94 1 45 66 11.8 -24 882 0 
68 131 17 148 17 26 66 109 39 885 +3 
69 120 9 129 18 43 66 127 2 889 +4 

Total 
1934-69 3061 333 3394 459 481 2376 3316 78 

* Different from USGS, on basis of enveloping lines on :zd t=.ghgd u-f">.l 'F"*· 
Correl4.il~n SJ,/Iar to "Pia.te 3. 

~ ., 
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Table 3. Uvalde Poolt Historic Period Averages 

Average annual value - 1,000 acre-feet 
}948-56 1940-49 1950-58 1960-69 1940-69 

Recharge 
From W. Nueces and Nueces Basins 60 75 79 95 84 

·From Dry Frio Basin ...1 10 6 _1 ...!" 

Total 63 85 85 104 93 

Discharge 
Leona Springs plus underflow 3 13 2 16 11 
Well discharge 14 3 17 27 16 
Eastward in Edwards Underground 69 66 61 

to Central Pool 



Table 4. Uvalde Pool 1 Summar~ of oeeration stud~ 

r" for the 1969 level of well didcharge 

Historic This stud~ 
WS e1ev. ws Change Increase Leona Out- WS \.Jell 
Well Well in WS in net Springs flow H-4-6 
H-4-6, H-4-6, e1ev. recharge plus Well to minus WS 
end of end of from from under dis- Central Well I-4-12, 
year year Historic Nueces flow charge Pool end of year 

~ (ft.) (ft.) (ft.) ( 1000 acre-feet ) (ft.) 

1933 886 864 -22 146 
34 871 847 -30 0 0 so 66 136 

1935 890 863 -27 21 0 26 63 120 
36 890 868 -22 26 0 35 65 123 
37 887 866 -21 21 1 46 67 129 
38 886 864 -22 21 5 46 67 134 
39 886 862 -24 11 0 42 66 148 

1940 880 855 -25 2 0 28 65 149 
41 888 864 -24 13 7 25 65 124 
42 887 861 -26 13 0 44 65 122 
43 880 851 -29 2 0 40 64 131 
44 881 849 -32 0 0 29 63 125 

1945 874 839 -35 Q 0 36 61 112 
46 878 839 -39 0 0 34 59 115 
47 878 836 -42 0 0 38 57 120 

~ 48• 871 824 -47 0 0 41 56 126 . 

-49 885 840 -45 10 0 27 54 127 
""r" n., .. n.,., I~ . "" .... rr ....... 
~,,JV Ul.l "'""I --.u .&. ... .., .. .... "'"""' 

51 859 809 -so 0 0 44 55 126 
52 845 792 -53 0 0 40 53 116 
53 844 797 -57 0 0 51 51 119 
54 846 787 -59 0 0 40 50 125 

1955 850 790 -60 0 0 41 50 v.o 
56 827 766 -61 0 0 58 51 126 
57 858 798 -60 0 0 27 50 119 
58 884 827 -57 3 0 2 . 49 88 
59 891 847 -44 34 0 28 46 103 

1960 891 858 -33 31 0 40 51 104 
61 892 872 -20 34 0 35 55 121 
62 882 866 -16 7 0 44 61 141 
63 872 854 -18 0 .1 43 63 147 
64 877 858 -19 0 0 45 62 154 

.. 1965 880 861 -19 0 0 3.6 62 144 
66 882 864 -18 0 0 31 61 140 
67 882 865 -17 0 0 53 61 134 
68 885 878 -8 25 7 28 61 135 
69 889 886 -3 9 5 43 65 143 

Total 
1934-69 31,527 30,330 -1208 284 26 1375 2115 4594 

Ave. 876 842 -34 8 1 38 59 128 
·.~ 



~ 

, 
J. : 

t t • I I It I I I I I I I 

I+ 1+-P
I-

+++ ri+tm -...!..t-ttl-tl 
I 1Jli. <I l±t±ttti±L+:-' I I 

l±t:t:Ui~w:ll!llllt.+++ 

U 0 V!! 10 X 10 TO 1!. INCH n &;; 7 1/r ll IQ INCH!;II 
46 1022 
•aD I IN U.l. A. • 

KEUr.-EI. 6 ESIIEI'I CO. 

- I I I 

-- - Fr-ift=r· "T - ·r·t-1 -- JI ' 
I -- -

.:PI ~~-

, - . , 
I' ,- q··-

I I j 

fti+HfH+~ H-·-·H-H+H c 
Htt$'~1 , r -H-H- .w-

----- j± 

"I I I· 
H J-I=i:tH+t-H ,-.+ 

I 

I I ·•· :, .. 

-



, 

.· 

.r-· 

. • 

Memorandum 

To: 

From: 

Subject: 

·. 

Files 

Chi<!f, Hydrology Division 

Austin, Texas 
May 31, 1972 

Central Pool of Edwards Underground Aquifer 

The Central Pool 

·The Central Pool is' a portion of the Edwards Under­
ground Aquifer extending from eastern Uvalde County to New Braunfels 
w:hich has a relatively flat piezometric w~ter surface. This water 
surface is substantie~:lly lower than the water surface in the vicinity 
of Uvalde and moderately higher than the water surface in the vicinity 
o(San lv'!3.rcos. It is postulated that these differences in water surface 
elevations are caused by zones which have considerable resistance 
to flow located·between the Uvalde pool and the Central pool and between 
the Central pool and the San Marcos pool. Plate 1 shows the location 

· of the Central pool. Its approximate outlines were determined by exam­
ination of water leyel contour maps for the Edwarqs Underground for 
various dates (Jan,Jary 1952, August .1954, A~gust 1956, .l\tia1·ch ,1958, 
ana january i'1bl) tnat were presentea 1n ·1exas ,tjoara oi water .J!,;ngl­
neers Bulletins 5608 ar.d 6201 and Texas Water Development Board 
Report 34 • 

Historic Water Levels 

. . Water level observations are available for many wells 
·in the Central Pool. Wat~r surface dcvaticuis for five of these well::; 
are plotted on Plate II. Plate I shows the location of these five wells . 

. The ti.me pattern of their water level fluctuations is very similar, but 
the amplitude decrease.s ·doWn aquifer. The decreased amplitude of 
water level fluctuations can be attributed to the influence of San 
·Antonio and Coma! Springs, which act as pressure regulating valves. 
Thus the water surface level of well H-39, which is located between 
San Antonio Springs and Comal Springs, has always been somewhere 
between the elevation of the San Antonio Springs outlet and the Comal 
Springs outlet, except in the summer o£ 1956. In the summer of 1956, 
Comal Springs we~t dry and ceased to be a control. During some ., 
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recent years the water levels in the five Central pool wells have 
displayed ·severe summer drawdowns. This is a striking character­
istic of their hydrograph::). The drawdowns were particularly severe 
in 1967 and 1971. Summer drawdowns are evident at well 26 starting 
about 1953, and at well I-4-12 starting about 1959. These summer 
drawdowns are caused by large sea:sonal well discharges from the 
Central pool and are. aggravated by be~ow ~ormal recharge. The 
summer drawdowns arc much larger than would be expected from 
the volume oi pumping and the end-of-year aquifer content vs. eleva­
tion relationship oi Figure 3. This suggests that whatever maintains 

· the artesian pressure in the CentrcLl pool - pre.sur.1ably the gravity 
portion of the.aqui.fer plus flow through the artesian area - does not 
transmit water at a fast enough rate during the summer to offset the 
summer well discharge and also maintain an undiminished flow of 
Comal Springs. This results in a decr~ased artesian pressure in 
the summer followed by a pressure J;ecovery in the·winter when the 
well discharge is smaller. The severe summer d1·awd'owns also . 
suggest that much of the experienced change in aquifer content has 
occurred in the gravity portion of the aquifer. The !low of Comal 
Springs is closely correlated with the water level in well. CY -26. In 
recent dry years, Comal Springs has displayed a seasonal pattern of 
flow with summer. flow considerably smaller than winter flow. This 
was pronounced in 1967. ·The 1950-56 drought c<:~.used severe declines 
in Centra! pool water levels. The 1owest water levels on record . 
occurred during the summer of 1956, and the water levels at the end 
of 1956 were much lower than tJ.le. water levels at the end of any sub­
sequent year. 

Historic Inflow 

Table 1 lists the estimated direct recliarge to. the 
Central pool for each year. Table 2. lists averages for various 
periods. The values for the Frio and· Dry Frio Basins equal the 
USGS estimate minus the portion of the recharge from the Dry 

. Frio (about one-half) credited to the Uvalde Pool. All other values 
are USGS estimates. The estimated recharge.from the various 
subbasins vary considerably i~ the ex~cnt to which they are supported 

..: by streamflow measurements in the basins. In general, the ~igures 

~ 
.. \ 

. for the Frio and Dry Frio Basins and ti:e Sabinal Basin are well sup'­
ported from September 1952. on. The estimates for the area between 
the Sabinal and Medina Basins has partial support from September 
·1952 on. The estimated r~charge from the Medina Basin is based 
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to a large extent upon historic content data for Medina Lake and on 
the estimated relationship between Medina Lake content and recharge. 
This relationship is not defined very accurately by available data. The 
estimates for the area between Medina Basin and Cibolo Creek Basin 
and for the Cibolo and Dry Coma! Creek Basins have very little sup­
port fl·om gaging stations within these two subbasins. 

The total dire·ct recharge estimates for the period 
beginning in September 1952 are better supported by local streamflow 
measurements than the estimates for e~rlier periods. The total 
direct recharge estimate for each ·y\!ar was correlated with the gaged 
flow o! the Guadalupe near Spring Branch and the Frio near Concan 
to test for time trends. No convincing trends were detected by this 
rather coarse test. 

Estimated direct recharge is by far the most variable 
item and one of the least accurate items in the water budget for the 
Central pool. Since the pther items of inflow and outflow are rela­
tively constant, or in· the case of discharge of Coma! and San Antonio 
Springs, accurately measured it was reasoned that a plot of change 
in water surface elevation in the Central pool each year vs. the 
computed change in Central pool content would be a test of the estimated 
direct recharge, and might reveal "wild" estimates. Plate 3 is such 
a plot; it uses the average of well I-4-12 and well 26 as the index to 
Central pool water surface elevation. The· correlation is iair and most 
of the outliers, such as 1949 and 1961, plot reasonably well in the 
correlations of direct recharge vs. flow of Guadalupe near Spring 
Branch and Frio near Concan. The geological survey estimates of 
direct rec.harge to the Centl·al pool were used without change in this 
study. 

The historic inflow to the Central pool through eastward 
flow in the Edwards Underground from the Uvald~;. pool is estinu.ted to 
average 66, 000 acre-feet per year. This estimate is based upon water 

. b~dget studies for the Uvalde. pool that are presented in my ~emo to 
the files, subject: "Uvalde Pool of Edwards Underground Aquifer, 11 

dated April 13, 1972. 

Historic Outflow 

Discharge from the C~~tral pool occurs through San 
Antonio Springs, c;:o:rt:la:l Sp1•ings, wells, and eastwa1•d flow l.n the 
Edwards Underground Aquifer. 
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Streamflow data adequate to define the flow of San 
. Antonio Springs a1·e available during October 1916-0ctober 1929 
and October 1939 to date. Reliable estimates !or November 1929 
through S~ptember 1939 can be made by usc of good correlations 
with other measured items and from miscellaneous measurements. 
Streamflow data adequate to define the flow of Comal Springs are 
available from 1927 to date. Reliable estimates for October 1916 
through 1926 can be made by use of good correlations with other 
measured items and from miscellaneous measurements. The 
discharge from San Antonio Springs and from Comal Springs has 
been estimated by the USGS for the ,1934-1969 period, and these 
estimates are used in this analysis. The discharge estimates for 
the two springs are the most accurate items in the water balance 
for the Central pool. 

The USGS has estimated the well discharge for each 
county for various uses for each year 1934-1970. The categories 
are mWlicipal and military, agriculture, industry, and domestic, 
stock, and miscellaneous. A portion of the well discharge from 
Uvalde County and all of the well discharge from Medina, Bexar, 
and Comal Counties was estimated to be from the Central pool in 
this analysis. The Uvalde County well discharge cast of the Frio 
River was assunied to be from the Central pool. This was about 
39% of the total Uvalde County well discha1·ge in 1969. The estimated 
mWlicipal and military and the estimated industry well discharge is 
ut:iiev~u tube .Lairiy accurate. The estimateci use by 1rr1gat1on ana 
for domestic, stock, and miscellaneous is less accurate. Table 1 
lists the estimated well discharge from the Central pool for irriga­
tion each year and also the estimated well discharge for all other 
uses combined. 

The well discharge from the Central pool has shown 
a gradual increase with tin"le. During 1969, the v. dl discharge was 
59o/o .of the estimated average historic inflow to the Central pool. 

· .. ·· 
The discharge· from the Central pool through eastward 

flow in the Edwards Underground aquifer to the San Marcos pool 
was estimated by usc of an annual plot of outflow from the Edwards 
Aquifer in Hayes County vs. average beginning and end-of-year 
elevation in well #26. 1939 and 1956 were the key years in this 
comparison. During these two dry years, almost all of the discharge 
in Hayes County in excess of local recharge was assumed to be sup­
plied by Wlderilow from the Central pool. A straight line ;connecting 

4 

'· 
' '· ... 

•• 



these two points was drawn on the graph~ The discharge to the 
San ~1arcos pool was estimated by use o! this line and the average 
water surface elevation at well ii26 each year. Table 1 lists the 
estimated underflow to the San Marcos pool each year. It averages 
53, 000 acre-feet per year during 1934-1969. 

Change in· Central Pool Content 

By subtracting the estimated Central pool outflow 
from the estimated inflow, it is possible to compute the change in 
the Central pool content each year'. This item is listed in Table 1. 
As discussed earlier, much of the change in content ma.y occur in ·~. 

the gravity portion of the aquifer. Plate 3 is a plot of computed 
change in content vs. the average change in water surface elevation 
in well I-4-12 and well #26 each year. Plate 4 is a plot of accumu-
lated change in content from the end of 1956 vs. water surface 
elevation in well #26 at the end of each year. The computed change 
in content !or each year is. a residual of the water b.alance and there-
fore not very accurate. Since estimated outflow is more accurate 
than estimated inflow, the computed change in content of the Central 
pool i~ probal;>ly more accurate during yea1·s of low inflow than during 
years of high inflow. 

Historic Water Balance 

1·ne water level sequences on ?late 2 and 1nuow data 
on Tables 1 and 2 indicate that recharge during the 1948-1956 drought 
period is by far the lowest during the 1934-1969 period. Other studies 
summarized in the runoff annexes for the Nueces and San Antonio and 
Guadalupe Basins indica:e that recharge during the 1948-1956 drought 
was much srr.aller than during any other drought sinc;:e at least 1900. 
The 1948-1956 situation is so severe and prolonged that it could be 
considered an abnol·ma1 event of unknown recu1·r .... nce frt:qucncy that 
belongs to a difierent population than the remainder of the 1900-1969 
period. The following comparison of minimum average annual direct 
recharge to the Central pool during the 1948-'1956 period and during 
the remainder of the 1934-1969 period shows how severe the 1948-
1956 period was. 
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Consecutive 
years 

·1 
2 
3 
4 
·s 
6 
7 
8 
9 

·. 

Minimum average direct recharge 
(1. 000 acre-feet per year) 

1948-1956 Remainder of 
-period 1934-1969 period 

20 112 
'35 142 
52 181 

. 69 248 
100 279 
101 291 -! 

106 337 
132 ~50 

130 378 

Average annual direct recharge during 1934-1969 was 
379, 000 acre-feet.. Excluding 1948-1956, the average annua"l direct 
recharge was 461, 000 acre-feet .. The streams supplying direct re­
charge are.springfed' and drain limestone. These springs can provide 
appreciable base flow during short droughts but not during long 
droughts such as 1948-1956. Table 2 lists average inflow to the 
Central po-ol for various 'periods. 

. Comal Springs stopped flowl.ng for the first time of 
record on June 13, 1956, and started to flow again on November 3, 1956. 
lt has ilowea contlnuously smce (througn i"J t J. ). tian Antomo ::>pr1ngs 
flowed most of'the time prior to 1948, but had zero flow during 1949-
1957 inclusive. From 1958 th:J;"oug_h 1971, San Antonio Springs has 
had intermittent flow. · 

Well discharge has i~creased steadily. The highest 
well discharge for irrigation occurred in 1956, There has been an up­
trend in recent years, how~v~r. The hizhesl we.l discharge for pur­
pos.es other than irrigation and the highest total well discharge 
occurred in 196 7. .·· 

Operation Study for the 1969 Level of Well Discharge 

Table 3 is an operation study for .the Central pool for 
the 1969 level o£ well discharge.· In this study the change in inflow 
from the Uvalde pool was obtained irom an operation study for 1969 
condition well discharge for the Uvalde pool. The 1969 condition 
well discharge was estimated in two components: irrigation and 
other. Both of these components were varied from year to year in 
accordance with precipitati~n.' The variation in irrigation well 

6 

. . 

.... , 

.. ··---·--;r 

r ' . 
I 



.. 

discharge was. based upon computed irrigation requirements for 
recent cropping patterns for Uvalde, Sabinal, Hondo, Rio Medina, 
and San Antonio airport. Separate computations were made for 
'Bexar County and for the remainder of the Central pool. During 
the 1949-1957 period, irrigation well discharge was increased by 

· 6, 000 or 12, 000 acre-feet. per ye.ar in this study because of Medina 
Project .shortages and the existence of a considerable number of 
irrigation wells in the Medina Project service area. These wells 
were assumed to be idle during the remainder of the period of 
study. The variation in other well discharge was based upon the 
irrigation requirement for San Ai_ltonio airport and a correlatior. 
between historic "other" well discharge arid this irrigation require­
ment. The \mderflow £rom the Central pool to the San Marcos pool 
was estimated from the average water surface elevation of_ well //26 
computed in this study and the estimated historic relationship 

' between underflow and elevation of well //26 described earlier. 
For the study, the relationship was assumed ·to be displaced upward 
4 feet because of the summer drawdown of well !!26 that has occurred 
during recent years, The discharge of Comal Springs and San 

· Antonio Springs was estimated from correlations for the 1956-1969 
period between the flow of these springs and the water surface ele­
vation in well if26 and from the water surface elevation. in well '{/26 
coo:>-puted in this study. A refinement to these estimates consisted 
of assuming that the historic deviation of spring flow from the 

. ~orrelation each year would persist "Yith 1969 condition well dis­
~ha.rge. 'i'nil:i c1t:viation was expresseci in terms oi water suriace 
elevation in well #26. For the 1956-1969 period, the deviation was 
.obtained from th:e correlations described earlier. For the 1934-
1955 period, the deviations were .obtained from.similar correlations 
for the earlier period. The correlation curves for the 1934-1955 
period were 4 feet lower than the curves for the 1956-1969 period. 
This is attributeq to the larger summer drawdowns that have 
occurred during recent years. In this study, it was al:il:iumed that 
a change i~ water surface elevation of 1 foot in well //26 would 
result from a change in Central pool aquifer content of 36, 000 acre­
feet. The water surface elevation in well #2.6 at the end of 1933 
was estimated to be 650 ieet, which is 22 feet lower than the historic 
level. The water level in well i/26 at the end of each succeeding 
year was computed by trial and error. The correct value produces 
an outflow from the Central pool such that the difference in well //26 
water surface elevation at the end o£ the _year from the historic 
value is compatible with the cumulative· difference in Central pool 
(inflow minus outflow) from the .historic value and the assumed 
change in aquifer ~ontent of 3~, 000 acre-feet per foot change in 
well i/26 water surface· elevation. 
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·The 1969 condition well discharge study indicates 
·practically no flow from San Antonio Springs and considerably 
reduced flow f1·om Comal Springs, compared to historic. The 
study indicates z~ro flow for Comal Springs in 1955 and 1956, 
and no flow during part {summers) of 1951, 1952, 1953, 1954, 
1957, 1963, and 1967. At the end of 1969, the study shows a 
water surface elevation in well #26 that is 11 feet lower than 
historic. This is because of the higher than historic well dis­
charge during years prior to 1969. 

O?eration Study for a 35 Percent 'Larger Well Discharge than 
Occurred in 1969 

This operation study is similar to the 1969 condition 
operation study and is presented in Table 4. The inflow from the 
Uvalde pool was assumed to be 12, 000 acre-feet per year smaller 
than in the 1969 condition study. This is an allo\vance for 35 percent 
higher well discharge in the Uvalde pool. Central pool well dis-

. charge for irrigation, exclusive of the Medina Project area, was 
assumed to increase over 1969 condition values by the ratio 119. 

. 69 -
!v!edina Project area well discharge for irrigation during 1949-
1957 was assumed to b~ the same as for the 1969 condition study. 
Central pool "oth~r 11 well discharge was assumed to increase over 
1969 condition values by the ratio of 265. These ratios reflect 

215 
trends during recent years. The correlations us~d to estimate the 
underflow to the San Marcos pool, and the disc.harge of San Antonio 
and Comal Springs were moved up 2 ieet. This is an allowance for 
the more severe summer drawdowns that are assumed to result 
from the higher well discharge. The water surface• elevation in 
well #26 was assumed to be 630 at the end of 1933. Thi~ is 42 feet 

·lower than historic. 
c.onditio~ s-tudy. 

Otherwise, 'this study is th~ same as the 1969 

.·· 
This study indicates no flow at all irom San Antonio 

Springs and no flow from Comal Springs during 1950-1959, inclusive, 
and also during 1962 through 1965 and during 1967. Comal Springs 
would have zero flow during part 'of 1934, 1939, 1940, 1943, 1948,· 
1949, 1960, 1961, 1966, 1968, and 1969.. Thus Comal Springs . 
would have no ilow during drought periods, intermittent flow during 
normal periods, and. year-around flow during wet years. Ii historic 

'trends continue, ·this level o£ well discharge will be reached by about 
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1990. However~ as pointed out by the 1969 condition study, 
there will be a lag of a few years between well discharge and 
effect on water levels, etc., during periods of increasing well 
discharge. 

Year-end water levels in well 1/26 are 39 to 60 
feet lower than historic. This does not appear to be severe enough 
to make ir1·igation from the Central pool uneconomic. 

Effect of Even Higher Well Discharge Rates 

The only discharge from the Central pool other than 
•well discharge shown in Table 4 is an average u.:1derilow of 30, 000 
acre-feet to the San 1\1arcos pool and an average discharge of 
io, 000 acre-feet from Comal Springs. Thus if well discharge 
from the Central pool were to increase by another 50, 000 acre-feet 
per year, the Central pool would be on the verge of a mining situ­
ation. If historic tr~nds in well discharge continue, this situation 
will be reached about year 2000. The Central pool might be able 
to draw son1e water from the San Marcos pool, but the amount is 
uncer.tain, and probably small without very low water levels in 
the Central pool. Within a few years a.!ter this level of well dis­
charge is equalled or e::ceeded, the water levels in the piezometric 
portion of the Central pool will be reduced so severely as to affect 
the econon1ics of irrigation from the Edwards. High levels of well 
discharge may result in a very rapid decline in piezometric water 
levels in the Central pool during dry years. During recent dry 
years, severe summer drawdowns· have occurred in the water level 
in well #26 and other Central pool wells. During the following fall 
and winter, when well discharge was reduced, the water levels 
recovered to a level compatible with inflow, outflow, etc. However, 
with considerably higher well discharges, the summer drawdown 
would be much more severe. I-iigher well discharges during the 
£ali and winter might prevent a complete or even partial recovery 
to normal levels. A computation for 1963 indicated that if the out­
flow from the Central pool had been 523, ooo· acre-feet instead of 
the historic 450, 000 acre-feet, the water level in well //26 would 
have been 58 feet lower at the end of 1963 than at the end of 1962. 
Historically, the water level was 13. 4 feet lower at the end of 1963 
than at the end of 1962. In the study of Table 4, the Central pool 
outflow was 497, 000 acre-feet in 1956. During this very dry year 
"this may have exceeded the normal flow capability of the Central 
pool, and the end-of-year water level in well ii26 might have been 
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considerably lower than the 567 feet shown in the study. During 
favorable years, larger volumes of water can flow through the · 
Central pool without abno1·mal effects on piezometric water levels. 
Thus in 1961 the historic outflow from the Central pool was 553, 000 
acre-!eet. The1·e£ore, any abnc;»rmal drawdown during dry years 
would be quickly oyercome during subsequent wet years. 

M. George Schwab 
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Table 1. Central eool • historic vater balance 1000 AF exeept 
as noted 

Estimated Inflow Estimated outflow Ve11 126 
Under• Under• w.s. Change 

flow Well flow elev. from 
from Direct San discharge to San lnflov end of last 

Uvalde re• Antonio Coma) Irrlga· Marcos minus year year 
I!!! J!OOl charge ~ SJ!rlngs SJ!rlnf;! tlon ~ ....J!.2tl_ ~ outflow !feetl (feetl 

1934 66 148 214 13 2211 21 78 55 395 ·181 669 • 3 
35 66 781 847 74 2311 19 83 56 468 379 680 +11 

•36 66 670 736 107 26U 19 93 58 537 199 682 +2 
37 66 339 405 as. 25:. 20 97 58 515 ·110 678 • 4 
38 66 324 ~90 75 2411 20 98 51 498 -108 674. • 4 
39 66 155 221 11 2111 20 96 55 400 ·179 668 • 6 

1940 66 233 299 3 20:! 22 97 55 379 - 80 671 + 3 
41 66 682 748 68 2411 24 110 56 506 242 677 + 6 
42 66 413 479 67 25:1 25 117 57 519 • 40 680 + 3 
43 66 212 278 32 24~' 26 119 56 480 ·202 669 ·11 
44 66 439 505 26 25:. 28 118 56 479 26 676 + 7 

1945 66 437 503 56 26:. 28 121 56 522 • 19 673 • 3 
46 66 426 492 35 260 31 119 57 502 • 10 679 + 6 
47 66 310 376 36 25!i 32 131 56 510 ·134 668 ·11 
48 66 121 187 2 20:.. 33 131 52 419 ·232 657 -11 
49 66 308 374 0 20'' .. 

33 140 52 432 • 58 664 + 7 
1950 66 138 204 0 '18~1 . 33 152 52 426 -222 655 - 9 

51 66 106 172 0 14•1 35 162 49 395 -223 646 • 9 
52 66 225 291 0 13:! 37 163 48 380 - 89 651 + 5 
53 66 118 184 0 13'1 52 159 48 398 -214 646 • 5 
54 66 87 153 0 9'1 61 167 46 373 -220 637 - 9 

1955 66 50 .116 0 6; 71 169 44 350 -234 631 - 6 
56 66 20 86 0 2:1 94 187 42 346 -260 627 - 4 
57 66 947 1,013 0 to,; 53. 166 46 370 643 654 +27 
58 66 1,346 1,412 14 22'' 37 167 53 498 914 678 +24 
59 66 534 600 24 22' 46 171 57 525 75 675 - 3 

1960 66 663 729 26 23, 42 169 57 524 205 679 +4 
61 66 565 631 42 24L 39 174 57 553 78 676 - 3 
62 66 172 238 9 19 ~ . 51 188 55 496 -258 666 -10 
63 66 112 178 1 15) 52 195 52 450 -272 653 -13 
64 66 258 324 ·0 137 48 183 so 418 - 94 653 0 

1965 66 452 518 4 18·} 45 183 52 473 45 669 +16 
66 66 399 465 2 193 46 181 53 475 • 10 657 -12 
67 66 353 419 0 llL 77 214 51 473 • 54 660 +3 
68 66 688 7~4 17 231 37 184 53 522 232 670 +10 

1969 66 402 468 5 2ll 55 206 55 532 - 64 670 0 

1934-69 2,376 13,633 16,009 837 7.08~ 1,412 5.288 1,912 16,538 -529 - 2 
ave • 66 379 445 23 197 39 147 53 459 - 14 

. - ' __ ,.. __________________ . ____ ---- -~--·--· 
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Table 2. Estim:1tcd historic inflo~-1 ~md outfloto~ 1 

Central Pool various n~riods ';""' 

(1,000 acre-feet per year) 

1948- 1960- 1934-1947 & 1934-
!E.!.!!! 1956 1969 1957-1969 1969 

Inflow 
Di':"act recharge 

Frio and Dry Frio Basins 26 96 94 77 
Sabinal Basin 11 33 39 32 
Area between Sabinal and 22 86 90 73 

Hac:!ina Basins \ 

Medina River B~sin 22 60 60 51 
Area between Medina and 19 48 68 56 

Cibolo 
Cibolo and Dry Comal Creek 30 83 110 90 

Basins 

Subtotal 130 406 461 379 

Underflow from Uvalde pool 66 ~ 66 66 ·-. -
Total in flo,., 196 472. 527 445' 

~ 
Outflow 

t•lells . - Irrigation 50 49 36 39 
c~~~~:r. 15; 100 l4l 14:' -

Subtotal 209 237. 178 186 

San Antonio Springs 0 11 31 .. 23 
Cooal Springs 134 191 218 197 
Underflow to San Narcos pool ~ 53 • 55 : 53 

Total·outflow 391 492 482 It 59 
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Memorandum 

To: 

From: 

Files 

Chief, Hydrology Division 

Austin, Texas 
June 6, 1972 

Subject: San Marcos Pool of Edwards Underground Aquifer 

The San Mars::os Pool 

The San Marcos Pool ~s a portion of the Edwards 
Underground Aquifer in the general vicinity of San Marcos which 
has a relatively flat piezometric water surface and a lower 
piezometric water surface than the aquifer to the west. It is 
postulated that the lower water surface is caused by a zone which 
.bas considerable resistance to flow located between the Central 

· Pool and the San Marcos Po.ol and by fact that San Marcos Springs 
provides an outlet ·at a considerably lower elevation than any natural 

. outlet in the Central Pool. Figure 1. shows the location of the San 
Marcos Pool. Its approximate outlines were: determined by <::xami­
nation o£ 'water level contour maps !or the Edwards Underground for 
various dates (January 1952, August .1954, August 1956, March 1958, 
January 1961) that were presented in Texas Board of Water Engineers 
Bulletins 5608 and 6201 and Texas Water Development Board Report 
34. 

Historic Water Levels 

Water level observations are available !or several 
wells in the San Marcos Pool. Water surface elevations for well 
G-25 is plotted on Figure 2. Figure 1 shows the location of this 
well. The historic fluctuations in water levels in well G-25 have 
been very small compared to wells in the Central Pool. The influ­
ence of Comal and San Marcos Springs is responsible for the small 
fluctuation.- So long as these two springs are flowing, water levels 
in well G-25 will always be somewhere between the outlet elevation's 
of these two springs. Well G-25 does not display the severe summer 
drawdowns that have occurred in Centra_! Pool wells during some 
recent years. The lowest water level on record occurred in the 
summer o£ 1956. 
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Historic Inflow 

Inflow to the San Marcos Pool consists of underil.ow 
in the aquifer from the Central Pool, plus direct recharge to the 
San lv!arcos Pool. The inflow to the San Marcos Pool from the Central 
Pool was estimated from an annual plot of outflow from the aquifer in 
Hayes County vs. average beginning and end-of-year elevation in well 
#2.6. Figure 3 presents this plot. 1939 and 1956 were the key years. 
During these two dry years, almost all o£ the discharge in Hayes 
County in excess of the USGS estimate of local recharge was assumed 
to be supplied by underflow from the Central Pool. The underflow from 
the Central Pool was estimated by entering the line of Figure 3 with 
the average water surface elevation at well 112.6 each year. Table 1 
lists the estimated average annual underflow from the Central Pool 
each year. It averages 53, 000 acre-feet per y~ar during 1934-1969. 
This procedure assumes that very little of the 1939 and 1956 outflow 
in Hayes County was derived from a decrease in aquifer content in 
the San Marcos Pool. If a considerable amount of the outflow was 
from storage, then the underflow from the Central Pool is overesti­
mated. The progression on Figure 3 from 1953 through 1956 raises 
the question of what would have happened in 1957 if it had been a dry 
year. The 1938-1939-1940 situation is similar. 

The USGS has estimated the recharge from the Blanco 
River Basin and adjacent area for each year 1934-1969. Blanco 
River recharge estimates are suppor!:ed by a gaging station above 
the fault through this period and a gaging station below the fault that 
began operation in 1956. Recharge estimates for adjacent areas 
are not supported by gages in those areas. The 1934-1969 average 
re·charge estimate is 32., 000 acre-feet per year. However, the 
historic outflow in Hayes County is estimated to average 1 02., 000 
acre-feet per year, and the under!low from the Central Pool was 
estimated to average 53, 000 acre-feet per year. I£ these values 
arc correct, the average direct recharge to the San Marcos Pool 
must have been about 49, 000 acre-feet per year since the average 
annual change in content of the San Marcos Pool during the 1934-
1969 period must be quite small. The outflow consists almost 
entirely .of flow from San Marcos Springs and is accurate. As dis­
cussed earlier, the estimate of underflow from the Central Pool is 
more likely to be too high than too low. Consequently, in these 
studies, the average annual direct recharge to the San Marcos Pool 
was assumed to average 49, 000 acre-feet per year. A reliable 
estimate of change in San Marcos Pool content could not be made. 

.· .. 
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Consequently, direct recharge minus change in San Marcos Pool 
content were lumped together and are so listed in Table 1. Gen­
erally, when outflow increases, content also increases, and direct 
recharge will be larger than (direct recharge minus change in con­
tent). When outflow decreases, the converse will be true, and 
direct recharge will usually be smaller than (direct recharge minus 
change in content). 

Historic OutOow 

Outflow from the San Marcos Pool occurs through 
San Marcos Springs and through wells. The estimated historic 
outflow each year is listed in Table 1. The well discharge in Hayes 
County has increased gradually but is still relatively small. Almost 
all of the historic outflow has been from San Marcos Springs. His­
torically, San Marcos Springs has always had a continuous flow. The 
smallest flow on record is 46 c. f. s. on August 15-16, 1956. Adequate 
data on the flow of San Marcos Springs is available for the entire 1934-
1969 period; · 

Change in San Marcos Pool Content 

Attempts were made to estimate the historic changes 
in content of the San Marcos Pool. These attempts were unsuccessful . 

Effect of the 1969 Level of Well Discharge 

Table 2 lists the estimated water balance for the San 
Marcos Pool for the 1969 level of well discharge from the whole 
aquifer. The undernow from the Central Pool is from the 1969 con­
dition operation study for the Ce~tral Pool. The direct recharge 
minus change in content for each year is the same as historic. The 
1969 condition well discharge was estimated from well discharge data 
for recent years and from year-to-year variations in 1969 condition 
well discharge estimated for the Central Pool. The discharge of San 
Marcos Springs was computed as the unknown item in the water 
balance. 

· · This tabulation assumes that with ·1969 condition well 

·~ 
~'\:' 

discharge, the change in San Marcos Pool content each year will be 
the same as historic. This assumption was necessitated by the lack 
of knowledge of historic changes in Central Pool content. The as sump­
tion is not entirely correct of course, but it is not grossly in error. 

• 
3 
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The estimated average 1969 condition discharge of 
San Marcos Springs is moderately smaller than the historic dis­
charge. San Marcos Springs continues to have continuous flow 
throughout the period of study. The 1956 flow of San Marcos 
Springs is 24, 000 acre-feet, compared to the historic 1956 flow 
o£ 46, 000 acre-feet. 

Effect of Aquifer Well Discharge 35o/o Higher than the 1969 Condition 
Well Discharge 

Table 3 presents the estimated water balance for the 
San Marcos Pool with the well discharge from the aquifer 35o/o higher 
than the 1969 level. The underflow from the Central Pool is from 
an operation study for this condition for the Central Pool. The 
direct recharge minus change in content is the same as historic. 
The well discharge from the San Marcos Pool is 35o/o higher than 
the estimated 1969 condition well discharge. The discharge of San 
Marcos Springs was c::omputed as the unknown item in the water 
balance. 

The estimated discharge of San Marcos Spt,ings is 
further reduced. Table 3 indicates zero flow for San Marcos 
Springs in 1956 and a small flow in 1955. The zero flow in 1956 
may not be correct. The San Marcos Pool change in storage in 1956 
may have been larger than assumed. Table 3 indicates that a small 
flow woula have occurred in 1956 if there had been no well discharge 
in Hayes County. 

. If the upward trend in well discharge from the aquifer 
that has prevailed since 1958 continues, the aquifer well discharge 
assumed in Table 3 will occur about 1990. 

Effect of Even Higher Well Discharge Rates 

Even higher well discharge rates would cause a 
further reduction in the flow of San Marcos Springs. Higher well 
discharges in Hayes County would have a direct effect on San 
Marcos Springs. The degree to which San Marcos Springs would 
be affected by higher well discharges west of Hayes County is un­
certain because the reduction in flow of San Marcos Springs that 
would result from water levels in the Central Pool that are lower 
than San Marcos Springs is uncertain. 

$.-JTy JJ~-~-
M. Geofge Schwab 
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T~bla 1. Historic wa~cr b3l~nca 2 S~n Xnrcos PooJ. 
(1,000 acre-feet) 

~ 
Historic 

Inflo~ minus change 
in content Outflow 

Under- Direct 
flow recharge 
from minus San Well discharge 

Ccntr~l chanr:c in Marcos Irriea-
~ Pool content Total Sprinp.s tion Other Total Total 

1934 55 31 86 85 0 1 1 86 
1935 56 41 97 96 0 1 1. 97 

36 58 35 93 92 0 1 l 93 
31 

,. 
58 29 81 86 0 1 1 87 

38 51 36 93 92 0 1 1 93 
39 55 16 71 10 0 1 1 71 

1940 55 23 78 77 0 1 1 18 
41 56 78 134 133 0 1 1 134 
42 51 55 112 111 0 1 1 112 
43 56 41 97 96 0 1 1 97 
44 56 79 135 134 0 1 1 135 

1945 56 81 131 136 0 1 1 • ·137 
46 57 77 134 133 0 1 1 134 
47 56 71 127 126 0 1 1 127 
48 52 25 77 75 0 2 2 77 
49 52 38 90 88 0 2 2 90 

~ 
1950 52 27 79 17 0 2 2 79 

51 49 20 69; 67 0 2 2 69 0 

·- 52 48 31 79 77 0 2 2 79 
53 48 53 101 99 0 2 2 101. 
54 46 34 80 78 0 2 2 80 

1955 44 19 63 61 0 2 2 63 
56 42 8 50 46 0 4 4 50 
57 46 67 113 110 0 3 3 113 
58 53 103 156 154 0 2 2 156 
59 57 61 118 116 0 2 2 118 

1960 51 86 143 141 0 2 2 143 
61 57 83 140 138 0 2 2 140 
62 55 43 98 96 0 2 2 98 
63 52 30 82 79 0 3 3 82 
64 50 23 73 70 0 3 3 73 

1965 52 74 126 123 0 3 3 126 
66 53 63 116 111 1 4 5 116 
67 51 31 82 78 1 3 4 82 
68 53 93 146 143 0 3 3 146 

1969 55 68 123 118 1 4 5 123 

1934-69 1,912 1,773 3,685 3,612 3 70 73 3,685 
Ave • 53 49 102 100 0 2 2 102 

• 

~ 



Table 2. Snn Marcos Pool water balance with 1969 condition 
aguifcr well di~chnr~e 

(1,000 acre-feet) 

Inflow minus change 
in content Outflow 

Ur,dcr- Direct 
flow recharge 
from minus San \-tell discharge 

c~ntra1 change in Marcos lrriga-
'!~!ar Pool content Total Springs tion Other Total Total -
1934 47 31 78 73 1 4 5 78 
1935 . 48 41 89 86 0 3 3 89 ,. 

36 51 35 86 82 0 4 4 86 
37 51 29 80 76 0 4 4 so 
38 50 36 86 82 0 4 4 86 
39 48 16 64 59 1 4 5 64 

1940 47 23 70 66 0 4 4 70 
41 49 78 127 123 0 4 4 127 
42 50 55 105 101 0 4 4 105 
43 49 41 90 86 0 4 4 90 
44 49 79 128 124 0 4 4 128 

1945 49 81 130 126 0 4 4 130 
46 50 77 127 124 0 3 3 127" 
47 49 71 120 115 1 4 5 120 
48 45 25 70 66 0 4 4 70 ,., 49 45 38 83. 80 0 3 3 83 

---
. 

1950 45 27 72' 68 0 4 4 72 
51 41 20 61 51 0 4 4 61 
52 38 31 69 64 1 4 5 69 
53 38 53 91 86 1 4 5 91 
54 32 34 66 61 1 4 5 66 

1955 27 19 46 41 1 4 5 46 
56 22 8 30 24 1 5 6 30 
51 31 67 98 94 0 4 4 98 
58 47 103 150 146 0 4 4 150 
59 50 61 111 107 0 4 4 111 

1960 50 86 136 132 0 4 4 136 
61 50 83 133 129 0 4 4 133 
'? 0- 49 43 92 88 0 4 4 92 
63 46 30 16 12 0 4 4 76 
64 43 23 66 62 0 4 4 66 

1965 47 74 121 118 0 3 3 121 
66 47 62 109 105 0 4 4 109 
67 46 31 77 72 1 4 5 77 
68 48 93 141 138 0 3 3 141 

1969 50 67 117 113 0 4 4 111 

1934-69 1,624 1, 771 3,395 3,246 9 140 149 3,395 
•AV!l.. 45 49 94 90 0 4 4 94 

r--..., 



T4b1e 3. San z.tnrcos Pool wn ter balance with 1. 35 x 19 69 condition 
aguifer well dischnrce 

(1,000 acre-feet) 

Inflow minus change 
in content Outflow 

Und~r- Direct 
flO\ol recharge 
from minus San \ole 11 discharge 

C!lntral change in }torcos Irriga• 
~ Pool content Total s2rinss tion Other Total Total . ,. 
1934 37 31 68 62 1 5 6 68 
1935 40 41 81 77 0 4 4 81 

36 46 35 81 76 0 5 5 81 
37 47 29 76 70 1 5 6 76 
38 45 36 81 75 l 5 6 81 
39 38 16 54 48 l 5 6 54 

1940 36 23 59 53 1 5 6 59 
41 39 78 117 111 1 5 6 117 
I? .. _ 42 55 97 91 1 5 6 97 
43 41 41 82 76 1 5 6 82 
44 39 79 118 112 1 5 6 118 

1945 42 81 123 117 1 5 6 123 
46 43 77 120 116 0 4 ~ 4 120 

~ 
47 43 71 114 108 1 5 6 114 
4S 31 25 56 50 1 5 6 56 
49 28 38 66 62 0 4 4 66 

1950 29 27 56 50 1 5 6 56 
51 21 20 41 35 1 5 6 41 
52 18 31 49 43 1 5 6 49 
53 15 53 68 62 1 5 6 68 
54 7" 34 41: 35 1 5 6 41 

1955 -1 19 18 12 1 5 6 18 
56 -3 8 5 1/ 0 1 7 8 1/ 8 
57. 0 67 67 l/59 0 5 5 l/64 
58 20 103 123 118 0 5 5 123 
59 31 61 92 86 1 5 6 92 

1960 33 86 119 113 1 5 6 119 
61 36 83 119 113 1 5 6 119 
62 32 43 75 69 1 5 6 75 
63 23 30 53 47 1 5 6 53 
64 17 23 40 34 1 5 6 40 

1965 25 74 99 94 1 4 5 99 
66 28 62 90 84 1 5 6 90 
67 25 3.1 56 50 1 5 6 56 
68 33 93 126 122 0 4 4 1?' -0 

1969 39 67 106 100 1 5 6 106 

1934-69 1,065 1,771 2,836 2,630 29 177 206 2,836 

~ 
Ave. 30 49 79 73 l 5 6 79 

-- 17 OverciraJ:t of 3 in 1956 was carried into 1957. 
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Memorandum to Files 

From: Chief, Hydrology Division 

----·· .. -···- ····-·· ...... -----·----·-· 
Austin, Texas 
June 30, 1972 

S.1bject: Edwards Underground Aquifer 

General 

Studies were made of the historic operation of the 
aquifer, its estimated performance during the 1934-1969 period 
with the 1969 level of well discharge, and its performance with a 
well discharge 350/o larger than the 1969 level. Some speculations 
were made about the effect of still higher levels of well discharge. 

· For these s~udies the aqui!er was considered to consist 
of three pools separated by short reaches of restricted flow. The 
approximate outline of these pools is shown on Figure 1. The 
Uvalde pool is in the vicinity of Uvalde. It has a relatively flat 
piezometric water surface and a considerably higher piezometric 
water surface than the Central pool to the east. It is postulated that 
the hiaher water surface elevation of the Uvalde oool is caused bv a - . - . 
zone located between the Uvalde pool and the Central pool which has 
considerable resistance to flow and by th~ existence of natural 
outlets (San Antonio and Comal Springs) in the Central pool that are 
at a considerably lower elevation than the natural outlet (Leona 
Spl"ings) il1 the Uvalde pool. 

The San Marcos pool is located in the vicinity of San 
Marcos. -It has a r~latively flat piezometric water surface and a 
lower piezometric water surface than the Central pool. It is 
postulated that the lower water surface is cau.sed by a zone located 
between the San Marcos pool and the qentral pool which has con­
siderable resistance to flow, and also by the fact that San Marcos 
Springs provides an outlet in the San Marcos pool at a considerably 
lower elevation than any natural outlet in the Central pool. 

The Central pool is located between the Uvalde pool and 
the San Marcos pool and is by far the largest pool. The pool 
outlines shown on Figure 1 were. det~rmined by examination of 



water level contour maps for the Edwards Underground for various 
dates (January 1952, August 1954, August 1956, March 1958, 
January 1961) that were presented in Texas Board of Water 
Engineers Bulletins 5608 and 6201 and Texas Water Development 
Board Report 34. 

In_the various studies, the flow in the Edwards Under­
ground from the Uvalde pool to the Central pool and the !low from 
the Central pool to the San Marcos pool were considered to be 
relatively constant and to vary with the hydraulic gradient between 
the respective pools. 

Figure 2 shows historic well hydrographs. Table 1 
lists the estimated historic annual water balance for each of the 
three pools and aquifer totals. Table 2 lists corresponding data 
with 1969 condition well discharge, as estimated from aquifer 
operation studies. Table 3 lists similar data for a well dis charge 
35o/o higher than the 1969 condition. Table 4 lists average annual 
values for the 1948-1956 period for the historic condition, the 1969 
well discharge condition, and for a 35% higher well discharge than 

. the 1969 condition. Table 5 lists the corresponding averages for 
the 1934-194-7 plus 1957-1969 period, and Table 6 lists 1934-1969 
a\•erages. Figure 3 shows end-of-year water levels in well H-4.- 6, 
which is west of Uvalde, historically and as computed for the 1969 
condition and 135o/o of 1969 condition well discharge operation 
studies. Figure 4 sh~ws correspondiJ?.g data for well #26 which is 
located in San Antonio. Figure 5 shows the historic annual flow o! 
Leona Springs plus underflow and also the annual flows estimated 
in the 1969 condit1on and 135o/o of 1969 condition operation studies. 
Figur.e 5 also show.s similar data for San A:ntonio Springs. Figure 6 
shows similar data for Comal and San Marcos Springs. 

The 1948-1956 Drought 
'I 

----
The :water level sequences on Plate· 2 and recharge data 

on Tables 1, 4, and 5 indicate that recharge to the Edwards Under­
ground during the 1948-1956 drought period is by far the' lowest 
during the 1934-1969 period. Other studies summarized in the 
runoff annexes for the Nueces and San Antonio and Guadalupe River 
Basins indicate that recharge during the 1948-1956 4rought was 
much smaller than during any other drought since at least 1900. The 
1948-1956 situation is so severe and prolonged that it could be 
considered to be an abnormal event of unknown recurrence frequency 



that belongs to a different population than the remainder of the 
1900-1969 period. The following comparison of minim.um average 
recharge to the Underground Aquifer during the 1948-1956 period 
and during the remainder of the 1934-1969 period shows how severe 
the 1948-1956 period was. 

Consecutive years 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Minimum average recharge 
( 1000 acre-feet per year) 

. 
1948-1956 period 

44 
122 
143 
160 
185 
179 
183 
226 
221 

Remainder o£ 
1934-1969 period 

184 
224 
286 
366 
419 
429 
459 
476 
487 

Excluding 1948-1956, the average annual recharge was 
622, 000 acre-feet. The streams supplying recharge drain lime­
stone and are springfed. These springs can provide app':"eciable 
h"""coA +l"11•r ,.l,",_.;..._no co-J..."'.,.'fo ,.l.,.nu,.'"-f-- ~ •• ~ ¥~~o"f- ,:r.11...,.:~,..- 1"-""' ri- ..... ,. .. "1,... ... ,..,,.,..1,... ___ ... r--·· ----·t:t -··--·-- .... -c----.., __ ··-- -----b ...... ..., ... b --- ... o··- __ ....,. __ 

as 1948-1956. 

The Uvalde Pool 

The Uvalde pool occupies a headwaters position in the 
Edwards Underground aquifer. 

Historic. Plate 2 shows the historic water levels in 
two Uvalde pool wells. Plate 1 shows the location of these wells. 
The water level in well H-4-6 has varied from 58 to 126 feet below 
ground surface, and the water level in well H-5-1 has varied 
between 27 and 105 feet below ground -level. Except for the 1948-
1956 drought and the recovery in 1957 and 1958, water depths have 
been in the shallow half of this range and have varied modestly. 
This favorable depth to water situation, coupled with suitable land, 
has resulted in a steady increase in irrigated acreage and well 
withdrawals for irrigation. Through 1969, the increased well 
withdrawals had not had a very noticeable ef:fect on depth to water 
or upon Leona Springs plus underflow. Leona Springs plus 
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under.Clow had no flow historically during 1952-1956 inclusive, but 
has had some flow during all other years. As indicated by the 
well hydrographs of Figure 2 and the data in Tables l, 4, and 5, 
the 1948-1956 drought was not as severe for the Uvalde pool as 
for the Central pool. Considerable recharge to the Uvalde pool 
occurred in 1953, 1954, and 1955. 

The Nueces River and adjacent minor streams and the 
Dry Frio were assumed to supply recharge to the Uvalde pool. It 
was estimated that about hal£ of the Dry Fl'io recharge went to the 
Uvalde pool and about hal£ directly to the Central pool. USGS 
estimates of recharge from these sources were used for most years. 

USGS estimates· of well dis. charge for Uvalde County 
were divided into Uvalde pool and Central pool components. The 
dividing line for this estimate was approximately along the Frio 
River. 

The disch.arge from the Uvalde pool through eastward 
!low in the Edwards Underground aquifer to the Central pool was 
computed between times of equal water levels .in the Uvalde pool as 
the estimated recharge minus the estimated discharge of Leona 
Springs and underflow and minus the estimated well discharge. 
Such con1putations re~:>ulted in an average result of about 66, 000 
acre-feet per year. This value was used as the estimated historic 
underflow from the Uvalde pool to the Central pool for all vears 
despite some moderate historic variations in hydraulic gradient 
between the two pools • 

. Annual operation studies for the 1969 condition aquifer 
well discharge and for an aquifer and individual pool well discharge 
35Cfo larger than the 1969 level were made for the Uvalde pool. The 
well discharge was varied from year to year according to precipi­
tation conditions in both operation studies. In these studies, the 
underflow from the Uvalde pool to the Central pool was assumed to 
be proportional to the hydraulic gradient bet\~een well H-4-6 and 
well I-4-12. Since the Uvalde pool and Central pool operation 
studies were run separately, there is a little inconsistency between 
the studies for these pools in this gradient or the underflow • 
These discrepancies are within the margin of error of other items 
in the computation. The flow oi Leona Springs plus underflow was 
estimated from the computed water level in well H-4-6 and a fairly 
good correlation between historic water level in well H-4-6 and 
historic flow of Leona Springs plus ~derflow. A 4, 500 acre-foot 
change in Uvalde pool content from the historic value was 
estimated to cause a 1-foot change in water level i~ well H-4-6. 
This is based upon analysis of historic data. The operation study 
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procedure was to compute the accumulated change in Uvalde pool 
content from the historic value at the end of each year, divide this 
by 4, 500 acre-feet to obtain the change in water level in well 
H-4-6 from the historic value at the end of the year and add this 
change in level to the historic water level to obtain the study water 
level at the end of the year. During those months when the historic 
water level in.wellli-4-6 was above 883 feet, but the water level in 
this study was below 883 feet, it was assumed that the net recharge 
from the Nueces River would increase by an amount equal to the 
historic !low of the Nueces River below Uvalde in excess of 1, 000 
acre-feet but not over an increase in recharge of 3, 000 acre-feet 
per month. Correlations using historic flow clata for the Nueces 
River indicate that the net recharge increases by up to about 5, 000 
acre-feet per month under this situation but an upper limit of 3, 000 
acre-feet per month was used in this study because of limited 
knowledge about the effect of pumping induced drawdowns on water 
levels at the Nueces River. 

Figure 3 shows water levels in well H-4-6 at the end 
of each year historically anci as computed in the two operation 

. studies. Figure 5 shows corresponding data on the annual flow of 
Leona Springs plus underflow. The contrast between the water 
levels in recent years and those indicated by the 1969 condition study 
and the contrast between theflow of.Leona Springs in recent years 
and the flow indicated bv the 1Q69 condition studv indicates that the 
1969 condition study m.;.y be .a little out of whack and overly pessi­
mistic as regards water ·levels and the flow of Leona Springs. The 
decline in water levels in the Uvalde pool indicated by the 1969 . 
condition of well discharge study are significant but not catastrophic. 
Even with the 35o/o higher than 1969 well discharge, depth to water 
in the Uvalde pool would be less than the historic depth to water in 
much of eastern Uvalde and western and central Medina Counties. 
The most serious consequence that the operation studies indicate is 
the virtual elimination of Leona Springs plus underflow. 

Even higher well discharges would cause even lower 
water levels ill the Uvalde pool. However, it is almost certain that 
the depth to water in the Uvalde pool will continue to be considerably 
less than the depth to water in eastern Uvalde County and western 
and central Medina County. Therefore any decrease in irrigation 
use caused by excessive depth to water will occur in eastern Uvalde 
County and western and central Medina ·county first and tend to 

. J 

buffer the Uvalde pool for a while. 
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The Central Pool 

The Central pool is far larger than the other two pools. 
It has a much larger local recharge and much larger discharge. 

Historic. Historically, the Central pool has received 
a relatively constant inflow of about 66, 000 acre-feet per year 
!rom the Uvalde pool and has discharged a fairly constant outflow 
of about 53, 000 acre-feet per year to the San Marcos pool. 
Historic water level fluctuations in the Central pool have been 
almost entirely caused by variationt:> in direct recharge to the 
Central pool and by the steadily increasing well discharge from the 
Central pool. Plate 2 shows the historic water levels in five 
Central pool wells. Plate 1 shows the location of these wells. The 
depth to water in welll-4-4 has varied from 172 to 289 feet, in 
welll-4-12 from 180 to 291 feet, in well J-1-82 from 47 to 135 
feet, and in well 26 from 43 to 107 feet. The time pattern of the 
water level £luctuations in the Central pool wells is very similar, 
but the amplitude dec"reases down aquifer. The decreased amplitude 
of water level fluctuations can be attributed to the influence of San 
Antonio and Comal Springs which act as pressure regulating valves. 
During some recent years, the water levels in the five Central pool 
wells have displayed severe summer drawdowns. This is a striking 
characteristic of their hydrographs. The drawdowns were particu­
larly severe in 1967 and 1971. Summer drawdowns are evident in 
welllb starting about 1953 and in well .1-4-12. starting about 1959. 
These summer drawdowns are caused by1,large seasonal well 
discharges from the Central pool and are aggravated by below 
normal recharge. The swnmer drawdowns are much larger than 
would be expected from the volume of pumping and comparisons of 
change in well elevations from beginning to end of a year with 
computed change in aquifer content during the year. This suggests 
that whatever maintains the artesian pressure in the Central pool -
presumably the gravity portion of the aquifer plus flow through the 
artesian area - does not transmit water at a fast enough rate 
during the summer to fully maintain the artesian pressure. This 
results in a decreased artesian pressur~ in the summer followed 
by a pres sure recovery in the winter when the well discharge is 
smaller. The severe summer drawdowns in the. artesian portion 
o£ the aquifer also suggest that much of the experienced change in 
aquifer content has occurred in the gravity portion of the aquifer. 
The flow of Coma! Springs is closely correlated with the water 
level in well 26. During some recent dry years, Comal Springs 
has displayed a seasonal patte~n of flow with summer !low 
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considerably smaller than winter flow. The 1948-1956 drought 
was very severe in the area that recharges the Central pool and 
caused severe declines in Central pool water levels. The lowest 
water levels on record occurred during the summer of 1956, and 
the water levels at the end of 1956 were much lower than the water 
levels at the end of any subsequent year. Historically, Comal 
Springs has flowed continuously except during June 13, 1956, 
through November 2, 1956, when there was no flow. San Antonio 
Si)rings did not have any £low during 1949 thrmtRh 1957, 1964, and 
1967. Since 1947, there have been periods of no flow during most 
years. Figure 5 shows the historic discharge of San Antonio 
Springs each year and Figure 6 shows the historic discharge of 
Coma! Springs each year. 

USGS estimates of recharge from the various basins 
were used in compiling the total direct recharge to the Central pool 
each year. 

Well discharge f~om the Central pool has increased. 
steadily. The largest well discharge for irrigation occurred in 

·1956. There has been an uptrend m recent years, however. Well 
discharge for other purposes has increased throughout the 1934-
1969 period. The discharge from the Central pool through eastward 
flow in the Edwards Underground aquifer to the San Marcos pool was 
eRtimatP.d bv \li=:P. nf an ::ll')ntlal nll)t nf outflow f,.f\rn thP F.clw;~,.r}E . . . 
Aquifer in Hays County vs. average beginning and end-of-year 
water elevation in well 26. 1939 and 1956 were the key years in 
this comparison •• During these two dry years almost all of the 
dischargein Hays County in excess of the USGS estimate of local 
recharge was assumed to be supplied by underflow from the Central 
pool. A straight line connecting these two points was drawn on the 
graph and used to eFt:imate the flow from the C~ntral pool to the San 
Marcos pool. 

Annual operation studies for the 1969 condition aquifer 
well discharge and for an aquifer and individual pool well discharge 
35o/o larger than the 1969 level were made for the Central pool. 
The well discharge for both studies was estimated in two components: 
irrigation and other. Both of these components were varied from 
year to year according to precipitation. During the 1949-1957 
period, irrigation well discharge was increased by 6, 000 or 
12, 000 acre-feet per year in this study because of Medina Project 
shortages and the existence of a considerable number of irrigation 
wells in the Medina Project area. These wells were assumed to be 
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idle during the remainder of the period of study. The underflow 
from 'the Uvalde pool to the Central pool was obtained from the 
1969 condition operation study for the U:valde pool for the 1969 
condition study and was estimated to be 12, 000 acre-!ect r,er year 
smaller t.han this for the study with a 3511/o larger well discharge. 
Direct recharge to the Central pool was assumed to be the same 
as his to ric. 

Tho 1969 condition study discharge o£ San Antonio 
Springs and o! Comal Springs were estimated from correlations 
for the 1956-1969 period between their flow and the water surface 
elevation in well 26, and from the water surface elevation in well . 
26 computed in the study. The same procedure was used in the 
study with 35% higher well discharge, except that the correlation 
curves with year-end water level were raised 2 feet to allow for 
the more severe summer drawdowns assumed to accompany the 
larger well discharge. The underflow from the Central pool to the 
San Marcos pool was estimated from the water surface elevation in 
well 26 computed in the studies and the estimated historic relation­
ship between these two items described earlier. It was also 
assumed that as the water surface elevation in well 26 approached 
577 feet, the underflow to the San Marcos pool would approach zero. 
In the 1969 condition study, the correlation was raised 4 feet and 
in the 3511/o higher discharge study the correlation was raised 6 feet. 
These adjustments were to allow :for the summer drawdowns in 
well 26 that have occurred in recent years and the greater summer 
d~awdowns that it was assumed would accompany even higher well 
discharge rates. 

In these studies, the water level in well 26 at the end 
-of each su<:ceeding year was computed by trial and error •. The 

. correct value produces an outflow from the Central pool such that 
the difference in well 26 water sur!ace elevation at the end of the 
year from the historic value is compatible with the cumulative 

. difference in Central pool (inflow min~s outflow) from the historic 
value and the assumed change in aquifer content of 36, 000 acre­
feet per foot change in well 26 water ~urface elevation. 

Figure 4 shows the end-of-year water levels in well 
H-4-6 at the end of each year historically and as computed in the 
two operation studies. The declines in water level in well 26 
indicated by the 1969 condition study and.by the 35% larger than 
1969 condition well discharge study are significant but not extreme. 
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The depth to water in the well J-1-82 would be 100 to ·195 fe.et and 
in well 26, 91 to 167 feet, in the high well discharge study, and 
would be 39 to 60 feet lower than historic;. 

The 1969 condition operation study shows !low fro:rl'l 
San Antonio Springs during only a few years, and the operation 
study for a well discharge 35o/o higher than the 1969 condition shows 
no flow at all from San Antonio Springs. 

The operation study for 1969 condition well discharge 
indicates zero !low from Comal Springs in 1955 and 1956 and no 
flow during part of the year in 1951, 1952, 1953, 1954, 1957, 1963, 
and 1967. The operation study for a well discharge 35o/o higher than 
the 1969 level indicates no flow from Coma! Springs during 1950-
1959 inclusive, and 1962-1965 inclusive, and no flow during part of 
the year during many other years. Continuous flow would occur 
during about one-third of the years. Figure 5 shows the historic 
and operation study flow each year for .San Antonio Springs and 
Figure 6 shows similar data for Comal Springs. 

Even higher well discharges would cause lower water 
·levels in the Central pool. The only discharge from the Central 
pool other than well discharge shown in Table 4 is an average under­
flow of 30, 000 acre-feet to the San Marcos pool and an average 
discharge of 20, 000 acre-feet from Cc:>mal Springs. Thu.s if well 
disch?- !"ge f!"O!r' the TJv~!de p!u~ O~nt!"a! ;'~<:'! '.'.'.e !"e teo i~C!"ea ~e b~• 
another SO, 000 acre-feet per year, the Central pool would be on 
the verge of a mining situation. If historic trends in well discharge 
continue, this situ.ation will be reached by about year 2000. The 
Central pool might be able to draw some water from the San Marcos 
pool, but the amount is uncertain and probably small without very 
low water levels in the Central pool. During the first modest 
drought after this le·1el of well discharge is equalled or exceeded,. 
the water levels in the piezometric portion of the Central pool will 
be reduced so severely as to seriously affect the economics of 
irrigation from the Edwards. The decline in piezometric water 
levels in the Central pool might be ver'i rapid during dry years. 
The summer drawdown would be even· more severe than during 
recent dry years, and the higher well discharges during the fall 
and winter might prevent a complete or even partial recovery to 
normal levels. Piezometric water levels could drop 60 feet a year 
under such circUmstances. Any abnormal drawdown during dry 
years might be quickly overcome during subsequent wet years. 
Regardless, well discharges from the Uvalde plus Central pools that 
exceed average· recharge to the two pools would eventually result 
in water levels much lower than historic and make irrigation 
uneconomic. 
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The San Marcos Pool 

The San Marcos Pool is the lowermost pool. 

Historic. The discharge from the San Marcos Pool 
has averaged 102, 000 acre-feet. Almost all of the discharge !rom 
the San Marcos Pool has been from San Marcos Springs. Well 
discharge has increased gradually but is still relatively small. 
The smallest fiow o£ rocord !or San Ma.rcos Springs is 46 c. f.s.on 
August 15-16, 1956. • 

Inflow to the San Marcos Pool consists of underflow 
from the Cen.tral Pool plus direct recharge to the San Marcos Pool 
from the Blanco River and adjacent streams. The inflow to the 
Central Pool has been relatively constant and is estimated to have 
averaged 53, 000 acre-feet per year. If the recharge from the 
Central Pool has been relatively constant, almost all of the varia­
tion in the flow of San Marcos Springs has been caused by variations 
.in local recharge to the San Marcos Pool. The local recharge to 
the San Marcos Pool is estimated to have averaged about 49, 000 
acre-feet par year. 

Tables 1, 4, and 5 indicate that the 1948-1956 drought 
was not a·s severe for the San Marcos Pool as for the Central Pool. 
The data indicates above average recharge during 1953. 

Water level observations are available for several wells 
· iil the San Marcos Pool. Water surface elevations for well G-25 
are plotted on figure. 2. The historic fluctuations in water levels 
in well G-25 have been very small compared to wells in the Central 

.Pool. The influence of Comal and San Marcos Springs is responsible 
for the small fluctuation. So long as these two springs are flowing, 
water levels in well G-25 will always· be somewhere between the 
outlet elevations of these two springs. Well G-25 does not display 
the severe summer drawdowns that have occurred in Central Pool 
wells during some recent years. The lowest water level on record 
occurred in the summer of 19 56. 

Effect of the 1969 level of well discharge. Table 2 
lists the estimated water balance for the San Marcos Pool for the 
1969 level of well discharge from the whole aqui!er. The underflow 
from the Central Pool is from the 1969 condition operation study 
!or the Central Pool. The direct recharge minus change in content 
for each y~ar is the same as historic. The 1969 condition well 
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discharge was estimated !rom well discharge data for recent. 
years and from year-to-year variations in the 1969 condition well 
discharge estimated for the Central Pool. The discharge of San 

•' 

Marcos Springs was computed as the unknown item in the water 
balance. This tabulation assumes that with 1969 condition well 
discharge, the change in San Marcos Pool content each year will 
be the same a~ historic. This assumption was necessitated by the 
~ack of knowledge of historic changes in San Marcos Pool content. 

The estimated 1969 condition discharge of San Marcos 
Springs is moderately smaller than the historic discharge. The 
estimated 1956 flow of San Marcos Springs is 24, 000 acre-feet, 
compared to the historic 1956 flow of 46, 000 acre-feet. 

Effect of well discharge 35o/o higher than the 1969 
condition. Table 3 presents the estimated water balance for the 
San Marcos Pool with the well discharge from the whole aquifer 
35% higher than the 1969 level. The method of computation is 
similar to that for the 1969 condition study. The study indicates 
that San Marcos Springs would have a small flow in 1955 and no flow 
,in 1956. If more adequate knowledge were available on change in 
storage in t~e San Marcos Pool, this result might be modified. 

Effect of even higher well discharge rates. Even higher 
well discharge rates would cause a further reduction in the flow of 
San Marcos Springs. Higher well dis~harges in Hays County would 

. have a direct effect on San Marcos Springs. The degree to which 
San Marcos Springs would be affected by higher well discharges 
west of Hays .County is uncertain because the reduction in flow of 
Sa.n ~arcos Springs that would result from :water levels in the 
Central Pool that are lower than San Marcos Springs is uncertain. 

~~v&.~ctff.J. 
-M. Goorge Schwab 
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Table 4. 

r Edwards Underground Aquifer 
1948-1956 averages 

(1000 acre-feet per year) 

1.35 X 1969 
1969 condition 

!!!:!!! Historic condition well discharge 

Uvalde Pool: 
Recharge 63 65 65 
Outflow: 

Leona Springs plus underflow 3 0 0 
Irrigation wells 11 38 51 
Other wells 3 4 6 
Underflow to Central Pool ~ 53 ..i! 

Total 83 9s 98 

Central Pool: 
Inflow: 

Underflow from Uva\de Pool 66 53 41 
Direct recharge 130 130 130 

'l.'otal m "ffi m 
Outflow: 

San Antonio Springs 0 0 0 

r' Comal Springs "134 45 2 
. . Irrigation wells 50 88 144 

Other wells 159 224 277 
Underflow to San Marcos Pool 48 37 16 

Total 391 m 439 

San Marcos Pool: 
Inflow minus change in content: 

Underflow from Central Pool 48 37 16 
Direct recharge minus change 

in.content 28 28 28 
l'otal 76 .65 41-. 

Outflow: 
San Marcos Springs 74 61 38 
Irrigation wells 0 0 1 
Other wells 2 4 5 

Total 76 6s 44 
~ 

Aquifer total: 
Recharge 221 223 223 
Outflow: 

Springs 211 106 40 
Irrigation wells 61 126 196 
Other wells 164 232 288 

~ 
Total m 464 524 . 





Table 6. 
Edwards Underground Aguifer 

1934-1969 Averages 
(1000 acre-feet per year) 

1. 35 X 1969 
1969 condition 

.!.!!!! Historic condition well discharge 

Uvalde Pool: 
Recharge 94 102 102 
Outflow: 

Leona Springs plus underflow 13 1 0 
Irrigation wells 10 34 46 
Other wells 3 4 6 
Underflow to Central Pool 66 59 47 

Total 92 98 99 

Central Pool: 
Inflow: 

Underflow from Uvalde Pool 66 59 47 
Direct recharge . 379 379' 379 

Total m m 426 

Outflow: 
San Antonio Springs 23 0 0 

~ 
Comal Springs 197 109 20 
Irrigation wells ·. 39 71 121 
Other wells 147 216 266 
unaerflow to San Ma~cos Pool 53 45 30 

Total m 441 m 
San Marcos Pool: 

Inflow minus change in content: 
Underflow from Central Pool 53 45 30 

Direct recharge minus change 
in content 49 49 49 

Total lo2 94 79' 

Outf~ow: 

San Marcos Springs 100 90 73 

Irrigation wells 0 0 1 

Other wells 0 2 4 5 

Total lo2 94 79 

Aquifer total: 
Recharge 522 530 530 

Outflow: 
Springs 333 200 93 

Irrigation wells 50 105 168 

Other wells 152 224 277 

~ 
Total :m ill 538 

< 
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United States Department of the Interior 
BUREAU OF RECLAMATION 

SOUTIIWEST REGION 
HERRING PLAZA BOX H -4377 

IN REPLY 
REFER TO: 750 AMARILLO, TEXAS 79101 

144. 
September 19, 1973 

Memorand\DU 

To: Files .•. 

From: George Schwab, Hydraulic Engineer 

Subject: Perfo~ance of Edwards Aquifer When Subjected to Increasing 
Well Discharge 

My memorandum to files dated June 30, 1972, described and summarized 
the results of studies of the perfo~ance of the Edwards aquifer when 
subjected to steady state levels of well demand, namely, the 1969 
level of demand and 1.35 X the 1969 level.of demand. Historically, 
the aquifer has been subjected to increasing well discharges. This 
is shown on attached figure 1. In the absence of new restrictive 
laws, this trend toward increasing well discharge can be expected 
to continue in the future, with perhaps occasional interruptions 
and drops in well discharge when and if surface waters are developed 
and substituted for well water. This memorandum describes studies 
of the perfo~ance of the Edwards aquifer if it is subjected to 
steadily increasing well discharges and variety of climatic con­
ditions in the future. The studies are on an annual basis. 

Period of study. The studies begin with well elevations at the end 
of 1971, and cover the period from 1972 through 2027. Climatic con­
ditions during the 1972-2027 period·are assumed to be as follows: 

These studies omit the 1948-1956 drought period, and are intended to 
show the perfo~ance of the aquifer if a drought a~ severe as 
1948-1956 does not occur during the 1972-2027 period. Three substudies were 
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run to dete~ine what would happen if the 1948-1956 drought did occur. 
The study years during which the 1948-1956 climatic sequence was assumed 
to recur were: 

Study 1 B Study 1 C Study II B 

Study Years 1986-1994 2014-2022 2000-2008 

In each case, the 1948-1956 climatic sequence is assumed to follow the 
1934-1947 climatic sequence of study I or study II. 

Of course droughts less severe than 1948-1956, but more severe than the 
droughts that occurred during the remainder of the 1934-1970 climatic 
sequence can occur. Available evidence indicates that such a drought 
did occur during the 1925-1930 period. Aquifer conditions in this 
event would be intermediate between those of studies I and II, and 
those of studies I B, ~ c, and II B; 

Projected well discharge. Figures 1 and 2 show the projected future 
average well discharge for the 1934-1947 and 1948-1970 climatic condi­
tions. The average well discharges shown on figure l exclude Hays 
County, which is not very pertinent to studies of the Uvalde and Central 

. Pools, and are divided into "irrigation" and "other" subcomponents. In 
the year-by-year studies, separate computations were made for the Uvalde 
Pnnl. gno:J th.~ (!ont:rsl P-:-ol. Co~!:eque~t!:,·~ !:~e ~·~ell -!:!.:c~~r;e.~ ~·Jere !''.!!:-­

divided into Uvalde Pool and Central Pool components. For the Uvalde 
Pool, irrigated acreage was assumed to reach a maximum by 1990 because 
of limited suitable l~nd and remain constant ':.ther'eafter. In the Central 
Pool irrigated acreage and irrigation demands were assumed to increase 
throughout the 1972-2027 study period. The average "other" well demands 
for the Uvalde and Central Pools were also assumed to increase through­
out the 1972-2027 period approximately in proportion to the population 
increase estimated for the two areas by the Texas t~1ter Development Board 
in December 1972. - ·~ ~ 

In the studies, the well discharge for each yea.r for irrigation and 
"other" was assumed to vary from average in response to the assumed 
climatic condition that year. This year-to-year variation from average 
is substantial for the irrigation well discharge and much smaller for 
the "other" well discharge. The variations from average are the same 
as those used in the 1969 condition studies described in my June 30, 
1972, memorandum. · The actual values used in each year of the studies 
are shown in tables 1, 2, and 3. 

Aquifer recharge. The historic recharge for each climatic year was 
used for the Central Pool. For .the Uvalde Pool, the historic recharge 
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was used if the-elevation of well H-4-6 at the end of the preceding 
year in this study was above 883· feet. If the elevation at the end 
of the preceding year was below 883 feet, the 1969 condition study 
recharge was used. Nueces River rejected recharge is believed to be 
smaller when the well H-4-6 water surface elevation is below elevation 
883 feet than when it is above th~t elevation. For 1957 and 1958 
climatic conditions a recharge smaller than historic was used in this 
study, if the end of preceding year, water surface elevation in well 
H-4-6 exceeded 883 feet. Historically, the water levels prior to these 
two years were less than 883 feet. 

Underflow between pools. The underflow in the aquifer from the Uvalde 
Pool to the Central Pool was estimated by use of a correlation between 
the underflow estimated for the 1969 condition study, and the difference 
in water surface elevation between well H-4-6 and well 26 at the end of 
the preceding year in the 1969 condition study. This correlation is 
shown on figure 4. The underflow was. estimated by entering figure 4 
with the difference in water surface elevat!on of well H-4-6 and well 26 
at the end of the preceding yea~ in this study. 

The underflow in the aquifer from the Central Pool- to the San Marcos 
Pool was est~ted from a correlation between the underflow and the 
average of the water surface elevation of well 26 at the end of the 
preceding and current year. This correlation is shown on figure 5. 
Its derivation is described in my June 30, 1972, and June 6, 1972, 
&&&c=a&~U~c&L&e-!uau:.. · T!,~ ~..:il:l:Olati~l6 O!,VWii i;. :,}-.~ Jwr.-: 61 !~721 ;;e..::;V;:Q6i.d\.:.~ ".,..., 

displaced upward 6 feet to allow for g~eater than historic summer draw­
downs in well 26. When the water surface elevation of well 26 in these 
studies was below the San Marcos Springs outlet level, a reverse flow 
from the San Marcos Pool to the Central Pool was assumed to occur. 

Discharge from Springs. The discharge of Leona Springs plus Leona River 
underflow was estimated from a correlation between this flow and the end 
of preceding year water surface elevation in well H-.-,-6. Figure 6 sho~zs 

this correlation. - .· ... 
The discha~ge of San Antonio Springs was estimated by use of a correla­
tion between its flow and the average of the water surface elevation 
of well 26 at the end of the preceding and.current year. Figure 7 shows 
this correlation. 

The discharge of Comal Springs was estimated by use of a correlation 
between its flow and the average of the water surface elevation of well 26 
at the end of the preceding and current year. Figure s.shows this 
correlation. 
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For all three springs, the historic climatic year deviation from the 
correlation expressed in te~s of water surface elevation was assumed 
to recur in that climatic year of the study. 

For Comal and San Antonio Springs, the historic relationship (for 1956-
1969) between springflow and water surface elevation in well 26 was 
disp~aeed upward two feet.to allow for the greater than historic summer 
drawdown of well 26 that is .. expected to accompany greater than historic 
well discharges. 

Aquifer end of vear water surface elevations. The end of the year water 
surface elevation of well H-4-6 in this study was computed by adding 
the estimated change of this water surface elevation from the historic 
value to the historic value. The change was computed by dividing the 
accumulated value of (inflow this study-outflow this study)-(historic 
inflow-historic outflow) by 4.5. 

The end of the year water surface elevation of well 26 was computed by 
a similar procedure. The accumulated change in content from historic 
was divided by 36.0. 

A Uvalde Pool change in content of 4.5 thousand acre-feet is assumed 
to cause a one foot change in year end elevation of well H-4-6. A 
Central Pool change in content of 36.~ thousand acre-feet was assumed 
to cause a one foot chanee in vear end elev~tion nf wPll ?~~ n~TivD~inn 

of these values is described i~ my memo~andums dated June 30~ 1972, 
April 13, 1972, and May 31, 1972. 

An upper limit of 8~4 feet was placed upon the computed end of year 
water surface elevation of well H-4-6, and an upper limit of 685 feet 
was placed upon the well 26 elevation. These are historic maximums 
for these wells and are believed to reflect physical constraints. No 
corresponding limit wa~ placed upon the cumulative change in aquifer 
content from historic. This has a considerable effect on study years 
1972-1~85 of study II. 

Results of studies. The results of the studies are presented graphically 
un figures 1, 2, and 3, and the annual studies are presented on tables 
1, 2, and 3. 

Figure 1 shows the historic and projected future conditions in the 
Central Pool. The top graph shows historic and projected future well 
discharge from the"Uvalde plus Central Pools, and the average recharge 
to these two pools for the 1934-1947 and 1957-1969 pertods. What happens 
in the "upstream" Uvalde Pool affects the Central Pool. The projected 
demands are for an average climatic year. 
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The bottom graph on figure 1 shows the historic end of year water 
surface elevation in well 26, which is located in San Antonio, and 
the range of elevations experienced each year. The range in eleva­
tions during recent dry years has been very large. This is because 
of summer drawdowns caused by large summer well discharges. During 
fall and winter, the water surface elevation in well 26 has returned 
to "no:rmal" values that would be expected with the annual values of 
~nflow and outflow. The graph also shows the approximate water surface 
elevation in well 26 at which San Antonio Springs stops flowing, and· 
th. approx~t~ elevation at which Camal Springs stops flowing. The 
flow of these two springs is very nearly proportioned to the amount by 
which the water surface elevation in well 26 exceeds these zero flow 
elevations. The approxtmate elevation of the San Marcos Springs outlet 
is also shown. Although the water surface elevation in well 26 influences 
the flow of San Marcos Springs, local recharge to the San Marcos Pool 
also has a major effect. upon San Marcos Springs. If the water surface 
elevation in ~ell 26 were to drop below the San Marcos Springs outlet 
elevation, the hydraulic gradient would be reversed and·water would 
tend to flow from the San Marcos Pool to the Central Pool • 

. For the projected future well discharge, the lower graph of figure 1 
shows the median end of year water surface elevation in well 26 that 
the studies'show could occur with the 1934-1947 and 1957-1970 climatic 
sequences following each ot£er. Most end of the year water surface 
elevat1ons wou1a be Within- 12 teet of the median. The end'of year 
water surface elevation that would occur at the end of the 1948-1956 
climatic sequence if it shoul4 recur is also shpwn. The estimated 
future range in water elevations in well 26 is also shown. Two minimums 
are shown; one for the ;1934-1947, 1957-1970 climatic sequence, which 
would be the expected minimum without ~ severe prolonged drought such 
as occurred during 1948-1956; the other is for the summer of 1956 if the 
1948-1956 climatic sequence should recur. It is estimated that the 
minimum annual water surface elevation will equal or be lower than the 
mintmwa.for the 1934-1947, 1957-1970 climatic sequence about 14 percent 
of the years. • This is about 1 year in 7. 1967 is the climatic year in 
which this minimum occurs. The projected summer drawdown for recent 
climatic years is assumed to be proportioned to the well discharge, study 
value versus historic value. For 1956 the projectea summer drawdown is 
assumed to equal the historic 1967 summer drawdown multiplied by the ~atio 
of the projected future 11 195611 well discharge to tthe historic 1967 well 
discharge. 

These computations of minimum water surface elevations~assume that the 
severe summer drawdo\-ms of artesian head are overcome during the winter, 
and that the changes in end of year water levels are consistent with 
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their historic relationship wi~h computed change in aquifer content. 
If the winter well discharge gets large enough, this recovery may not 
occur during dry years. If the annual well discharge gets large enough, 
only a partial recovery of artesian head may occur in the winter during 
dry years even if winter well discharge is relatively small. Aquifer 
transmissibility rather than aquifer content could control end of year 
water surface elevations. Without the complete Winter recovery of arte­
sian head, water levels during dry years may be much lower than those 
shown for well 26 in the studies and ~n figure 1. Without any winter 
recovery during dry years the minimum elevation for the 1934-1947, 
1957-1970 climatic sequence could be 60 feet lower than the values shown 
on figure 1, and the minimum water surface·elevation for the 1948-1956 
cl~atic sequence could be 250 feet lower than the values shown on plate 1. 
However, an adequate flow of water might be induced by an increased draw­
down of considerably less than 250 feet. During subsequent wet years, 
the water levels would recover rapidly to the "no:rmal" values indicated 
by the studies. Thus median water levels would not be substantially 
changed by this phenomenon. It is estimated that incomplete winter recovery 
may occur during dry years when well discharge from the Central Pool exceeds 
400 to 500 thousand acre-feet per year. 

If water levels drop far enough, part of the artesian portion of the 
aquifer will become unconfined. When this happens, the decline in water 

· levels may slow down because of the water drained out of these portions 
of the aquifer. This dewatering of part of the present artesian area 
may begin a~ about elevation 700 in the Uvalde area and about elevation 
450 in the San Antonio area. 

The downward curvature of the. lines that indicate the estimated future 
water surface elevation~~ in well 26 is partly caused by the steady 
decrease in flow of San Antonio and Comal Springs. Increased well dis­
charge is partly offset by decreased spring flow if there is spring flow. 
When there is no spring flow this offsetting factor is absent. Spring 
flow also tends to moderate the water level fluctuation in well 26. 
Without· spring flow, 'the fluctuations in water level will increase. 
During 1948-1956, the excess of well discharge over aquifer recharge 
becomes more severe as well discharge increases~ and this also causes 
a downward curvatu.re of the indicated 1956 water levels. 

Figure 2 is similar to figure 1 except that it pertains to conditions 
in the Uvalde Pool. The progression of estimated future water levels 
in well H-4-6 is affected by the assumption that expansion of irrigation 
in the Uvalde Pool will not occur after 1990. After 1990, there is very 
little increase in well discharge from the Uvalde Poo~in these studies. 
The decline in water levels after 1990 is caused almost entirely by 
increased underflow to the Central Pool. 
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Figure 3 shows the est~ated future probability of flow from Leona 
Springs, San Antonio Springs, Comal Springs, and San Marcos Springs, 
from the perspective of a few years before the year in question so 
that the beginning of the year water level elevations for the year 
in question are.not k~own. For Comal Springs, San Antonio Springs, 
a~d San Marcos Springs, figure 3 shows the estUnated percentage chance 
of continuous flow throughout the year. The percentage chance of flow 
during at least part of the year is shown for all four springs. During 
years wh~n there is spring flow during only part of the year, zero flow 
will usually occur in the summer. In deriving these probability curves, 
the 1948-1953 period was assumed to have a recurrence interval of 50 
years. The 1954-1956 period following the 1948-1953 period was assumed 
to have a recurrence interval of 100 years. 

Figure 3 shows the San Marcos Pool (Hays· County) well discharge assumed 
in computing San Marcos Springs discharge. The chance of continuous 
flow from San Marcos Springs was computed by subtracting the estimated 
decrease in summer underflow from the Central Pool compared to historic, 
and the estimated increase in.San Marcos Pool summer well discharge over 
historic from the minimum historic monthly summer flow of San Marcos 
Springs for each climatic year. 

The values in figure 3 for Comal Springs and San Antonio Springs assume 
that "normal" end of year water levels will occur regardless of how 
large the well discharge is during dry years. This is an optimistic 
assumption and the indicated probability ot Gomal Springs tlow during 
part of the year and of San Marcos Springs spring flow may be overly 
optimistic after about 1990. 

Reliability of studies. The studies assume that the aquifer charac­
teristics and relationships that have occurred within the historic range· 
of water levels will continue to occur at lower water levels. This 
assumption cannot be completely true, and the possible errors in the 
studies from this soucce increase the farther the study water levels 
dro·p'below the historic range. As previously discussed, the studies also 
assume that the severe summer drawdowns of artesian head are overcome 
during the winter, and that the changes in end of year water levels are 
consistent with their historic relationship with ~hange in aquifer con­
tent. If well discharges get large enough, this recovery may not occur 
during dry years and water levels during dry years may be much lower than 
those shown for well 26 in the studies and on figure 1. The historic 
performance of the aquifer is not completely understood. This no doubt 
causes error in the studies. Knowledge is believed to be more complete 
for the Central Pool than for the Uvalde and San Mar~os Pools. 
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Comparison with constant condition studies. A comparison was made 
of the results of this study with the results of the studies described 
in my June 30, 1972, memorandum to the files. The aquifer relation-
ships used in the two studies are nearly identical, so differences are 
caused by variable ve;sus constant state well discharge and by elimin­
at~ng the 1948-1956 period from the climatic sequences of studies I and 
II. The three climatic years 1947, 1956, and 1969 were chosen for com­
parison. The water levels indicated for these climatic years in the 
"1969 coi:.dition" and "1.35 x 1969 condition" studies would not be matched 
in these studies until several years after the well discharge was matched. 
This lag was: 

1969 condition study 

1947 
1956 
1969 

1•35 x 1969 condition study 

1947 
1956 
1969 

Well H-4-6 

17 years 
12 years 
.12 years 

25 years 
2~ years 
60 years 

Well 26 

12 years 
7 years 

16 years 

8 years 
9 years 

21 ·years 

Some lag would be expected. The lag times for 1947 and 1956 are affected 
by possible inexact selection of initial (1933) steady state well eleva­
tions in the 1969 and 1.35 x 1969 condition studies, and by the high 
1971 water surface elevations at the start of the current studies. The 
comparison for 1969 is affected by omission of the 1948-1956 sequence in 
these studies and its inclusion in the earlier studies. 

The 1956 water levels ~ould be least affected by these items, and the 
lags---indicated· for 1956 are probably nearer the true lags that would 

.be caused by increasing well discharge. The lag indicated for wel~ 26 
is about 8 years. The lag indicated for well H-4-6 is about 12 years 
until about 1990 and about 25 years after 1990. Expansion of irrigation 
in the Uvalde Pool was assumed to cease·in 1990 in studies I and II. It 
takes the UValde Pool longer to adjust to changed water levels in the 
Central Pool chan to adjust to changed well discharge in the Uvalde Pool. 

Aquifer performance with other assumptions re~ardins future well dischar~e • .. 
Bough answers on aquifer performance with other assumptions regarding 
future well discharge can be obtained by entering figures 1, 2, and 3 
with the assumed well discharges and ignoring the time scale. This 
will not take into account any differences in aquifer lag that may occur. 
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The studies were run on a computer. Rerunning the studies with 
other well discharge projections would involve modest expenditures 
of t~e and money. 

Noted: 

Regional Planning Officer 

cc: Noxman Flaigg, Austin, Texas 
Charles Arndt 
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Austin, Texas 
July 3, 1972. 

· Memorandum to files 

From: 

Subject: 

Chief, Hydrology Division 

Effects of increased well discharge from the Edwardu 
Under ground Aquifer 

The springs and the water users can be ranked 
according to their vulnerability to increasing well discha rgc. The 
following discussion assumes that there will be no serious d~Leri.oJ·­
ation in water quality even if there is a moderate amounL of mining 
of the aquifer. It is based upon the studies· summarized in my n•cnlv 
on the Edwards Underground Aquifer, dated June 30, 19·12. 

Well discharge for municipal, industrial and dom~: 
~appears to be the item that is least vulnerable to further 
increases in well discharge. For many decades - well pasL 20l.l), 
the only major adverse effect on this use would appear to be 
lower piezometric water levels and resulting increases in pumping 
costs. Municipal and industrial users can afford to pay these costs. 
Even with considerably higher pumping costs, Edwards water would 
still be much lower in cost than alternate surface water sources, 
and probably .. much lower in cost than the treatment expense that 
would be involved in recirculating sewage for municipal water supply. 
Municipal and industrial users can afford to pay much higher 
pumping costs than irrigators. -r:hus a minor degree of aquifer 
mining would curtail irrigation use but not M &: I use. A possible 
long-range problem is that nonirrigation well discharges from the 
aquifer might someday exceed the average recharge and create an 
undesirable, and over the very long term, untenable situation. 
During 1969, nonirrigation well discharge totalled 2.14, 000 acre-feet. 
This is about 400/o of average annual aquifer recharge. The 1969 
value is about 110, 000 acre-feet larger than the 1939 value. It is 
unlikely that potential 2.02.0 demands on the aquifer, exclusive of 
irrigation, will exceed average recharge. Certainly they will not 
exceed average recharge by a substantial margin. Thus the Edwards 
can supply all nonirrigation well demands that are placed upon it 
past year 2.020, even i£ nothing is done in the field of water develop­
ment or water law. 
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San Marcos Springs is probably second in security 
against increasing well discharge. San Marcos Springs has had a 
continuous, uninterrupted flow historically. The smallest flow on 
record is 46 c. f. s. on August 15-16, 1956. The operation study 
for 1969 condition well discharge also shows continuous flow. The 
operation study for 135o/o of the 1969 level of well discharge 
indicates zero flow for San Marcos Springs in 1956 and continuous 
flow throughout the remainder of the period of study. So long as 
well discharge in Hays County is relatively small, San Marcos 
Springs would probably flow most of the time even i£ well disch<lrgc 
in the Uvalde pool plus Central pool modestly exceeds ll•l! combined 
average recharge to those pools. It appears that flow {,·om S;u\ 

Marcos Springs can be maintained almost all of the time Llu·uugl• 
2020 if Clo?tin Crossing Reservoir is constructed and ope.:rated a~; 
proposed in the Corps' Edwards Report to increase recharge.: during 
drought periods, and if well discharge in Hays County remains sn1alJ. 
Small well discharge in Hays County could be maintained by l<•ck (;,j 

demand or by use of surface water by the city of San M•:n-cos ;.~.ml by 
industrial users of large amounts of water in the viciniLy, or by- ·• 
law limiting well discharge in Hays County. 

Irrigation use of Edwards water occupies a middlt~ po~;i­
tion in vulnerability to increasing well discharge. High pump lifts 
caused by the drop in piezometric water levels that would accompany 
modest mining of the Edwards could make irrigation uneconomical. 
Since the wells are expensive, use of wells in place would still be 
economical for some time after sinking new wells became unecon­
omical. Pumping head appears to be an important factor in the 
historic location of irrigation from the Edwards. Most of the 
irrigation is in the general vicinity of Uvalde and Castroville-
San Antonio where depth to water is often less than 100 feet. In 
Central and western Medina County, where depth to water is often 
200 feet or more, irrigation use bas been relatively modest. There 
has been a gradual increase in irrigation in this area, however. 
Uvalde pool operation studies for a well discharge 35% larger than 
the 1969 condition well discharge indicate water levels in well 
H-4-6 that are 70 to 120 feet lower than historic. However, the 
depth to water would still be smaller than the historic depth to water 
in much of eastern Uvalde County and western and central Medina 
County. Continued irrigation from existing wells would be 
economical, and additional irrigation development from new wells 
might also be economical. I£ historic trends continue, this 
aquifer wide well discharge will be reached by about 199 0. Most of 
the irrigable land with access to Uvalde pool water may be under 



irrigat;on before then. Table 1, which lists estimated dept~ to 
water in various wells, Wlder various conditions, shows the depth 
to water is 100 feet or more greater for welll-4-4 in eastern 
Uvalde County and welll-4-12 in western Medina County Wlder each 
condition than for the two Uvalde pool wells. Thus, irrigation from 
the Uvalde pool should outlast irrigation in eastern Uvalde County 
and western and central Medina County. I! Central pool well 
discharge equals or exceeds average Central pool inflow, this 
might cause serious declines in water levels in th\j Uvalde poul. 
I£ historic trends in well discharge continue, this might hnppen 
about year 2000. However, a decline in irrigation or irdgat.ion 
development in the more vulnerable areas of the Cent.t•al pool would 
tend to delay this situation and slow down the growth in well <.Ji:j­

charge. Thus, irrigation in the Uvalde pool may be fairly sa(~ to 
year 2020 even if there is 11no development. 11 When the 2020 M &. 1 

demands are known and the irrigation potential is better defined, .-. 
more accurate reading will be possible. Potential Mont.cll recharge 
reservoir, operated to achieve its recharge objectives in Lh~ 
Corps report on the Edwards UndergroWld, might irnprovt! w<LL<.: L' 

levels in the Uvalde pool substantially. An operation study io1· t.l.c 

Uvalde pool with Montell assumed to be in operation would indicid c 
the extent of the water level improvement. 

The other four wells listed in Table 1 are in the Central . 
ppol. Well discharge 35o/o larger than the 1969 level would reduce 
water levels by 40 to 60 feet below historic. This level of well 
discharge will be reached by about 1990 if present trends continue. 
Such increases in pumping heads would be economically significant, 
but not overwhelming, and would not seriously affect irrigation use 
or development. I£ well discharge gets much higher than this, 
water levels will be. seriously affected, particularly during drought 
periods, and.this will inhibit irrigation use or development, parti­
cularly in eastern Uvalde County and western and central Medina 
Counties where depth to water is greater than in eastern Medina 
County and western Bexar County. Reduced irrigation use or 
development in the more vulnerable areas will tend to slow down 
growth of well discharge and prolong irrigation in the more favorable 
areas. It appears that if nothing is done, irrigation use in central 
and western Medina County may not reach its full potential because 
of increasing depth to water. If it does reach its full potential before 
2.02.0, it may be decreasing by 2.02.0. If Central pool well discharge 
equals or exceeds average Ce~tral pool inflow, irrigation will be in 
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trouble in even the more favored locations in the Central pool. 
Information on 2.02.0 M & I demands is needed before this possi­
bility can be evaluated fully. Other factors,. such as changes in 
farm prices and changes in tax laws could have an important effect 
on the economics of irrigation. 

I£ no laws are passed limiting wells and well discharges, 
irrigation would be one of the main beneficiaries of surface water 
supply to San Antonio or recycling sewage for municipal use. 
Concan and Sabinal recharge reservoirs would have only a minor 
ef!ect on water levels in the Central pool. 

Comal Springs has been affected by histork wdl eli:-;­
charge and is very vulnerable to higher levels of well di$cha t·g~. 
Without wells, Comal Springs would have su££ered only <l n•oderal:1: 
reduction in flow during the 1948-1956 drought. Historically, 
Comal Springs has flowed continuously except during June 13, 1')5o, 
through November 2., 1956, when there was no flow. The opcr<•l:ion 
study for 1969 condition well discharge indicates zero flow for 
Comal Springs in 1955 and 1956, and no flow during pal"L o.f the Y'-~•w 

in 1951, 1952., 1953, 1954, 1957, 1963, and 1967. The operaLiou 
study with a well discharge 35o/o higher than the 1969 level indi<.:.ll~~::; 
no flow from Comal Springs during 1950-1959 inclusive and 196l-
1965 inclusive, and no flow during part of the year during many 
other years. Continuous flow would occur during about one -third 
of the years. If historic trends continue, this level of well discharge 
will be reached by about 1990. If nothing is done, 2.02.0 well dis­
charges will be larger than this and the flow of Coma! Springs 
smaller and more intermittent. To maintain the 1969 condition flow 
of Comal Springs, the well discharge will have to be maintained at 
the 1969 level. This could be accomplished by laws limiting wells 
and well discharges or by surface water supply to the San Antonio 
area adequate to supply all increases in San Antonio area demand, 
plus offset increases in well discharge elsewhere. This might be 
physically possible through 2.02.0. Information on 2.02.0 M & I 
demands and on potential irrigation development are needed. To 
provide a more cpntinuous flow in Comal Springs than would occur 
under 1969 condition well discharge would require a reduction in 
well discharge below the 1969 level. This reduction in well dis­
charge would require even more stringent laws or greater 
substitution of surface water for Edwards water. It is questionable 
whether substitution of surface water. without ground-water laws 
that would restrict irrigation;· could reduce· well discharge from the 
Edwards enough in 2.02.0 to permit Comal Springs to flow continuously 

4 

................. ~··· ............ _ ................ . 



i£ the 1948-1956 drought were to recur. ·The main justification 
!or ground-water law would appear to be to protect or promote the 
flow of Comal Springs. 

Leona Springs and underflow historically had no !low 
during 1952-1956 inclusive, but has had some flow during all other 
years. The 1969 condition of well discharge operation study fo1· the 
Uvalde pool indicates only a few years of flow during the 1934-1969 
series. The operation study £or a 35o/o higher well di.t:~ch.arge than 
1969 conditions indicates no discharge from Leona Springs plus 
underflow. The contrast between the historic situ<4tion and the 1()(,9 

condition operation study indicates that the operation studies may 
be overly pessimistic regarding Leona Springs. Still tl•crc i!'i no 
doubt that the steady increase in well discharge from the Uv<d1le 
pool that has occurred will reduce the flow of Leona Springs pluu 
underflow below historic levels and that in a pinch Leona Springs 
will fail before wells fail. Some irrigators are believed to obtain 
all or part of their water supply from Leona Springs plus underflow. 

There does not appear to be any local advocacy of 
limiting irrigation use of Edwards water to improve the flow 
prospects for Leona Springs. 

San Antonio Springs is the major spring that is most 
vulnerable to well discharge. Without well discharge, San Antonio 
S?rings would flow most of the time, and the flow would be very 
substantial during wet years. Historically, San Antonio Springs had 
no flow during 1949 through 1957, 1964, and 1967. Since 1947, 
there have been periods of zero flow during most years. The 1969 
condition operation study shows flow during only a few years, and 
the operation study for a well discharge 35o/o higher than the 1969 
condition shows no flow at all from San Antonio Springs. San 
Antonio Springs has very little water supply value at present. It 
.would take a drastic reduction in well discharge to produce flow 
from San Antonio Springs most of the time. Such action is not being 
advocated for the benefit of San Antonio Springs by local interests. 

Y.ktrl/ }~.e-
M. Ge&'rge Schwab 

Attachment 
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D.!:~ to water, various wells 
(feet) 

1969 condition 
1969 well discharge 

Well Historic condition X 1. 35 -----
Well H-4-6. Ground e1ev. 951 feet 

f Normal (1959-1969) ~8 to 89 65 to 124 128 to 182 
Maximum (1957) 126 187 244 

Well H-5-1. Ground elev. 905 feet 
Normal (1959-1969) 27 to 55 34 to 90 96 to 148 
Maximum (1957) .105 166 223 

Welll-4-4. Ground e1ev. 954 feet 
Normal (1959- 1969) 172 to 246 191 to 259 225 to 286 
Maximum ( 19 56) 289 312 349 

Welll-4-12. Ground e1ev. 950 feet 
Normal (1959-1969) 180 to 260 199 to 273 233 to 317 
Maximum (1956) 291 314 351 

Well J -1-82. Ground elev. 757 feet 
Normal (1959-1969) 47 to llO 66 to 123 100 to 154 
Maximum ( 1956) 135 158 195 

Well CY-26. Ground e1ev. 722 feet 
Normal (1959-1969) 43 to 92 62 to 105 91 to 136 
Maximum ( 1956) 107 130 167 
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· REFER TO: 
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United States Department of the Interior. 
BUREAU OF RECLAMATION 

SOUTHWEST REG ION 
AUSTIN DEVELOP~IENT OFFICE 

P.O. BOX 1946 
AUSTIN. TEXAS 7S767 

Mr. Nat Eisenberg 
Post Office Box 2.80 

August 30, 1973 

· Castroville, Texas 78009 

Dear Mr. Eisenberg: 

In response to your request please lind enclosed 
a copy of a letter dated August 6, 1973 addressed to the 
Regional Directors of the EPA, BOR and BSFW with attach­
ments and a copy o£ the Edwards Underground Aquifer map •. 

Enclosures .. 
-...: ... 

I 

-------·~---· --·--- ... 

;. 
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IN REPLY 
REfER TO: 

United States Department of the interior 
BUREAU OF RECLAMATION 

COPY 

To: 

From: 

Subject: 

SOUTHWEST REGION 
AUSTIN DEVELOPMENT OFFICE 

P.O. BOX 1946 
AUSTIN. TEXAS 78767 

August 6, 1973 

Regional Director, Environmental Protection 
Agency, Dallas, Texas 

COPY 

Regional Director, Bureau of Outdoor Recreation 
Denver, Colorado 

Regional Director, Bureau of Sport Fisheries and 
Wildlife, Albuquerque, New Mexico 

Planning Officer 

San Antonio-Guadalupe Unit - Texas Basins Project 

Reference is made to my letter of February 7, 1972 
and to the meeting held in San Antonio on March 29, 1972. 

Basic hydrology studies have progressed to a point 
at which we can report some res11lts and indicate where the 
studies are going in the future. 

Most of the hydrology studies to date have been 
concerned with the Edwards Underground Reservoir. A simpli­
fied summary o! the studies is presented for your information. 
The reservoir has been divided into three pools !or convenience 
of discussion. The reach from. the Nueces River to the Frio 
River has been named the Uvalde Pool; the reach from' the Frio 
River to Comal Springs has been named the Central Pool; and 
the reach from Comal Springs to San Marcos Springs has been 
named the San Marcos Pool. Normally the Uvalae Pool contri­
butes to the Central Pool, and the Central Pool contributes to 
the San Marcos Pool. 

The conditions of the Edwards Underground Reservoir 
.. have been studied for the period 1934-1969. The annual Cigures 
presented in table 1 are averages for each of the three pools. 

--------·-·~-·------. 
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Data from table 1 indicate that there have been o.o 
major long-term ill effects on the Edwartla Underground through 
l 969. IC the 196? demands were to be met for the entire pe dod 
of study we probably would notice s::>me lonz-term effects in the 
spring flow. We would elC!lect that thP. Leona Springs in thP. Uvalde 
Pool would virtually ::si:op nowing. San Antonio Springs would •:ease, 
and Comal Springs would be reduced from historic flow o! 197, 000 
ac·L"e-fect per year to I 09, 000 acre-feet per year. San Marcos 
Springs would be only slightly a!Cected, dropping from 100, 000 to 
90, 000 acre-feet per year. 

If we assume future growth in the area to a level of 
135 percent of 1969 use, the sp:ing flow would be modified eveo 
more. Only Comal Springs and San Marcos c;prings would continue 
with the former discharging 2.0, 000 acre-feet per year and the latter 
73, 000 acre-feet per year. 

If we assumed another future condition wherein Uvalde 
Pool demands grew to 135 percent of the 1 369 le•-1el and the Central 
and San Marcos Pool areas grew to 166 percent of 1969 use, a:1d i.! 
San Antonio pumped the formation hard enough to intercept the spills 
to the San Marcos Pool, there might be no spring now. 

Population projections, prepared for u.se by Texas 
agenc~~!-i~~j:_e th~~-~.~~.~-~ CouE_ty_~!l! . ..!~~~_! 35 _p~.~~.!_ of 
1369 popul~~-i~~-I?Y..~b_C?..~J-! ~~0-P-!'l!l ~h~J_t~e .B.r.~~th __ i_~~~ter use 
may"b"e- enough to make.the. flow of Comal Springs ini·ermittent 
dur"ing .. ma.ny years. By 2.000~ the u.se might intercepl: ~he 1contri­
bution·or the· Central Pool to the San Marcos Pool durmg· low run­
o!f_yearJI. The Texas projecti~~-;-;~-;b-out fO-p-crcent higne·r than 
the OBERS projections for that area, so thP.re is reAsonable agree­
ment in that respect. 

This indicates that unless the use ol water from the 
Edwards Underground 1.s regulatea,-Comai-s-prTrigswiiiDcreduced 
to intermlftenE nowoy:abaut-i99o;·-anci San.Marcos Sprrng-s-may 
stop ?lowing during-drought p~r-~~ds··a:"fte-~-about-2"6bo·: .. Inorder to 
mafnta.Trlspr1ng1row· ft-wili be ne_c~ss;lj:y .~.!L~~:~l!_i~Ji·:~(c?§_e"o-nhe-· 
CeritrarPoOI-rfeeasTrom-s-urfac·e water supplies. -·····--------- --------"·------- --

-------------··--- -·-·-"··-···. 
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Consultations with the river authorities, the 
Edwards Underground Water District, and the San Antonio 
City Water Board, as well as State agencies indicate that 
the most likely r~s~rvoirs to b~ developed are: Clop tin 
Crossing, Cibolo, Applewhite, Cuero I, Goliad, and Cuero 
II in the order given. Yields for these reservoirs, computed 
on an area basis without bypass for water rights and no spring 
now or returtl flow from the San Antonio area, are as follows: 

Reservoir -----

Med~na. 

Canyua1 
Cloptin Crossing 
Cibolo 
Applewhite 
Cuero I 
Goliad 
Cuero II 

----------------

Capacity, top Average 
of yield 

conservation 201 ~ 
_ __.p;;;..o~o..!__ condLtions 

(I, OOO's of acre-feet) 

254 
386 
2.83 
200 

2.2 
1, 092 

750 
1, 582 

291/ 
92 
40 
25 

10 to 16!:./ 

151 3/ 
137-
104 

!/ Average yield of reservoir operated independently to 
prod\lce a. nonfirm supply. 

2/ Has no independent firm yield 1 but can increase firm yield 
through association with Edwards Underground aquifer. 

~./ With 1990 condition of urban runoff. 

Because there has been considerable development 
of water resources in the study area it is necessary to make 
some attempt to demonstrate the effects ot. water rights at 
their current level ot. use and at their approximate book value. 
We have initiated operation studies on these reservoirs to de­
termine their yields under various conditions. For the purpose 
of these studies the following direct flow water demand assump­
tions have been made: 

3 
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Direct Flow Water Demand As s.'!-!..nptioq_§ 

Arc'!a. -

Victoria. demand 
Victoria consumptive use 
Calhoun County demand 

Approximate 
currc'!nt Book 

average~ y~~~-

(1, OOO's oi acre-feet) 

87 
17 
73 

215 
44 

192 

Studying the reservoir yields for ~wo levels of 
water usage will bracket the span of water usage which could 
develop under the present rights. Yields were determined (or 
1969 conditions and for 1969 conditions plus 35 percent increase. 
Direct flow supplies and reservoir yields Cor va i-ious conditions 
are presented in table 2. The yields include appropriate spring 
Clows and net San Antonio return flows after depletions by Lakes 
Braunig and Calaveras. 

The yields presented in table 2 will be reviewed and 
refined after discuss~on with local interests. When final figures 
are developed we propose to integrate the surface water supplies 
and the ground water supplies in various combinations to develop 
management plans !or various objectives, such as, the national 
development account, the regional development account, and the 
quality o! environ.-nent account. 

In the meantime, to properly conside~ the inter-
.. relationships o! surface and ground water development we need 

your input regarding the £allowing data for the basins: 

.. .... 

Inventory aa.d evaluation for the present and future 
. ·without Cjlevelopment condition. 

... ; 

•. 

l •. ,• 

.... ~ . . . . . 

Archeological, historical, and cultural resources 

· ·Biological resources , 

.. •. :; . Geological resources 
. •' ... :.· .. 

. . .. 
. . : . . . .. · .. ,.• .. .. • . 
.. . . · ..... 

.. ,' . . .. .. 
... . : . . 

. . . :-; .. . 
; ~··· .... . 

. , . 

.. .. 
.'. Human resources 

. . 
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for: 

.Scenic and unique areas 

Opp~rtua1ities for fish and wildlife preservation 
and enhancement 

Land for ope:1 and green space 

Opportunities for preservation of natural areas 

Other 

Present and future capabilities of resources to support: 

Wildlife 

Fishery 

Recreation activities 

Wilderness primitive or natural areas 

Needs (present and future) 

Social 

Environmental 

Recommended management or development measures 

M & I water supplies 

Recreation 

Fish and wildlife 

Environmental enhancement 

Social needs 

5 



We also need your recommendations concerning 
reservoir dcvdopment. That is, whether the reservoirs listed 
would adequately meet the recreational, fish and wildlife, and 
social needs o£ the ar~a. You may wish to delete or add reser­
voirs to those discussed. 

Table 3 compares the latest TWDB population 
pr::>jections with those b)" OBERS !or the San Antonio-Guadalupe 
River Basins. The Texas Water Development Board also has a 
number of unpublished reports relating to this area which may 
be helpful. They are: 

1. San Antonio Regional Environmental Project, 
Land Classification Data, 1972. 

z. The San Antonio Regional Environmental 
Study an Input-Output Model by Harry Bradley and 

·Roy Morey, November 17, 1972. 

3. Assessment of the Economic Resources of 
the San Antonio Regional Environmental Study area 
by William H. Hathaway and J. Randall Threadgill, 
January 31, 1973. 

4. San Antonio Regional Environmental Project, 
Agricultural Resources, Irrigation No Constraints, 
June 5, 1973. 

• 
5. San Antonio Regional Environmental Project, 

Projected Water Requirements - Irrigation, 
December 14, 1972. 

The Board has published its population projections 
in a brochure entitled 11Texas Water Development Board, Popula­
tion Projections, December 1972. 11 Data are given for counties 
and £or towns and cities. Currently the Board is working on proj­
ected M & I water requirements. These should be available by 
September 1973. 

If you need additional data please advise me of your 
needs. 

Norman G. Flaigg 
Attachments 
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Table 1. EDWARDS UNDERGROUND RESERVOIR CONDITION (1,000 acre-feet) 

Historic Condition Possible FUture Condition Possible Future Condition 
August 1934-1969 1969 Condition 13~'1 of 1969 with ~lajor Oevelop:-:.ent·in 

Pools San Antonio Area· 
(Uvalde pool 13~% and Central and 
San Marcos pools 166'1 of 1969) -- . 

Uvalde Central San Marcos Uvalde Central San Marcos Uvalde Central San Marcos Uvalde Central Sim Marcos 

Inflov 

Recharge 94 379 49 102 379 49 102 379 49 102 379 49 

Spill f.; adJ. pool 66 53 59 45 47 30 86 

Tota 1 lnflov 94 44~ 102 102 438 94 102 426 79 102 46) 49 

OJtflov 

Vells 

Irrlaatloft 10 39 34 71 46 121 1 46 14) 1 

Other 3 147 2 4 216 4 6 266 5 6 320 9 

Sprtnas 13 220 100 1 109 90 20 73 7 
\ 

Spill to adj. pool 66 ~3 59 45 47 : 30 - 47 39 -. -
Tota 1 Overflow 92 459 102 98 441 94 99 437 79 .99 4;6) 49 

-...... 



Condltlons 

Current Use 

Book Value 

No. Bypass 

Current Use Bypass 

Book Value Bypass 

Hydro Bypass 

Current Use 

l!ook Value 

No Bypass 

Current Use Bypass 

Book Value ~ass 

Hydro Bypass 

. Table 2. DIRECT FLOW SUPPLIES AND RESERVOIR YlEl.DS 1969 CONDITION 
(1,000 acre-feet) 

Direet Flow Average Reservoir Yields 
1948-1956 

Victoria Victoria Area Calhoun 
Area Demand Consump.Use County 

75 

155 

16 

38 

69 

166 

Canyon 
~ 

92 

88 

80 

38 

Cloptin Cibolo Applewhite 
Crossing !!!.:__.. 

40 

38 

34 

25 

23 

10 

10 

9 

Cuero 
_L 

230 

186 

145 

DIRECT FLOW SUPPLIES AND RESERVOIR YIELDS 13~'t of 1969 CONDITION 

67 

129 

u 
35 

69 

166 

i 

' 

92 

83 

12 

. 36 

.,I \ 

40 25 

36 25 

32 23 

\ 

\ 
I 

. i 

10 

10 

9 

, 

186 

158 

121 

Collad Cuero 

208 

190 

169 

236 

213 

117 

: .. , 

_!L 

124 

102 

80 

108 

88 

80 

TOTAL 

729 

639 

540 

697 

613 

514 
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Table 3. 1',·:··\•1· : :=.•·:·, )';;; •. 'J· .. •,; '· J· , .. } ~!i?. --·· .. . . . . - ·-- - . . ... 

Ht~ l~r f.:•fot•:·<.;cs St:b l.l:\.·.-. 1 ;no 

.lliQ 1970 .!~P.Q ).~~.Q .?:.Q.O.~~ ?l!l.Q ?!'?!l 
Aransas 7,006 8,902 12, 10~l lu,600 22, 1:()0 30,00(1 )9 '(;i.l{l 
Bande:ra 3,892 4,747 5,300 !>, ~~0 . 6,600 7' 2\.10 1 ,t:oo 
Bee 23,755 22,737 25,500 28,UOO 31,~00 35, l.OO 38,1:~1~ 
Bexar 687,151 830 .~60 . 957,~00 1,107 ,,100 1,260,900 1,4?.5,10(1 1,599,900 
Ca1dl-1ell 17,222 21,176 23,700 26,700 29,600 32,500 35, ~tao 
Calhoun 16,592 17,831 21,400 25,800 30,(·00 36,0(10 1:2,0(•0 
Comal 19,844 24,165 26,100 28,200 30,000 31,700 33,3!10 
De-.1itt 20,683 18,660 16,200 14,700 12,200 10,1:00 8 ,(:00 
Goliad 5,lt29 4,869 ,, '~()0 3,900 3 ,t,OO 2,900 2,50() 
Gonzales 17,84-5 16,375 15,~00 lit ,300 13,100 1.2 ,0')0 10. 90-) 
Gundalu;>c 29,017 33,554 38' 100 43,400 1:0,600 54,100 59,600 Jnckson 14 ,o,~o 12,975 12,600 12,300 11,800 11,300 10,700 
Karnes 14,995 13,462 12,100 10,900 9,600 8,500 7,l:OO 
Kendall 5,869 6,964 7,600 8,1,00 9,100 9,800 10 /:(•() 
Kerr 16,800 19,454 22,600· 26,300 30,200 3ft,I;UO 38,8(10 
Lavaca 20,174 17,903 15,700 13,800 11,900 10,1!00 8, 7l10 
Re!u6iO 10,975 9,494 9,200 8,900 8,500 8,100 1 ,6(•0 
Victoria 46 ,';75 53,766 63,300 74,800 87,100 100,600 l15,1:00 
Wilson 13,267 13,041 12,700 12,400 11,900 11,1,00 10,800 

Total 991,051 1,150,537 1,301,200 1,1,62, 700 1,669,1,00 1,871,300 2,0CS,500 

Total OBERS-\~R SA-1210 1,266,600 1 .'•11, 200 1,554,100 1, 711,800 1,874,000 

'7. Ti-lUD/OBERS 102.7 105.1 107.4 109,3 111.1• 
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IN REPLY 
REFER TO: 

·- --·-- ···--- -·-----------------

United States Department of the Interior 
·BUREAU OF RECLAMATION 

SOUTHWEST REGION 
AUSTIN DEVELOPMENT OFFICE 

P.O. BOX 1946 
AUSTIN I TEXAS 78767 
February 15, .1974 

Memorandum 

To: 

From: 

Subject: 

Cooperating Agencies 

Planning Officer 

Guadalupe-San Antonio River Basins Study - Tenth 
Progress Report 

Some significant events ·since my last progress 
report (December 5, 1973) are: 

. 1. We have almost completed our second round of 
meetings with the cooperating agencies by meeting with the City 
Water Board of San Antonio on January 16, 1974 and with the 
Texas Water Development Board on February 1, 1974, We still 
need to fill the ~ueces River Authority in on our latest studies. 
Travel restrictions .are limiting our ability to get around so we 
are trying to consolidate and minimize our trips. 

Z. On January 15, 1974 I escorted Congressman 
Manual Lujan of New Mexico and his wife on a field trip to the 
Cibolo and Choke Canyon reservoir sites. Congressman Lujan 
was appointed as minority member to the Water and Power Re­
sources Subcommittee of the House Interior and Insular Affairs 
Committee after the death of Congressman Sayler of Pennsylvania. 
Naturally Congressman Lujan missed the field hearings held by 
the Subcommittee and consequently he wanted to view the projects 
on the grou~d before Congress reassembled, 

3. In·January the Assistant Secretary for Fish and 
Wildlife and Parks requested the Fish and Wildlife Service to 
give him some specific answers on the Choke Canyon reservoir 
and its relationship to the estuaries. He placed a deadline of 
January 30, 1974 on his request, 
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4. The .final impact statement on the Cibolo project 
was completed and .forwarded to our Washington of.fice on February 
8, 1974. 

Our last round of meetings primarily covered addi­
tional hydrologic studies. Some o.£ these studies concerned a 
variable future demand on the Edwards aquifer and others were 
concerned with the yield of a number o.£ reservoirs under various 
operating criteria recognizing two conditions for releasing water 
for water rights. In general your comments indicate that we do 
not need to make more studies of this nature as we appear to have 
bracketed the available supplies for the assumed conditions. 

We are now studying estimates of future population 
and water demands. We propose to bracket this area also with 
a high and a low population projection and estimates of municipal 
and industrial needs. 

For a high population projection we propose to use 
the December 1972. figures prepared by the Texas Water Develop­
ment Board. While these do not represent an official State projec­
tion they are the best available at this time. For a low population 
projection we propose to use the OBERS projections recommended 
by the Water Resources Council and modiiy them to fit our study 
area. It is almost mandatory for Federal agencies to use the 
OBERS data. 

The Texas Water Development Board has prepared 
estimates of municipal water requirements for nine different 
conditions. We have selected one of these (median rainfall and 
constant price condition) which probably represents their "average" 
condition, as our high projection. In these projections per capita 
consumption increase ranged from 143 percent to 2.10 percent over 
the 50-year period. 

To provide a range we have selected alternative per 
capita water consumption values which increase only about 15 
percent in 50 years over the 1970 values. Applying these values 
to the OBERS projections provides us with a "low" municipal water 
demand. The high projection is abo11t 12.7 percent of the low projec­
tion in the year 2.02.0. 



.... 

-~ \ ... · 

I • 

For projections for the high and low industrial 
demands we have selected the Series A (for high) and Series 
C (for low) projections of the Texas Water Development Board. 
Since these are sta~e-wide series, their application to the much 
smaller study area produces some odd combinations of "high" 
and "low" values. 

Estimates of irrigation demands were assembled 
as shown on the attached table. In general most of the counties 
were assigned acreages consistant with the acreages reported 
in 1969. Considerable increase was projected for Uvalde and 
Medina counties. Because of the imponderables in predicting 

, future irrigation growth we felt it was futile to predict a high 
"' and a low for this demand. 

Future requirements for cooling water for generation 
of electrical energy were estimated also. Past projections have 
been based on assumptions such as 7 percent or 10 percent in­
crease per year. In view of the present energy crisis, the scarcity 
of fuel, the increasing cost of energy, it is likely that those projec­
tions will be drastically revised. We have attempted to prepare 
"middle of the road" projections for this demand. 

Attached are tables showing: 

1. High Population Projection 

z. Low Population Projection 

3. High Water Demand Projection 

4. High Industrial Water Demand Projection 

5. Low Municipal Water Demand Projection 

6. Low Industrial Water Demand Projection 

7. Estimated Future Irrigation Development and 
Water Demands 

8. Cooling Water Demand 

3 
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Please review these tables and furnish your comments. 
U I do not bear .from you I will assume that you feel that the range 
we have selected is reasonable. 

Using the data from the above mentioned tables the 
total basin demand can be determined for the "high" and "low" 
projections. Attached are tables showing: 

9. 2020 Demand for Water with High M & I 
Projections 

10. 2020 Demand for Water with Low M & I 
Projections 

These tables indicated that regardless o.f whether a 
high or low projection is used, there will be heavy reliance on 
additional surface water supplies in the next 50 years. 

These demand data are useful in determining the future 
load that could develop on the Edwards Underground Reservoir. 
These loadings, using the low municipal and industrial water de­
mands, are determined for each county as shown in the following 
tables. The division between surface and ground water supplies 
is based on the existing surface water development. The 1970 
water use includes some surface water use in most of the counties. 

1970 
Purpose Use 

All other 5,900 
Elec. gen. 
Industrial 
Ir.rigation 69,700 
Municipal 

Total 75,600 

Uvalde County 
Acre-feet 

2020 Assumed 2020 supply 
Demand Surface Ground Total 

329 
lZO,OOO 

6,239 
12.6,568 

4 

32.9 
lZO,OOO 

6,239 
12.6,568 

32.9 
lZO,OOO 

6,2.39 
12.6,568 



... 

Purpose 

Elec. gen. 
Industrial 
Irrigation 
Municipal 

Total 

Purpose 

E1ec. gen. 
Industrial 
Irrigation 
Municipal 

Total 

1970 
Use 

956 
40,000 

2.,981 
. 43,937 

1970 

~ 

16,000 
2.2,536 
50,000 

1511781 
240, 3_17 

Medina County 
Acre-feet 

2.02.0 Assumed 2020 supply 
Demand Surface Ground Total 

3,208 
106,000 26,000 

4,740 
113,948 26,000 

Bexar County 
Acre-feet 

3,208 3,208 
80,000 106,000 
. 4, 740 4!740 
87,948 113,948 

2020 Assumed 2020 supply (no project} 
Demand Surface Ground Total 

145,000 12.4,000* 8,000 132.,000 
55, 586 55,586 55,586 
50,000 2.0,000 30,000 50,000 

309,378 309!378 3091378 
559,964 144,000 402,964 546,964 

*Return flows .from San Antonio 

Purpose 

Elec. gen. 
Industrial 
Irrigation 
Municipal 

Total 

1970 
Use -
5,112. 

500 
4!034 
9,646 

Comal County 
Acre-feet 

2.02.0 Assumed 2.020 supply 
Demand Surface Ground Total 

5,02.7 
500 

7,712. 
13,2.39 

5 

2.00 

---2.00 

5,02.7 
300 

7,712 
13,039 

5,027 
500 

7, 712 
13,239 
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Purpose 

Elec. gen. 
Industrial 
Irrigation 
Municipal 

Total 

1970 
..Y.!.! 

1, 410 
2,500 
3, 971 
7,881 

Hays County 
Acre-feet 

2020 Assumed 2020 supply 
Demand Surface Ground Total 

2,312 
2,500 
7, 134 

11, 946 

2,312 
1, 000 1, 500 

7, 134 
1, 000 10, 946 

2,312 
2,500 
7, 134 

11, 946 

Combining these figures for the five-county area 
results in the following table: 

2020 Water Demands - Acre-feet 
Unlimited Loading on Edwards 

Low Projection for M & I 
County Elec. Gen. Industrial Irrigation Municipal Total 

Uvalde 329 120,000 6,239 126,568 
Medina 3,208 80,000 4,740 87,948 
Bexar 8,000 55,586 30,000 309,378 402,964 
Comal 5,027 300 7,712 13,039 
Hays 2,312 1!500 7!134 10,946 

Total 8,000 66,462 231,800 335,203 641,465 

The total demand for these assumptions is greater 
than the recharge of the Edwards even leaving out the drouth of 
the 19501s. This demand probably would dry up most of the spring 
flow. For comparison, the high M &t I projections result in the 
following table: 

County 

Uvalde 
Medina 
Bexar 
Comal 
Hays 

Total 

2020 Water Demands - Acre-feet 
Unlimited Loading on Edwards 

High Projection for M & I 
Elec. Gen, Industrial Irrigation Municipal Total 

262 
3,092 

8,000 43,794 
6, 152 
21613 

8,000 55,913 

6 

/ 

120,000 
80,000 
30,000 

300 
11500 

231,800 

10,050 
6,595 

.31,518 
11,671 

' 221 533 
482,367 

130, 312 
89,687 

513,312 
18, 123 
26,646 

778,080 
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This demand is, of course, greater than the low 
projection and places an impossible loading on the Edwards. 
We can safely say that with almost any reasonable projection 
the Edwards is in deep trouble. Note that the "high" industrial 
demand for these counties is less than the "low" demand. 

The 2020 projections can be compared with the 
1970 draft on the Edwards Underground Reservoir which is re­
ported by the Edwards Underground Water District to be as 
follows: 

Acre-feet 
County Irrigation All other Tota.l 

Uvalde 69.7 5.9 75.6 
Medina 14.0 2.5 16. 5 
Bexar 25.5 198.1 223.6 
Comal 0.3 7. 6 7.9 
Hays 0.4 4.7 5. 1 

Total 109. 9 218.8 328.7 

We plan to make this type of analysis for each 
county in the basin to determine the surface water needs in 
2020. Also we plan to assume a level of development for the 
)!:dwards, compute the spring fiow and return flow for that 
condition, and recompute the reservoir yields. We would ap­
preciate your advice on what level of development to assume 
for the EUG. The annual recharge level would be the easiest 
assumption to evaluate and might be the most realistic for a. 
first run on the problem. 

Also included with this report is a brief summary 
report on the investigation to date. 

). -' ~ 
.,/2%?«4'1'JJfJJZ. 
Nlrman Q, Flalllg ar 

Enclosures 
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· cc: Alamo Area Council of Governments 
San Antonio, Texas 

Capitol Area Planning Council 
Austin, Texas 

City Manager, City of San Antonio 
San Antonio, Texas 

Edwards Underground Water District 
San Antonio, T exaa 

Golden Crescent Council of Governments 
Victoria, Texas 

Guadalupe-Blanco River Authority 
Seguin, Texas 

Nuecea River Authority 
Uvalde, Texas 

Regional Director 
Bureau of Reclamation 
Amarillo, Texas 

San Antonio City Water Board 
San Antonio, Texas 

San Antonio River Authority 
San Antonio, Texas 

Texas Parka and Wildlife Department 
Aus.tin, Texas 

Texas Water Development Board 
Austin, Texas 

Upper Guadalupe River Authority 
K.,rrville, ·Texas 
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Guadalupe-San Antonio Study Area - High Population Projection 
(TWDB December 1972. Data) 

Po2ulation 
Counties 1970 1980 1990 2.000 2.010 zozo 

Basin area 

Bandera 4, 747 5, 300 5,900 .6. 600 7,2.00 7,800 
Bexar 830,460 957,400 1, 107, 100 1, 2.60, 900 1, 42.5, 100 1,599,900 
Caldwell Zl, 178 2.3,700 2.6,700 2.9,600 32.,500 35,500 
Calhoun 17,831 2.1,400 2.5,800 30,600 36,000 42.,000 
Comal 2.4,165 2.6,100 28,200 30,000 31,700 33,300 
DeWitt 18,660 16,2.00 14,200 12.,200 10,400 8,800 
Goliad 4,869 4,300 3, 900 3,400 2.,900 2.,500 
Gonzales 16,375 15,300 14,300 13,100 12.,000 10,900 
Guadalupe 33,554 38,100 43,400 48,600 54,100 59,800 
Hays 27,642. 34,800 44,100 54,900 67,800 83,200 
Karnes 13,46Z 12.,100 10,900 9,600 8,500 7,400 
Kendall 6,964 7,600 8,400 9,100 9,800 10,400 
Kerr 19,454 22,600 26,300 30,200 34,400 38,800 
Victoria 53,766 63,300 74,800 87,100 100,600 115,400 
Wilson 131041 12 1 700 1Z1 400 111900 111400 101 800 

Total 1,106,168 1, 260, 900 1, 446,400 1,637,800 1,844,400 2,066,500 

Other EUG 
counties 

Medina 20,249 22,300 24,700 26,900 29,100 31,300 
Uvalde 17,348 18,800 20,500 21,900 23,300 24,900 



Guadalupe-San Antonio Study Area- Low Population Projection 
(Based. on OBERS Data) 

PoEulation 
Counties 1970 1980 1990 2000 2010 2020 

Basin area 

Bandera 4,747 5,400 6,000 6,700 7,300 8,000 ·.·. 

Bexar 830,460 932,200 1,058,500 1, 189, 500 1, 33Z, 500 1,468,000 
Caldwell Z1,178 22,200 23,200 24,100 25,100 26,000 
Calhoun 17,831 20,800 24,000 Z7,000 30,000 33,000 
Comal Z4,165 Z7,500 30,500 33,700 36,800 40,000 
DeWitt 18,660 16,600 15,000 12,200 9,100 8,000 
Goliad 4,869 4,600 4,500 4,300 4,200 4,000 
Gonzales 16,375 14,800 13,400 11,800 10,400 9,000 
Guadalupe 33,554 35,000 36,ZOO 37,500 38,800 40,000 
Hays Z7,642 31,000 33,400 36,700 40,000 43,000 
Karnes 13,462 11, 600 10,000 8,400 6,600 5,000 
Kendall 6,964 7,300 7, 700 8,200 8,600 9,000 
Kerr 19,454 21,700 24,000 Z6,300 28,600 31,000 
Victoria 53, 766 62,000 73,000 79,000 88,000 96,000 
Wilson 13.041 112800 102600 9.400 82200 7,000 

Total 1,106,168 1,224,500 1,370,000 1, 514, 800 1,674,200 1,827,000 

Other EUG 
counties 

Medina 20,249 21,700 23,300 24,900 26,500 28,000. 
Uvalde 17,348 18,400 19,600 20, 700 21,800 23,000 
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Counties 

Basin area 

Bandera 
Bexar 
Caldwell 
Calhoun 
Coma1 
DeWitt 
Goliad 
Gonzales 
Guadalupe 
Hays 
Karnes 
Kendall 
Kerr 
Victoria 
Wilson 

Total 

Other EUG 
counties 

Medina 
Uvalde 

Guadalupe-San Antonio Study Area- High Municipal Water 
Demand Projection 

(TWDB median rainfall and constant price condition) 

Acre-feet :eer Iear 
1970 1980 1990 2000 2010 2020 

579 702 846 1, 019 1, 191 1, 393 
151,781 186,540 238,254 298,842 366,043 431,518 

2, 758 3,667 4,578 5, 654 6,793 8,093 
2,097 2,725 3, 652 4,815 6,215 7,591 
4,034 6, 365 7,650 9,000 10,436 11, 671 
2,438 2,348 2,332. 2.,2.63 2.,143 2,014 

671 688 709 702. 679 658 
2,443 2.,445 2.,549 2.,600 2.,62.8 2,630 
4,449 6,2.17 8,017 10,105 12.,633 15,440 
3,971 6,068 8,667 12.,153 16,697 22,533 
2.,065 2.,107 2.,136 2.,137 2.,12.4 2.,049 

915 1, 171 1,42.5 1,703 2.,002 2.,2.85 
3,846 5,2.98 6,960 9,003 11,401 14,12.4 
8,511 11,361 14,770 18,92.3 2.3,771 2.8,519 
2.2059 2.,412. 2.,655 2,844 3,043 32191 

192.,617 240,114 -305, zoo 381,763 467,799 553,709 

2,981 3,334 4,058 4,849 5,679 6,595 
4,081 5, 161 6, 264 7,430 8,684 10,050 
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Guadalupe-San Antonio Study Area- High Industrial Water Demand Projection 
(TWDB Series A Data) 

Acre-feet :eer year 
Counties 1970 1980 1990 2000 2010 2020 -
Basin area 

Bandera z z 2 3 3 3 
Bexar 22, 536 26,188 29,850 34,519 39.126 43,794 
Caldwell 137 159 180 209 237 267 
Calhoun 25,235 35,869 48,980 66,693 87,766 112,675 
Coma! 5, llZ 5, 432 5, 636 5, 917 6,076 6, 15Z 
DeWitt 706 599 500 421 342 275 
Goliad 
Gonzales 748 678 597 526 452 380 
Guadalupe 634 689 730 780 813 831 
Hays 1,410 1,704 1, 897 2,126 2,363 2,613 
Karnes 16 15 14 13 11 10 
Kendall 8 9 10 11 lZ 14 
Kerr 100 118 137 161 185 211 
Victoria 26,391 37,923 51, 856 70,426 92,133 117,483 

.Wilson 75 70 64 58 51 44 
Total 83,110 109,455 140,453 181,863 229,570 284,752 

Other EUG 
counties 

Medina 956 1,282 1, 626 2,099 2,496 3,092 
Uvalde 186 203 217 235 250 262 
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Guadalupe-San Antonio Study Area - Low Municipal Water Demand Projection 
(Based on OBERS projection and modified per capita usage) 

Acre-feet eer :rear 
Counties 1970 1980 1990 2000 2010 2020 

Basin area 

Bandera 579 678 773 894 998 1, 121 
Bexar 151, 781 175,599 205,181 237,350 273,353 309,378 
Caldwell 2,758 2, 986 3,199 3,431 3, 658 3,906 
Calhoun 2,097 2,518 2,986 3,450 3,968 4,476 
Comal 4,034 4,717 5,402 6,.120 6,889 7,712 
DeWitt 2,438 2,214 2,068 1, 723 1, 326 1,193 
Goliad 671 655 656 646 650 632 
Gonzales 2,443 2,273 2,118 1,918 1, 737 1, 544 
Guadalupe 4,449 4,787 5, 113 5,423 5, 785 6,098 
Hays 3, 971 4,587 5, 092 5,760 6,457 7,134 
Karnes 2,065 1,834 1, 625 1,403 1, 132 880 
Kendall 915 990 1,070 1, 177 1,263 1, 362 
Kerr 3.846 4,427 5, 031 5,661 6,348 7,054 
Victoria 8, 511 10,147 12,275 13, 638 15,586 17, 541 
Wilson 2,059 1, 918 1!770 1, 623 1, 452 1! 271 

Total 192,617 220,330 254,359 290,217 330,602 371,302 

Other EUG 
counties 

Medina 2,981 3,284 3,630 3,992 4,367 4,740 
Uvalde 4,081 4,455 4,900 5, 314 5, 743 6,239 
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Guadalupe-San Antonio Study Area - Low Industrial Water Demand Projection 
(Based on TWDB Series C Data) 

Acre-feet Eer !ear 
Counties 1970 1980 1990 2000 2010 2020 

Basin area 

Bandera 2 2 . 3 3 3 4 
Bexar 22,536 27, 701 32,935 39,799 47,233 55,586 
Caldwell 137 181 217 270 327 393 
Calhoun 25,235 33,674 43,374 54,110 65, 150 76,469 
Comal 5, 112 5,400 5, 044 5,005 4,981 5, 027 

-- ----· 
DeWitt 706 617 508 428 350 284 
Goliad 
Gonzales 748 800 753 709 653 587 
Guadalupe 634 792 883 995 1, 080 1,155 
Hays 1, 410 1, 661 1, 754 1,907 2,088 2,312 
Karnes 16 15 15 15 15 14 
Kendall 8 10 12 14 17 20 
Kerr 100 130 169 224 289 371 
Victoria 26, 391 37,702 46,468 56,880 67,079 77,132 
Wilson 75 81 78 76 72 65 

Total 83, 110 108, 766 132,213 160,435 189,337 219,419 

Other EUG 
counties 

Medina 956 1,287 1, 628 2,104 2, 563 3,208 
Uvalde 186 210 234 266 296 329 
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Guadalupe-San Antonio Study Area- Estimated Future Irrigation Development 
and Water Demands - ZOZO Conditions 

Approx. acres Acres Acre-feet 
Counties irrigated 1969 Surface water Ground water Total Surface water Ground water Total 

Basin area 

Bandera 400 300 zoo 500 300 . zoo 500 
Bexar Z9,000 10,000 15,000 Z5,000 zo,ooo 30,000 50,000 
Caldwell 400 500 500 1,000 500 500 1, 000 
Calhoun 9,000 8,000 1,000 9,000 40,000 5,000 45,000 
Comal 300 zoo 300 500 zoo 300 500 
DeWitt 900 700 700 1,400 700 700 1,400 
Goliad Z,700 3,000 500 3,500 3,000 500 3,500 
Gonzales Z,800 1,500 1, 500 3,000 1,500 1, 500 3,000 
Guadalupe Z,400 1,000 1,500 Z,500 1,000 1, 500 Z,500 
Hays Z,400 1,000 1, 500 Z,500 1, 000 1,500 Z,500 
Karnes 1,500 sao 1,000 1, 500 500 1,000 1, 500 
Kendall 600 300 300 600 300 300 600 
Kerr 1,500 1,000 500 1, 500 1,000 500 1,500 
Victoria 5, 500 500 5,000 5, 500 Z,500 Z5,000 Z7, 500 
Wilson 17,000 z,ooo 18,000 zo!ooo z!ooo 18!000 zo1 ooo 

Total 76,400 30,500 47,500 78,000 74,500 86,500 161,000 

Other EUG 
counties 

Medina Z6,000 13,000 40,000 53,000 Z6,000 80,000 106,000 
Uvalde 35,600* 1,000 60,000 61,000 Z,OOO 1ZO,OOO lZZ,OOO 

*About 31, 300 acres irrigated from Edwards Underground Reservoir. 
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Guadalupe-San Antonio Study Area 
In-Basin 

Cooling Water Requirements# 
for Generation of Electrical Energy 

1000 1s of Acre-feet per year 
San Antonio Load Center* Victoria Load Center** 
~ High Low High 

1970 
1980 
1990 
zooo 
Z010 
zozo 

35 
4Z 
58 
89 

110 
13Z 

35 
44 
67 

108 
158 
189 

6 
9 

Z5 
40 
54 
69 

# Includes induced and natural evaporation 
* Bexar County 
** Calhoun and Victoria counties 

6 
10 
31 
51 
70 
92. 
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Guadalupe-San Antonio River Basins Study - 2020 Demand for Water with High M & I Projections 

Acre-feet 2er year 
High High Electric 

Counties Industrial Municipal Irrigation Generation Total 

Basin area 

Bandera 3 1,393 500 1,896 
Bexar 43,794 431,518 50,000 189,900 714.-312 
Caldwell 267 8,093 1,000 9,360 
Calhoun 112,675 7,591 45, 000 62,000 2~7,266 

Co mal 6, 152 11,671 500 18, 323 
DeWitt 275 2,014 1, 400 3,689 
Goliad 658 3,500 4, 158 
Gonzales 380 2,630 3,000 6,010 
Guadalupe 831 15,440 2,500 18, 771 
Hays 2, 613 22,533 2,500 27,646 
Karnes 10 2,049 1,500 3,559 
Kendall 14 2,285 600 2,899 
Kerr 211 14,124 1,500 15, 835 
Victoria 117,483 28,519 27,500 30,000 203,502 
Wilson 44 3!191 zo,ooo 23!235 

Total 284,752 553,709 161,000 281,000 1, 280, 461 

Other EUG 
counties 

Medina 3,092 6, 595 106,000 115,687 
Uvalde 26Z 10, 050 122,000 132,31Z 
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Guadalupe-San Antonio River Basins Study - 2020 Demand for Water with Low M & I Projections 

Acre-feet J:!er xear 
Low Low Electric 

Counties Industrial Municipal Irrigation Generation Total 

Basin area 

Bandera 4 1, 121 500 1,625 
Bexar 55, 586 309,378 50,000 132,000 546,964 
Caldwell 393 3, 906 1,000 5,299 
Calhoun 76,469 4,476 45,000 49,000 114,945 
Coma1 5, 027 7,·712 500 13,239 
DeWitt 284 1, 193 1,400 2,811 
Goliad 63l 3,500 4,13l 
Gonzales 587 1,544 3,000 5, 131 
Guadalupe 1, 155 6,098 l,500 9,753 
Hays l,3ll 7,134 2,500 11, 946 
Karnes 14 880 1, 500 2,394 
Kendall 20 1, 362 600 1, 982 
Kerr 371 7,054 1,500 8,925 
Victoria 77, 132 17, 541 21, 500 20,000 142.,173 
Wilson 65 1! 271. 20,000 21!336 

Total 219,419 371,302 161,000 201,000 9'52, 721 

Other EUG 
counties 

Medina 3,208 4,740 106,000 113, 948 
Uvalde 329 6,239 120,000 126,568 

) 
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Introduction 

Bureau of Reclamation 
Summary Report 

on Status of 
Guadalupe-San Antonio River ·Basins Study 

· February 1974 

The investigation is the result of a request by five 
local organizations having responsibility of water resource 
planning and development in the Guadalupe and San Antonio River 
Basins. 

Purpose 

It is a comprehensive multiple objective study 
involving local, state and Federal agencies seeking to find an 
acceptable plan of management of the sur face and ground water 
.resources of tb.e area which. will most nearly meet tb.e needs 
and desires of tb.e inhabitants of basins. 

Scope 

The study area includes all or part of 1 5 counties 
comprising the bulk of the two basins. All or parts of Bandera, 
Bexar, Caldwell,. Calhoun, Comal, DeWitt, Goliad, Gonzales, 
Guadalupe, Hays, Karnes, Kendall, Kerr, Victoria and Wilson 
counties are included in the basin. Also Medina and Uvalde 
counties are included in the study so that the Edwards Under­
ground Reservoir can be evaluated as it affects the basins under 
study. 

Public involvement 

This investigation was authorized to start July 1, 
1971. The study was formally initiated in an interagency and 
public meeting on March 29, 1972 in San Antonio. So far 21 
other meetings have been held with river authorities, state and 
Federal agencies and environmental groups. Oral reports have 
been made on two occasions to the Natural Resources Committee 
of the Greater San Antonio Chamber of Commerce. 

l 
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Major accomplishments to date 

The basic part of this study is a thorough understanding 
of the surface and ground water systems in the basin. The bulk of 
the studies to date has been in the field of hydrology. Previous 
hydrologic ·studies of the area have been reviewed. Previous basin 
natural runofi studies have been extended through the years 1966-
1970 to bring them up to date. A thorough examination of the his­
toric performance of the Edwards Underground Reservoir has been 
made, and an operation study has been made for the present level 
of use and for a higher future level of use. Design flood studies 
were made for various gaging stations. Surface water supply yield 
studies have been made for the most desirable reservoirs in the 
watershed. 

Economic studies were made to determine the depth 
from which irrigators could afiord to pump water. 

Field surveys were made to determine the irrigable 
lands over the Edwards Underground Reservoir in Uvalde, Medina, 
and Bexar counties. · 

-. Population projections and data on water demands for 
municipal and industrial purposes were collected and studied. High 
and low population projections have been selected and municipal and 
industrial water demands have been selected or prepared for those 
projectio~s. Estimates of future irrigation requirements have been 
prepared.as well as estimates for cooling water for generation of 
electrical energy. 

One potential project in the basin, the Cibolo Project, 
has been previously studied yet it still requires a considerable 
amount of work. The project report was submitted to the State of 
Texas for comment and it was necessary to prepare and present 
testimony for a hearing held by the Texas Water Rights Commis­
sion. A draft environmental impact statement has been prepared 
and distributed for comment. A draft of the final environmental 
impact statement has been prepared and submitted. The Water 
and Power Resources Subcommittee of the House Interior and 
Insular Affairs Committee held a field hearing on the project in 
June. T~stimony supporting the project was prepared and pre­
sented at. the hearing. 
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Another completed project investigation of indirect 
interest i~;~ the Nueces River Project. The controversy over the 
R &t M and Choke Canyon sites was resolved in favor of the latter 
by the Texas Water Rights Commission in the fall of 197Z. Testi­
mony was prepared and presented at that hearing. A bill for the 
authorization of this project is before Congress too. In November 
1973 the Water and Power Resources Committee o! the House 
Interior and Insular Affairs Committee held a field hearing in 
Three Rivers. Testimony was prepared and presented at that 
hearing. A draft impact statement was prepared and distributed 
for comment. A draft of a final impact statement has been pre­
pared and is being reviewed. 
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NOTES FOR MARCH 30, 1976, MEETING 

Prepared by 
Bureau of Reclamation 

Southwest Region 
l~rring Plaza, Box H-4377 
Amarillo, Texas 79101 

In connection with 
San Antonio-Guadalupe River Basin Studies 
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PREVENTING OVERDEVELOPMENT OF THE EDWARDS UNDERGROUND AQUIFER 

Overdevelopment of the Edwards Underground Aquifer can be defined as 

well discharge in excess of average recharge over a prolonged period of 

time. Overdevelopment can be prevented by limiting well discharge to an 

amount that is smaller than recharge. This can be accomplished in two 

ways: one, a voluntary substitution of surface water for ground water by 

certain entities such as the San Antonio metropolitan area; or two, a 

ground water law that places a mandatory upper limit on the well discharge 

of all water users. 

Voluntary substitution of surface water 

Bureau studies assume that the San Antonio metropolitan area, New Braunfels, 

and San Marcos will voluntarily substitute surface water for Edwards 

underground water as needed to prevent total average well discharge from 

exceeding 500,000 acre-feet per year. For voluntary substitution to be 

possible, adequate supplies of substitute surface water must be available 

and the demands on the a4uifer by users who cannot substitute surface 

water for ground water must be smaller than average recharge. 

Preventing the overdevelopment of the Edwards by surface water sub­

stitution faces three major obstacles. First, it would be difficult to 

develop and implement an acceptable method of sharing the high costs of 

surface water among the beneficiaries. Second, substituting surface 

water for aquifer water would be difficult if additional supplies of 
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surface water were ever unavailable. Third, surface water substitution 

would fail to protect the Edwards should the demands on the Edwards by 

those who have no surface water alternative ever exceed the average 

recharge. 

If the city of San Antonio were to pay the whole cost for substitute 

surface water while irrigators west of San Antonio continued to expand, 

San Antonio might feel that the irrigators were getting a free ride at 

San Antonio's expense. San Antonio would be paying for expensive surface 

water supplies to offset the increased use of the aquifer by irrigators 

to the west. All aquifer users would benefit to some degree from the 

substitution of surface water for aqutfer water. It is equitable that 

all beneficiaries should contribute to the high cost of the substitute 

surface water. Determining the appropriate contribution from each water 

user would require difficult and involved legal, hydrologic, and economic 

studies and implementing the resulting cost sharing method would be 

politically controversial. 

Bureau plans for voluntary substitution of surface water for aquifer 

water call for holding well discharge to 500,000 acre-feet a year 

through the year 2020. This annual limit includes the installation of 

supplemental wells at Coma! and San Marcos Springs, which may exercise a 

restraini.ng force on full development of these wells. If the annual 

discharge of the Edwards is to be held to 500,000 acre-feet a year, 

Bureau estimates show that at least 70 percent of the municipal and 
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industrial water supply for Bexar, Comal, and Hays Counties must be· 

supplied by surface water. 

Limiting the aquifer discharge to 500,000 acre-feet could create diffi­

culties. The Texas Water Development Board, for example, estimates that 

if all of the land that could be irrigated by the Edwards were actually 

irrigated, the discharge for irrigation alone would be 423,000 acre-feet 

a year. If the trend of the period 1958-69 continues, the board predicted 

that this full irrigation development would occur by the year 2042. If 

irrigation use approaches this magnitude, it might be impossible to hold 

the Edwards discharge to 500,000 acre-feet. 
·, 

There are other demands on the Edwards that simply cannot be met by 

surface water substitution. Some water users, for instance, are scattered 

throughout the area; their needs could not be economically met by 

surface water development. It would be impractical to put the San Antonio 

metropolitan area, the city of New Braunfels, and the city of San Marcos 

completely on surface water. These communities would continue to need 

ground water for summer peaking periods and for dry years when demands 

are higher than normal. Surface water could not be used to maintain the 

flows of Comal and San Marcos Springs. Supplemental wells would have to 

pump from the Edwards to maintain these springs. 

In most Bureau plans, adequate surface water would be available for 

substitution through 2020, and potential additional supplies would be 

available in the Guadalupe Basin beyond 2020. In actual practice some 

~ of the potential supply might not be available for substitution because 

of political or water right considerations. 
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Some other considerations involved in a voluntary substitution plan are: 

1. What level of well discharge should be allowed? 

2. What provision should be made for Coma! and San Marcos Springs? 

3. Should one level of limitation to well discharge apply to the 

whole aquifer, or should different segments have different limits? 

4. Under what aquifer conditions should surface water be substi-

tuted for well water? 

Bureau plans propose an upper limit on well discharge of 500,000 acre-

feet per year. This is 'the highest level that appears realistic because 

it is probable that even under conditions of severe aquifer drawdown, 

some recharge would be discharged from San Marcos Springs and because it 

is possible that in the future recharge might fall below the historical 

aveJage. A somewhat lower level of well discharge could be advocated 

for the same reasons. Bureau plans call for the highest realistic level 

of well discharge because of the high cost of substitute surface water. 

Considerations have been given to restrict the Edwards discharge to 

350,000 acre-feet a year to assure that Coma! and San Marcos Springs 

would not go dry. Limiting discharge to even this reduced amount, 

l1owever, would not help Coma! Springe during a severe, prolonged drought 

like the one in 1948-56. During such a drought, Coma! Springs would 

still go dry even with the reduced discharge. The springs did go dry in 
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1956, and well discharge at that time was considerably lower than what 

it is today. The economic cost of reducing discharge to such a low 

level that Comal Springs would flow even during a severe drought would 

be prohibitive. 

The situation at San Marcos Springs is not quite so bleak. It is esti-

mated that the springs would flow continuously if the Edwards discharge 

were limited to 350,000 acre-feet and the city of San Harcos switched 

completely from ground water to surface water. 

The cost of reducing well discharge to 350,000 acre-feet would be extremely 

high. A reduction this large would probably guarantee the life of 

San Marcos Springs, but it would not assure that Comal Springs would 

flow ~ontinuously. If: therefore. some ~rovision is to be made for 

maintaining the flows of Comal and San Marcos Springs during moderate 

and severe droughts, supplemental wells are the surest, most direct, and 

most economical way. 

Some good arguments can be made for placing different limits on well 

discharge for different segments of the aquifer, provided that the sum . 
of the limits is less than the average recharge. Setting a different 

limit for Hays County is particularly appealing since about half of the 

aquifer water in Hays County comes from local sources that are not 

available to water users in New Braunfels, San Antonio, etc. As long as 

San Marcos Springs are flowing, well discharge in Hays County has very 

little effect on water levels in the aquifer. Some weaker arguments 

could be made for putting different limits on the Uvalde Pool and Central 

Pool well discharges. 
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It has been suggested that limits on well discharge should be imposed 

only during times when aquifer water levels are critically low, and that 

these limits should be removed when the water levels rise again. Since 

operating costs for substitute surface water are usually quite a bit 

higher than costs for ground water supplies, this makes economic sense. 

One Bureau plan proposes that water not be taken from Cuero Reservoir to 

San Antonio when Comal Springs has a flow of over 16 cubic feet per 

second. The pump lift involved in transporting water from Cuero Reser-

voir to San Antonio is about 1,000 feet; the ground water lift in San 

Antonio when Comal Springs are flowing is less than 100 feet. Comal 

Springs and San Marcos Springs (for Hays County) might provide convenient 

and highly visible indicators of favorable or unfavorable aquifer water 

levels. Thus, water users in Uays County could be allowed unrestricted 

use of ground water whenever San ~larcos Springs flow exceeded some 

amount. Similarly, water users in Comal, Bexar, Medina, and Uvalde 

Counties could be allowed unrestricted use of ground water whenever 

Comal Springs flow exceeded some amount. There might be some extra well 

field costs to enable use of more ground water when ground water levels 

are favorable. 

Ground water law - The well discharge from the aquifer could also be 

limited to a value less than recharge by enactment of a ground water law 

putting wandatory limits on well discharges. Devising an acceptable 

ground water law would be politically difficult. One principal advantage 

a ground water law would have over voluntary substitution is its authority 
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to limit well discharge dependently of the availability of substitute 

" surface water. The main problem with a ground water law would be devising 

an acceptable method to allocate the limited ground water supply among 

existing and potential users of ground water. Many possibilities exist. 

One is the appropriative method, which means first in time of use is 

first in right. This would favor and protect existing uses of ground 

water at the expense of potential uses. Another is the correlative 

method, under which the available well discharge would be allocated on 

an acreage basis, regardless of existing uses. This would favor potential 

uses of ground water at the expense of some existing uses. A fair 

ground water law might involve some compromise between the appropriative 

doctrine and the correlative doctrine. Because it is impossible to 

predict exactly how a future ground water law would affect potential 

future users of ground water, most Bureau planning is based on the 

principle of voluntary substitution. 

Many details of a ground water law need to be worked out. Some are: 

1. Should rights to use ground water be salable or transferable? 

2. What level of well discharge should be allowed? 

3. What provision will be made for Comal and San Marcos Springs? 

4. Under what aquifer conditions should the limits on well discharge 

be imposed? Should the limits be suspended when water levels in the 

aquifer are high as perhaps evidenced by flow from Comal and San Marcos 

Springs? 
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Implementing the plans 

It appears that the most practical way to implement an area-wide plan 

providing for surface water substitution of Edwards Aquifer water would 

be to form a master conservancy district responsible for the entire area 

of influence. This district would require legislative approval and 

taxing authority to finance its operations. The district would probably 

operate on an ad valorem tax base with other supplemental methods devised 

as needed to finance future surface water facility construction and 

operations. Tax rates would be assigned commensurate with benefits 

derived from ~plementing_the plan. 

In order to properly control and manage an integrated ground and surface 

~ .. ·.!.ter pl.an, the dietrict ~culd h:l'."e to function under a grtn.tnd l·~ater la~·~ 

that would make limitation measures possible. Such a ground water law 

woul~ require legislative action which could be provided at the time the 

district is established. 

In addition, this conservancy district would be required to monitor the 

Edwards and protect it from overdevelopment and pollution. 
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Note:  Large-format version of the original plate is on the 
following page. 
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