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e NVARDS UNDERGROUND WATER DISTRICT
1615 NORTH ST. MARY'S
P. O. BOX 15830
SAN ANTONIO, TEXAS 78212

The Honorable 0. C. PFisher The Honorable Henry B. Gonzalez
- 2407 Rayburn House Office Bldg. . 116 Cannon House Office Bldg.

Washington, D. C. 20515 Washington, D. C. 20515

The Honorable Abraham Kazen The Honorable Jake Pickle

1514 Longworth House Office Bldg. 231 Cannon House Office.Bldg.

Washington, D. C. 20515 Washington, D. C. 20515

The Honorable John Young
2419 Rayburn Ilouse Office Bldg.
Wasaington, D. C. 20515

Gentlemen:

The undersigned organizations are the local agencies charged with
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 1nrlow
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 Marcos and New Braunfels and smaller springs
elsewhere. This aquifer is the sole present source of municipal

and industrial water supply for the San Antonio metropolitan area

and is also used to supply substantial irrigation developments.

Numerous 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
neeis 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
years have becn inceffective 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 arca. Broader based proposals covering the
entire area gencerally have been advanced as elements of large-
scale plans involving all or most of the rest of Texas 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 waters.

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. We also believe, however, that they badly nced
updating and broadening to reflect current conditions and, aspirations
of the people of our areca. In particular existing proposals neced
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
ané disposition of sewage effluent from urban areas which simultane-
ously poses difficul: problems and involves major potential benefits.
An apparently irreconcilable conflict that nevertheless must be
resolved is the effect of storage and use of currently unregulated
strezamflow 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 appear
to afford a major potential source of additional groundwater supply.
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t is our joint conviction that we will need substantial assistance
from appropriate State and Federal agencies if we are to solve
these and other questions and to formulate an arca-wide plan that
will command general acceptance and have a good chance of being
vut into ciffect. We look to the Texas Water Development Board
to assist us with its staff and to obtain for us the services of
other State agencies. All of the actions we are proposing herein
r;prcsent implementation of the overall Texas Water Plan as advanced
by the Texas Water Development Board in November 1968. At the
Federal level we 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, and to prepare a report thereon recommending
appropriate Federal actions for submission by the Secretary of the
Interior to the Congress.

We understand that the Burecau 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.

@mm Accordingly, we jointly ask that each of you transmit this letter to
the Commissioner of Reclamation with a request that he include in
his budget for the Texas Basins Project investigation for Ficscal
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,

~ /ﬂ—y /
('\//\'/"//ﬁ{Z’WM ,,:/ p /k/\

Gerald C. Henckel obert Van Dyke
City Managerxr General Manager
Clty Water Board

Clty of San Antonio
et A T Mf M L (O

McDohald D. Weinert : Rdbc “H. VathﬁRaﬁBﬁr\\
General Manager Gcneral Manager
aijifiiﬂ?ndergrou d Water District Guadalupe-Blanco River Authority

— . 7 4
___-/Fre W felffer J///

General Manager
San Antonio River Authority

¢ cc: Mr. Harry Burleigh
Mr. Trigg Twichell
Mr. Howard Boswell



GCUADALUPE

EDWARDS
UNDERGROUND RES.

BLAKCDO

. N z !
nLI..:. _ : -.._-.Au_.\\ v
5 A o
3 ) o ) v
; o \/ & “
z \ JE u
w \ 7 = %
2 x L ey, DA
w _— \/,...... ny a
B = e Q
v’ O T
i [ Q
. P QA
<1
e L% =
= = ! ! Sk
(LIS 1 s rl/; 5]
<
./.r d
14
L
>
x
w
L £
O
wd -
2 4]
Z o
qah s
A mm,w 13
o
1
wd

. . EDWARDS UNDERGROUND
= RESERVOIR



Austin, Texas -
April 13, 1972

Memorandum

To: Files

From: .Chicf', Hydrology Division

Subject: Uvalde Pool of 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-
siderably higher piezometric water surface than the aquifer to the
east. It is postulated that the higher water surface elevation of the
Uvalde Pool is caused by a zone which has considerable resistance
to flow 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 of water level contour maps
for the Edwards Underground for various dates (January 1952,
August 1954, August 1956, March 1958, and 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 obsexvations:
are available for many wells in the Uvalde Pool Elevations for two
of these wells, H-4-6 and H-5-1 are available from 1930 to date.
The 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 20 feet lower than in well H-4-6. Counting the two wells, {requent
observations are available for 1930, and 1938 to date, and less {re-
quent observations auring 1931-1937, Plate II shows the cbserved
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 Nueces Rivers contribute recharge
to the Uvalde Pool. The Dry Frio may also contribute recharge to
the Uvalde Pool, and possibly the headwaters of 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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' 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 Nueces River at Laguna, drainage arca 764 square miles
and West Nueces near Bracketville, drainagec 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 runoff from

. the 483 square miles between the two upstream gages and the down-

stream gage, which is about 25 percent of the total drainage area,
had to be estiimated. Thus the recharge estimates for these periods
are reasonably accurate. During 1934 through Scptember 1939 and
during October 1950 through March 1956, the flow of the West Nueces
River was not measured. During these two periods the runoff 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 rcliable. Most of the area in question is

‘'sparsely populated and few rainfall records 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 Burcau analysis
that the aqutflow from the Uvalde Pool is relatively constant. Under
this assumption, substantial recharge must increase storage in the
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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 '"wild". This test indicated that data
for a few years appeared abnormal. . The estimated recharge for
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'" indicates
that rainfall during June 9-15, 1935, was grcatest in the headwaters
of the West Nueces, and least in the "remainder of area' below the
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 and the remaindexr to the Central Pool,

2



Table 2 lists the estimated recharge to the Uvalde
Pool from the Nueces Basin and from the Dry Frio River ecach

'year, 1934-1969. Table 3 lists the average recharge for various

periods. During the 1948-1956 drought period, the estimated
average annual recharge is 68 percent of the corresponding figure
for the 1940-1969 period. This is a much higher percentage than
occurred in the remainder of the Edwards Underground during the
1948-1956 period. During 1960-1969, the estimated recharge is
112 percent of the 1940-1969 average. During 1960-1969, the
gaged runoff of the Nueces River at Laguna was 117 percent of 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 average recharge estimated for the 1960-1969 period appears
reasonable.

. Correlations between the flow of the Nueces River

at Laguna, plus the West Nueces River near 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 pexr month larger when the
water level in well H-4-6 has been above 883' than when the water
level in the well has been below 883'. This indicates that net
recharge from the Nucces River may be affected by the 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 thé 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 for the 1934

through 1950 was increased by 4, 000 acre-feet per year, and the
USGS estimate for 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 well

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 County and for Uvalde County for various uses
for each year, 1934-1970. Based upon examination of the irriga-
tion inventory map for Uvalde County for 1969, it was estimated
that 60 percent of the Uvalde County area irrigated from the Edwards
Underground tapped the Uvalde Pool. In 1970, the city cf Uvalde
accounted for about 63% of the total population of Uvalde County and
a considerably higher percentage of the population in Uvalde County
served by municipal water from the Edwards Undergroand. For
purposes of this analysis, it was estimated 80% of the Uvalde
County municipal water use from the Edwards Underground
occurred from the Uvalde Pool, and that 60% 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 increased steadily over the
years and at an increased pace during recent years. During recent
years, the well discharge has exceeded the flow plus underflow of
Leona Springs. However, the highest well discharge for any year
(through 1970) is only about one~half 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 be that the amount of suitable land is the physical
limitation on irrigation development from the Uvalde Pool, not the
water supply. Itis 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 flow in the Edwards Underground Aquifer can be computed
between times of equal Uvalde Pool Aquifer coatent as the esti-
mated recharge minus the estimated discharge of Leona Springs
and underflow, and minus the estimated well discharge., Water
levels in observation wells indicate that aquifer 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-feet per year. Since the discharge to the east
was computed as the unknown item in a water budget, its estimated
value is subject to a bigger margin of error than any of the

i 34
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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 cast 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
aquifer discharge to the cast, plus other items 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 aquifer content can be compared with the change in the
water-surface elevation of well H-4-6 each year. Plate 3 is a plot
of change of water-surface elevation vs. computed change-in-aquifer
content. Based upon this plot, and also accumulated data, for a few
years, such as 1950-1952, 1957-1958, and 1962-1963, it was csti-
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 VWell Discharge.

An operation study (same as mathematical model or aquifer sirawla-

tion) was made for the Uvalde Pool for the 1934-1969 period with the
" 1969 level of well discharge, to sec 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
-from the estimated water level in well H-4-6 and a correlation.

The discharge in the aquifer from the Uvalde Pool to the Central
Pool was estimated to equal 66, 000 acre-feet per year (the historic
average), multiplied by the drop in clevation 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 1-4-12. The elevation in well I-4-12
used in the ''this study' 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. ‘



During those months when the historic water level in
well H-4-6 was above §83', but the water level in this study was
below 883', it was assumed that the net recharge from the Nueces
River would increase by an amount equal to the historic flow 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 earlier indicate that the increase in recharge
could go up to about 5, 000 acre-feet per month, but an upper limit
to 3, 000 acre-feet was used in this study becausc of the host of
unknown factors. Except for this adjustment, historic recharge
was used. It was assumed that a 4, 500~acre-foot change in the
Uvalde Pool content from the historic would cause a l-foot change
in piezometric water level in well H-4-6.

The results of this operation study are summarized
in Table 4. The water level in well H-4-6 varies from 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 opcration study is crude, with many gquestionable
or very approximate assumptions. Still, if the concepts it is based
upon are reasonable correct, it indicates that the 1969 level of well
discharge from the Uvalde Pool can be sustained without any serious
adverse conscquences, except to those who may be dependent upon
Leona Springs plus: underflow,

Effect of Future Increases in Well Discharge Over
the 1969 Level, The 1969 condition study indicates that a considerable

expansion 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-fcet 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 would occur at well I-4-12 as

a result of a further increase in well discharge from the Central Pool.
An increase of well discharge of 30, 000 acre-feet per year is equal
to about 79 perceat of the 1969 level of well discharge from the
Uvalde Pool. There may not now be enough unirrigated land suitable
for irrigation to cause this large an increase in well discharge from

the Uvalde Pool. .
e Foot g It

Enclosures M. Geprge Schwab



Table 1. Adjustments to estimated recharge from Nucces Basin
(1, 000 acre-feet)

USGS data or estimate:

Runoff - Modified estimate of recharge
Nueces West . Remainder Total runoff  Outflow at Change
at Nuecces nr, of area above above or below +Est. from

Year Laguna Bracketfille Uvalde gage Uvalde gagpe Uvalde pase Recharge Value USGS estimate

1935 G 465 228 399 1092 G 681 411 178 -233
1936 G 233 32 161 426 G 250 176 124 - 52
1937 G 62 10 13 85 G 56 29 . 49 + 20
1939 G 164 25 126 ' 315 ‘G 88 227 115 -112
1953 G 22 4 6 32 ‘G 10 22 40 + 18
1957 G 62 G ‘18 48 128" G ‘19 : 109 144 + 35
1958 G 273 G182 - 196 © 651 G 384 267 232 - 35
1966 G 143" G 19 80 . 242 G 73 169 134 - 35
Total 1424 518 1029 2971 1561 1410 1016 -394

. G = gaged runoff.



Table 2. Uvalde Pool, Estimated Historic Water Balance

WS Elev. <1

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 charge Pool Total _charge 886 year
- 1000 RS .
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 87 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 26 887 ~1
36 5 41 19 3 66 88 ~47 880 -7
64 10 74 - 10 2 66 78 =4 881 +1
47 9 56 12 3 66 81 -25 874 =7
81 7 88 6 3 66 75 13 878 +4
73 10 83 13 3 66 82 1 878 0
41 3 44 7 4 66 77 -33 871 -7
166 11 177 9 5 66 80 57 885  +14
41 4 45 11 7 66 . 84 -39 873 -12
18 3 21 3 11 66 80 -59 859 -14
28 L 25 [v] i4 00 Bsu -5l 845 ~14
* 40 2 42 0 17 66 83 =41 844 -1
61 2 63 0 17 66 83 -20 846 +2
1955 128 4 132 0 18 66 84 48 850 +4
56 16 (4] 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 11. -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 7 105 7 25 66 98 7 880 +3
- 66 * 134 12 146 8 25 66 99 47 882 +2
< 67 82 12 9% 7 45 66 118 =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 =ttmohed=tigwsk,
correlation similar to Plate3.




Table 3. Uvalde Pool, Historic Period Averages

Average annual value - 1,000 acre-feet

3948-56 1940-49 1950-58 1960-69 1940-69

Recharge .

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

-From Dry Frio Basin 3 10 _6 _9 9

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, Summary of bperation study

@%& for the 1969 level of well discharge
Historic This study
WS elev, WS Change Increase Leona Out- WS Well
Well Well in WS in net Springs flow H-4-6
H-4-6, H-4-6, elev. 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
Year (ft.) (ft.) (fe.) 1000 acre-feet ) (ft.)
1933 886 864 =22 - - - - 146
34 877 847 =30 0 0 50 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 1] 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 1] 40 64 131
44 881 849 =32 0 0 - 29 63 125
1945 874 839 =35 (&) o 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 4 56 126
49 885 840 =45 10 0 27 54 127
51 859 809 ~50 0 0 44 55 126
52 845 792 -53 0 o 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 50 140
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 36 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
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Austin, Texas

May 31, 1972
Memorandu;‘n o S E ' | 3
To: Files |
From: | "Chief,. Hydrology Division
Subject: Central Pool of Edwards Unde.rground Aquifer

“The Central Pool

- The Central Pool is a portion of the Edwards Under-

- ground Aquifer extending from eastern Uvalde County to New Braunfels

which has a relatively flat piezometric water surface. This water
surface is substantially lower than the water surface in the vicinity

of Uvalde and moderately higher than the water surface in the vicinity
of San Marcos. 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 level contour maps for the Edwards Underground ior

'- various dates (January 1952, August 1954, August 1956, March 1958,

and yanuary 1v61) that were presented 1n lexas Board of water kngi-
neers Bulletins 5608 ard 6201 and Texas Water Development Board
Report 34.

.

"~ Historic Water Levels

Water level observations are available for many wells

"in the Central Pool. Water surface clevations for five of these wells

are plotted on Plate II. Plate I shows the location of these five wells.

' The time pattern of their water level fluctuations is very similar, but

the amplitude decrcases 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,

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 autlet, except in the summer of 1956. In the summer of 1956,
Comal Springs went dry and ceased to be a control. During some

G sme e W N



recent years the water levels in the five Central pool wells have
displayed severe summer drawdowns. This is a striking character-
istic of their hydrographs. 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 seasonal well discharges from the
Central pool and are aggravated by below normal recharge. The
summer drawdowns are much larger than would be expected from °
the volume of pumping and the end-of-year aquifer content vs. eleva-
tion relationship of Figure 3. 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 offset the
summer well discharge and also maintain an undiminished flow of

. Comal Springs. This results in a decreased artesian pressure in

the summer followed by a pressure recovery in the-winter when the
well discharge is smaller. The severe summer drawdowns also
suggest that much of the experienced change in aquifer content has
occurred in the gravity portion of the aquifer. The flow 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
ilow with summer. flow considerably smaller than winter flow. This
was pronounced in 1967. The 1950-5b drought 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 sub-
sequent year.

Historic Inflow

Table 1 lists the estimated direct recharge to, the
Central pool for each year. Table 2 lists averages for various

l periods. The values for the Frio and Dry Fric Dasins 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 in the extent to which they are supported

" by streamflow measuréments in the basins. In general, the figures

for the Frio and Dry Frio Basins and the Sabinal Basin are well sup-
ported from September 1952 on. The estimates for the area between
the Sabinal and Mecdina Basins has partial support from September
‘1952 on. The estimated recharge from the Medina Basin is based



to a large extent upon historic content data for Medina Lake and on

the estimated rclationship 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 Crecek Basin
and for the Cibolo and Dry Comal Crecek Basins have very little sup-
port from gaging stations within these two subbasins.

The total dircct recharge estimatcs for the period
beginning in September 1952 are better supported by local streamflow
measurements than the estimates for earlier periods. The total
direct recharge estimate for each’ycar was corrclated with the gaged
flow of 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 other items of inflow and outflow are rela-
tively constant, or in the case of discharge of Comal 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 estzmated
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 fair 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 recharge to the Central pool were used without change in this
study. .

The historic inflow to the Central pool through eastward
flow in the Edwards Underground ircm the Uvalde pool is estimated to
average 66, 000 acre~feet per year. This estimate is based upon water
.budget studies for the Uvalde pool that are presented in my memo to
the files, subject: ''Uvalde Pool of Edwards Underground Aquifer, "
da.ted April 13, 1972,

His toric Outflow

Discharge from the Céhtra.l pool occurs through San
Antonio Springs, Comal Springs, wells, and eastward flow in the .
Edwards Underground Aquifer. :



Streamflow data adequate to define the flow of San

~Antonio Springs are available during October 1916-October 1929

and October 1939 to date. Reliable estimates for November 1929
through September 1939 can be made by use 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 measureiments. The
discharge from San Antonio Springs and from Comal Springs has
been estimated by the USGS for thé 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 cach year 1934-1970. The categories
are municipzal 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 assumed to be from the Central pool. This was about
39% of the total Uvalde County well discharge in 1969. The estimated
municipal and military and the estimated industry well discharge is
believed to be iairly accurate. The estimated use by irrigatnon 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 time. During 1969, the well discharge was
59% 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 use 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 underflow from the Central pool. A straight line iconnecting

"



these two points was drawn on the graph. The discharge to the

San Marcos pool was estimated by use of this line and the average
water surface clevation at well #26 each year. Table 1 lists the
estimated underilow to the San Marcos pool each year. It averages
53, 000 acre-fcet 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 may 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 clevation
N 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 for each year is a residual of the water balance and there-
fore not very accurate. Since estimated outflow is more accurate
than estimated inflow, the computed change in content of the Central
pool is probably more accurate during years of low inflow than during
years of high inflow.

W . - Historic Water Balance

The water level sequences on Flate Z and inilow 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 Bzsins indicate that recharge during the 1948-1956 drought
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 an abrormal event of unknown recurrcence {requency 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. :



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

Consecutive _ ' ©°1948-1956 - . Remainder of
years o -period - 1934-1969 period
1 20 112
2 ‘35 Co 142
3 52 " 181
4 " 69 : 248
5 100 S 279
6 101 . 291 ¢
7 106 337
8 132 350
X 130 378

: Average annual direct recharge during 1934-1969 was

. 379,000 acre-feet., Excluding 1948-1956, the average annual 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 a5 1948-1956. Table 2 lists average inflow to the

Central pool for various periods.

Comal Springs stopped flowing for the first time of
record on June 13, 1954, and started to {low again on November 3, 1956.
It has flowed continuously since (through 1Y /(l)., San Antonmio Springs
flowed most of the time prior to 1948, but had zero flow during 1949-
. 1957 inclusive. From 1958 through 1971 San Antonio Springs has
had 1nterm1tten.. flow. '

: Well d1scharge has increased stea.dzly The highest
well discharge for irrigation occurred in 1956, There has been an up-
trend in recent years, however. The highest we.l discharge for pur-
poses other than irrigation and the highest total well d1scharo’e

- occurred in 1967,

© Operation Study for the 1969 Level of Well Diséharge

Table 3 is an operation study for the Central pool for
the 1969 level of 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 precipitation. The variation in irrigation well



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 year in this study because of Medina
Project shortages and the existence of a considerable number of

" irrigation wells in the Medina Project service areca. 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 Antonio airport and a correlation
between historic '"other' well discharge and this irrigation require-
ment. The underflow f{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 irom correlations for the 1956-1969
" period between the flow of these springs and the water surface ele-
vation in well #26 and from the water surface elevation in well #26
‘computed in this study. A refinement to these estimates consisted
of assuming that the historic deviation of spring flow from the

- correlation each year would persist with 1969 condition well dis=-
charge. Tnis deviation was expressed in terms of water surtace
elevation in well #26. For the 1956-1969 period, the deviation was
obtained from the 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 attributed to the larger summer drawdowns that have
occurred during recent years. In this study, it was assumed that

a change in 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 suriace elevation in well #26 at the end of 1933
was estimated to be 650 feet, which is 22 feet lower than tiie historic
level. The water level in well #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 difierence in well #26
water surface elevation at the end of 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 content of 36, 000 acre-feet per foot change in
well #26 water surface’ elevatmn.

.
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*The 1969 condition well discharge study indicates

‘practically no flow from San Antonio Springs and considerably

reduced flow from Comal Springs, compared to historic. The
study indicates zero 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,

Operation 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 allowance 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
Medina Project area well discharge for irrigation during 1949-
1957 was assumcd to be the same as for the 1969 condition study.
Central pool "other" 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 used to estimate the

" underflow to the San Marcos pool, and the discharge of San Antonio

and Comal Springs were moved up 2 icet. 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, Thié is 42 feet

*lower than historic. Otherwise, this study is the same as the 1969

condition study.

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. If historic
*trends continue, 'this level of well discharge will be reached by about

T
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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 #26 are 39 to 60
fcet lower than historic. This does not appear to be sevcre enough
to make irrigation 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 underflow of 30, 000
acre-feet to the San Marcos pool and an average discharge of
20, 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 trpnds in well discharge continue, this situation
will be reached about year 2000. The Central pool might be able
to draw some water irom the San Marcos pool, but the amount is
uncertain, and probably small without very low water levels in
the Central pool. Within a few years after this level of well dis-
charge is equalled or ciceeded, the water levels in the piezometri
portion of the Central pool will be reduced so severely as to affect
the economics 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. IHigher well discharges during the
fall and winter might prevent a complete or ¢ven partial recovery
to normal levels. A computation for 1963 indicated that if the out-
flow from the Central pool had been 523, 000 acre-feet instead of
the historic 4506, 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
outilow 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 #26 might have been



<

considerably lower than the 567 feet shown in the study. .Durin'g
favorable ycars, larger volumes of water can flow through the -
Central pool without abnormal effects on piezometric water levels.

Thus in 1961 the historic outflow from the Central pool was 553, 000

acre-feet. Therefore, any abnormal drawdown during dry years
would be quickly overcome during subsequent wet years.

M. George Schwab
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Table 1. Central pool - historic water balance

Estimated {nflow

Under- :
flow :
from Direct
Uvalde Te-

Year pool charge Total
1934 66 148 214
35 66 781 847
‘36 66 670 736
» 66 339 405
38 66 324 390
39 - 66 155 221
1940 66 233 299
41 . 66 682 748
42 66 413 479
43 66 212 278
44 66 439 50S
1945 66 437 503
46 66 426 492
47 66 310 376
48 66 121 187
49 66 308 374
1950 66 138 204
S1 66 106 172
52 66 225 291
53 66 118 184
54 66 87 153
1955 66 50 116
56 66 20 86
57 66 947 1,013
58 66 1,346 1,412
59 66 534 600
1960 66 663 729
61 66 565 631
62 66 172 238
63 66 112 178
64 66 258 324
1965 66 452 518
66 66 399 465
67 66 353 419
68 66 688 734
1969 66 402 468
1934-69 2,376 13,633 16,009
ave, 66 _ 3719 445

Eatimated outflow

San

Anton{o
Springs

13
74
107
. 88,
75
11

68

837
23

Coma)

Springs

224
23u
260
25..
244
218
202
244
2534
r 1%
25.
26,
260
254
20.
20"

180 -

140
132
131

99

65

23
105
221
22?
23)
241

193 °

15)
137
187
193
131
231
21t

7,08
197

. Undez-
Well flow
discharge to San
Irriga- Marcos
tion Other _pool
21 78 55
19 83 56
19 93 58
20 97 58
20 98 57
20 96 55
22 97 55
24 110 56
25 117 57
26 119 56
28 118 56
28 121 56
31 119 57
32 131 56
k X} 131 52
33 140 52
a3 152 52
35 162 49
kY4 163 48
52 159 48
61 167 46
71 169 44
94 187 42
53 166 46
37 167 bx
46 171 57
. 42 169 57
39 174 57
51 188 55
52 195 S2
48 183 50
45 183 52
46 181 53
77 214 51
37 184 53
55 206 S5
1,412
39

Total

395
468
537
515
498
400
379
506
519
480
479
522
502
510
419
432
426
395
380
398
373
350
346
370
498
525
524
553
496
450
418
473
475
473
522
532

Inflow
minus
outflow

-181
379
199

-110

-108

-179

- 80
262

- 40

=202

26

- 19

- 10

-134

=232

- 58

-222

-223

- 89

-214

-220

1000 A? except

as noted

Well #26

". s.
elev.

end of

year

Change
from
last
year

(feer) (feet)

669
680
682
678
674,
668
671
677
680
669
676
673
679
668
657
664

-3
+11

+
15

-
W NHWARAWO DS

+ 00+
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Table 2. Estimated historic infleow and outflow,

Central Yool various periods

Iten

Inflow
Direct recharge

Frio and Dry Frio Basins
Sabinal Basin

‘Arca between Sabinal and
Medina Basins

Medina River Basin

Area between Medina and
Cibolo '

) . Cibolo and Dry Comzal Creek

Basins

Subtotal
Upderfloq from Uvalde pool
| Total inflow

Irrigatioﬁ

Tiuel

Subtotal

Saa Antonio Springs
Comal Springs
_Underflow to San Marcos pool

Total ‘outflow

1948~

1956

26
11
22

22
19

(1,000 acre-feet per year)

492

1960- 1934-1947 &

1969 1957-1969
96 9
33 39
86 90

60 60
48 68
83 110
406 461
_66 _66
472 . 527
49 36
18 14z
237. 178
.1 31
191 218
53 55
' ' 482

1934-
1969

77
32
73

51
56

90

379
66
445

39

186
.23

197
‘53

459
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Austin, Texas

June 6, 1972
Memorandum )
To: Files
From: Chief, Hy.drology Division
Subject: San Marcos Pool of Edwards Underground Aquifer

The San Marcos Pool

The San Marcos Pool is 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

‘has considerable resistance to flow located between the Central
- Pool and the San Marcos Pool 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 exami-
nation 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,

Historic Water Levels

Water level observatiqns are available for 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 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 1956,

e s e s m. —



Historic Inflow

Inflow to the San Marcos Pool consists of underilow
in the aquifer from the Central Pool, plus direct recharge to the
San Marcos 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
#26. Figure 3 presents this plot. 1939 and 1956 were the key years.
During these two dry ycars, almost all of 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 ##26 each year. Table !l
lists the estimated average annual underflow from the Central Pool
each year. It avérages 53, 000 acre-feet per year during 1934-1969.
This procedure assumes that very little of the 1939 and 1956 outflow
in Hayes County was derived from a decreasec 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 supporied 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
recharge estimate is 32, 000 acre-icet per year. However, the
historic outflow in Hayes County is estimated to average 102, 000
acre-feet per year, and the underflow from the Central Pool was
estimated to average 53, 000 acre-feet per year. If 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.




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 OQOutflow

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 {low. 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 penod '

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 underflow from the Central Pool is from the 1969 con-
dition operation study for the Central 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 Sprmgs 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 assump-
tion is not entirely correct of course, but it is not grossly in error,



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-fecet, compared to the historic 1956 flow
of 46, 000 acre~-feet.

Effect of Aquifer Well Discharge 35% 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 35% 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 35% higher than
the estimated 1969 condition well discharge. The discharge of San
Marcos Springs was computed as the unknown item in the water
balance.

The estimated discharge of San Marcos Springs is
further reduced. Table 3 indicates zero flow for San Marcos
Springs in 1956 and a small flow in 1955. The zcro 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 would 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.
Ml\ﬂ‘/
M. Geo{

Schwab



Table 1, Historic watcr balance, San Marcos Pool
{1,000 acre~-fecet)

Historic
Inflow minus change
in content Qutflow
Under- Direcct
flow recharge
from minus San Well discharce
Central change in | Marcos Irriga=-
Vear Pool content "Total Sprines tion Other Total Total
1934 55 31 86 85 0 1 1 eod
1935 56 41 97 96 0 1 1 97
36 . 58 35 93 92 0 1 1 93
37 " 58 29 87 86 0 1 1 87
38 57 36 93 92 0 1 1 93
39 55 16 71 70 0 1 1 71
1940 55 23 78 77 0 1 1 78
41 56 78 134 133 0 1 1 134
42 57 55 112 111 0 1 1 112
43 56 ' 41 97 96 0 1 1 97
&4 56 79 135 134 0 1 1 135
195 55 81 137 136 0 1 1 »'137
46 57 77 134 133 0 1 1 134
47 56 7% 127 126 0 1 1 127
48 52 25 77 75 0 2 2 77
A 52 38 90 88 0 2 2 90
_ 1950 52 27 79 77 0 2 2 79
@%ﬁ 51 49 20 69 . 67 0 2 2 69
~ 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 L4 19 63 61 0 2 2 63
56 42 8 50 4o 0 2 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 57 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. San Marcos Pool water balance with 1969 condition
aquifer well dischargpe
(1,000 acre-fecet)

Inflow minus change

in content Outflow
Urderx- Direct
flow recharge
from minus San Well discharge
Central change in Marcos Irriga-

vear Pool content Total Springs tion Other Total Total
1934 47 31 78 73 1 4 S 78
1935 5. 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 80
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
&4 49 79 128 124 0 4 4 128
1945 49 81 130 126 0 4 A 130
46 50 77 127 124 0 3 3 127°
47 49 71 120 115 1 4 5 120
43 45 25 70 66 0 4 4 70
&9 45 38 83. 80 0 3 3 83
1950 45 27 72 68 0 4 4 72
51 41 20 61 57 0 4 4 61
52 38 31 69 64 1 4 5 69
53 38 53 91 86 1 4 5 91
55 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
57 31 67 98 94 0 4 4 98
58 47 103 150 146 0 4 A 150
59 50 61 111 107 0 4 4 111
1960 50 86 136 132 0 4 4 136
ol 50 83 133 129 0 4 4 133
62 49 43 B 92 88 0 4 4 92
63 46 30 76 72 0 4 4 76
64 43 23 66 62 0 4 4 66
1965 47 14 121 118 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 4 117
1934-69 1,624 1,771 3,395 3,246 9 140 149 3,395
«Ave,. 45 49 94 90 0 4 4 94




Table 3. San Marcos Pool water balance with 1,35 x 1969 condition
aquifer well discharge
(1,000 acre-fecet)

Inflow minus change

in content Qutflow
Under- Direct
flow recharge
from minus San Well discharge

Central change in Marcos Irriga- .
Year Pool content Total ' Springs tion Other Total Total
1934 37 31 68 62 1 5 6 68
1935 40 41 81 77 0 4 4 81
38 46 35 8l 76 0] 5 5 8l
37 47 29 76 70 1 5 6 76
38 45 36 81 75 1 5 6 81
39 38 16 54 . 48 1 5 6 54
1940 36 23 59 53 1 5 6 59
41 39 78 117 111 1 5 6 117
42 42 55 97 91 1l 5 6 97
L3 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
4d 43 77 120 116 0 4 2 4 120
47 43 71 114 108 1 5 6 114
43 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 4]
52 18 31 49 43 1 5 6 49
53 15 . 53 68 . 62 1 5 6 68
54 7 - 3% 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 1/59 0 5 5 1/64
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 ©o3l 56 50 1 5 6 56
68 a3 93 126 122 0 4 4 126
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 1 5 6 - 79

17 Gverdrait of 3 in 1956 was carried into 1957.
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Austin, Texas
June 30, 1972

Memorandum to Files

From: Chief, Hydrology Division
Sabject: 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 35% larger than the 1969 level. Some speculations
were made about the effect of still higher levels of well discharge.

 For these studies the aquifer 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 higher water surface elevation of the Uvalde pool is caused by a
zone located between the Uvalde pool and the Central pool which has
considerable resistance to flow and by the existence of natural
outlets (San Antonio and Comal Springs) in the Central pool that are
at a considerably lower elevatmn than the natural outlet (Leona
Springs) in the Uvalde pool.

The San Marcos pool is located in the vicinity of San
Marcos. -It has a relatively flat piezometric water suriace and a
lower piezometric water surface than the Central pool. Itis
postulated that the lower water surface is caused by a zone located
between the San Marcos pool and the Central 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 determined 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 flow 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 discharge
35% 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 1934-1947 plus 1957-1969 period, and Table 6 lists 1934-1969

averages. Figure 3 shows end-of-year water levels in well H-4-6,
which is west of Uvalde, historically and as computed foxr the 1969
condition and 135% of 1969 condition well discharge operation
studiés. Figure 4 shows corresponding data for well #26 which is
located in San Antonio. Figure 5 shows the historic annual flow of
Leona Springs plus underflow and also the annual flows estimated
in the 1969 condition and 135% of 1969 condition operation studies.
Figure 5 also shows similar data for San Antonio Springs. Figure 6
shows similar data for Comal and San Marcos Springs,

The 1948-1956 Drought

o P R
! S e

. 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 drought 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
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that belongs to a different population than the remainder of the
1900-1969 period. The following comparison of minimum 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.

Minimum average recharge
(1000 acre-feet per year)
: . Remainder of
Consecutive vears 1948-1956 period - 1934-1969 period

1 44 184
2 122 224
3 143 286
4 160 366
5 185 419
6 179 429
7 183 . 459
8 226 476
9 221 487

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 appreciable
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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 irom 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 effect on depth to water
or upon Leona Springs plus underflow, Leona Springs plus



underflow 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 1, 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 half of the Dry Frio recharge went to the
Uvalde pool and about half directly to the Central pool. USGS
estimates of recharge from these sources were used for most years.

USGS estimates of well discharge 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 discharge from the Uvalde pool through eastward
flow in the Edwards Underground aquifer to the Central pool was
computed between times of equal water levels.in the Uvalde pool as
the estimnated recharge minus the estimated discharge of Leona
Springs and underflow and minus the estimated well discharge.
Such computations resulted 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
35% 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
undeérflow from the Uvalde pool to the Central pool was assumed to
be proportional to the hydraulic gradient between 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 of 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 underflow., 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 in well H-4-6,
This is based upon analysis of historic data, The operation study




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.well H~4-6 was above 883 feet, but the water level in
this study was below 883 feet, it was assumed that the net recharge
{rom the Nueces River would increase by an amount cqual to the
historic flow 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 data 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 and 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 the flow of.Leona Springs in recent years
and the flow indicated by the 1969 condition study indicates that the
1969 condition study may 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 dxscharge study are significant but not catastrophic.
Even with the 35% 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 L.eona Springs plus underflow.

Even higher well discharges would cause even lower
water levels in 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
buffer the Uvalde pool for a while,




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 rececived
a relatively constant inflow of about 66, 000 acre-feet per year
from the Uvalde pool and has discharged a fairly constant outflow
of about 53, 000 acrc-feet per year to the San Marcos pool.
Historic water level fluctuations in the Central pool have been
almost entirely caused by variations 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 well I-4-4 has varied from 172 to 289 feet, in
well I-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 fluctuations in the Central pool wells is very similar,
but the amplitude decreases down aquifer. The decrecasad 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
well 46 starting about 1953 and in well 1-4-12 starting about 1959,
These summer drawdowns are caused by'large seasonal well
discharges from the Central pool and are aggravated by below
normal recharge. The summer 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 pressure in the summer followed
by a pressure recovery in the winter when the well discharge is
smaller., The severe summer drawdowns in the artesian portion
of 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 Comal Springs is closely correlated with the water
level in well 26, During some recent dry years, Comal Springs
has displayed a seasonal pattern of flow with summer flow
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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
Springs did not have any flow during 1949 through 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
Comal 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 from the Central pool has increased,
steadily. The largest well discharge for irrigation occurred in
1956, There has been an uptrend in recent years, however, Well
discharge for other purposes has increased throughout the 1934-
1969 period, The discharge from the Central pool through ecastward
flow in the Edwards Underground aquifer to the San Marcos pool was
estimated by use of an annual nlat nf ontflaw fram tha Fdwarde
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 estimate the flow from the Central 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
35% 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




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 Uvalde pool for the 1969
condition study and was estimated to be 12, 000 acre-fect per year
smaller than this for the study with a 35% larger well discharge.
Direct recharge to the Central pool was assumed to be the same
as historic.

The 1969 condition study discharge of San Antonio
Springs and of Comal Springs were estimated from correlations
- for the 1956-1969 period between their flow and the water surface
elevation in \gell 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 zerc.
In the 1969 condition study, the correlation was raised 4 feet and
in the 35% 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
drawdowns 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 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 of 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 content of 36, 000 acre-
feet per foot change in well 26 water surface 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 feet 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 {rom
San Antonio Springs during only a few years, and the operation
study for a well discharge 35% higher than the 1969 condition shows
no flow at all from San Antonio Springs.

The operation study for 1969 condition well discharge
indicates zero flow 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 35% higher than
the 1969 level indicates no flow from Comal 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 dischzirges 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 Comal Springs., Thus if well
digcharge from the Uvalde plus Central pocl were to increace by
another 50, 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 situation 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 level 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 very 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 fecet 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
unecoaomic.
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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 from
the San Marcos Pool has been from San Marcos Springs. Well
discharge has increased gradually but is still relatively small,
The smallest flow of rocord for San Marcos Springs is 46 c.fs.on
August 15-16, 1956, '

Inflow to the San Marcos Pool consists of underflow
from the Central 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 per year. '

Tables 1, 4, and 5 indicate that the 1948-1956 drought
was not as 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

"in 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 1956. '

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 underflow
from the Central Pool is from the 1969 condition operation study
for the Central Pool. The direct recharge minus change in content
for each year is the same as historic. The 1969 condition well

10
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discharge was estimated from 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 corﬂputed 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 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 35% 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 knowledgze were available on change in
storage in the 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 discharges 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
San Marcos Springs that would result from water levels in the
Central Pool that are lower than San Marcos Springs is uncertain,
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