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Briefing on the
San Antonio - Guadalupe - Nueces River Basins Study

by
Emmett Gloyna, P.E.*

I was asked to brief you on a study performed several years ago by
the U.S. Bureau of Reclamation, on the San Antonio, Guadalupe, Nueces
River Basins Study, an appraisal level investigation conducted by the
Bureau of Reclamation.

The Bureau of Reclamation became invoived in this particular study
when the project sponsors, consisting of the City Manager of San Antonio;
the General Manager of the City Water Board; and the General Managers of
the Edwards Underground Water District, the Guadalupe-Blanco River
Authority, and the San Antonio River Authority presented a formal
request to congressional representatives that the Bureau undertake an
investigation of the total water resources within the two combined river
basins. Since the Upper Nueces Basin is an integral part of the study
area through a common ground water supply, this area was included in our
study and the Nueces River Authority joined our planning group. The
principal objective was to formulate a comprehensive long-term plan for
coordinated integrated use of all the basins' water resources that would
recognize every conceivable beneficial use of those resources and
extract therefrom the maximum benefits obtainable for the entire area.

Congress was satisfied the study was warranted and approved the
budget request and the Bureau of Reclamation received funds to perform
the study which began in 1973 and was completed in Tate 1978.

It goes without saying that planning for a water supply for the
entire study area is time consuming; however, the data gathered was
comprenhensive. There were some 17 federal, state, and Tocal agencies
or groups which coordinated and provided input to this study.

The study area encompasses 17 counties (Figure 1).

This total area consists of about 10,000 square miles and traverses
some 350 miles from the headwaters of the Guadalupe River to San Antonio
Bay and estuary system,

The total estuary system consists of San Antonio Bay and three
minor bays. This combined area covers almost 200 square miles of
marshland and bays. The environmental well-being of this complex system
is a major issue fully addressed in the study report.

Let's identify at this time the major areas of concern or problems
that have a direct impact on the water resources and potential develop-
ment thereof. These are growth, estuary needs, and ground water conditions

*Texas Representative, U.S. Bureau of Reclamation
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CONCERNS

Growth. A condition synonymous with a flourishing economy, is
certainly expected to occur. '

The Texas Water Development Board's 1972 population projections
were used for this study. You might be interested to know the pro-
jections used in this study are today considered about 15 percent too
Tow.

We considered in addition to projecting water needs for population
growth, expansion in industry, agriculture and energy.

Overall, the total water requirements for the San Antonio-Guadalupe
River Basins under the high projections will almost triple from 1970 to
2020, In 1970 water use was slightly more than 50,000 acre-feet; by
2020 almost 1,500,000 acre-feet will be needed. 1In Bexar County, total
water use will increase from 225,000 acre-feet in 1970 to almost 550,000
acre~-feet in 2020 (Figure 2).

Our second major concern, as previously identified, is the San
Antonio Bay and estuary.

The bay and estuary is controlled almost entirely by the discharge
of its river system which contributes sediments, nutrients, dilution
capacity, and some of the kinetic energy to move waters to the Gulf.
Without the input of this river system, the bay could well become more
saline in a relatively short time., During the prolonged droughts of the
1950's and 1960's, parts of the San Antonio Bay did become much more
saline. Historically, Edwards Aquifer contributes about 21 percent of
the runoff to the San Antonio Bay, whereas during the 1948-56 drought
period the aquifer contribution was about 33 percent (Table 1). For
the 1967-73 period, the Guadalupe River Basin received about 90 percent
of its base flow from Comal Springs at New Braunfels and San Marcos
Springs at San Marcos. One can readily see that a failure to properly
manage both the Edwards Aquifer and surface water resources of the San
Antonio-Guadalupe Basins could lead to the destruction of the estuary.

The final and perhaps most significant concern in the study area is
the ground water situation. The role the major aquifers play in satisfying
the current and future basin water needs is extremely important in
determining what development, if any, should occur.

Ground water of acceptable quality for municipal, industrial, and
irrigation use occurs at various depths in numerous water-bearing
formations in most of the San Antonio and Guadalupe River Basins. The
study area includes parts of four major Texas aquifers--the Edwards
Plateau Aquifer, the Edwards Balcones Fault Zone Aquifer, the Carrizo-
Wilcox Aquifer, and the Gulf Coast Aquifer.

In the interest of brevity this presentation will only include a

discussion of this symposium's topic, the Edwards Balcones Fault Zone
Aquifer, commonly called just the "Edwards Aquifer.®
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Table 1.
Historic Freshwater Discharge into San Antonio Bay
(1,000 acre-feet)

Runoff into Approximate contribution

San Antonio Bay of Edwards underground
Year from 10,321 mi? reservoir to runoff
1941 3,977 ' 468
1942 3,114 454
1943 1,212 | 405
1944 2,313 _ 442
1945 ' 2,083 ' 485
1946 3,519 - 462
1947 1,691 ' 454
1948 9528 - ' 318
1949 1,974 339
1950 773 311
1951 865 251
1952 1,415 241
1953 1,282 _ 262
1954 350 207
1955 452 _ 169
1956 264 106
1857 3,909 _ 271
1958 3,585 ... 465
1959 1,918 : _ - 431
1960 3,811 464
1961 2,839 _ 493
1962 922 : 367
1963 552 299
1964 819 : 279
1965 : 2,489 . 399 .
1966 1,743 , 393
1967 . 3,511 . 287
1968 3,647 503
1969 2,144 425
1970 2,048 : 471
19411970 60,149 10,921
Average 2,005 364
1948-1956 : 8,303 - 2,204
Averape ' 922 245

Source: Texas Water Development Board — 1975
Bureau of Reclamation -~ 1975
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(The Aquifer was described by Dr. Ogden, so I will go right into
our study results.)

Aquifer Description

The Edwards Aquifer is similar to a major surface reservoir from
which water can be removed only by pumping or by overflow through spring
spiliways near the top. Except in the recharge area, all of the open
spaces in the fault zone aquifer are full of water, which is forced by
artesian pressure to rise above the confining roof in wells and natural
openings, The aquifer is higher at its northern edge than at its
southern boundary and higher at its western end than at its eastern end.
As a result, the general direction of water movement in the aquifer is
from north to south and from west to east.

The Edwards Aquifer provides an effective subsurface hydraulic
interconnection between surface water supplies of the Nueces, San
Antonio, and Guadalupe River Basins. When inflow to the reservoir
exceeds outflow through wells and springs, the amount of stored water
increases, water levels rise, and spring flows increase. Conversely,
when outflow exceeds inflow, the amount of stored water decreases, water
levels decline, and spring flows diminish.

Study Results

Our studies show that, inflow to the Edwards Aquifer has varied
widely from year fo year, in response to rainfall and streamflow
fluctuations, from a minimum of 44,000 acre-feet in 1956 to a maximum of
1,711,000 acre-feet in 1958. On the average, during 1934-73 Nueces
River Basin streams and intervening areas provided about 55 percent of
the total inflow with 45 percent originating in the other two basins.
The proportion of the total inflow contributed by each stream and
intervening area varied widely from year to year,.

We estimate that the average recharge of the Edwards Aquifer for
the period 1934-73 was 560,000 acre-feet per year (Table 2).

Well discharge has shown a steady increase during the period of
record., During 1967-73 well discharge averaged 331,000 acre-feet per
year, Of this amount, the San Antonio metropolitan area accounted for
53 percent of the average well discharge, or 175,000 acre-feet/year.
Irrigation, almost entirely to the west of San Antonio and largely in
the Nueces River Basin, accounted for 33 percent of total well dis-
charge, or about 108,000 acre-feet. The remaining 14 percent was used
for other purposes.

The area irrigated from the Edwards Aquifer has increased from
about 30,000 acres in 1955 to 72,000 acres in 1974, The well discharge
for irrigation varies widely from year to year because of variations in
precipitation during and prior to the growing season.

During the 10-year period (1947-56), subnormal rainfall marking the
most severe drought on record reduced average inflow to about 40 percent
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. Table 2,
Edwards Underground Reservoir Recharge, 1934-73
(1,000 acre-feet)

Year , Recharge

g 1934 179.6

- 1935 1,258.0
1936 809.6
1937 400.7
1938 « - - 432.7
1939 399.0
1940 308.8
1941 - 850.7
1942 557.8
1943 - 273.1
1944 560.9
1945 527.8
1946 556.1
1947 - 422.6
1948 178.3
1949 508.1
1950 200.2
1951, - 139.9
1952 275.5
1953 ' 167.6
1954 160.9
1955 - - o 192.0
1956 43.7
1957 1,143.0
1958 ' 1,711.0
1959 690.4
1960 824.8
1961 717.1
1962 249.4
1963 _ 170.7
1964 411.2
1965 ' 623.5
1966 597.7
1967 466.,7
1968 884.7
1969 . 576.9
1570 661.6
1971 920.0
1972 _ 754.5
1973 1,486.5
Total 22,393.3
Average 559.8
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of the 40-year average. Outflow exceeded infiow, and water levels
dropped as the amount of water stored in the reservoir was reduced by
more than 2 million acre-feet. VYear by year, with only minor exceptions,
spring flows decreased as outflow through wells increased. Spring flows
dropped from 426,000 acre-feet in 1947 to 70,000 acre-feet in 1956,
while outflow through wells increased from 167,000 acre-feet in 1947 to
321,000 acre-feet in 1956 {Figure 3).

In the indicator well {well 26} at San Antonio, for which water-
level records began in 1932, the water level dropped 73 feet from its
high in 1935 to its lowest point (elevation 612.5 feet) in the summer of
1956, At this point, the water level was 10 feet below the outlet of
Comal Springs and even farther below the outlets of San Antonio and San
Pedro Springs. As a result of the 1947-56 water-Tevel declines, Leona
Springs did not flow from 1951-59, no flow was recorded from San Antonio
and San Pedro Springs from 1949-58, and Comal Springs were dry from dJune
through November 1956. San Marcos Springs, with their outlets 38 feet
below the minimum water level at San Antonio, continued to flow through-
out the record drought but at substantially reduced rates (Figure 4).

During 1957-61, inflow rose to record high rates, and nearly all
the stored water lost during the 1947-56 drought period was replaced,
The water level rose as reservoir content increased by about 2 million
acre-feet, and spring flows returned to near-record highs.

During 1962-63, water levels declined sharply because of subnormal
recharge., Above-average recharge during most subsequent years resulted
in record high water levels in many wells in late 1973. The maximum
recgrded discharge for Comal Springs was 534 cubic feet per second
(ft3/s) on October 16, 1973; for San Marcos Springs, 300 ft3/s on
November 5, 1973.

Remember our studies are now some 6 to 8 years old, and the dis-
charge records of recent years are not included.

There is sufficient correlation between inflow and outflow estimates
and water levels to support the conclusion that average annual inflow to
the reservoir during 1934-73 was on the order of 560,000 acre-feet.

Based on 1934-73 climatic conditions, this inflow is the maximum depend-
able yield then that could be obtained through wells from the Edwards
Aquifer, Averages computed over this 39-year period do not reflect the
severe conditions that could occur, such as an extended drought period,
Pumping in this order of magnitude on a continuing basis would eventually
eliminate virtually all spring flow. Pumping more than the recharge
would cause a continuing decline of water level in the reservoir and,
finally, dewatering of the aquifer. It is possible that lower water
Tevels would draw highly mineralized water south of the reservoir into
some of the wells along the southern reservoir boundary.

Recurrence of 1947-56 drought, coupled with annual pumping rates at
present rates, obviously will reduce water levels, spring flow, and the
amount of water stored in the reservoir considerably below 1956 drought
conditions,
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For simplicity, let's divide the Edwards into three pools by river
basin (Figure 5). The westernmost pool is located west of the Frio
River in the vicinity of the City of Uvalde. It receives recharge from
the West Nueces and Nueces Rivers and possibly from the Dry Frio River,
A partial barrier of relatively Tow transmissivity separates this Uvalde
Pool from the Central Pool to the east. Water is discharged from the
Uvalde Pool by Leona Springs, by wells (mostly for irrigation), and by
underground flow over or through the barrier to the Central Pool to the
east. If the underground flow to the Central Pool is at a sufficient
elevation above the barrier, the Uvalde Pool will not be affected very
much by what happens in the Central Pool. If the flow to the Central
Pool is through the barrier at a low elevation or throughout the depth,
then the Uvalde Pool will be affected by what happens in the Central
Pool.

The Central Pool extends from the Frio River to New Braunfels. It
receives surplus water from the Uvalde Pool and recharge from numerous
streams that cross the recharge zone uphill from the Central Pool. San
Antonio, San Pedro, Comal Springs, and numerous wells discharge water
from the Central Pool. There is also underflow from the Central Pool to
the San Marcos Pool. Most of the well discharge from the Central Pool
is in the San Antonio wetropolitan area.

The San Marcos Pool is located in Hays County in the vicinity of
the City of San Marcos. The San Marcos Pool receives water by recharge
from the Blanco River and possibly Dry Comal Creek and Cibolo Creek and
by underflow from the central pool. Most of the discharge from the San
Marcos Pool has been through San Marcos Springs. Well discharge has
been relatively small.

Now that we have identified the problems of the study area, related

“these problems to future water needs, and established quantitative water

demands based on reasonable assumptions, one more step must be taken,
That is, where do we go from here? What course of action should be
taken that will provide for the development, preservation, and well-
being of the people and the water resources.

The Bureau of Reclamation's report shows four alternative plans for
for substitution of surface water, along with their respective effects.
They are:

A. No Management Scheme
B, Minimum Surface Water Development Plan
€. National Economic Development Plan
D. Environmental Quality Plan
I'T1 briefly cover only Plans A and C.

Before getting into the discussion on the alternative plans as
presented in the report, one other aspect of planning needs to be
pointed out. ATl known damsites in the two-basin area were evaluated
using cost, yield and environmental criteria. Only those sites which
have a favorable benefit-cost ratio, a low environmental cost or
answered a need which could not be met in other ways were incorporated
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into the plans. 1In the two basins, there are nine damsites which were
evaluated but not included in the plans.

Plan A - No Management (No additional development)

Basically a no-management option assumes that there will be a
projected future increase in water demands, but there will be no
additional surface water development to help meet these demands., The
Edwards Aquifer will be used to the maximum to meet future water demands.

The existing Medina and Canyon Reservoirs are the only major
surface water supply reservoirs in the San Antonio-Guadalupe Basin.
Some water could possibly be utilized from outside the basin; however,
probably only on a temporary basis.

No-Managementf Effects

The anticipated effects of this option are many. Under the no-
management option, the future well discharge from the Edwards Aquifer is
projected to seriously exceed the maximum historic well discharge.
Allowance was made for above-normal demands during dry years and below-
normal demands during wet years. Under the assumption that if the 1948-
56 drought conditions were to recur, combined with projected 2020 demands
on the aquifer, the 2020 minimum water level in observation well 26,
located in San Antonio, would be 212 feet below the historic minimum
elevation of 612 feet recorded in 1956 (Figure 6). Comal Springs would
not have any flow after some time about 2003. San Marcos Springs would
become intermittent beyond 2011.

That anticipated reduction in spring flow will have a corresponding
reduction in freshwater inflow to San Antonio Bay.

Based on the 2020 high projections, the freshwater inflow to the
estuary is estimated to be in the neighborhood of 1,190,000 acre-feet
per year. The gradual elimination of the flow of Comal Springs and San
Marcos Springs would make future inflow to the bay more erratic than
historic inflow.

We fear that decline in riverflow that will occur by the year 2020
will bring about a general Towering of primary estuarine productivity
and decrease in commercial seafood catches,

The effect of a declining water table in the Uvalde Pool would not
be drastically felt until after the year 2000. The water table would
drop rapidly beyond that point resulting in deeper wells with added
drilling and pumping costs. The basin problem will be one of increasing
competition for water at ever increasing pumping costs.

We have already suggested that the future high demands within the
Edwards Aquifer will cause the springs in the aquifer to dry up. In two
counties, Comal and Hays, recreation and tourism are almost totally
dependent on the discharge of high quality waters from these springs.

A significant part of the economic structure in these two counties would
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be affected, as well as the environmental destruction of the two major
springs' ecosystems,

The two major effects that a declining Edwards Aquifer water table
would have on the people of San Antonio would be increased water costs
associated with higher pumping rates for deeper wells and the postpone-
ment of the inevitable -- the mining of the Edwards Aquifer to such a
critical point that water could no longer be withdrawn. The aquifer
levels have not yet dropped below elevation 612, and we do not know the
extent of the water quantity and quality below that level.

An interesting side issue to the no-management plan, but serious
none-the-less, is that a surface water shortage would occur in the
Guadalupe Basin by 1994, Under the high projections, the demand on
Canyon Reservoir will exceed the yield by 77,000 acre-feet by 2020. The
surface water shortages would affect primarily the powerplant cooling
water demands and other industrial water demands in Calhoun and Victoria
Counties.

Management Concept

An integrated ground and surface water management option appears to
be the only Togical way to meet the future increase in water needs in
the basin. Under this option, withdrawals from the Edwards Aquifer
would be Timited to a Tevel that would be related to the annual recharge.
Surface water would be utilized when annual demands exceed available
ground water supplies.

In order to control and protect the future of the Edwards Aquifer,
we adopted a concept of Timiting withdrawals from the aguifer to a safe
level of 500,000 acre-feet per year. The concept has provisions for
withdrawals greater than the safe 1imit during high recharge periods,
The ohjective of 1imiting well discharge from the aquifer would be
realized by substituting surface water for ground water use in San
Antonio and later in New Braunfels, and San Marcos.

The future condition of the Edwards Agquifer under a management
option would be better than with a no-management plan, The water
tevels in the aquifer will stabilize at levels only 50 to 100 feet below
historic levels. We believe this would not seriously inhibit meeting
any of the projected water demands on the Edwards including a continued
increase in irrigated acreage.

This management plan 1imits the pumpage from the Edwards Aquifer to
500,000 acre-feet per year and this includes pumpage to artificially
maintain the Comal Springs flow to protect the downstream ecosystem and
local recreation and tourism base.

Plan € - The Full Management Plan

Plan C was formulated to meet the objectives of National Economic
Development, This plan (Figure 7) will meet the 2020 demand of 1,471,000
acre-feet per year (Table 3).
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| R T

Year 1/

1985

1993

1994

1998

2000

2003

2003

~2003

2005

2006

Table 3. Plan "C" Sequence of Events
San Antonlo-Guadalupe Study

Event

Ingram Dam and Reservoir completed and begins serving Kerrville -
9,000 acre-feet.

Pipeline from Canyon Reservolr completed to San Antonio - 30,000
acre-feet,

Cloptin Crossing Dam and Reservoir completed to provede downstream
demands on the Guadalupe. An additional 20,000 acre-feet from
Canyon avallable for San Antonio.

Applewhite Dam and Reservoir completed - an average of 50,000 acre-
feet available to San Antonio.

Cuero Dam and Reservolr completed to meet downstream demands on
Guadalupe. Comal Springs Well Tield completed to maintain flows
during low-flow perieds - 12,000 acre-feet.

Four additional wells will be required to satisfy San Antonio's
need ~ 19,000 acre-feet.

Cibolo Dam and Reservoir and pipeline to Applewhite completed -
19,000 acre-feet to San Antonio. Cibolo Creek diversion works
and pipeline to Karnes City and Kenedy completed - 2,000 acre-
feet.

Pipeline completed from Cuero to Clbolo Reservoir. An additional
142,000 acre—feet to San Auntonio via Cibolo.

New Braunfels goes to surface water as primary source - 12,000
acre~feet.

San Marcos goes to surface water as primary source - 17,000 acre-
feet.

1/ TNote that while the "year" column shows only a singular year,
it should be understood that the 'year'" designated should
actually represent an approximation of the center of a band
or range. The year shown is mathematically computed by
taking into account conditions forecast during a historic
critical drought period together with many assumptions
including population projections, future per-capita con-
sumption, extent of industrial projections, etc. :
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Management Effects

What are the anticipated effects of a management plan? As previously
mentioned, the main objective is to protect the Edwards Aquifer. Even
under high projections for 2020, the water Tevels in the aquifer becomes
stable at only 50 to 100 feet below historic levels., Under assumed
repetition of the 1950's drought period, the water elevation in well 26
at the end of 2020 would be only 88 feet below the 1956 elevation of
627; 134 feet below the minimum elevation of 612 {Figure 6). In the
Uvalde Pool area, the water table in 2020 would drop to 106 feet below
the historic 1956 Tow point,

Comal Springs would still go dry by 2011 and would require a
supplemental pumping to maintain their environmental and economic
viability. San Marcos Springs would flow most of the time but would go
dry under moderate to severe drought conditions unless artificially
maintained by pumping.

The addition of six reservoirs in the San Antonio-Guadalupe Basin
will have an effect on the freshwater inflow to the San Antonio Bay.
The combination of surface water diversions to meet future needs and
increased evaporation from the reservoirs will reduce the annual inflow
to the bay to an estimated 1,098,000 acre-feet by 2020. Compare this to
the estimated 1,496,000 acre-feet per year under the no-management plan.
We recognize that a basin-wide ground and surface management plan will
significantly reduce the inflow to San Antonio Bay; however, surface
water supplies may have a beneficial effect in that timed releases can
be made into the estuary, Department of Water Resources studies in
progress will be invaluable in assessing the requirements for timed
releases,

Under a management option, a viable irrigation economy can be
maintained in Uvalde and Medina Counties in the future through the
protection of the Edwards Aquifer. The future high projections for
irrigation in the two counties can still be realized under this option.

Kenedy and Karnes City would benefit from the better quality water
provided by Cibolo Reservoir, and Kerrville would have a surface water
supply to supplement its wells.

What are the effects on the City of San Antonio?

Under a basin management option, the City would have to choose one
of two surface water plans.

One plan would require obtaining 30,000 acre-feet per year from
Canyon Reservoir by 1993. Then in 1994, Cloptin Crossing would be
constructed to allow expansion of the yield of Canyon Reservoir from
30,000 to 50,000 acre-feet per year.

The alternative to that plan is to build Cibolo Reservoir. The
yield from Cibolo would be 25,000 acre-feet per year, of which about
6,000 acre-feet would be for downstream requirements, leaving about
19,000 acre-feet per year for delivery to San Antonio.
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Under a management option, or proposal, the City would still have
to deepen existing municipal wells and install future ones to meet that
part of the demand supplied by the Edwards. Obviously, increased costs
will be present; however, the City would at least be able to rely on the
certainty of a specific future water table elevation,

The construction of a system of reservoirs to meet future projected
demands will be economically more expensive to the basin, particularly
San Antonic, than continued reliance on the Edwards Aquifer.

Summary of Qur Conclusions (Table 4)

1. Without management of study area water resources, overdevelopment of
the Edwards Aquifer during the study period would occur that would
seriously damage the human and natural resources of the area.

2. This overdevelopment can and should be prevented, The development
plan proposed is viable and would prevent this overdevelopment by
Timiting well discharges from the aquifer and substituting surface water
supplies for some ground water supplies.

3, If overdevelopment is to be 1imited, we would recommend an annual
pumping limitation from the aquifer of about 500,000 acre-feet/year.

4. Because any development is costly, the selected plan should be
developed in stages.

5. Area citizens, through local governmental entities, must decide
whether area water resources should be managed and if so, select a
management plan {whether one as we propose or some similar combination},
remove possible impediments to its development {political, water rights,
etc.), possibly devise a method for Timiting well discharge, and allocate
the costs of the plan.

6. In order to implement the plan, perhaps a master conser#ancy district
for the study area needs to be formed.

There are many considerations that will have to be taken into
account under any plan or combination of plans. However, it should be
clearly understood that our Bureau is included in this matter only from
an investigative and planning standpoint. It will be the responsibility
of the people of this basin to select and implement any plan directed
toward integration of surface water and limiting ground water with-
drawals.

What 1 have given you are facts and projections based on conser-
vative logical assumptions., Those that are concerned with environmental
responsibilities are going to demand the water necessary to maintaining
a productive estuary, stream fisheries, etc. The farmer is going to
demand his due amount, a healthy economy requires adequate water for
industry, and John Q. Public has a multitude of water needs -- all
rightfully so.

Those of us concerned with having ample supplies of water for our
area feel the weight of this responsibility,
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Table 4., Full Management "C" Plan Cost Summary

CONSTRUCTION YIELD OR
YEAR CosT SUPPLY
DAMS AND RESERVOIRS 1/ REQUIRED
INGRAM ~OR ALTERNATIVES 1935 $31,865,000 9,000
CLOPTIN CROSSING 1994 71,067,000 140,000
APPLEWHITE 1998 48,327,000 50,000
CUERD 2000 228,214,000 145,000
CIBOLO 2003 76,524,000 25,000
SUBTOTAL $a45, 997,000 269,000
CONVEYANCE FACILITIES
From 1o:
E GUADALUPE KERRVILLE
) RIVER AT FILTER
_g KERRVILLE PLANT 1985 8,218,000
; CANYON SAN ANTONIO NE
RES. FILTER PLANT 1993 51,039,000
APPLEWHITE SAN ANTONIO SO.
RES. FILTER PLaNT 1998 50,245,000
CiBoLo CREEK  KaRNES CITY '
D1v. Dav AND KENEDY 2003 7,014,000
CiBOLO APPLEWHITE -
RES. RES, 2003 $6.,831,000
GUADALUPE NEW BRAUNFELS '
RIVER ABOVE FILTER _ '
ComaL SPRINGS__ PLANT | 2005 G,437,000
BLANCO RIVER SAN MARCOS :
AT SAN MARCOS  FILTER PLANT 2006 | 11,256,000
CUERO CIBOLO o
RES, RES. 2007 97,636,000
SUBTOTAL $321,716.000
hELL.EIEEDS :
CoMAL SPRINGS WELL FIFD 2000 218,000 12,000
ADDITIONAL WELLS IN THE _
SAN ANTONIO AREA 2003 1,280,000 19,000
SUBTOTAL $1.,498,000 31,000
TOTAL $769,221.000 300,000

1/ INCLUDES SPECIFIC COST FOR RECREATION, FISH AND WILDLIFE, ARCHEOLOGICAL
HISTORY, RAINFALL NETWORK, AND HYDRAULIC INSTRUMENTATION.
(AprRIL 1976 DOLLARS)
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Current Status and Future ProJjections for
the Edwards (Balcones Fault Zone) Aquifer
in the San Antonio Region

by
Tommy R. Knowles, Ph.D.*

The Edwards (Balcones Fault Zone) aquifer is a very important
resource in the San Antonio region. The aquifer consists of the Edwards
and associated 1imestones of Cretaceous age which are in hydraulic
continuity. These Timestones include the Georgetown, Edwards, and
Comanche Peak with the Edwards being the most important in that it
yields large quantities of water due to its extensive honeycombed and
cavernous nature. Water entering the aquifer moves generally southward
across the reservoir and then eastward toward natural discharge points
which include: the Leona River Springs near Uvalde, San Antonio and San
Pedro Springs in San Antonio, Comal Springs in New Braunfels, and San
Marcos Springs in San Marcos. In addition, water is artificially
discharged from the aquifer by hundreds of wells in Kinney, Uvalde,
Medina, Bexar, Comal, and Hays Counties, Municipalities which rely
solely on the aquifer for their water supply include San Antonio,
Uvalde, New Braunfels, San Marcos, and numerous smaller cities.

Status of the aquifer

Many people refer to the Edwards aquifer as a reservoir and, in
many ways, it acts very much Tike a surface-water lake., Water enters
the aquifer through the recharge zone and moves generally in a south-
southeast direction. Once in the deeper, artesian zone of the aquifer,
the water begins to move eastward toward the large, natural discharge
points of Comal and San Marcos Springs. Throughout most of the artesian
Zone, especially between eastern Uvalde County and northeastern Bexar
County, the water surface in the aquifer is quite flat, similar to that
of a lake. The two major spring systems are downstream from this large
artesian zone, and they function the same way an uncontrolled spillway
does on a lake. Once the water Tevel is above the spring openings,
water begins to flow and as the water level becomes higher, the rate of
flow increases.

Using the spiliway analogy, the Edwards is presently full and
spilling. The aquifer contains a large volume of water, water levels
are above the spring openings, and spring flow is occurring in spite of
the Targe amounts of water being pumped from the aquifer. Such large
quantities of water are entering the aquifer (recharge) that the water
that 1s pumped out is replaced and the springs continue to flow.

The status of the aquifer may be quantifiably described by dis-
cussing water levels, recharge, discharge, and water quality. Presently,
water levels are generally higher than long-term average values, but are
about the same as they have been for the last 7 or 8 years. For example,
in February, 1982, the water level in the Department's observation well

*Engineer, Data Collection and Evaluation Section, Texas Department
of Water Resources
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at San Antonio (4ell no. 68-37-203) was about 677 feet above mean sea
level, FEach year since 1972, the water in the well has fluctuated above
and below this Tevel. For the period 1963 through 1972, however, the
water reached this level only once, during February and March of 1968,

3 Recharge to the aquifer has been calculated since 1934, For the

' period 1934-1979, the average recharge has been 598,800 acre-feet {ac-
ft) of water annually. The largest rate of recharge occurred in 1958
when 1,711,200 ac-ft entered the aquifer, and the smallest was in 1956
when only 43,700 ac~ft was recharged, For the period 1934 through 1972,
the annual average recharge was 547,400 ac-ft, and for the years 1973
through 1979, the average was 940,600 ac-ft. The average recharge for
the seven years 1973 through 1979 was more than 70 percent above the
previous 39-year average.

Water is discharged from the aquifer through wells and by springs.
For the period 1934-1979, the annual discharge averaged 596,500 ac-ft,
almost identical to the average annual recharge. Over the Tong-term,
the aquifer is in equilibrium. The amount of water entering the aquifer
equals the amount of water leaving the aquifer. For the entire 1934-
1979 period, 40 percent of the discharge from the aquifer was by wells.
For the last 20 years of the period, about 45 percent of the discharge
was by wells., During the 1950's, the average annual total well discharge
was 236,800 ac-ft; in the 1960's, 267,200 ac-ft; and in the 1970's,
367,600 ac-ft. This represents a sizeable increase in pumpage. The
total well discharge for 1979 {391,500 ac-ft) equals 65 percent of the
long term recharge rate. '

Flows from springs continue to be strong. During 1979, the springs
flowed 523,000 ac-ft of water. In January, 1882, Comal Springs flowed
at 340 cubic feet per second {(cfs}. The maximum flow from the springs
occurred in 1977, when the rate was 550 cfs. The springs were dry in
1956.

The quality of water discharged from the aquifer continues to be
good. Several entities monitor water quality, and there appears to be
no evidence of its deterioration.

The status of the aquifer has changed with respect to its sensitivity
to a drought. Severe droughts, of both short and long duration, have
occurred and, no doubt, will continue to occur., As more and more water
. is withdrawn by wells, the effects of diminished recharge will become
3 evident sooner and be more pronounced. For example, in the early summer
“g of 1980, water levels in wells dropped 20 to 30 feet in one month, the

most rapid drop known, This was a period when the aquifer experienced 2
months of Tow recharge coupled with a high pumpage caused by high
temperatures. As compared to years earlier, a given drought occurring

fg now will cause water levels to drop farther, more quickly, and spring-
: flow to diminish faster, Such droughts could even cause springs to stop
flowing,

Future Projections
In order to better be able to study the Edwards aquifer and to
evaluate the impacts of steadily increasing withdrawals from the aquifer,
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the Texas Water Development Board (a predecessor agency of the Texas
Department of Water Resources) began in 1971 to develop a computer model
of the Edwards aquifer. The model is a finite-difference model which
uses as input, recharge, well discharge, and aquifer parameters which
yield an areal distribution of water levels and flows from the major
spring system at any given point in time.

The model was constructed to represent the aquifer in the San
Antonio region. The lateral boundaries of the modeled area are: (1)
the edge of the Balcones Fault Zone on the north and northwest, (2) a
ground-water divide near Brackettville in Kinney County, which separates
underflow between the Nueces River and Rio Grande Basins, {3) a Tine on
the south and southeast which represents the downdip extent of water
containing less than 1,000 mitligrams per liter of dissolved solids, and
(4) a ground-water divide near Kyle in Hays County, which separates
underfiow between the Guadalupe and Colorado River Basins. Prior to its
use as a planning tool, the model was calibrated to reproduce the
aquifer's behavior. For the period 1947-1971, the model simulated each
year of the aquifer's operation; and at the end of the 25-year period,
the average difference between simulated and measured water levels
equaled 0.68 foot, The difference between cumulative measured and
simuTated springflow was small, less than 4.3 percent of total flow,

This digital-computer model of the Edwards (Balcones Fault Zone)
aquifer is therefore considered to be calibrated to a degree of accuracy
sufficient to reproduce past events; consequently, the model can be used
to predict future responses of the aquifer to prespecified conditions of
recharge and pumpage.

The model has been used to simulate the Edwards aquifer's response
to a wide range of pumpage rates and recharge sequences for the years
1975 through 2030 to provide water-supply data for this area of Texas.
By comparing the aguifer’'s simulated response to various pumpage and
recharge sequences, the effect of different management alternatives on
the aquifer can be evaluated. g

The period for which the aquifer was simulated begins on January 1,
1975, and ends on December 31, 2030. Measured water-level data for
calendar year 1975 were utilized to reflect water levels in the aquifer
at the start of the simulation period.

Following the standard practice in applied hydrology, a 45-year
historical recharge sequence for the period 1925-1970, was "folded" and
used for the future-condition simulation. The historical period was
transposed 50 years in time so that historical recharge during the
period 1925-1970 was used for the period 1975-2020. The average annual
recharge for the period 1975-2030, by repetition of the folding, thus
equaled 454,400 ac-ft. The sequence reflects the large fluctuations in
precipitation and drought periods common to the area. The severe
drought of the 1950's would occur in the 2000's.

Pumping rates were simulated to meet the water requirements pro-
jected in 1977 for the revision of the Texas Water Plan. Municipal,
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manufacturing, and steam-electric power generation water demands were
assigned to the model on the basis of where the supplying wells were
Tocated. Irrigation water requirements were assigned to the model
corresponding to areas presently under irrigation and areas where soils
are suitable for future irrigation development. The rural-domestic and
Tivestock water requirements were spread uniformly across each county
underlain by the aquifer.

The projections for municipal, manufacturing, and stream-electric
water requirements increase from 291,800 ac-ft for 1980 to 395,300 ac-ft
for 2000 and to 630,900 ac-ft for 2030. The projection for irrigation
water requirements assumes that irrigation would continue to increase,
but at only one-fourth the historical development rate. Using this
assumption, irrigation water requirements increase from 97,700 ac-ft for
1980 to 101,100 ac-ft for 2000 and to 114,700 ac-ft for 2030. Livestock
water requirements increase from 4,800 ac-ft for 1980 to 5,800 ac~ft in
2000 and to 7,300 ac-ft for 2030. Total water requirements increase
from 394,300 ac-ft for 1980 to 502,100 ac-ft for 2000, an increase of 27
percent or 1.4 percent per year. For 2030, the total requirements
increase to 752,900 ac-ft, an increase of 91 percent or 1.8 percent per
year.,

The initial model simulation utitized the basic pumpage projections.
Results show that both major spring systems cease to flow. Comal Springs
ceases to flow during 1989 and fails to flow during 1990. The last year
of flow is 1998. Comal Springs thus fails prior to the start of the
severe drought period, 1997 through 2006. San Marcos Springs ceases to
flow during the ninth year of the drought, 2005. The spring remains dry
for 3 years until it begins to flow again in 2008, In 2013, flow is
minimal and probably intermittent. The last year of any flow is 2022.

For the irrigation area 4 miles southeast of Sabinal in Uvalde
County, the 2030 water level represents a 215-foot drop, which is 110
feet below the recorded minimum level, For the northeastern part of San
Antonio, the 2030 water level decline is 240 feet, 170 feet below the
previous minimum level for that area.

The principal conclusion which may be drawn from this simulation is
that, under the projected recharge sequence, the aquifer is capable of
meeting projected demands, with the exception of spring-flow demands,
through the year 2030. However, it is important to note that water
quality was not considered as a factor in these simulations. The
drastic drawdown of water Tevels, particularly in the San Antonic area,
could result in the encroachment of water of unacceptable quality for
its intended use along the southern boundary of the aquifer. Although
the volume of saline water which would encroach into the aquifer, or
the direction it would move cannot be predicted at present, the conditions
for significant saline-water encroachment would result from the above-
described level of pumpage.

The model was also used to determine a safe annual yield of the
aquifer; safe annual yield being defined as the level of pumpage from
the aquifer which would allow San Marcos Springs to continue flowing
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during a recurrence of the 1925-1970 recharge sequence, and which would
minimize conditions conducive to the encroachment of saline water into
the aquifer. No attempt was made to maintain the flow of Comal Springs,
because that is not considered feasible, Comal Springs is so closely
associated hydrologically with water levels in the aquifer in the San
Antonio area that a recurrence of the historical drought would cause the
Springs to cease flowing even under current levels of pumpage. The

water requirements for irrigation increase at the historical development
rate. The requirements increase to 111,400 ac-ft for 1980 to 154,800
ac-ft for 2000 and to 206,500 ac-ft for 2030. Thus total water require-
ments increase from 408,000 ac-ft for 1980 to 555,800 ac-ft in 2000 and
to 844,700 ac-ft in 2030. The maximum pumpage was determined by limiting
the amount of water pumped for irrigation in the principal irrigation
areas and for municipal and manufacturing uses in Bexar County. These
uses account for the majority of the pumpage from the aquifer.

Model simulations were performed for several pumping limits;
however, a maximum annual pumpage rate of 425,000 ac-ft allows accept-
able spring flow. With pumpage Timited to a maximum of 425,000 ac-ft
annually, the minimum annual flow of San Marcos Springs equals 34,000
ac-ft which is siightly below its recorded minimum annual flow of 44,000
ac-ft, which occurred in 1956, The maximum pumping limit is not a
1imiting factor until the late 1980's. After that period, the con-
straint applies each year. The difference between projected require-
ments and maximum allowable pumpage is approximately 419,700 ac-ft in
the year 2030, of which 288,000 ac-ft represents annual projected
municipal and manufacturing water demands in Bexar County in the year
2030, San Marcos Springs would continue to flow, but Comal Springs
would cease flowing for 7 years, beginning in 1999. The water levels
generally show a decline during the drought period, but the impact of
the drought is less severe than it would be if the management plan was
not imposed. The relatively constant water levels are expected since
ground-water withdrawals generally do not exceed recharge.

The principal conclusion which may be drawn is that if total pumpage
from the aquifer is Timited to 425,000 ac-ft annually by Jjointly limiting
pumpage for irrigation and for municipal and manufacturing purposes in
Bexar County, and the assumed recharge sequence occurs, San Marcos
Springs can be expected to continue flowing during a recurrence of the
severe drought period. Extreme water-level declines will not occur and
the potential for saline-water intrusion will be greatly reduced.

Any management policy for the Edwards aquifer which imposes a
maximum 1imit upon annual pumpage will necessitate, at some future time,
the curtailment of additional development by some users of the aquifer.
Such aquifer-wide limitation upon pumpage must involve Bexar County, as
municipalities and industries in Bexar County are the largest users of
water from the Edwards.

Assuming annual pumpage from the Edwards aquifer is Tlimited to a
maximum of 425,000 ac-ft, municipal and manufacturing requirements in
Bexar County will exceed the supply from the aquifer by about 84,000 ac-
ft annually in the year 2000 and 288,000 ac-ft annually in 2030,
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The imposition of such a pumpage limit will resultt in some of the
demands not being met or the demands will be satisfied with water from
other sources. As part of the Department's 1977 planning effort, a
means of supplying this demand was developed. The procedure represents
only one of many possible methods of satisfying the demand and is pre-
sented here strictly for your information. The least-cost development
schedule which would meet the projected 2000 water shortage in Bexar
County requires the following developments in the indicated order: (1)
30,000 ac-ft from Canyon Reservoir, (2) 20,000 ac-ft from the authorized
Cloptin Crossing Reservoir via Canyon reserveir, (3) 15,000 ac-ft from
Applewhite Reservoir, and (4) the remaining 19,000 ac-ft from the
authorized Cibolo Reservoir via Applewhite Reservoir. To meet the
substantial shortages between 2000 and 2030, significant development
would be necessary. The most feasible courses would be construction of
Cuero I and II Reservoirs in the Guadalupe River Basin and interconnection
of reservoirs in the San Antonio and Guadalupe River Basins.
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Research on the Hydrogeologic Characteristics
of the Edwards Aquifer in the San Antonio Area, Texas

by
R.W. Maclay* and T.A. Small*

Regional differences in the porosity and permeability of the
Edwards Aquifer (Figure 1) are related to three major depositional areas
that existed during Lower Cretaceous time: the Maverick Basin, the
Devils River Trend, and the San Marcos Platform (Figures 2 and 3). The
rocks of the Maverick Basin are predominantly deep basinal deposits of
dense, homogeneous mudstones of low primary porosity. Permeability is
principally associated with cavernous voids in the upper part of the
Salmon Peak Formation. The rocks of the Devils River Trend are a
complex of marine and supratidal deposits in the lower part, and reefal
or inter-reefal deposits in the upper part. Permeable zones, which
occur in the upper part of the trend, are associated with collapsed
breccias and rudist reefs., The rocks of the San Marcos Platform are
predominantly micrites that locally contain collapsed breccias, honey-
combed, burrowed mudstones, and rudist reefs that are highly leached
and highly permeable., These rocks form the most transmissive part of
the Edwards aquifer in the San Antonio area. Karstification of the
rocks on the San Marcos Platform during Cretaceous time enhanced the
permeability of the aquifer.

The intrinsic permeability of the Edwards Aquifer is directly
related to particular strata (lithofacies) and to the leaching of these
strata within the freshwater zone. Ground water moves along vertical
or highly inclined fractures that act as passageways by which water can
enter permeable strata. Water moves from the fractures into collapsed
breccias, burrowed wackestones, and rudist grainstones that have high
intrinsic permeability. Water has dissolved the pore walls within those
rocks to create a highly permeable strata.

Recognition of the hydrostratigraphic subdivisions provides a basis
for defining the nonhomogeneity of the aquifer and determining its
storage characteristics. The aquifer is considered to have a fault-
disrupted, multilayered framework in which lateral circulation is mainly
through highly permeable, hydrostratigraphic subdivisions that are
hydraulically connected at places by openings associated with high-
angle, normal faults. The Edwards Aquifer is vertically displaced for
its entire thickness at places along major northeastward trending
faults. At these places, ground water circulation is diverted toward
the northeast.

The drainable porosity, which is nearly equivalent to the specific
yield, was defined by Maclay and Small (1976} as the porosity developed
by pores that are interconnected by pore throats larger than 10 microns
in diameter. Any pores connected by pore throats Targer than 2.87
microns in diameter could slowly drain water by gravity; however, pore
throats must be considerably greater than 2.87 microns in diameter for
the water to drain quickly. Estimates of the drainable porosity of

*UJ.S. Geological Survey
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FIGURE 2.-Depositional environment of the Edwards Group
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representative rocks that were obtained from the unconfined zone of the
Edwards aquifer at the Lockhill test hole (AY-68-28-404) ranged from 0
to more than 17 percent,

The test procedures and the results of other rock-sample tests are
given by Maclay and Small {1976).

The fractures and solution channels have a specific yield of about
1 percent while the micrites with texture-related porosity have a specific
yield of several percent. Therefore, the capacity of the Edwards Aquifer
to store water is determined largely by percentage of voids within the
rock matrix, while the capacity to transmit water is determined by the
number of fractures and solution channels,

An estimate of the regional specific yield in the unconfined zone
of the Edwards Aquifer was made by Maclay and Rettman (1973) using
records of annual recharge and discharge and observing water levels in
10 wells. The estimate of the regional specific yield was about 3
percent for the test range of water levels. This value may or may not
be representative in the confined zone or for stages other than the test
range, A summary of determined estimates of specific yield or drainable
porosity is given in Table 1.

Estimates of specific yield for the confined zone cannot be deter-
mined directly because the aquifer is saturated. However, the rocks in
the confined zone are stratigraphically and lithologically similar to
those in the unconfined zone, for which the regional specific yield has
been estimated. It should be noted that the complete geologic section
forming the Edwards Aquifer was tested. Because of the dip of the
aquifer, all the geologic strata occur at different places near the
water table in the unconfined area.

The volume of water in storage in the confined freshwater zone of
the aquifer, which has an area of 2,000 square miles (5,180 kmz), is
estimated to be 26 million acre-feet (32,058 km3). This estimated
volume is based on an estimated average specific yield of 4 percent and
an aquifer thickness of 500 feet (152 m). This is a very large amount
of water, but only a small fraction of this volume can be recovered
economically because of adverse conditions, such as many water-level
declines, higher cost of pumping, and local invasion of saline water.
Some of these adverse conditions could occur gradually and could be
difficult to detect within a short period of time.

A plot of water levels in an index well in downtown San Antonio
versus the accumulated difference between annual recharge and annual
discharge is shown in Figure 4. The difference between the highest and
Towest water level at the well from 1934 through 1976 is 69 feet (21 m).
The curve indicates that about 41,000 acre-feet {50.6 km3) of water is
equivalent to a 1-foot (0.3-m) change in the annual water level at this
index well. A1l estimates are based on water levels that represent
approximate steady-state conditions within the aquifer at the time of
measurement, Other estimates range from 39,000 to 55,000 acre-feet
(48.1 to 67.8 km3) per 1-foot (0.3 m) of change in the index well or 1-
foot (0.3 m) of change in the average water level in 10 observation
wells distributed throughout the aguifer.
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Table 1. Summary of estimates of specific yield or drainable
porosity of the Edwards Aquifer
Me thod Drainable
of porosity
estimate (percent) Remarks
. Regional specific yield 3 Based on the annual water
balance and the changes in
stage in the aquifer, Annual
estimates range from less than
1 percent to more than 4
percent.

. Estimates of drainable Much of the observable porosity
porosity for the entire is poorly connected or not
thickness of the aquifer connected. Only a fraction
on the basis of visual will drain by gravity. Porosity
examination of cores. consists of relatively small-
A, Test holes in saline ~ size openings between the

zone: allochems or dolomite crystals.
Randolph 6 Visual openings in the rocks in
San Marcos 6 the freshwater zone are, in
Devine 14 general, of a large size,

B, Test holes in fresh-

water zone:
Feathercrest 10
Lockhill 8
Castle Hills 10
Rio Medina 12.
Sabinal 8

. Estimates of drainable Neutron porosity was multiplied
porosity on the basis of by a poreosity factor, which is a
laboratory and geophysi- decimal fraction representing
cal data. _ the amount of voids connected by

Test holes in fresh- pore throat diameters of more
water zone: _ than 10 microns.

Feathercrest 2.0

Lockhill 1.7

Castle Hills 2.0

Rio Medina 2.5

Sabinal 2.1
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Figure 4. Accumulated difference between annual recharge and annual
discharge in an index well in downtown San Antonio




These estimates of storage capacity apply to the range of historic
water-level data, and any extrapolation beyond these 1imits will not
assure the same amount of water in storage per 1-foot (0.3 m} of change
in water levels. The storage capacity and drainage characteristics in
the unconfined zone of the aquifer, where gravity drainage occurs,
primarily determine the relationship between the water levels and the
differences between recharge and discharge.
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The Fdwards Agquifer and Its Future as a Source for Irrigation

by
John E. Hutchinson, Ph.D*,

I am indebted to Texas Department of Water Resources and Texas Crop
and Livestock Reporting Service for much of the information included in

my paper,

The Edwards Aquifer, together with the springs, artesian wells and
the streams which feed from it, is the most important single factor in
attracting the earliest settlers to this area and the continuously in-
creasing concentration of people in the greater San Antonio area. When
it comes right down to essentials, water is the most critical of all the
elements of life when we consider the totality of all living things on
the planet earth., So, it is appropriate indeed that this Edwards Aquife
Research and Data Center has been established here at Southwest Texas
State University to study ways of maintaining this critically important
but fragile and finite resource, And, this seminar can be an important
contributing force toward gaining the necessary level of understanding
and sensitivity required for this effort.

The Edwards Aguifer extends approximately 175 miles from near
Brackettville in Kinney County eastward to Kyle in Hays County and
varies in width from about five to 40 miles. It underlies a part of
Atascosa, Bexar, Comal, Guadalupe, Hays, Kinney, Medina and Uvalde
Counties. Currently, it is the primary source of water for life
sustaining purposes, sanitation, industry and irrigation.

From the earliest times as people settled in the area, even in

‘Mission San Jose, supplemental irrigation was important in the pro-

duction of food, feed and fiber,

The mean -annual rainfall ranges from about 20 inches per year at
Brackettville to about 33 inches per year at Kyle.

Most of the crops grown in the area require 24 to 36 inches of
water per growing season. Supplemental irrigation is used to make up
the difference between the amount of water available as rain after
evaporation loss and the amount required by the crops.

Approximately 38 percent of the water pumped from the aquifer is
used currently for irrigated agriculture.

To date, the Edwards Aquifer has been "holding its own" but we are
approaching the point where the total discharge will begin to exceed the
total recharge.

According to the Texas Department of Water resources, the total
discharge during the period 1934 to 1977 was 25,721,300 acre-feet
compared to a total recharge during the same period of 25,902,200 acre-
feet, Thus, during the 43 year period total recharge exceeded total

*Consultant, Texas Department of Agriculture (Former Director,
Texas Agriculture Extension Service)
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discharge by 180,900 acre-feet. But, if we use the historic water-use
trend as a guide, by the period 2010 to 2020 there will be a shortfall
of 170,000 acre-feet per year. The shortfall could be much greater if
the "full trend" projections for all types of usage is realized along

with the projected increase in population.

The digital computer simulation for the period 1972 through 2040 of
the Edwards Aquifer in the San Antonio region indicates the following:

Water entering the Edwards (Balcones Fault Zone) Aquifer moves
generally southward across the reservoir and then eastward toward
natural discharge points which include: (a) Leona Springs near Uvalde;
(b) San Antonio and Pedro Springs in San Antonio; {c¢) Comal Springs at
New Braunfels; and {d) San Marcos Springs at San Marcos. There are also
hundreds of wells in the area.

Ignoring any water constraints, the aquifer is capable of meeting
projected demands through the year 2049, The natural flow of Comal
Springs will cease before the year 2020, if projected pumpage in the
regions occur at the predicted rates. The addition of proposed artificial
recharge does not result in appreciable increase in the aquifer's available
water. Spring flows at Comal Springs can be maintained through ground-
water management plans and there is sufficient storage in the aquifer to
allow spring flow of Comal and San Marcos Springs to be replaced by
augmentation pumpage through the year 2020.

Three counties, Bexar, Medina and Uvalde, have the largest acreage
under irrigation of the counties underlain by the Edwards Aquifer.
Irrigation trends are indicated by the following statistics: in 1958,
the three counties had a total of 35,925 irrigated acres, in 1980 the
total was 72,010 acres or more than doubled. Full-trend projections to
the year 2000 call for 110,210 acres and by the year 2030, a total of
206,506 acres., If reduced to the one-half trend level, the total
irrigated acreage for the three counties would be 150,987 acres; or, at
the one-quarter trend level, the total irrigated acreage would be
114,689 acres,

Agriculture is important to the economy of the area in addition to
being an essential industry to provide food, feed and fiber. In 1979,
gross agricultural income for the eight counties involved was as follows:
Atascosa - $47,663,000, Bexar - $50,018,000, Comal - $6,974,000, Guada-
Tupe - $34,332,000, Hays - $13,051,000, Kinney - $17,288,000, Medina -
$47,267,000 and Uvalde - $46,988,000 or a total of $273,581,000. This
translates into a total economic impact of $930,175,400 on the greater
San Antonio area. And, irrigation plays an important role in maintaining
agricultural production and income.

The region derives its economy from military installations, govern-
ment agencies, light industry and from the production of various agri-
cultural products. Much of the 1ight industry is concentrated near San
Antonio and is related to the production of petroleum, natural gas,
gravel, brick, tile and cement,

Agriculture is responsible for approximately 1/3 of the economic
base. And, studies have shown that one of the most promising areas of

57




industrial development is through an increase in the processing of
agricultural products produced in the area.

Fortunately, there are many conservation measures that can be taken
in applying irrigation practices and all other water uses. I will
restrict my remarks to conservation and efficiency in applying irrigation
practices.

For orchards and tree crops, drip irrigation reduces by a significant
factor the amount of irrigation water required and is the most efficient
method of application yet devised. For field crops, low pressure, low
volume; and precision sprinkler irrigation systems currently being
tested by the Texas Agricultural Experiment Station are increasing
application efficiency by 20 to 25 percent and evaporation losses by as
much as 50 percent under certain conditions. Energy requirements are
also greatly reduced by the significant reduction in discharge pressure
requirements. Current procedures for testing pump efficiency has
resulted in reductions in energy requirements.

Moisture meters, some installed as a part of a computerized
irrigation and fertilization system have taken much of the guess-work
out of irrigation. :

Furrow dikeing has greatly increased the efficient use of rainfall
both during the pre-planting and the growing season.

If we become as concerned about the conservation of water as we
have the conservation of gasoline and other petroleum products, we can
find ways to conserve this even more vital resource. And, there are
other developments which offer additional promise.

Perhaps the most promising technological development of all, from a
production standpoint, is so-called bio or genetic-engineering. Less
than two decades ago, two scientists at Stanford University, Arthur
Kornberg and Paul Berg, began research relating to operations and
manipulations with DNA - the chemical chain controlling the heredity of
all organisms, Their work ultimately led to gene splicing. Expanding
on the discoveries of Kornberg and Berg, Stanley Cohen of The Stanford
School of Medicine and Herbert W. Boyer of the University of California
School of Medicine have bred a 1iving organism with characteristics and
the ability to pass them on, fashioned by cementing together precise
bits of gentic material gathered from two independent strains of bacteria.
This development offers revolutionary possibilities across the spectrum
of medical and industrial applications - such things as manipulating
bacteria to produce everything from human hormones 1ike insulin and
virus battling interferon to vaccines and even fuels,

The gene splicing technique staggers the imagination. The apparent
flexibility and possibilities are overwhelming.

In certain plants, soybeans for example, the genes that control

senesence (or aging) have been manipulated to lengthen the production
season. Such characteristics as quality, yields, resistance to insects
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and diseases, salt tolerance, drought tolerance, cold tolerance, and
nitrogen fixation of plants other than lequmes, are but a few of the
potentials, There is much research to be done to identify precisely
where in the genetic material the specific control mechanism for
specific characteristics are located and develop improvements in the
splicing technique.

Earlier in my remarks, I spoke of the fragile nature of the
aquifer. This is because of the potential for direct flow of recharge
water through cracks and crevices in the limestone into the aquifer.
This requires the utmost in care by the total populaticn of the area
to prevent contamination of the aquifer. The stakes are high indeed.
Success of the effort is critical to the future of this important
resource,
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Public Health Aspects of the Edwards Aquifer

by
Tom Tiner, PL*

Due to the nature of the Edwards Aquifer, it is very important that
drinking water supply wells be properly located and constructed, Wells
should not be located in flood areas. If they are, certain precautions
should be taken such as extending the well casing. Wells should not be
lTocated next to sinkholes, particularly in porous formations like the
Edwards, which could result in potential contamination from immediate
run-off. Septic tanks are not to be within 50 feet of wells or septic
tank drainfields within 150 feet. Also, solid waste disposal sites
should not be Tocated within 500 feet of public water supply wells,
This slide depicts the required distances from various sanitary hazards
to public water supply wells {Figure 1},

Wells should be constructed so that well heads are not in pits
where there is no drainage. Well head appurtenances should include a
sampling tap, a six-foot sealing slab, and a screened breather vent. Of
course, all public water supply wells are required to be pressure cemented
and either housed or protected by an intruder-resistant fence,

Another very important public health aspect is properly plugging
abandoned wells. The Texas Department of Water Resources has regulations
in this regard. Abandoned wells which have been plugged have actually
been used for sewage and chemical waste disposal purposes. You know the
saying out-of-sight, out-of-mind.

I will now discuss a specific instance invoiving public health and
the Edwards Aquifer, namely a waterborne disease outbreak which occurred
in the summer of 1980 at Georgetown, Texas. Even though this outbreak
resulted from Edwards wells located north of Austin and the Balcones
Fault, it could have happened on the Edwards south of the fault or for
that matter on any aquifer. This waterborne disease was a viral out-
break which afflicted 7,900 citizens. It was shown epidemiologically
and bacteriologically that the City's four (4) wells at the main water
plant were the cause of the outbreak, Bacterial samples collected
directly from the wells showed fecal coliform counts ranging from 150 to
1,500 per 100 miliiliters. I wish to emphasize that these were fecal
coliform counts and not total., Fecal coliform limits the source of
pollution to be from the intestinal tract of warm-blooded animais. To
determine if it is human or animal, a fecal coliform to fecal strep
ratio is made. Where did the viruses come from? As of today, we are
still not certain. Speculatively, they came from one of the following:

1. From the filling of Lake Georgetown by heavy rains a month
before the outbreak, this could have created a hydrostatic
head on the Edwards formatijon which carried contaminants into
the City's wells.

*Director, Division of Water Hygiene, Texas Department of Health
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2. Another possibility which is based on the porous nature of the
Edwards is from improperly installed septic tanks located
outside the City 1imits in the recharge area.

3. Even though a thorough investigation was made of the sewer
1ines near the wells at the main water plant, the contamination
could have resulted from line leakage. Extensive smoke and
dye tests were conducted but no ruptured sewer Tines were
found.

4, last but certainly not least, the problem may have been
associated with an unplugged dug well adjacent to the City's
wells,

This could have been the culprit since raw water samples now being
collected for bacterial analysis are not showing anywhere near the
degree of contamination since the dug well was properly plugged. Of
course as previously mentioned, unplugged abandoned wells are a source
of contamination not only to the Edwards Aquifer but to all aquifers in
the State,

In the past it has been felt that when water wells were properly
located and constructed, coliform organisms should not be present in the
raw water. Today, however, we are finding more and more raw water
positive samples from wells producing from various aquifers across the
State. This is very alarming to all of us.

Regarding the chemical quality of the water from the Edwards, it is
excellent, This slide shows a chemical analysis from the City of
Georgetown's distribution system {Figure 2).

As you can see the water meets the primary standards of the Texas
Department of Health and the U.S. Environmental Protection Agency
(Figure 3}. Primary standards are based on public health whereas
secondary standards are based on aesthetics. As many of you may know,
fluoride is currently listed as a primary standard. I strongly feel
that fluoride in concentrations Tess than 6.0 mg/1 is not a health
problem but one of cosmetics., The fluoride level in the Edwards
formation water is only about 0.3 mg/1 which is well within the maximum
concentration allowed of 1.6 mg/1. Actually, the fluoride concentration
is so Tow that it is recommended that fluoride be added to increase the
level to 0.8 mg/1 to prevent dental caries, I know many people who do
not understand that if you have a contaminant, why would you add it to a
water supply. The reason of course is fluoride at optimum level of 0.8
mg/1 prevents dental caries, but over twice the optimum level of 1.6
mg/1 it may cause dental fluorosis (staining of teeth).

This slide shows the chemical quality of the water from San Antonio.
As can be seen, it is generally the same as Georgetown's water and meets
the standards in all aspects (Figures 4 and 5).

The radiological properties of the Edwards water as can be seen
from this slide meets the recommended standards. The maximum limit is
5 pCi/1 for combined radium 226 and 228 and 15 pCi/1 for gross alpha
{Figure 6).
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Community Water Supply Chemical Analysls Report
Texas Departmant of Health -— Divislon of Water Hygiene
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Figure 2. Chemical Analysis Report for Georgetown

PRIMARY STANDARDS  GEORGETOWN
ARSENIC © 008 < oot
BARIM N 1.0 < 08
CADMRM © 0410 © < oos
CHROMUM 005 < 002
LEAD 0.05 0.02
MERCURY 0.002 < 00002
NITRATE 10. 5.6
SELENIUM (72 N < 0.002
SILVER 0.05 < 001
FLUORIDE 16 0.10

Figure 3. Primary Standards and Georgetown Chemical Analysis
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Community Water Supply Chemical Anatysis Report
Texas Department of Health — Division of Water Hygiene

1100 West 49ih Street

Send Report To:

Austin, Texas 78756
NAME OF WATER SUPPLY:
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Figure 4. Chemical Analysis Report for San Antonio

HO,

Figure 5. Primary Standards and San Antonio
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Chemical Analysis



EEQEREST FORCIIEAMEC AT AN ALY -
TENAS D v,
Sl WS e G HE )

I~ F W vl -
[ TR

LS B L

et Regneoy T

NAME OF WATHIL Y- 1A
LT 0F (AR Sl e
LT
_MED A A

Date Collwted _ 7= 57 787

Atva Served

County

POINT OF COLLECTION IF FROM WELL IF SURFACE SUPPLY

Raw Supply Depth Name of sourere R
flant Duscharge __L__ AGE L
Putnbution

Well No.
Other
REMARKS:

Begnature of Public Official, Wnler Utility Official, or authorized represcntative nquentmg the -mlym

ﬁlffj //(// ,'-..//J/a j/;‘-;""/

.
’ o

/] - {Signature} {Addrewm of MNhaah
FOR LABORATORY USE ONLY " T
%2" AP EREPE CHEMICAL ANALYSIS REPORT
LabMatory No. Dute Recerved JUL I-' 1 IR DNate Reported gp 29 2& o
Miltlgrams Wi legraas Vo
[rer Loater ot Lter R
Caleium 723 Arsenic <ot ORGANIC (__I_[L_\_l_‘._\l_f
Magnesium ,3 Barium £0.35 Ewdero __ s L
Sodium g Cadmium L0.00M Binedane _
Carbonate [o] Chromuan PN Eo :i- thoaychlor o
-x.tlll [RaT] _ R .
Bicnrbo“s"z 249 fron L. o2 910
Sulphate ‘5 Fead 40.0a- SRR T
Chlonde { ¥ Manganew:
Fluonide @, L Mercury
Nitrate fas Ny A, ] Selenunm
Siher __ . La ¢y
Turbidity KN Uisselvend Seduds
pH «. 0 Fruen ‘.|;.1.u‘..‘|,.‘..
e M i nty s EaCay fo) B
Thiuted Condur tene o e Akl
] vl g 20y
Micromhostom J (’__ IR T o
! |l¢l-_ ./ . 7“’ “ s’

Figure 6. Chemical Analysis Report for Castroville with Radiochemical

Data Highlighted (Best possible reproduction from original
provided by author)
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Concerning organics, this slide shows the analysis for various
insecticides of a sample of water collected from the City of New Braunfels'
distribution system. As you can see, the organic constituents analyzed
for were not detectable (Figure 7).

Trihalomethanes (THM's) are a group of halogenated organics which
you have been reading about and are now analyzed for since they are a
suspected carcinogen. THM's have a permissible limit of 0.1 mg/1 or 100
micrograms/1 which I might mention relates to one second in 32 years,
As you can see from this slide the water from the San Antonio City Water
Board's distribution system is only 0.01 mg/1 which is well within the
permissible 1imit (Figure 8). Actually all groundwater in the State has
very low THM's concentrations. THM's are generally associated with
surface water reservoirs that have a lot of vegetation.

This concludes my presentation. Thank you,
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Figure 7. Chemical Analysis Repbrt for' New Braunfels with Organic
Chemical Data Highlighted (Best possible reproduction
from original provided by author)
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