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SURVEY REPORT
ON
EDWARDS UNDERGROUND RESERVOIR
GUADALUPE, SAN ANTONIO AND NUECES RIVERS
AND TRIBUTARIES, TEXAS

SYLLABUS

The Edwards Underground Reservoir, a limestone aquifer that stretches
about 175 miles across south-central Texas at the foot of the Edwards
Plateau, provides the water supply in this portion of three river bhasins
vhich includes many farms and ranches, five large military installations,
and seventeen cities and communities, the largest of which is the city of
San Antonio. Because of the rapid economic growth in this area, the
water demands on the underground reservoir are exceeding the dependable
yield of the resource.

Streams that flow through the hill and canyon country of the Edwards
Plateau in the Guadalupe, San Antonio, and Nueces River Basins recharge the
underground reservoir as they flow across the outcrop of the Edwards lime-
stone in the Balcones fault zone. Floods on these streams cause extensive
damage to cities, farms, and ranches south of the Balcones escarpment and
are the source for increased recharge through upstream reservoir control.

The major portion of the recharge to the underground reservoir comes
from streams in the Nueces and San Antonio River Basins, but the major
portion of the discharges from the aquifer occurs through many large wells
in the San Antonio area and several large springs in the San Antonio and
Guadalupe River Basins. For this reason, the 1l counties in the watershed
of the artesian reservoir vere considered as a unit in formulating a water
supply plan for the area.

The plan of improvement would provide for construction of Montell
Reservoir on the Nueces River, Concan Reservoir on the Frio River, and
Sabinal Reservoir on the Sabinal River with joint-storage for flood control
and recharge purposes. A small conservation pool would be provided in the
Montell Reservoir for a dovwnstream water supply. Two reservoir projects
are also proposed in the Guadalupe River Basin to provide a supplemental
surface water supply for the Edwards Reservoir area. Cloptin Crossing
Reservoir, a multiple-purpose project on the Blanco River, is proposed for
Federal construction. Dam No. 7 Reservoir on the Guadalupe River is pro-
posed for construction by local interests for water conservation purposes.

The proposed plan of improvement would meet the municipal, rural,
industrial, military, thermal power, and irrigation demands of the Edwards
Reservoir area to approximately the year 2000. To meet the anticipated
future vater demands beyond this date will require more adequate use of
return flows and development of additional water supply outside the
Edwards Reservoir area. The estimated total first cost of the four
reservolr projects proposed for authorization and construction by the
Federal Government is $84,048,000, of which $51,620,000 would be reim-
bursable to the United States. The annual operation, maintenance, and
major replacement costs are estimated at $379,400, of which $147,300
would be the responsibility of local interests.
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SUBJECT

THROUGH :

1.

U. S. ARMY ENGINEER DISTRICT, FORT WORTH
CORPS OF ENGINEERS
FORT WORTH, TEXAS

AND

THE EDWARDS UNDERGROUND WATER DIS'I‘RICT
SAN ANTONIO, TEXAS

December 22, 1964
Survey Report on the Edwards Underground Reservoir, -

Guadalupe, San Antonio, and Nueces Rivers and Tributaries,
Texas

. Division Engineer

U. S. Army Engineer Division, Southwestern
Dallas, Texas

Chief of Engineers
Department of the Army

~ Washington, D, C. 20315

INTRODUCTION

AUTHORITY.~ This report has been prepared in response to

the Congressional authorization contained in section 209 of Public
Law 86-645, 86th Congress, which was approved on July 1k, 1960 ’
Section 209 is quoted as follows:

"The Chief of Engineers, under the direction of

the Secretary of the Army, is authorized and directed
to cause an investigation and study to be made, in
cooperation with appropriate agencies of the State of
Texas, with a view to devising effective means of
accomplishing the recharge and replenishment of the
Edwards Underground Reservoir as a part of plans for
flood control and water conservation in the Nueces, San
Antonio, end Guadalupe River Basins of Texas: Provided,
That the State of Texas or its agencies contribute
towards the cost of such study, such funds or services
as the Secretary of the Army may deem appropriate;
Provided further, that the findings of such study shall



be presented in a joint report signed by the appropriate
representatives of the Governor of Texas and the Chief of
Engineers."

2. The Edwards Underground Water District is the state agency
designated by Governor Price Daniel on November 1, 1960, to cooperate
with the Corps of Engineers in this study. On August 16, 1961, a
"Memorandum of Understanding"” between the Corps and the Water District
was approved by the two agencies. This memorandum set forth the
obligations each was to share during preparation of the report,
including locel interest participation of 40 percent of the cost of
the study. The memorandum was approved by the Secretary of the Army
on June 8, 1961.

3. SCOPE.- This report presents the results of an investiga-
tion of the problems associated with the water resources of the
Edwards Underground aguifer and the portions of the three river basins
which contribute to the recharge of the Edwards aquifer. The projects
investigated were studied with a view toward devising an effective
means of accomplishing the recharge and replenishment of the Edwards
Underground Reservoir as a part of plans for flood control and water
conservation in the Guadalupe, San Antonio, and Nueces River Basins
of Texas. The plan of improvement presented herein can serve as a
guide to the development and control of the water and related land
resources of the study area within the framework of a state water
plan and is besed upon analysis of detailed technical data and
investigations presented in the various appendixes to this report.

The elements of the plan recommended for authorization were developed
in consonance with the overall plan taking into consideration current
and projected conditions and economic justification.

- 4. PURPOSE OF THE INVESTIGATION.~ The Edwards Reservoir area
comprises the northern 6,400 square miles of three major river basins
in the western portion of south-central Texas, which cover some
27,300 square miles. The area's most valued natural water resource,
the Edwards Underground Reservoir, lies along the southern boundary
of this area and provides the only existing water supply to many
ranches, farms, industries, military installations, and a number of
commmnities, the largest of which is the city of San Antonio with an
estimated 1962 population in excess of T00,000 people. In addition,
discharges from this reservoir through springs provide a substantial
amount of the base flow of the Guadalupe and San Marcos Rivers,
vhich extends its aréa of influence southward to the Gulf of Mexico.
The accelerated growth of cities, industries, military installations,
and irrigation in the region in recent years, coupled with extremes of
floods and droughts, has multiplied water problems which affect the
economic well-being of all citizens throughout this vast area.
Responsible local, State, and Federal agencies are keenly aware of the
needs for preserving the Edwards Reservoir, protecting the area from



dameging fioods and providing the region with a dependable future
water supply. For these reasons they have requested that this
investigation be made.

5. ARRANGEMENT OF REPORT.- The sections of the report which
follow present the results and conclusions of the investigations and
present the recommendations of the District Engineer, based on

anglysis of technical data and studies reported upon in the following
appendixes of this report:

Appendix I - Project Formulation

Appendix IT - Hydrology and Hydraulic Design
Appendix III - Geology

Appendix IV - Flood Control Economics
Appendix V - ZEconomic Base Study

Appendix VI - Recreation and Fish and Wildlife
Appendix VII - Comments of Other Agencies

6. HISTORY OF INVESTIGATIONS.- Because of its importance, the
Edwards limestone reservoir has been the most intensively studied
aquifer in Texas. From 1900 to the present, many investigations have
been made of the geologic and hydrologic character of this under-
ground reservoir. In recent years intensive studies have been con-
ducted by private consultants and by the U. S. Geological Survey in
cooperation with the Texas Water Commission, the San Antonio City
Water Board, the San Antonio City Public Service Board, the Bexar County
Metropolitan Water District, and the Edwards Underground Water District.

7. In 1949 the San Antonio City Water Board requested the
cooperative assistance of the Texas Water Commission and the U. S.
Geological Survey in making a comprehensive study of the ground water
resources of the San Antonio area (covering all or parts of several
counties), paying particular attention to the Edwards limestone aguifer.
The studies thus initiated have been more or less continuous since that
time and reports have been published periodically by the Water Commission
concerning the results of studies made and data obtained.

8. Although the Corps of Engineers has not previously prepared
a report dealing in particular with the Edwards Reservoir area, and
more specifically with the aquifer itself, two major river basin reports
and one interim report have been prepared on the region in recent years.
One of the reports is entitled "Report on Survey of Guadalupe and San
Antonio Rivers and Tributaries, Texas, for Flood Control and Allied
Purposes” submitted by the District Engineer in 1950. The report was
printed as House Document 344, 833 Congress. Based on recommendations
of this report, Congress, by the Flood Control Act of 195k, authorized
the construction of Gonzales Reservoir on the San Marcos River, the
San Antonio Channel Improvement project on the San Antonio River and
its tributaries within the city of San Antonio, the Kenedy Channel




Improvement project on Escondido Creek in the city of Kenedy, and
modifications to the Canyon Reservoir on the Guadalupe River,
previously authorized by the River and Harbor Act of 1945. The
Canyon Reservoir has been completed and the San Antonio Channel
Improvement project is under construction. Gonzales Reservoir is
in an inactive status and the Kenedy Channel Improvement project
has been deauthorized because of the lack of assurance of local
cooperation.

9. A second report entitled "Blieders Creek Watershed Flood
Protection -~ New Braunfels, Texas" vwas submitted by the District
Engineer on June 10, 1958. Based on the recommendations included
in this report; the Blieders Creek Flood Protection project was
authorized by Congress through Public law 86-645 on July 14, 1960.
This project is currently in the advance planning stage.

10. A resolution of the Committee on Public Works of the House
of Representatives dated August 15, 1961 authorized a restudy of the
Guadalupe River Basin in the interest of flood control in the
vicinity of San Marcos. Funds for this investigation have been
budgeted for fiscal year 1965. In addition, funds have been allotted
and investigations by the Galveston District are proceeding on a
channelization feasibility study of the San Antonio River.

11. In addition to the above studlies concerning the Guadalupe

‘ and San Antonio River Basins the District Engineer, under authority
contained in the Flood Control Act of 1936, investigated the water
problems on the Nueces River and Tributaries, Texas, in the interest
of flood control and allied purposes, and in July 1944 submitted to
higher authority a report of survey in which were included the results
of the study. The report was returned to the District Engineer on
May 29, 1946 for review and revisions to reflect any changed economic
conditions in the Nueces Basin. The restudy of the area has not been
initiated to date due to lack of funds. The investigation made in
connection with the report of survey dated July 1944 indicated that a
local flood protection project at Three Rivers was Jjustified. However,
based on developments in the watershed, further investigation will be
required to determine the current feasibility of the desired improve-
ments. Authority to restudy the water problems in the area of Three
Rivers is contained in Public Iaw 88-367, approved by Congress on
July 9, 196k%.

12. In conjunction with its "Texas Basins Project” investigation,
the Bureau of Reclamation is currently making a study of a number of
reservolr sites in the Guadalupe, San Antonio; and Nueces River Basins.
Among the reservoir sites being investigated are those proposed in the
master plans of the Guadalupe~Blanco River Authority and the Nueces
River Conservation and Reclamation District.



13. The Soil Conservation Service has published work plans on
Martinez, Salado, and York Creek watersheds within the Edwards
Reservoir area. The reports propose 38 floodwater retarding
structures in the vicinity of San Antonio. On July 1, 1964 the
Service had completed 18 projects on two watersheds in the study
area.

14. The "Report of the U. S. Study Commission - Texas,"
published in March 1962 presents a plan which provides for development
of the land and water resources to meet the projected needs of the
eight river basins studied. In the development of plans for the
Nueces, San Antonio, and Guadalupe River Basins, the Study Commission
recognized the importance of the Edwards aquifer and recommended the
construction of the Concan Reservoir on the Frio River and the Sabinal
Reservoir on the Sabinel River for recharge purposes. The Study
Commission also recommended the construction of a number of other
reservoirs in the three basins, including Ingram, Cloptin Crossing,
Lockhart, Blieders Creek, Cuero (stages I and II5 and Confluence
Reservoirs in the Guadalupe River Basin; Cibolo, Ecleto, and Goliad
Reservoirs in the San Antonio River Basin; and Crystal City, Caimanche,
Cotulla, Fowlerton, Choke Canyon, and enlargement of Wesley Seale
Reservoir (Corpus Christi) in the Nueces River Basin.

15. The Texas Water Commission in 1961 published a report entitled
"A Plan for Meeting the 1980 Water Requirements of Texas." The report
recommends -the construction of Cuero I Reservoir and Salt Water Barrier
Reservoir on the Guadalupe River; East Lake, Cibolo, Ecleto, and
Goliad Reservoirs in the San Antonio River Basin; and enlargement of
Wesley Seale Reservoir (Corpus Christi) on the Nueces River.

16. The "Supplement to the Initial Plan of Development of the
Guadalupe-Blanco River Authority," published in May 1961 by the
Guadalupe~Blanco River Authority was prepared by Forrest and Cotton,
Inc., Consulting Engineers. The supplement presents g plan of
development of the water resources of the Guadalupe River Basin. The
report also recognizes the importance of the Edwards Underground
Reservoir and its contribution to the water resources of the Guadalupe
River Basin. To supplement the authorized Canyon and Blieders Creek
Reservoirs, the Aunthority proposes the construction of Dam No. T, Cloptin
Crossing, Lockhart, Cuero (stages I and II), and Salt Water Barrier
Reservoirs.

17. In March 1958 the Nueces River Conservation and Reclamation
District published the "Nueces River Master Plan Study,"” prepared by
Freese and Nichols, Consulting Engineers. This master plan study
presents a plan of development for the Nueces River Basin. It proposes
the construction of Concan and Sabinal Reservoirs for recharge of the
Edwards Underground Reservoir. It also proposes the construction of
the Tom Nunn Hill, Cotulla, Fowlerton, and Whitsett Reservoirs and the
enlargement of Wesley Seale Reservoir.



18. The plans and reports mentioned above are the most important
of the many investigations which have been made concerning the Edwards
limestone aquifer and other water resources of the Guadalupe, San
Antonio, and Nueces River Basins. Several state and local agencies
have initiated and completed studies of a specific nature concerning
the ground water resources of the area.

19. PUBLIC HEARING AND IMPROVEMENTS DESIRED.- During the initial
stages of this study a public hearing was held at San Antonio, Texas,
on December 7, 1961 to afford ali interested parties an opportunity to
state and describe their water problems, and to express their views
concerning the character and extent of improvements desired.

20. The local interests through the public hearing, correspondence,

and various conference discussions have expressed the desire for a
Federal improvement project in the Edwards Reservoir area to include
the foliowing features: (a) recharge reservoirs at the Concan site on
the Frio River and gt the Sabinal site on the Sabinal River;

(b) construction of reservoirs for flood control and water conservation
at the Comfort site on the Guadalupe River and at the Cloptin Crossing
site on the Blanco River; (c) recharge structures on Cibolo and Comal
Creeks; (d) preservation of Comal Springs; (e) diversion of water from
the upper Guadalupe River into the Medina watershed; (f) recognition

of prior water rights of downstream areas of the Guadalupe and Nueces
Rivers; and (g) preservation of the Edwards Reservoir and water supply
. for the city of San Antonio.

21l. The Texas Water Commission has publicly expressed its policy
that all future reservoir projects planned in the state for flood
control should also contain the maximum practical conservation storage
for water supply to meet the anticipated future demands for municipal,
industrial; and irrigation purposes; for fish and wildlife and general
recreation, and for water quality control purposes.



DESCRIPTION OF THE EDWARDS RESERVOIR AREA

22. IOCATION.- The Edwards Underground Reservoir is a segment
of an aguifer that stretches some 250 miles from Austin westward to
Comstock. That segment known as the Edwards Reservoir lies between
the cities of Kyle and Brackettville, where hydraulic divides or
barriers control the waterflow in the "San Antonio Area." The Texas
Water Commission has designated the boundery of the reservoir in
Kinney, Uvalde, Medina, Bexar, Comal and Hays Counties. The center-
line of the aquifer connects roughly the cities of Kyle, San Marcos,
New Braunfels, San Antonio, Hondo, Uvalde, and Bracketiville. Its
overall length is about 175 miles and it varies in width from 5 to 40
miles. This aquifer provides the water supply for some 850,000
people in three major river basins, including the city of San Antonio,
the third largest city in the state. It supplies water to several
thousand wells and several large springs, including Comal Springs at
New Braunfels, the largest in the southwest. The general location of
the reservoir is shown on plate 1.

23. THE EDWARDS FORMATION.- The Edwards Underground Reservoir
lies in the Balcones Fault Zone, a zone of major faulting which
separates two distinet physliographic provinces known as the Edwards
Plateau on the north and west and the Gulf Coastal Plain on the south
and east. The principal water-bearing formetions that make up the
main aquifer are rocks of an ancient geologic age known as the
Cretaceous period. They are known as the Edwards and associated lime-
stones, a part of ,the Comanche series which has & maximum thickness of
some 2,300 feetol/* The Edwerds and associated limestones consist of
three principal formations, from oldest to youngest, the Comanche Peak,
Edwards and Georgetown limestones. These limestones are usually
considered as a geologic unit since they are comparatively thin and
are not generally separated by any confining beds. The combined thick-
nesses average between 350 and 500 feet in the artesian portion of the
aquifer.

2. EDWARDS PLATEAU.- The vast Edwards Plateau north of the
Balcones escarpment is the recharge area of the Edwards limestone
equifer. It covers some 6,400 square miles. Throughout most of the
plateau, the rough to rolling "hill country" rises from about elevation
1000 to about 2700 feet above sea level along its northern edge. The
Edwards limestone, named for the Plateau, covers most of the surface
throughout the Edwards Plateau except in portions of the Guadalupe and
San Antonio River Basins where the plateau has been dissected by the
streams and only remnants of the Edwards limestone remain to cap the
hills. In contrast to most of the Edwards Plateau country of rolling

*The numbers l/, etc., pertain to specific references in the
bibliography attached to the back of this volume.
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hills and wide, flat mesas, portions of the Guadalupe Basin are
characterized by sharp divides. The hills have "stairstep” terraces
formed by alternating beds of hard, massive Glen Rose limestone and
more easily eroded clays, shales, and marls. Results of intensive
erosion effects are apparent on the land surfaces throughout the plateau
area. The soils are thin and have a limestone base but are sufficient
to provide for the growth of cedar, small cak, mesquite, and extensive
ranges of grass and weeds.

25. BALCONES FAULT ZONE.- The Balcones Fault zone, which extends
some 250 miles across the western portion of central Texas at the foot
of the Edwards Plateau, is an intricate system of major and minor faults
or shearing of underground strata, and minor folding or rock warping.
These faults are roughly parallel, have a downthrow to the south and
southeast and a total displacement as great as 1500 feet in Comal
County.2 The zone varies in width from 5 to 40O miles but averages
approximately 20 miles. The direction of movement of ground water is
largely controlled by these faults. Historically, the Balcones escarp-
ment is believed to have been formed in ancient times by the tensional
stresses accompanying the gradual sinking of the Gulf Coastal Plain
toward the sea. The "upthrown," or upper portion of the faulted area,
has further been described as being a line of southward or eastward
facing hills, which in some locations have the appearance of balconies
when viewed from the plain below. ,It is believed that this accounts
for its Spanish name, "balconeso"ﬁ/ Typical sections across this zone
are shown in figure k.

26. GULF COASTAL PIAIN.- South of the Balcones escarpment, the
Gulf Coastal Plain stretches as a gently rolling prairie southward to
the Rio Grande and the Gulf of Mexico. This area is also known as the
Rio Grande Plain and is frequently referred to as the "brush country,"
since the vegetal cover on a significant portion of the plains consists
of low brush and mesquite trees. This description, however, does not
hold true for the lush "winter garden” area along the Nueces River near
the cities of Crystal City and Carrizo Springs nor for areas along the
leona River where extensive irrigation has been developed. The eleva-
tion of the pleins ranges from about 700 feet along the foot of the
Balcones escarpment to sea level at the Gulf. The streams in this area
are characterized by wide valleys and gentle sloping banks. Soils in
this area are characteristically sedimentery, or soils washed down from
the "hill country" and deposited as new earth.

27. THE UNDERGROUND RESERVOIRS.- Two distinct ground water
reservoirs have been formed in the Edwards limestone formation, one an
unconfined reservoir in the Edwards Plateau area and the other an
artesian reservoir in the Balcones fault zone. In the Edwards Plateau
area, the rock formations slope gently to the south and southeast.

The slope is equal to or slightly more than the natural slope of the
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FIGURE |
EDWARDS PLATEAU
NUECES RIVER BASIN
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GARNER STATE PARK
(NOTE EDWARDS LIMESTONE ABOVE DARK AREA)

(NOTE EDWARDS LIMESTONE ABOVE DARK AREA)

FIGURE 2
EDWARDS PLATEAU

FRIO RIVER WATERSHED
NUECES RIVER BASIN

EDWARDS UNDERGROUND RESERVOIR
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FIGURE 3
EDWARDS PLATEAU

GUADALUPE RIVER BASIN

(Vicinity of Canyon Reservoir)

EDWARDS UNDERGROUND RESERVOIR
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FIGURE 5
“BRUSH COUNTRY"

of the GULF COASTAL PLAIN
ZAVALA COUNTY

EDWARDS UNDERGROUND RESERVOIR
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land surface vhich is about 20 feet to the mile. The Edwards lime-
stone, vhich covers most of this area, absorbs a substantial amount
of rainfall. This percolates downward through cracks and fissures
to the lower parts of the Edwards formation where it comes in
contact with relatively impermeable formations, thus forming an
unconfined water body. The water then moves by gravity flow
laterally through the limestone with much of it reappearing as
springflow at or neer the base of the Edwards and associated lime-
stones in the valleys that have been cut by the streams. These
springs are the source of perennial streams that drain the Edwards
Plateau country. Except for the Guadalupe River, these streams
then lose virtually all of their perennial flow and much of their
floodflow as they cross long stretches of honeycombed and cavernous
limestone in the Balcones fault zone.

28. In the Balcones fault zone, where the Edwards limestone
has been extensively faulted downward under younger and relatively
impervious formations, the artesian water circulates freely along
fractures and faults and through honeycombed limestone solution
channels and caverns. Once the water enters the underground
artesian aquifer the normal southerly flow is blocked by the major
faults and decreased permeability of the rock formation. The water
then begins to flow through the honeycombed limestone in an easterly
and northeasterly direction generally along the lines of mejor
faulting toward San Antonio, New Braunfels, and San Marcos. The
passages through which the water travels vary in size from small
joints and fissures to solution channels of greater sizes. Some of
the solution channels have resulted in the formation of rather
large caverns, the largest of which are found near major faults.

29. The northern limit of the artesian reservoir generally lies
along the base of the Balcones escarpment. The southern boundary is
relatively well defined in a line known as the "bad-water line."

South of this line the water is charged with noticeable amounts of
hydrogen sulfide, and there is an appreciable increase in the hardness
of the water. Generally from this line, the Edwards limestone has a
progressively greater dip toward the southeast of approximately 100
feet per mile, reaching depths of more than 5000 feet below sea level.
Also, in the downdip of the Edwards limestone south of the "bad-water
line" the water becomes highly mineralized.

30. SPRINGS.- The Edwards Plateau, together with the Balcones
fault zone area, is one of the greatest spring regions in the United
States. In the plateau country hundreds of springs issue from the
base of the Edwards limestone to feed the perennial streams that flow
through the area. However, the largest springs in this region lie in
the Balcones fault zone where arteslan pressure forces water to the
surface through fissures leading from the subsurface aquifer. Two of
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these springs, Comal Springs at New Braunfels and San Marcos Springs
at San Marcos, are listed among the sixty-five springs of first
magnitude in the United States.3/ Other springs are located at
Uvalde, San Antonio, and north of New Braunfels.

31. The springs at San Antonio were used for water supply and
for irrigation by the Spanish missions as early as 1718, and were
also used by the Indians for the same purposes even prior to that
date. The springs at San Marcos and New Braunfels, which discharge
into the San Marcos and Comal Rivers, respectively, provide a
substantial amount of water for the municipal, industrial, and
irrigation needs of the Guadalupe River Basin. These, and the other
springs shown in the following tabulation, contribute a significant
eamount of the water supply to the areas in which they are located.

PRINCIPAL SPRINGS OF THE EDWARDS RESERVOIR AREA

Nanme Location Springflow - 1000 acre-feet per year&/

1935-56 Sept.
Maximun  Minimum Average 19642/

Leona Uvalde 29.3 0] 9.0 0

San Antonio

& San Pedro  San Antonio 81.9 o 30.9 0]

Comal New Braunfels 30L4.3 0 199.9 102.1

Hueco New Braunfels 69.5 0 19.6 -

San Marcos San Marcos 211.5 33.3 3.0 65.3
Total 352.4

32. DISCHARGE FROM WELLS.- The first well was drilled into the
artesian reservoir by George W. Brackenridge in about 1884 for use as
a public water supply for the city of San Antonio. Prior to this date
all discharge from the Edwards Reservoir had been from springs. By
1907 there were more than 100 artesian wells in Bexar County alone,
some with a reported natural flow of about 30 million gallons per day.i/
By the year 1953 there were more than 2000 wells in Bexar County
tapping the Edwerds aquifer. There are today about 4000 wells drawing
water from the reservoir in the five-county area which includes Uvalde,
Medina, Bexar, Comal, and Hays Counties.

33. The 1962 use from wells in the artesien reservoir was

268,200 acre-feet (239.3 million gallong jper day), of which 212,000
e acre-feet (189 mgd) was in Bexar Countyg/ (see figure 8). Prior to
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AQUARENA AT SAN MARCOS SPRINGS

ONE OF MANY SPRINGS THAT MAKE UP
COMAL SPRINGS.

FIGURE 7

MAJOR SPRINGS
GUADALUPE RIVER BASIN

EDWARDS UNDERGROUND RESERVOIR
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1954 most of the discharge from the aquifer had been from springs.
However, during the 1947-1957 drought period, the discharge from
wells exceeded that from springs in 195k, and by é?56, 80 percent
of the discharge from the aquifer was from wells. For the period
1935-1956 the average annual discharge from wells was 171,300 acre-
feet.

34. Among the many wells which draw from the Edwards aguifer,
two wells in Bexar County have perhaps produced the highest water
flows. One of the wells, number 164, is reported to have had a
natural flow of 16,800 gallons per minute in 1942. The other well
is located in the San Antonlio City Water Board's Market Street
Plant, and its yield was about 15,000 gallons per minute when
completed in 1954, Four other wells in the area are reported to
yield in excess of 6,000 gallons per minute.l
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35. STORAGE IN THE RESERVOIR.- Studies pertaining to storage
in the Edwards Underground Reservoir are referenced to a well in
San Antonio, Beverly Lodges H-26. Fluctuation in levels in this
well are considered to be representative of those in the aquifer in
this area. The lowest water level of 612 feet msl was recorded in
August 1956, and the highest level of 685 was recorded in October
1942. Studies have indicated that above elevation 612 a change of
water level in this well of one foot reflects an average change of
storage in the aquifer of about 38,400 acre-feet. In the recorded
range of elevations it is estimated that approximately 2,800,000
acre-feet of water is in storage in the underground reservoir.
Because of the irregular pattern of openings in the honeycombed
structure, no adequate means have been devised to determine the
amount of storage below elevation 612.

36. STREAMS OF THE EDWARDS RESERVOIR AREA.- The streams that
flow through the Edwards Reservoir area are in the drainage systems
of three major river basins:the Guadalupe, San Antonio; and Nueces.
The principal ones are shown on plate 1 and certain of their
characteristics are listed in table 1.

a. Guadalupe River Basin.- In the Guadalupe River Basin,
the principal streams crossing the Edwards limestone aquifer are the
Guadalupe River and two of its major tributaries, Blanco River, and
Dry Comal Creek. These streams meander through the rolling hill
country of the Edwards Plateau in a pattern characteristic of old
streams. In places they have cut deep canyons through the Glen Rose
and into the Travis Peak limestones, some as great as 200 to6 300
feet. The prolonged weathering has greatly reduced the area of :
Edwards limestone and it is now found only on the caps of the hills.
The flood plains are generally narrow and contain isolated thin
strips of flat bottom land. 'The streambeds lie principally in hard
limestone and are void of sediments except for large boulders.
Rapids are found where major faults cross the streams. The Guadalupe
River is a perennial stream and has a substantial flow maintained by
springs issuing from the Edwards limestone, except during periods of
well below normal rainfall.

:

(1) Where the streams cross the Balcones fault zone,
losses to the Edwards aquifer are generally from the Blanco River -
and Dry Comal Creek. In contrast to other streams in the area, the
Guadalupe River contributes very little recharge to the underground
reservoir. Stream records indicate that its base flow along the
river between the cities of Comfort and New Braunfels is almost
constant. The U. S. Geological Survey has indicated that there are
two principal reasons for this condition: one, the stream channel of
the Guadalupe River has been cut deeper in the Edwards and under- .
lying limestones than the channels of other streams in the area;
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and two, the water levels in wells in the Edwards limestone in the
adjacent aree stand at approximately the same elevation as the
streambed. This indicates that the water teble and the streambed
are approximately on the same plane.

(2) A mejor tributary of the Guadalupe River is the San
Marcos River. Although this stream is not located in the recharge
area of the Edwarde aquifer, it is considered a part of the river
system because of its proximity to the area and relationship to the
underground reservoir. This stream has its origin within the city
limits of San Marcos at the San Marcos Springs, from which it derives
its base flow. Its principal tributary, the Blanco River, flows some
70 miles through the Edwards Plateau, around the eastern edge of the
city of San Marcos, and continues in a southerly direction to join
the San Marcos River about five miles below the city. The U. S.
Geological Survey has determined that the Blanco River and streams
in the adjacent area contributed an average of approximetely 25,&00_/
acre-feet per year of recharge water to the underground aquifer
between the years 1935 and 1956. The infiltration of water into the
reservoir from the Blanco River has been estimated to occur at a rate
of about 15 second-feet.

(3) The Comal River, only three miles in length, has its
origln in the Comal Springs area and flows through the city of New
Braunfels to the Guadalupe River. One of its tributaries, Blieders
Creek, about seven miles in length, joins and becomes the Comal River
at Comal Springs. A short distance downstream from the Comal Springs
area, another tributary, Dry Comal Creek, enters the Comal River from
the southwest. Dry Comal Creek contributed an average of about
20,5001 acre-feet per year to the underground reservoir from 1935 to
1956. The Dry Comal Creek watershed is also the principal recharge
area for Hueco Springs located north of New Braunfels.

b. San Antonio River Basin.- The Sen Antonio River originates
at the San Antonio Springs within the city limits of San Antonio. It
flows for a distance of about 238 miles in a southeasterly direction
to join the Guadalupe River about 10.6 miles upstream from the mouth
of the Guadalupe. The San Antonio River and its tributaries, Olmos,

San Pedro, Alazan, Apache, and Martinez Creeks flow through the city
of San Antonio. These streams have rather steep banks and narrow
channels. In the past they have created severe flood problems within
the city; however, they are not considered as contributors to the
Edwards Reservoir.,

(1) Other streams flowing through the Edwards Reservoir
area in the San Antonio River Basin are Cibolo, Salado, and Ieon Creeks
and the Medinas River. These streams and their tributaries are
considered as major contributors to the artesian aquifer. Table 1
lists the estimated annual recharge from these streams.
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TABLE 1

STREAMS OF THE EDWARDS RESERVOIR AREA
GUADALUPE, SAN ANTONIO, AND NUECES RIVER BASINS

:Estimated average :

Above lower edge of
Edwards outcrop

:annual resources
:above lower edge

Estimated

:average annual

Stream Approx. : Drainage :0f Edwards outcrop:recharge to t E
length area (ac-ft) :aquifer(ac-ft)_/
(miles) :(sq. mi.) (1935-1956) (1935-1956)

Blanco River and
adjacent area
Guadalupe River
Dry Comal Creek
Subtotal

Cibolo Creek
Salado Creek
Ieon Creek
Medina River
Subtotal

Verde Creek

Hondo Creek

Seco Creek

Sabinal River

Frio ‘River

Dry Frio River

Nueces River

West Nueces River
Subtotal

TOTAL

GUADALUPE RIVER BASIN

ac

2 )

79 5L ©-5 99, 500
ng 1,510 fet4l 21&3,000
90 <7 28,900
2,1k 37K,250
SAN ANTONIO RIVER BASIN
61 258 lb%-‘:‘-’ 58,900
18) 270 1t 53, 700
39) 6 4037e° 9]_'. 0
3 30 403 30
1,158 306,500
NUECES RIVER BASIN

27) a’
32) k12 o A4 71, 300

21) ee0
38 256 w? - }4,0 500

ze” 5t
s 1939 7 5520 £"*"105,000
1%

?g ggg; % 1€ LC lll'2,600
Loz ¢ TRm0
6, 38k 940, 700

=

3@3

764

> 55,600

21,000
43,700

23,600 “°

73,600
16,000
231, 500

423,200

200

Y400
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FIGURE 9

BLANCO RIVER
GUADALUPE RIVER BASIN

EDWARDS UNDERGROUND RESERVOIR
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These streams have deeply entrenched channels with large carrying
capacities, and overbank flooding is infrequent. The flood damages in
these areas are small because of the stream characteristics, the small
flood plein development, and the improvements for flood control in the
areas by local interests. These improvements will be discussed in
later sections of this report.

(2) Losses to the Edwards Reservoir from streams in the
San Antonio River Basin total approximately 145,800 acre-feet per year
(1935-1956). The Geological Survey has estimated that one stream in
this basin, Cibolo Creek, together with Dry Comal Creek in the Guadalupe
River Basin, contributes from one-fouyrth to one-third the long-term
average discharge of Comal Springs.2 Along the wide meanders of Cibolo
Creek there are many caverns, sink holes, crevices, and areas of
honeycombed limestone which provide escape routes for the flows of this
stream into the underground solution channels leading to the Edwards
aquifer. One of the largest caverns in the state, the Natural Bridge
Caverns, lies in this area about 18 miles north-northeast of San Antonio.
Most of this vast cavern lies within the Upper Glen Rose limestone,
having a depth of about 250 feet and extending some 5,300 feet in a
northerly direction to within ebout 750 feet of Cibolo Creek. However,
the entrance is located in the Edwards limestone formation. Another
largecave in the area is Bat Cave which is also located in the same
general area near Cibolo Creek. A view of the entrance to this cave
is shown in figure 10.

(3) Recharge conditions on the Medina River are somewhat
different from those on other streams of the area because of the
presence of the Medina lake and the associated Diversion Reservoir,
vhich are discussed in a later section of this report. Mr. R. L. Lowry,
Consulting Engineer, made an extensive study of the leakage from these
projects and determined in 1955 that the average annual recharge to the
underground re§7rvoir resulting from this leakage totals 46,900 acre-
feet per year. Extension of data through 1956, or through the
critical drought peg}od, reduced this average to approximately 42,700
acre-feet per year. Figure 11 shows views of the Medina Iake and the
spillway discharge channel from the reservoir.

¢. Nueces River Basin.- The principal streams in the Nueces
River Basin which flow across the Edwards Reservoir area and make a
significant contribution to recharge of the Edwards limestone aquifer
are the Nueces and West Nueces, Frio and Dry Frio, and Sabinal Rivers;
and three creeks, Verde, Hondo, and Seco, which are tributaries of the
Frio River. As shown in table 1, these streams drain 3,112 square
miles of the Edwards Plateﬁ country and contributed an average of
231,500 acre-feet per year=/ of recharge water to the Edwards Reservoir
from 1935 through 1956.
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BAT CAVE

OTHER CAVES ALONG CIBOLO CREEK
(IN GLEN ROSE LIMESTONE FORMATION)

FIGURE 10
CAVES NEAR SAN ANTONIO

EDWARDS UNDERGROUND RESERVOIR
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(Flow from leakage at the Reservoir)

FIGURE 11
MEDINA LAKE
AND
SPILLWAY DISCHARGE CHANNEL

EDWARDS UNDERGROUND RESERVOIR
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(1) These streams have cul deep gorges through the Edwards
limestones and, for the most part, are bedded in the underlying more
impervious Glen Rose limestone. In the escarpment area, the gorges
occasionally widen into narrow valleys, particularly where tributaries
enter the main streams. Downstream from the Balcones escarpment, the
gorge section changes into a wide valley section and the stream channels
decrease in depth, size, and capacity. Two of the larger streams, the
Frio and Nueces Rivers, have bankfull capacities in the plateau country
ranging from 5,000 to more than 30,000 second-feet.

(2) Most of these streams which flow through the plateau
are perennial streams fed by springs. However, as these streams flow
over the outcrop of the Edwards limestone in the Balcones fault zone,
most of their flow is lost to the underground aquifer. Downstream from
the fault zone the streams become dry or flow only intermittently.

(3) An example of the potential recharge from the streams
that cross the outcrop of the Edwards limestone is shown in gage records
and recharge investigations by the Geological Survey covering the
March 1958 flood on the Frio and Dry Frio Rivers. Investigations of
these two streams indicate that the streambed exposures in the outcrop
area of the Edwards limestone extend 11 miles along the Frio River and
14 miles along the Dry Frio River. 9/ Gage records for the 1958 flood
indicate that water was absorbed into the aquifer at a rate as great as
939 second-feet where the combined streams cross the outcrop._ﬁ/
Similar recharge conditions occur along & l3-mile stretch of the Nueces
River west of Uvalde and along a 3-mile stretch of the Sabinal Rivero_g/

(4) The West Nueces River is the only stream in the area
vhich does not follow the general characteristics described above.
Although it is the largest tributary of the Nueces River in the plateau
area, the stream is dry most of the time and seldom has any ¥low at its
mouth, except in periods of heavy rainfall. For the most part, the bed
of the stream is underlain by gravel and most of the recharge moves
eastward as underflow.
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FRIO RIVER

SECO CREEK

FIGURE 12

STREAMS OF THE EDWARDS AREA
NUECES RIVER BASIN

EDWARDS UNDERGROUND RESERVOIR
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FIGURE 13
NUEGES RIVER IN THE
VICINITY OF GHALK BLUFF

EDWARDS UNDERGROUND RESERVOIR
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37. QUALITY AND CHEMICAL CHARACTER OF THE GROUND WATER.- The water
in the Edwards limestone is of good quality, although moderately hard.
Its principel mineral constituent is calcium bicarbonate, generally in
concentration in excess of 200 parts per million._ﬂ/ All ground water
contains dissolved mineral solids, the amount depending largely on the
type of formation through which the water passes, the length of time the
water is in contact with the rock, the temperature and pressure. The
principal constituent of the Edwards limestone is calcium carbonate, &
mineral that is highly soluble by the action of carbon dioxide (carbonic
acid) in water. Rainwater absorbs the carbon dioxide from the air and
from decaying vegetable matter in the soil. The presence of carbon
dioxide gas in water increases the capaclity of the water to dissolve the
limestone and hold thes calcium carbonate in solution. Temperature and
pressure play an important part in regulating the volume of carbon
dioxide gas that the water will hold in solution. As the ground water
travels through the formation in the underground limestone reservoir it
may pass through zones of different temperatures and at different levels.
Slight changes in temperature and pressure cause a change in the carbon
dioxide content of the water and are believed to cause the water to
dissolve or deposit limestone.l0/ The dissolving of the limestone
results in the honeycombed channels and caverns. The deposition of
limestone in these caverns forms stalactites, stalagmites, or secondary
calcite in veins.

38. Through chemical analyses of water from the artesian reservoir,
the Geological Survey has estimated that all wells and springs along this
aquifer remove approximately 4S50 tons or 200 cubic yards of solid rock
per day,_%/ of which about 200 tons per day are removed through Comal
Springs a oneo_g/ This indicates that the underground reservoir 1s slowly
increasing in capacity as the rock is dissolved by the circulating ground
water.

39. The average concentration of dissolved solids in the underground
reservoir varies from 250 to 450 parts per milliono_l/ An increase occurs
generally in the deeper portions of the reservoir toward the south and
southeast. In the zone of poor quality along the eouthern extremity of
the artesian aquifer calied the "bad water line," the water is charged
with hydrogen sulfide, a chemical that has an offensive cdor and is
highly corrosive to metail. 1In this zone the dissolved solid concentration
increases to over 1000 parts per million. This condition is believed to
have resulted from restrictions in the formation which have prevented the
free circulation of the underground water. However, this water is not
entirely wasted since it is generally acceptable for irrigation purposes.
The hydrogen sulfide may also be removed from the water by prolonged
seration or filtration through charcoal. Further south aiong the downdip
of the Edwards limestone the water becomes highly mineralized with the
dissolved solld concentration as great as 5000 ppm. Chloride concentra-
tion as great as 2000 ppm _;/ has also been found in the downdip area.
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40. Results of studies made by the Geological Surveyg/ of the
artesian water flowing from Comal Springs at New Braunfels indicate
the high quality of the water from the underground reservolr. The
long time average discharge from these springs is in excess of 280
second-feet. The water issues from fissures along the escarpment
formed by the Comal Springs fault and is crystal clear without a
trace of turbidity. The springflows have almost a constant
temperature of T4 degrees Fehrenheit throughout the year. The maximum
observed variation from this temperature has been less than one
degree. Since the springflow temperature is some 6 degrees higher
than the mean annual temperature at New Braunfels, it is assumed
that this water circulates through portions of the reservolr as deep
as 300 to 500 feet below the ground surface.

41, OTHER WATER-BEARING FORMATIONS.- In addition to the Edwards
and assocliated limestones, there are other water-bearing formations
in the Edwards area which make a significant contribution to the water
resources of the region. Among these formations are the Carrizo sands,
the Glen Rose limestone, the Leona gravels and the Austin chalk, three
of which are shown on plate 2. The Carrizo sand formation stores large
volumes of good quality water, though moderately hard. The formation
is relatively uniform in permeability and wells in this formation
frequently yield from 1 to 2 million gallons per day.l/ The Trinity
sands of the Travis Peak, or Pearsall, formation yield water in fairly
small quantities on the Edwards Plateau for domestic and stock uses.
The Glen Rose limestone, which overlies the Trinity sands, is a
major source of water in the Edwards Plateau area where water is not
available from the Edwards and associated limestones. A few wells are
known to yield from 200 to 300 gallons per minute.l/ Supplies from
this formation, however, are only sufficient in most areas for domestic
and stock supplies.g/ This water is generally very hard and, in most
places, the concentration of sulfates and dissolved solids is high.};/
The gravels of the Leona formation are found in the valley of the
Leona River, and are variable in both thickness of the formation and
yield to the wells. However, many shallow vells drawing from the
Leona gravels yield 300 to 500 gallons per minute under sustained
irrigation pumping. This water is generally hard with a high nitrate
content but of gocd quality otherwise.ll/ The Austin chalk formation
yields moderate quantities of potable water in a few localities. This
water generally has a moderately high concentration of sulf&te.}&/

L2. FLOODS AND DROUGHTS.- In the Edwards Reservoir area, weather
patterns are generally typical of the southwest. Years of normal rain-
fall and plentiful water supply for growing cities, industries, military
reservations, and agricultural irrigation projects are most often
followed by years of decreasing annual rainfall. As this latter condition
is extended over a period of years, drought conditions are experienced.

By past records, these droughts have only been broken by devastating
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floods, or at a minimum, several years of excessive rainfall. The
drought years of 1947 through 1956 caused critical water shortages

to occur over most of the southwest region. Cities and industries
had to drastically curtail water use and in some cases make extensive
provisions to supplement their dwindling water supplies. Surface
water irrigation, for the most part, came to a standstill and irriga-
tion from ground water diminished considerably due to the lowering of
vater tables. Such was the case with irrigation projects in the
Edwards Reservoir area. In addition, the city of San Antonio, including
its military installations, and others found the elevations of the
vater levels in their wells reaching an all time low, some 7O feet
below normal, as pumping reached an all time high in order to meet
large demands of water, demands which had formerly been partially
satisfied by normal yearly rainfall. Many of the perennial streams
of the Edwards Plateau ceased to flow and others flowed only for a
short time following periods of rainfall. By the sumer of 1956, all
major springs in the Balcones fault zone had ceased to filow with the
exception of San Marcos Springs, which had decreased from a yearly
average of about 165 second-feet to & minimum flow of 46 second-feet.
Comal Springs at New Braunfels, the largest of the group, whose

yearly discharge had averaged over 280 second-feet, ceased to flow on June 13,

1956. It remained dry until November 3, 1956, when it started flowing at
a slow rate. The decreased water level in the artesian reservoir caused
pumping costs throughout the area to accelerate and caused many wells to
become dry.

43. By the spring of 1957, heavy rains began to fall over most of
the state and the southwest region. From April to June of that year,
some areas of the state suffered hundreds of millions of dollars in
flood damages. Some of these floods were estimated as 100.year frequency
floods, or floods that would not be expected to occur more than once in

100 years. In the Edwards Plateau country, heavy rains of 1957 and even

greater ones of 1958 caused flooding of urban areas within the Balcones
fault zone and further downstream. The heavy rains also caused flooding
of agricultural lands lying in the valleys of the Edwards Plateau, those
within the Balcones fault zone, and downstream of the fault zone in the
Gulf Coastal Plain where the streambeds and valleys are considerably
wider.

L4, In general, the flooding experienced along the Edwards Plateau
is produced by intense storms with relatively limited areal coverage.
The storm of June 30-July 2, 1932 was more general in character than
any other major storm of record in the vicinity of the Edwards Platesau.
This storm had centers of rainfall of 35.6 inches at the State Fish
Hatchery near Ingrem in the upper Guadalupe River watershed; 33.5 inches
at Humble Pump Station in the upper Sabinal River watershed; and 24
inches at Rio Frio in the upper Frio River watershed. Runoff from this
storm produced the maximum known peak discharges in the upper part of
these three watersheds. Several additional intense storms which covered
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small areas follow: the storm of May 25-30, 1929 which produced flood-
ing in the Blanco River watershed; the storm of May 31, 1935 which
produced the maximum known peak discharge of 230,000 second-feet on the
Seco Creek about ll-miles north of D'Henis; the storm of June 10-15,
1935 which produced the maximum known peaks of 550,000 second-feet on
the West Nueces River at Brackettville and 616,000 second-fget on the
Nueces River near Uvalde; the storm of September 26-27, 1946 which
produced the maximum known peak discharge on Calaveras Creek; the storm.
of September 9-11, 1952 which produced serious flooding on the Blanco
River; and the storm of September 23- 25, 1955 which produced the maximum
known peak discharge of 307,000 second-feet on the Nueces River at Laguna.
BEach of these periods is discussed more fully in Appendix II, Hydrology
and Hydraulic Design.

L4s. Floods and droughts, in general, cause extensive economic
losses directly to the areas in which they occur and indirectly affect
the economy of the state and the nation. These disasters also strongly
point out needs for increased vigorous pursuit of conservation, develop-
ment, and protection of our water resources to meet increasing future

"demands. Although extensive investigations and water resource planning
and development have been made for many years in the Edwards Reservoir
area by a number of Federal, State, and local agencles, this most recent
drought has made all concerned even more keenly aware of the urgent need
to protect and preserve the most valued natural water resource of this

- vast area - the Edwards Underground Reservoir.

46, CLIMATOLOGICAL DATA.- The climate over the Edwards Underground
area is generally mild with hot summers and cool winters. Freezing
temperatures and snowfalls are experienced occasionally, caused by the
rapid movement of cold, high-pressure air masses from the northwestern
polar regions and the continental western highlands. The mean ammual
temperature is about 68 degrees Fshrenheit over the Edwards Reservoir
area., Temperature extremes range from & maximumm of 114 degrees to a
minimum of minus 7 degrees. Janusry, the coldest month has an average
daily minimum temperature of 37.6 degrees; August, the warmest month,
has an average daily meximum temperature of 96.3 degrees. The average
length of the growing season between killing frosts is about 254 days.

. © &, Preclpitation.- The mean annual precipitation over the
Edwards Underground aree is approximately 27.8 inches, and varies from
about 34 inches in the eastern part to about 22 inches in the western
pert. Extremes in annual precipitation range from a maximum of 62.47
inches reported in Boerne in 1919 to & minimm of 6.45 inches reported
in Brackettville in 1893. The normal seasonal distribution of rainfall
over the area is generally favorable for agricultural purposes, with
the two heaviest rainfall periods occurring during the periods April
through June and September through October. Plate 3 shows the isohyetal
map for the average eannual precipitation on the Edwards Plateau area,
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based on published U. S. Weather Bureau normal values; and also contains
graphs of the normsl monthly distribution of the average annual precipita-
tion at Hondo, Sen Marcos, and Carr Ranch.

b. Evaporation.- The mean evaporation rate from a free water
surface in the general vicinity of the Edwards Plateau varies from 50.1
inches at Austin to 59.2 inches at Winter Haven. The rainfall of the
two stations varies from 32.6 inches to 21.6 inches, respectively; and
the net evaporation from & free water surface varies from 17.5 inches at
Austin to 37.6 inches at Winter Haven.

c¢. Runoff.- There are two or more stream-gaging stations on
most of the streams that were investigated in this report. Plates 2
and 3, appendix II, show the location and drainage area for these stream-
gaging stations. The following tabulation includes only the gages that
were used in determining resources for the surface reservoirs investigated
for this report.

:Drainage: Period of record : Annual runoff (in.)

Stream-gaging : area : Length :Maximum:Minimum: Mean
station :(sq.mi.):From:Thru:Year:Month: (1) : (1)
Nueces at laguna 764  10/23-9/62 39 0 10.85 0.41  2.45

Frio at Concan (2) 405 11/23-9/62 38 11  1k.21 - 0.29 3.35
Sabinal nr Sabinal 206  10/h2-9/62 20 O 11.39 0.05  2.h7
Hondo nr Tarpley 101 9/52-9/62 10 1 16.66 0.06 4,24
séco nr Utopia 53 9/52-9/61 9 1 15.19 0.09 4.02
Guadalupe nr Comfort 762  10/22-9/32 10 0 6.7 0.99  2.48
Guadalupe at Comfort 836 6/39-9/62 23 4 5.81 0.24 2.36

Guadalupe nr Spring
Branch 1,282 7/22-9/62 40 3 8.37 0.1h4 2.81

Blanco at Wimberley
(3) 353 7/28-9/62 33 6 13.69 0.25  h4.67

(1) wWater yeer.
(2) Runoff for 1930 water year was estimated (USCE).
(3) Runoff records were missing for 8 months in 1929 water year.
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REGIONAL ECONOMIC DEVELOFMENT

47. INTRODUCTION.- This study is concerned primarily with water
problems and demands associated with the water resources of the Edwards
Underground Reservoir that can be solved by the constructionof water
resource improvements having as a primary purpose the recharge or pres-
ervation of the ground water resources of the reservoir. The areas
affected by these problems and requirements range from relatively narrow
flood plains to widespread areas from which will be drawn the recipients
of the recreational benefits of proposed reservoirs. The extent of the
area affected by each project purpose varies and is limited by the
practical and economic aspects of the purpose served. Figure 15 shows
the composite of all areas considered and the three subareas into which
it was divided for greater ease of analysis. The economy of the area
in and immediately adjacent to the flood plain was used in planning for
flood plain improvements. The economy of a lh-county area, including
Bandera, Bexar, Blanco, Caldwell, Comal, Edwards, Guadalupe, Hays,
Kendall, Kerr, Kinney, Medina, Real, and Uvalde Counties, was taken into
account in planning for water supply. The economy of the entire base
study area was considered in connection with planning projects which .
might affect recreation, fish and wildlife problems. The area selected
for the economic base study comprises 60 counties and contains about
63,959 square miles, 24 percent of the total land ares of the state of
Texas. Appendix V, Economic Base Study, contains a detailed analysis
of current and historical economic conditions and projections of indus-
trial development, population, employment, and income for the base study
area. L

48. The Edwards Underground Reservoir has been a primary factor
in the development of the water supply area. Many of the Spanish
missions were established in the 16th century at or near flowing springs
fed from the underground reservoir. A mission established at San Pedro
Springs in 1718 was the beginning of the city of San Antonio, now the
third largest city in the state. The spring-fed Comal, San Marcos, and
Guadalupe Rivers attracted early colonists. Low head channel dams were
constructed for power purposes -over a century ago. The first Texas
cotton mill was founded at New Braunfels in Comal County in 1850.

49. Violent, abrupt storms in the Edwards Reservoir area, due
at least in-part to-the upsweep of warm, moist air over the Balcones
Escarpment, result in high velocity, sharp crested floods on the
streams. and rivers of the study area. Control of these floods is of
major importance to the complete development of the study area.

50. POPULATION.- The population of the base study area in 1960
was 2,035,000, of which 845,968 resided within the lhk-county area which
is almost totally dependent upon the Edwards Underground Reservoir for
its municipal and industriel water supply. The comparative rates of
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growth between 1890 and 1960 of these two areas and those of the state
and the nation are as follows:

Average annual percent of
change in population

1890-1960
United States 1.50
Texas 2.10
Base study area 1.73.
1lh-county water supply area 2.71

Eighty-one percent of khe 1960 populatién of the water supply area
resided in the San Antonio standard metropolitan statistical area
(Bexar County).

51. Three other of the state's 21 standard metropolitan statis-
tical areas are within the study area. Austin, the capital of the state
and the sixth largest in the state, is about 60 miles northeast of
San Antonio, beyond the limits of the water supply area. Corpus
Christi, seventh largest in the state, is located on the Gulf of Mexico
at the mouth of the Nueces River, vhich originates on the surface above
the Edwards Underground Reservoir. Corpus Christi is the only deep
water port within the limits of the base study area. Laredo, a port of
entry at the Mexican border, is separated from its Mexican counterpart,
Nuevo Laredo, by the Rio Grande.

52. The population of the base study area is projected to rise at
the average annual rate of 1.90 percent to the total of 6.9 million in
the year 2025. Most of this growth will occur in subarea I and
principally in the urban areas.

53. Projection of the population of the lhi-county water supply area
shows & rise.of 1.94 percent to a total of 2.9 million at year 2025.

54. REAL PERSONAL INCOME.- Real personal income is the most
comprehensive available measure of economic activity and bears a close
and generally constant relationship with the gross national product qver
the long run. At the national level, it has been found that personal
income exhibits the same rate of increase that characterizes the gross
national product. Personal income, when reduced by taxes, becomes
disposable personal income, that portion of the income most representa-
tive of the economic condition of an area. In 1960, the disposable
personal income of the 2,035,000 persons in the study area and the
846,000 persons in the water supply area was $3.0 billion and $1.3
billion, respectively. On the basis of a per capita total, this
emounted to $1,473 for the study area and $1,573 for the water supply
area. The percapita disposable income for the nation was $1,937.
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55. MANUFACTURING.- - Prior to 1940; manufacturing in Texas
was dependent largely on agriculture and forestry for raw materials
and furnished the farmer with the:tools of his livelihood. There was
the beginning of & mineral-oriented: industrial expansion but nothing
like the upsurge that followed the advent of World Wear II.

. 56. During the war years, the national policy of industrial
dispersion and development and the availability of large quantities
of mineral resources combined to give impetus to the growth of the
refining industry, established the aircraft industry, and gave the
state a tremendous boost in the chemical field. The state's income
originating in this industry is: about 16 percent of the total, nearly
double the 9 percent which was derived from manufacturing in 194O.

57T For the study area, manufacturing is not of such relative
importance. In 1960, about 9.5 percent of the total income was
derived from manufacturing. However, the rate of expansion has been
nearly the same as for the state. Measured in terms of the value
added by manufacture, the study area has maintained about 10 percent
of the state's total for the past 30 years.

58. Nearly two-thirds of the manufacturing in the area is due
to three major cities, San Antonio, Austin, and Corpus Christi.
Since its founding, San Antonio has been one of the major food. .
processing cities of the state, with flour mills, meat processing .
plants, and canneries. About one-sixth of the value added for the
study area originates in these San Antonio food processing plants.
Two large breweries are located in San Antonio. Other important
non-durable manufacturing includes printing and publishing and
fabrication of apparel. Two large cement plants at San Antonio
utilize the high .calcium limestone of the Edwards formation.

59. Austin, the capital of,the sta.té, manufactures princ:lé
pally food and kindred products, printing and publishing, and allied
products.

60. -Nueces County, of which Corpus Christi is the principal .
city, contains six of the T2 refineries of the state of Texas, with
about T percent of the total refining capacity of the state. Ten
percent of the value added by manufacture for the study area is-
contributed by these refineries. The growth and industrialization
of Corpus Christi has been accelerated by'the completion of the Gulf
Intracoastal Waterway and the deep water channel to the Gulf. of
Mexico. Most of the refineries in the area:.are located on deep
water channels and process both domestic and foreign oil. Cement
and lime are manufactured from shell dredged from the coastal waters.
Forty percent of the primary metals-industry of the, study area is
located in Nueces County processing wa.terborne a.luminum, zinc, iron,
copper, -and cadmium.: : ‘ .

69



61. The Aluminum Corporation of America operates an aluminum
reduction plant in Milam County. Bauxite imported through Corpus Christi
is processed in the Port Comfort plant and forwarded to Milam County for
reduction. The Reynolds Metals Company operates alumina and reduction
plants in San Patricio County processing imported bauxite.

62. Within the study area, 96 percent of the manufacturing is found
in subarea I. The value added by manufacture in 1958 for the three sub-
areas is as follows:

Value added in 1958

Area (millions of 1960 dollars)
I 475.7
II | 1.8
II1 9.5
Total 497.0

63. For the water supply area, income from msnufacturing represents
about 7.7 percent of the total. About 88 percent of the manufacturing
is concentrated in the San Antonio metropolitan area. By far the most
important products of San Antonio manufacturers are food and kindred
products. In 1958, the value added in this segment of manufacuring in
San Antonio was $T4 million, 47 percent of the total for the county.
Included in the plants in this category are two large breweries, two
large flour mills, several meat processing plants, and canneries special-
izing in Mexican foods. Cement plants; stone, clay, and glass products;
epparel and related products; fabricated metal products; machinery except
electrical; furniture and fixtures; and printing and publishing comprise
the other large contributors to the total of value added by manufacture
within Bexar County.

64. Manufacturing in the other counties of the water supply area
is principally food and kindred products, such as flour and feed mills;
printing and publishing; apparel and related products; and textile mill
products. The relative importance of manufacturing categories is
illustrated by table 2 which shows the employment in these categories
as a percent of the totel manufacturing employment for the United States,
Texas, the base study area, and the water supply area. The table was
prepared from information extracted from the U. S. Bureau of the Census,
U. 8. Census of Population: 1960. General Social and Economic Charac-
teristics.

65. AGRICULTURE.- Although agriculture has been displaced as the
largest industry, farming and ranching is still of major importance in
the study area. Crop and livestock production provides livelihood for
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TABLE 2

EMPLOYMENT IN MANUFACTURE

1960
Water
United Study supply
States Texas ares area
Percent of manufacturing employment
Furniture, lumber, and wood products 6.09 6.11 6.97 5.20
Primary metal industries 6.99 k.99 7.26 1.4
Fabricated metal industries 7.38 5.79 4.56 6.39
Machinery except electrical 8.95 8.68 4.8 5.68
Electrical machinery 8.49 4.08 1.40 1.75
Motor vehicles and motor vehicle
equipment L.81 1.25 0.61 0.89
Transportation equipment except motor
vehicle equipment 5.58 9.09 2.33 ~ 2.85
Other durable goods 7.83 6.34 8.83 9.65
Total durable goods 56.12 46.33 36.78 33.85
Food and kindred products 10.41 1h.77  24.T4  29.38
Textile mill products 5.8 1.k4  L.80  6.87
Apparel and other fabricated textiles 6.62 6.16 7.24 10.89
Printing, publishing, and allied
products 6.52 7-46 11.98 11.30
Chemical and allied products k.92 8.70 6.28 2.13
Other nondurable products _9.93 15.14 8.15 5.58 |
Total nondurable products 43.88 53.67 63.22 66.15
TOTAL 100.00 100.00 100.00 100.00
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about 58,000 operators of farms and ranches in the study area, including
about 10,300 in the water supply area. Income from agriculture is about
3 percent of the total for the water supply area and about 8.2 percent

of the total for “the study area. However, this is not the measure of its
total importance. In 1958 about $110 million, or 60 percent of the value
added by manufacture for the water supply area, came from industries which
process agricultural products. Additional effort was expended in the
manufacture, distribution, and sale of supplies needed by agriculture and
the marketing, processing, and distribution of agricultural products.

66. In 1959 the total value of all farm products sold was $392
million for the study area and $72 million for the water supply area.
Sale of livestock and livestock products represented 63 percent and
77 percent of the respective amounts.

67. TRANSPORTATION.- The history of the growth of the water supply
area has been the history of the growth of modern transportation. In the
19th century San Antonio, already an important distribution point, was
served by ox and mule train from the coast. By 1850, the year of the
first United States census in Texas, the two urban centers in Texas were
San Antonio, the commercial center for most of south Texas and northern
Mexico; and Galveston, the major seaport west of New Orleans. The
problem of transportation of cattle from the ranches of Texas to the
packing house centers of the north was first solved by enormous cattle
drives. It has been estimated thet 10 million head of cattle were _
driven from Texas between 1866 and 1895 in h 000 drives averaging 2,500
head.

68. ‘I’he advent of the interstate railroad in the 1870's was the
beginning of the end of the big trail drives and the start of the
industrialization of Texas.

69. In 1877 San Antonio was reached by its first rallroad,
an intrastate line connecting to the ports of Houston and Galveston.
Shortly thereafter the city was reached by the first of the three
major lines that now serve the city.

T0. Texas' excellent system of highways and farm and ranch roads
link all parts of the state to allow rapid transportation by motor
vehicle from virtually every farm and ranch gate to the urban centers.

71l. Water transportation is furnished the base study area by the
Gulf Intracoastal Waterway and by the deep water channel at Corpus Christi.
Completion of the deep water channel to the port of Corpus Christi in
1926 provided the initial stimulus for the industrialization of - the
coastal portion of the study area. The port has now become the 12th
largest in the nation in terms oOf total tonnage, and the city of Corpus
Christi has increased in population about 1,500 percent from 10, 500
in 1920 to 167,700 in 1960. '
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72. In 1962, exports and imports were about 65 percent crude
petroleum and petroleum products; 24 percent metallic ores and metals;
T percent agricultural commodities; 3 percent chemicals and deriva-
tives of the petro-chemical industry; and 1 percent other. About 4.5
million tons of bauxite, 17 percent of the total commerce, were
imported for processing within the base study area. Foreign, as well
as domestic, o0il is processed at the six refineries near Corpus Christi.

73. MINERAL PRODUCTION.- Over 85 percent of the value of mineral
production for the base study area came from subarea I in 1960.
Slightly over 10 percent of the 1960 study area value of mineral produc-
tion came from subarea II. The total value of crude oil, natural gas
and hydrocarbon liquids was $313,844 in 1960, which represents over T7
percent of the total value of mineral production in the study area.

The value of asphalt, sand and gravel, stone, uranium, high calcium
limestone, shell, clays and lignite production in the study-area make
up the remaining 23 percent of the value of mineral production. The
hydrocarbon products play & very important role in the study area. The
production of ecrude oil represents about 61 percent of the value of
hydrocarbon production in the study area, followed by natural gas
production, representing 36 percent of hydrocarbon production value.
The remaining portion consists of hydrocarbon liquid production.
Uranium "yellow cake" is being recovered at the $2 million, 300 ton-a-
day uranium mill of Susquehanna-Western, Inc., at Falls City. The mill
treats ore from open pits in Karnes County; uranium ore is also being
recovered in Live Oak County. Lignite is being mined from open pits

in Milam County for use at the 240,000 KW steam-electric plant which
furnishes povwer for aluminum reduction near Rockdale. Uvalde County
supplied all the native asphalt produced in Texas in 1960. Nueces
County was the Texas leader in 1960 lime output. About equal quantities
of limestone and shell are used as basic raw material for lime produc-
tion. Most of the lime output, 9% percent, was consumed within the
state; the major part was captive. Out of state shipments were sent
mostly to adjoining states. Principal chemical and industrial uses

are in manufacture of alkalies, paper, and petrochemicals and as
metallurgical lime in open hearth and electric furnaces. A large
quantity is used for purifying and softening water. Bexar County led
the state in the value of stone (shell excluded) production in 1960.
High calcium limestone for cement is important in the mineral economy
of the study area. Three of the seventeen cement plants in the state
are located in the study area. Two of these plants are located in

San Antonio and the other is located in €orpus Christi.

T4. Several minerals are imported in significant quantity for
processing in the study area, such as bauxite, which is extracted at
the Aluminum Company of America plant in Calhoun County at Point
Comfort, and at the Reynolds Metal Company plant in San Patricio
County near Corpus Christi. Copper and zinc are imported at Corpus
Christi and processed at the American Smelting and Refining Company
smelter.
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T5. For the water supply area, petroleum production is not of
such high relative importance as for the whole of the study area. In
1960, the value of crude oil, natural gas, and hydrocarbon liquids was
$22.1 million, about 48 percent of the total value of minerals produced.
All of the native asphalt produced in Texas is derived from pits in
the water supply area. Two cement plants utilizing limestone in manu-
facture are located at San Antonio. .Crushed rock, building stone,
limestone for lime, sand and gra.vel are other minerals produced in the
vater supply area. : ‘

76. THE ROLE OF GOVERNMENT IN.THE ECONOMY.- For the water
supply ‘area, as well.as the study area, the role of Government is the
most . important single segment of the economic structure. In 1960, '
employment in Government, including the military, was 27 percent of
the total for the water supply area and 20 percent of the total
for the study area. Large permanent military installations are
mainteined st various points within the study area. These include;:

a. San Antonio.-
(1) TFort Sam Houston, Headquarters of the Fourth U. S.
Army; location of Brooke Army Medical Center; a field office of the
U. S. Army Mep Service; Central Service Center; Army and Air Force
Exchange Servic¢e and Fort Sam Houston National Cemetery.
(2) Brooks Air Force Base.
(3) Lackland Air Force Base.
(4) Randolph Air Force Base.
(5) Kelly Air Force Base.
b. Austin.-
(1) Bergstrom Air Force Base.
(2) Headquarters of the XIII U. S. Army Corps.
c. Killeen.-
(1) Fort Hood, Headquarters of III U. S. Army Corps,
Second Army Division, First Armored Division, First Logistic Command,
and Fourth U. S. Army Language Training Facility. Fort Hood contains
207,000 acres.
d. Laredo.-

(1) Laredo Air Force Base.
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e. Del Rio.

(1) Laughlin Air Force Base.

f. éofpus Christi.

(1) Corpus Christi Naval Air Station. Partially
deactivated. Numerous small military installations and reserve
components are located throughout the study area.

77. In Bexar County alone about 81,000 persons are engaged in
Government, 66,000 of whom are military or civilian employees attached

to the military. This includes an undetermined number engeged in the
space programs.
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WATER RESOURCE -‘DEVELOFMENT

78. CORPS oF. ENGINEERS PROJECTS.- At present, Canyon Reservoir
is the only Corps of Engineers Reservoir in operation in the study .
area and is located at river mile 303.0 on the Guadalupe River about
12 miles northwest of New Braunfels. It was constructed for flood
control, water supply,; and recreational purposes. Construction of
the project began in 'April 1958 and deliberate impoundment began on
June 16,.196k4,  Blieders Creek Reservoir, a flood control only project
to be located at river .mile 5.8 on Blieders Creek, 1.5 miles north of
New Braunfels, is-in the advance planning stage. Blieders Creek
Reservoir, when constructed, will control the runoff from a 14.8
square mile area.and provide flood protection to the city of New
Braunfels. The Corps of Engineers also has under construction a
channel improvement project in the city of San Antonio which includes
the clearing, widening, deepening, and straightening of approximately
31 miles of river and creek channels and construction of certain
related structures. This project was begun.in November 1957 and,
when completed, will control-the runoff from approximately 114 sqpare
miles of drainage area in and adjacent to the city of San Antonio.
Pertinent data for the Canyon and Blieders Creek Reservoir projects
and the San Antonio Channel Improvement project are given in tables
3 and ‘4. Construction pictures of the Canyon and -San Antonio
projects are shown in flgure 16

79. SOIL CONSERVATION SERVICE PROGRAMo- The Soil Conservation
Service of the U. S. Department of Agriculture has formulated "Work
Plans" for the Martinez, York, and Salado Creeks watersheds within
the Edwards Reservoir area. The plans provide for construction of
38 watershed protection and floodwater retarding structures to provide
control over a drainage area of about 218 square miles. The
structures will contain a total of about 63,767 acre-feet of
detention storage. )

80. on July 1, 196h, the Soil Conservation Service had in
operation 18 structures in two of the watersheds in the study area.
0f these structures, five are located in the watershed on Martinez
Creek, a tributary of Cibolo Creek in Bexar County, and 13 are in
the watershed of York Creek, a tributary of the San Marcos River. .
Pertinent data on the projects which have been constructed and on
those additional projects which are planned for the area are
presented in table 5.

81. PROJECTS CONSTRUCTED BY IOCAL INTERESTS.- Development of’
surface water resources by local interests in the Edwards Reservoir
area has been minimal due largely to the availability of ground-
water resources. The principal reservoir projects within the three
basins are described below.



82. 1In the Guadalupe River Basin, Comal County has constructed
one flood-water retarding structure, with a detention capacity of 350
acre-feet, in the Comal Creek vatershed to increase ground-water
recharge and to provide flood protection.

83. ILocal interests developments on the San Antonio River and
tributaries consist of Lake Medina and Medina Diversion Reservoir on
the Medina River, and Olmos Reservoir on Olmos Creek in San Antonio.
Lake Medina with a capacity of 25&,000 acre-feet, and Medina Diversion
Reservoir with a capacity of 5,750 acre-feet, were completed in 1913.
These projects are owned and operated by the Bexar-Medina-Atascosa
Counties Water Improvement District No. 1 to provide a water supply
and gravity diversion for irrigation of lands in the District. In
1926 the City of San Antonio constructed Olmos Reservoir on Olmos
Creek to provide flood protection for certain areas of the city.
Olmos Reservoir has a storage capacity of about 15,500 acre~feet and
controls the runoff from about 32 square miles of drainage area.

Upon completion of the San Antonio Channel Improvement project,
discussed previously, Olmos Reservoir will become an integral part
of the plan for flood protection of the San Antonio area. Pertinent
data for the existing reservoir projects in the San Antonio River
Basin are presented in table 6. Photographs of the Medina projects
are shown in figure 1T.

84. Except for stock ponds and several small recreation lakes,
there has been no development by local interests in the Nueces River
Basin upstream of the Balcones fault zone of reservoirs for surface
water supply or flood control; however 13 structures have been built
in Uvalde County near Uvalde to improve the natural facilities for
ground-water recharge. The recharging of an aquifer artificially
may be accomplished by water spreading or injection of water through
wells, pits, shafts, or other natural surface openings. The 13
structures in Uvalde County are of the latter type, consisting
generally of small impounding structures and preservation of existing
surface openings into the water-bearing formations of the area. The
impounding structures allow an increased amount of water, collected
during periods of high discharge, to enter the water-bearing
formations through the existing openings by reducing the velocity of
the water across the land surface. The addition of the impounding
structures and installation of devices to protect existing openings
have resulted in the introduction of surface waters to the underground
strata at higher rates. Views of some of the recharge structures are
shown in figure 18.
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CANYON DAM
GUADALUPE RIVER

FIGURE 16
CORPS OF ENGINEERS PROJECGTS

EDWARDS UNDERGROUND RESERVOIR
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PERTINENT DATA - EXISTING AND AUTHORIZED
CORPS OF ENGINEERS RESERVOIRS

TABLE 3

RESERVOIR
Canyon Blieders Creek
Stream Guadalupe Blieders Creek
River mile 303.0 5.8
Contributing Drainage Area
(square miles) 1,425 14.8
Net Storage - acre feet
Sediment Reserve
Conservation Pool 19,800 -
Flood Control Pool 8,300 koo
Conservation 366, 400 -
Flood Control 346, 400 7,312
Total Controlled Storage
(acre-feet) 740,900 7,712
Yield (acre-feet per year) 96,400 -
Pertinent Elevations - ft. msl
Top Conservation Pool 909.0 -
Top Flood Control Pool 943.0 750.5
Design Water Surface 969.1 763.1
Top of Dam 974.0 768.0
Dam
Type Earth Fill Earth Fill
Length 4,410 ft. 3,730 ft.
(Main Emb.)
Maximum height 224 ft. 84 ft.
Top width 20 ft. 20 ft.
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TABIE 4
PERTINENT DATA - EXISTING LOCAL IMPROVEMENT (FLOODWAY)
PROJECTS BY CORPS OF ENGINEERS

Project

e o0 oo o¢ e

:Drainage tRiver :

: ¢ Drainage area at head of tayea at :mile :Improved
Local : Stream : project - sq. mi. tlower limit:limits :channel
Agency : :Un=- : :of project :of tlength

: :Controlled:controlled: Total :(sq.mi.) :project: (ft)

San Antonio
Channel

Improvement

San Antonio Sah
River Antonio

Authority River 32.0 1.6 33.6 113.7 221.8 to 60,600
237.3
San Pedro
Creek 0.0 1.0 1.0 hh,s 0.0 to 26,100
4.9
Apache
Creek 0.0 17.6 17.6 22.6 0.0 to 18,115
3.4
Martinez
Creek 0.0 2.6 2.6 T.1 0.0 to 23,830
4.5
Alazan
Creek 0.0 3.9 3.9 17.7 0.0 to 22,770
4.3
East Fork
Martinez
Creek 0.0- 0.5 0.5 1.7 0.0 to 8,300
1.6
North Fork
Martinez
Creek 0.0 0.9 0.9 1.2 0.0 to 3,910




TABLE S5

SUMMARY OF PERTINENT DATA FOR EXISTING AND PROPOSED
SOIL, CONSERVATION SERVICE RESERVOIRS

Number : “Total Proposed structures (2)
of : : Drainage : :

sstructures: : area :Sediment: Detention

scompleted scontrolled: storage: storage
Watershed : (1) : Number : (sq.mi.) :(ac.ft.): (ac.ft.)
Martinez Creek 5 6 29 2,478 6,511
Salado Creek 0 16 118 5,263 42,005
York Creek 13 16 T 4,950 15,251

(1) Completed as of July 1, 196kL.

(2) 1Includes completed structures.
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TABLE 6

PERTINENT DATA - EXISTING NON-FEDERAL RESERVOIRS
WITH CAPACITIES GREATER THAN 5,000 ACRE-FEET

: : :Contribu-~: : Elevation : :
: H : ting ¢ at maximum : :
: : Location :drainage : Total : controlled : Year : Dependable
: : : River : area :storage storage : con- H vield
Project: Ownership : Stream: mile :(sq.mi.) :(ac.ft.): (ft. msl) : structed : (cfs)
Medina Bexar- Medina T70.h4 633 254,000 1064.5 1913 0
Lake Medina-~ River
Atascosa
Counties
W.I.D.
No. 1
Medina Bexar- Medina 66.4 - 5,750 919.0 1913 0
Lake Medina- River
Diversion Atascosa
Reservoir Countles
W.I.D.
No. 1
Olmos City of Olmos 0.8 32 15,500 728.0 1926 (1)
Dam San Creek
Antonio

(1) Olmos Dam constructed for flood control only.
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IRRIGATION CANAL FROM DIVERSION
DAM TO BELOW CASTROVILLE

FIGURE 17

MEDINA RESERVOIR PROJECT

EDWARDS UNDERGROUND RESERVOIR
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RECREATION LAKE
SABINAL RIVER

SMALL RECHARGE PROJECTS
TRASH RACKS OVER DRILLED WELLS TRASH RACK OVER 20-FOOT NATURAL

DRY FRIO RIVER RECHARGE OPENING
INDIAN CREEK
FIGURE 18

PROJECTS CONSTRUCTED BY LOCAL INTEREST

EDWARDS UNDERGROUND RESERVOIR
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WATER -PROBLEMS

85. INTRODUCTION.- Water problems are known to |exist in many
parts of the Guadalupe, San Antonio and Nueces River Basins. . However,
only those portions of the three. river basins that would be affected
by projects constructed upstream from the Edwards Underground Reservoir
for recharge, water conservation and flood control purposes are con-
sidered to be within the scope of this report. Subsequent paragraphs
of this section will describe problems associated with the Edwards
Reservoir, other water supply problems and.requirements within the
study area, flood problems along the principal streams that flow through
the Edwards Reservoir area, and the needs in this area for the surface
water storage and facilities for fish and wildlife and general recreation
purposes. y ‘

86 PROBLEMS ASSOCIATED WITH THE ‘EDWARDS UNDERGROUND RESERVOIR. -
In efforts to devise a sound. feasible means of accomplishing the-
effective recharge of the Edwards Reservoir, consideration must be given
to certain important features and problenms peculiar to the aquifer and
its recharge area. These problems are discussed briefly in the follow-
ing paragraphs. S T ‘

a. ‘Problems in availability of ground water.- In estimating~
the availability of ground water in certain parts of the region to meet
the anticipated future water requirements, certain peculiarities of the
water-bearing formations should be borne in mind. In most every area,
some formations yield large quantities of good water, some yield little
or no vater or small amounts of poor quality, and still others are
water-bearing in some localities but not in others. In the artesian

servoir area ground water is found in the cracks and solution
channels along the belt of faulting. The size of these channels is
extremely varigble, even in the same general location. Wells drilled
only a few feet apart can have wide variations in yield; however, those
drilled near the faults in the main zone of faulting generally yield
large amounts of water. Yield from other wells can frequently be
improved by treatment with-acid, which enlarges minute openings
connected to large solution chennels in the vicinity of the well. Along
the southern limits of the Balcones fault zone wells yleld variable
quantities of hydrogen sulfide water with a high dissolved solid content.
Also, meny of the wells in this zone of poor quality vater are
practically dry.

b. Structural problems.- Structural features of the
geology of the reglon present the greatest problem to construction of
reservoirs containing a permanent pool for water conservation on
streams of the Edwards Plateau. Limestones are-dissolved by the
solution. action of meteoric waters, or waters derived from the atmos-
phere. Particularly soluble are those limestones, like the Edwards

13
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and associated limestones, whose principal constituent is calcium
carbonate. The solution action of ground water filtering through this
formation forms channels and caverns for escape of any water that may
be impounded in a surface reservoir or flowing through a stream channel
in this limestone. This limestone is also very hard and brittle making
it particularly susceptible to fracturing, shattering, and jointing,
vhich is associated with the faulting in the area. These fractures or
faulted areas also provide escape routes for surface water.

(1) This is not necessarily the case involving the
underlying Glen Rose limestone. This formation contains significant
quantities of dolomite, which is more resistant to the solution action
of water. In addition, this limestone formation is more "earthy,”
softer and more flexible, and is more susceptible to folding than to
fracturing in the presence of minor earth movement. Providing the
vater table in the area of a proposed surface reservoir slopes toward
the stream from the surrounding hills, the chances are rather favorable
that & reservoir constructed in this limestone would be relatively
tight and would not have appreciable leakage.

(2) For construction of flood control or recharge
structures designed primarily to stop high floodflows and release them
at a slover rate, vwhich are structures that are not intended to impound
permanent storage, the Edwards and associated limestones are considered
to be a good foundation rock. During periods when water is impounded
in the reservoir leakage would occur along Jjoint systems or fractures
that may be present in or around the structure or in the reservoir
area. This leakage condition, however, should present no problem in
construction or stability of the dam.

¢. Conditions affecting recharge.-

(1) Evaporation.- In the semi-arid Edwards Plateau
country of the Nueces River Basin evaporation is a major problem in
impounding water in surface reservoirs. The net annual loss from a
reservoir surface in this region ranges from 35.7 inches at San Antonio
to 55.3 inches at Del Rio. Approximately two-thirds of this annual
evaporation normally occurs during the spring and summer months from
April through September, when high temperatures and hot dry winds
prevail. A surface reservoir in this region covering an area of 5,000
acres would lose from 15,000 to 23,000 acre-feet per year by
evaporation.

(2) siltation.- The perennial streams of the Edwards
Plateau which recharge the Edwards Underground Reservoir are crystal
clear with very little sediment, except when they are at or above flood
stage. During periods of high water flows, however, the streams carry
leaves, trash, and brush and also some top soil in suspension. The
streams also roll and slide a substantial amount of gravel, sand, and
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boulders along the streams. These materials would tend to obstruct
the openings in the Edwards outcrop, at least temporarily, and reduce
the infiltration rate.of the surface wvater into the underground
aquifer. It is significant, however, to note that over a long period
of years siltation under existing recharge conditions has seemingly
presented no .serious problems. The openings in the limestone outcrop
are larger than those in a sand or gravel aquifer and the rock
material that is deposited in the openings is largely calcium
carbonate, which. in itself is soluble. The organic material, includ-
ing the brush, leaves, and other debris aids in the solution of the
limestone by releasing carbon dioxide upon decay. The Geological
Survey concludes that-in spite of the large volume of material washed
into the openings of the Edwards outcrop there is no evidence that
recharge from the streams has been reduced during the thirty years of
observation prior to 1958.59/ The many openings and solution
channels in the Edwvards limestone which-carry recharge water from the
streams to the underground reservoir are adequate to absorbd all flow
from the streams under moderate discharge conditions. A good example
of continued leakage from a reservoir project over a long period of
time may be seen at Medina Dam and Diversion Dam on the Medina River
constructed in the ‘Balcones fault zone. This project has been in
operation for 50 years and the leskage at present is as great as at
any time in the past.

d. Problems related to excess withdrawals from the aquifer.-
Withdrawals of water by pumping from an underground reservoir of this
type upsets the natural .balance of inflow and outflow, with a resultant
decrease in the water level. in the wells and to a lesser degree in the
entire aquifer. Since underground aquifers like the Edwards Underground
Reservoir are replenished by rainfall on the outcrop of the formation,
moderate pumping presents no appreciable problem or damage to the
resource, except to decrease the springflow. Serious problems arise
from depletion of the reservoir by pumping in excess of the rate of
recharge. As the reservoir is depleted and the water levels fall, the
cost of pumping increases. This causes economic loss and hardship to
all users, especially to small users and farmers in irrigated areas,
including those who depend on the springflow for water supply.

(1) The maximm recorded recharge to the Edwards
Reservolir occurred in 1958, the second successive year of abundant
rainfall following the end of the drought which extended from 1947
through 1956. The annual recharge for this yeer was in excess of
1,700,000 acre-feet, in contrast to the minimum recorded recharge of
44,000 acre-feet in 1956. However, the average annual recharge.
between the years 1935 and 1956 has been estimated to be. 423,200
acre-feet per year. Competent ground-water hydrologists and engineers
have concluded that the quantity of withdrawal, including springflow,
from the Edwards aquifer should not exceed between 385,000 and
400,000 acre-feet. per year in order that the reservoir, which is
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partially depleted in drought years, could be fully replenished by
subsequent rainfall and recharge. Figure 19 shows ‘the effects of
constant pumpage on water levels in the Edwards Underground Reservoir
under existing conditions of recharge..

(2)

W. P, Guyton, Consulting Ground-Water Hydrologist,

in a report to the San Antonio City Water Board in 1959 12/ 1listed
the results which it is generally believed can be expected if the
reservoir is subjected to the sustained increase in pumpage. The
expected results are the following:

lla.

b.

3

Water levels in wells will drop steadily and
rapidly.

The water in some of the large wells along the
southern and southesstern sides of the reservoir
may become salty.

Comal Springs will soon &ry up again.

San Marcos Springs will dry up.a few years
after Comal Springs.

Except for relatively minor variations due to

‘wet cycles, the reservoir will be on a

depletion schedule after about l96h, when it

is estimated that the needs will start exceeding
the available supply and the reservoir will be
headed toward drying up.

Sooner or later, depending on storage in the
reservoir, the water levels will become so low
that many wells will fail and the area will have
a serious shortage of water."

e. Problems in quality of water.- In 1954 _1/ the

Geological Survey reported that sewage and other wastes have been
sllowed to enter the Austin chalk and alluvial deposits which form
the land surface in the San Antonio metropolitan ares. Since these
formetions have hydrologic connections with the Edwards limestone -
aquifer, this type situation presents danger of contamination. The
reservoir is also extremely vulnerable to pollution from such
activities involving discharge of oil field brine, sewage or
industrial wastes into abandoned wells, streams, or in coarse sands,
gravels or limestone outcrop in the recharge or artesian areas of the

reservoir.

(1)

In the San Antonio area it has been found that there

exist wells which produce significant guantities of water charged with
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hydrogen sulfids that have not been cased or capped and have been
alloved to fiow/reely into streams below the Balcones escarpment.

(2} One of the greatest problems concerning pollution of
the aquifer invelves the ever-present danger of encroachment of the
highly charged hydrogen sulfide water from the "bad.-water zone™ into the
important well fields in the San Antonio area. This probiem is believed
to be closely reiated to large pressure differentials that may be
produced by prolonged heavy withdrawals from the reservoir. In 1956,
vhen water in the aquifer was at its lowest recorded Level, it was
observed that some wells along the line of poor quality water became
more saline. After the drought, the quality of the water in these
wells returned to normal. 13/ No changes in quality, however, were
noted in the water from wells in the “good-water" area during this
period.;&/

87. FUTURE WATER REQUIREMENTS..- There are now 17 cities and
commmities which are dependent upon the Edwards Underground Reservoir
as the source of their municipal water supplies. Among them are Uvalde,
Sabinal, Hondo, San Antonio, New Braunfels, San Marcos, and Kyie. San
Antonio, the state’s third largest city, overlies a portion of the
Edwards Underground Reservoir, and is the largest city in the United
States which obtalas its entire water supply from underground sources.
The Geological Survey determined that in 1962 the six counties which
overlie the artesian reservoir, Kinney, Uvalde, Medina, Bexar, Comal,
and Hays pumped approximately 268,200 acre-feet (239.3 million gallions
per day) from the underground reservoir. The spring discharge from the
aquifer for that one year totaled 321,300 acre-feet (286.6 mgd), making
a total discharge of 589,500 acre-feet (see figure 8). This quantity
exceeded the average annusl recharge for the entire period of record by
about 90.000 acre-feet. More recent information relative to withdrawals
also indicates that the reservoilr has continued on a depletion schedule
since 1962 with the additional yleld being taken from storage in the
aquifer.

88. Demands on the Edwards Reservoir for weter suppiy have shown
e rapid increase in recent years. Projections cf future water demands
for the area, developed by the Public Health Service and grephically
illustrated in figures 20 and 21, indicate that the 2025 needs for the
14 counties comprising the Edwards Reservoir area will be four times as
great as the 1962 use and will be five times as great by the year 2075,
vith 84 perceat of the increase expected to occur in the San Antonio
area. The report of the Public Health Service is presented as an
sttachment to appendix I.

89. There are at present only two major surface reservoirs in
the Edwards area. However, Medina Reservoir, constructed and operated
for irrigation purposes, becomes virtually ineffective during
periods of moderate to severe drought because of leakage from the main
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reservoir and the downstream diversion reservoir. Canyon Reservoir,
recently completed by the Corps of Engineers on the Guadalupe River,
is the only reservoir in the Edwards area that contains conservation
storage for municipal and industrial water supply purposes. This
project will provide the area with a dependable yield of 86 mgd
(96,400 acre-feet per year).

90. Based on future projections for increased municipal and
industrial water use in the area, it is apparent that the future
water requirements of the area cannot be provided by the Edwards
Underground Reservoir as novw constituted. It is also apparent that
the additional yield provided by Canyon Reservoir will not be
sufficient to meet the anticipated future demands of the area. i,
therefore, appears that in the absence of other sources of water
supply increased pumping rates from the Edwards Underground Reservoir
are clearly indicated, with the result that the level of water in the
wells will be lowered and springflows will be severly reduced.
Because of this anticipated depletion, the area is confronted with
dwindling water supplies and the problem of providing for the further
expected increase in water demand occasioned by improved living
standards, increased population, irrigation of additional lands, and
industrial growth. .

91. MUNICIPAL, RURAL, INDUSTRIAL, AND POWER DEMANDS.- Although
an extensive increase in water demands for communities and industry
throughout the Edwards area 1s expected to occur, the greatest increase
is expected to be in the San Antonio metropolitan area. This city, in
addition to being the principal trade and industrial center of south-
central Texas, is the center of a large complex of permanent military
installations, as previously described. For basic flying, the climate
of the area is particularly ideal. The municipal and industrial
water use in the San Antonio area iIn 1962 was in excess of 159 million
gallons per day. It is anticipated that future demands when compared
to the use experienced in 1962 will about double by the year 1990,
be four times as much by the year 2025, and be seven times as much
by the year 2075. It is not expected that municipal and industrial
requirements will accelerate at such a rapid rate in other portions of
the Edwards area as those in the San Antonio metropolitan area. The
principal increases in water demands in the other areas are expected
to result from an increase in irrigation.

92. IRRIGATION DEMANDS.- Irrigation in the Edwards area dates
back to around the beginning of the eighteenth century when Indians
dug irrigation ditches to water crops from springs in the region. As
early as 1718 the Spanish missions at San Antonio irrigated some
35,000 acres from the San Antonio and San Pedro springs in that vicin-
ityoig/ However, the history of irrigation from wells drilled into
the Edwards aquifer did not begin until almost two centuries later.

100 R 4-1-65



MGD

WATER DEMANDS AND RESOURCES

1600

1400

1200

1000

800

600

400

200

LEGEND

AVERAGE ANNUAL RECHARGE
(1935 -1956)
RESOURCES FROM OTHER

GROUND WATER FORMATIONS
(UNKNOWN QUANTITY)

SPRING DISCHARGE (1962)

PUMPAGE DISCHARGE (1962)

MUNICIPAL & RURAL  DEMANDS ﬂmﬂ 1346.5 [
THERMAL POWER 8
INDUSTRIAL DEMANDS
0,
IRRIGATION DEMANDS % TEST B
QUALITY WATER DEMANDS @ "e.s Efffj
TOTAL i
GUADALUPE, SAN ANTONIO oay
AND NUECES RIVER BASINS i
867.8
/)
7
T704.9 -./-4’
545.2 ;
825.9 1
X
i
377.5 =
286.6
%
1962 2025 2078
RESOURCE DISCHARGE DEMANDS

EDWARDS UNDERGROUND RESERVOIR

FIGURE 20
WATER DEMANDS AND RESOURCES

101 "R" 4-1-65



CORPS OF ENGINEERS U S _ARMY
1600
LEGEND (
: | | 15044
AVERAGE ANNUAL REGHARGE (IS35-1956) E
1400~ RESOURCES FROM OTHER GROUND WATER I 1 ;
FORMATIONS (UNKNOWN QUANTITY) La
SPRING DISCHARGE (i962) l |
1200l—— PUMPAGE DISCHARGE (1962) D -
MUNICIPAL AND RURAL DEMANDS [ﬂ]]
1098.4
a THERMAL POWER AND INDUSTRIAL DEMANDS 10378
= 1000 —— : o
: IRRIGATION DEMANDS % ‘ i
i ’ 925.6 3
§ QUALITY WATER DEMANDS g | &
a | 8199 fir
& 800 =1
(o]
&
< 675.6
8 N7
2 __ ei50 {4
s 600 2
g ::::E )
' < NUECES RIVER SAN ANTOMO RIVER - |} GUADALUPE RIVER
W BASIN Bas'N 479.3 [ BASIN
<
= 400
e 264.6
P 257.2
1
2002265 K96
. i 146.6
' .0 p 102.9 (4
a7 87.l 101.5 % g)*”; AN 7 g i
: 28.6 43.0 [ 40.9 a6.0 [fff
o 217 19.9 293 1 7 : |
‘ 1962 2023 2075 1962 202% 2078 1962 2025 2075
RESQURCE DISCHARGE DEMANDS RESOURCE DI’CHARGE DEMANDS RESOURCE DISCHARGE DEMANDS
EDWARDS UNDERGROUND RESERVOIR
FIGURE 2|

WATER DEMANDS AND RESOURCES'

103

"R" 4-1-65



The first irrigation wells producing water from this aquifer appeared
in about 1884 in Bexar County, 1924 in Uvalde County, and 1947 in
Medina County.l2/

93. In the western portions of the Edwards area, Leona Springs
at Uvalde was the first source of water for irrigation in that area.
The Leona formation supplied the first irrigation wells in the
Edwards area outside Bexar County. Wells were drilled into the Leona
formation in 1908 in Uvalde Countyd/ and 1934 in Medina County.ll/

94k, Today there are approximately 300 wells throughout the area
which furnish water from the Edwards formation for irrigation. Most
of the irrigation water has been used for production of vegetables and
feed crops. In 1959 there were about 15,000 acres in Bexar County;
14,000 acres in Uvalde County; and 3,600 acres in Medina County
irrigated by ground water.&/ The irrigation by ground water in Medina
County is a rather recent development, the major portion of which has
occurred since l9h7;}}/

95. Although ground-water irrigation began as late as 1934 in
Medina County, surface-water irrigation began as early as 1918 follow-
ing the completion of Medina Reservoir project in 1913.

96. The land area within the boundaries of the Bexar-Medina-
Atascosa Counties Water Improvement District Number 1, owner of the
Medina project, covers approximately 35,500 acres. The original plans
concerning the project involved the proposed irrigation of some
150,000 acres}é/ from the storage capacity of 254,000 acre-feet in
Medina Reservoir. However, because of the large seepage losses from
the reservoir and conveyance channel, the district has been able to
furnish enough water to irrigate only & small portion of the original
area, about 25,000 acres in 1962. During the 1947-1956 drought period,
little or no water was available for irrigation from this project.

97. The water used for irrigation in the Edwards area totaled
about 105 million gallons per day during 1962. This amount includes
water withdrawn from all the underground formations plus surface
water obtained from the Medina Reservoir. As shown in figures 20 and
21, 1t is anticipated that water demands for lrrigation in the area
vwill increase to slightly above 160 million gallons per day by the
year 2025, then remain relatively constant.

98. It has been estimated that within the Edwards area there are
about 255,000 acres of land suitable for irrigation from ground waterl2/
in addition to the 35,000 acres within the district supplied from the
Medina Reservoir project. Because of the diversified crop activity in
this region and the long growing season, a water-use factor of about
three acre-feet per acre irrigated could be considered applicable. df’j'h‘ﬁk
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If it were possible to irrigate the 290,000 acres, the water demands -
would approach 870,000 acre-feet per year or some 776 million gallons -
per day. The estimated average annual resources available above the
lower edge of the Edwards outcrop are about 94O L]OO acre-feet per year,
which would be wholly inadequate to meet this demand in addition to~_
municipal, industrial and other uses in the area. It’is also anticipated
that increased heavy pumpage from the artesian aquifer will sufficiently
lower the water level to the extent that the cost of pumping for irriga-
tion purposes in some areas will be prohibitive.

. 99. WATER QUALITY REQUIREMENTS.- In any large or growing metro-
politan area disposal of municipal and industrial waste 1s a prime
problem. Even with the best avallable means of treatment and disposal
of wastes, pollution of streams below the outfall of the sewage disposal
plants will result. The Public Health Service has determined that water
needs for quality control along the San Antonio River downstream from the
city to eliminate this health hazard will approach 250 million gallons
per day by the year 2025 and 406 million gallons per day by the year 2075.
This problem is discussed more fully in the report of the Public Health
Service, which is attached to appendix I of this report.

100. FLOOD PROBLEMS.- The streams in the Edwards Plateau area
flow through rugged hill country in narrow valleys and canyons with
steep gradients which concentrates storm waters rapidly to create floods
characterized by sharp peaks of short duration. These floods diminish
quickly as they pass the Balcones escarpment into the wider valleys of
the coastal plains. Floods originating downstream from the escarpment
normally have lower peak discharges but a longer duration.

. a. Guadalupe River Basin.- Canyon Reservoir is the only
existing major flood control improvement in the Guadalupe River Basin.
This project will substantially decrease flood damages along the main
stem of the Guadalupe River. Sufficient flood control storage has been
provided in this project to control the floods of record originating in
the upstream area. Also, construction of the authorized Blieders Creek
Reservoir will partially alleviate a serious flood problem in the city
of New Braunfels.

(1) For the purpose of analysis of the remaining flcod
problems which exist in the Guadalupe River Basin, the Canyon, Blieders
Creek, and Cuero flood-control projects were considered as existing and
in operation. The Cuero Reservoir (stage II) on the Guadalupe River
and Sandies Creek is a flood control and water conservation project
recommended for construction in reports prepared by the Texas Water
Commission, the Guadalupe-Blanco River Authority, the U. S. Study
Commission - Texas, and the Bureau of Reclamstion. The most severe
residual, or remaining flood damages are expected to occur along the
lower reaches of the Guadalupe River downstream from the mouth of the
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San Marcos River, and along the Blanco and San Marcos Rivers. These
damages will be predominently agricultural with some demages to urban
areas, oilfields, transportation and utility facilities. The residual
damages are estimated to total approximately $1,080,000 annually.
However, with the projected increase in population and industrial
expansion, particularly in the downstream reaches of the basin, the
average annual damages are expected to double within the next 50 years
without additional flood control improvements.l3

(2) Estimates were made of the annual flood demages
along a reach of the Guadalupe River within the Edwards Reservoir ares
extending from the community of Comfort to the headwaters of Canyon
Reservoir. The annual damages in this reach were computed to be
approximately $16,500.

(3) A local flood problem exists at the city of San
Marcos, which suffers damages from floodwaters originating on the
tributary areas of the San Marcos River upstream from and within the
city, and from backwater produced by floods on the Blanco River. The
average annual damages to the city are estimated at $104,300. Down-
stream from San Marcos the cities of Gonzales, Cuero, and Victoria
are damaged by floods originating on the Blanco, San Marcos, and
Guadalupe Rivers.

b. San Antonio River Basin.- In the past the more severe
flood problems in the San Antonio River Basin have been largely
concentrated in the Metropolitan area of the city of San Antonio. On
numerous occasions the San Antonio River and several of its tributaries
in and upstream from the city have spilled floodwaters over their banks
into the low-lying areas of the city. This problem will be virtually
solved, however, upon completion of the San Antonio Channel Improvement
project. The new stream channels through the city will have capacities
to carry floodflows greater than any of record. It is anticipated that
future flood damages within this basin will occur to agricultural lands,
transportation facilities, and to utilities along the downstream reaches
of the main stem and principal tributaries.

c. DNueces River Basin.- Heavy rainfalls experienced over
the portion of the Edwards Plateau area in the Nueces River Basin have
produced floods with extremely high peek discharges. Records indicate
that the storms of June 1935 and September 1955 produced floods in this
area having some of the highest peak discharges ever recorded in Texas
from drainage areas of comparable size. On May 31, 1935, a storm
occurred over the 153 square-mile drainage area of Seco Creek upstream
from the town of D'Hanis, with one unofficial rainfall report of about
22 inches in a 3-1/2-hour period. Although the resulting flood had a
rather short duration and relatively small volume, the high water
experienced during the passage of the peak discharge of 230,000 second-
feet caused extensive damage to the agricultural lands in the valley
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between Parker and Seco Creeks and extensive urban damage in the town
of D'Hanis. The flood damages based on July 1964 price levels and
conditions of development would have been approximately $2,375,900.
The flood of record on the Nueces River at Uvalde in June 1935 had a
peak discharge of 616,000 second-feet and caused demages along the
river estimated to be in excess of $10 million.

(1) Most of the streams in the Nueces River Basin that
flow through the canyon country of the Edwards Plateau have very little
flood plain development. The valleys are narrow and are generally
suitable only for ranching. Because of the rough terrain, the aree has
been primarily devoted to the raising of sheep and goats. The principal
flood damages are sustained from loss of livestock and extensive ranch
fencing.

(2) The highest flood damages in the basin have been
experienced on the Nueces River downstream from the Balcones fault zone
in the "winter garden" area near the communities of Crystal City,

Carrizo Springs, and Cotulla. In this area ground-water irrigation,
fertile lands, mlild climate, and infrequent killing dfrosts combine to
make winter gardening & successful and profitable industry. Spinach,
Bermuda onions, tomatoes, beans, lettuce, and strawberries are the chief
crops; citrus fruits are also produced in some areas. During severe
floods heavy losses are experienced in this area from destruction of
crops and irrigation facilities, and from land erosion and weed infesta-
tion. Some urban damages are experlenced during floods in the communities
of Crystal City on the Nueces River, Three Rivers on the Nueces and Frio
Rivers,and Tilden on the Frio River. The average annual flood damages to
property and crops along the Nueces River are estimated at $716,100.

101. RECREATION.- The demands for outdoor recreation have greatly
accelerated in recent years and should continue to increase in the future.
Much of this recreation activity is concerned with the use and enjoyment '
of our water resources. Regardless of the measure used (the number of
visitors to Federal and State recreation areas, number of fiéhing license -
holders, or number of outboard motors in use), it is clear that Americans
are seeking the outdoors as never before. The general public has found
that outdoor recreation produces many benefits--it provides healthful
exercise necessary for individual physical fitness, it promotes health,
it is valuable for education in the vorld of nature, and it satisfies
simple recreational needs.' Water is a key factor of outdoor recrea-
tional development and serves as a magnet. Americans from both urban
and rural areas show a strong urge for water-oriented recreation.

The Edwards Plateau has long been noted for its scenic beauty and, if
properly developed, could become one of the outstanding recreational
areas in the state. With the addition of a considerable water surface
in this area, the recreational potential will be greatly increased.
The warm climate is ideal for all types of water-oriented recreation.
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102. FISH AND WILDLIFE.- The hill country of the Edwards Plateau
abounds in spring-fed perennial streams and timbered lands. The streams
usually are clear and provide productive fish habitat. The principal
fish species are largemouth bass, catfish, and sunfish. Wildlife
resources are diverse and large populations of white-tailed deer, wild
turkeys, mourning doves, and fox squirrels exist in the area. Private
groups and conservation agenclies have succeeded in establishing exotic
animal species such as European boar, black buck antelope, axis deer,
and aoudad and mouflon sheep. Fish and wildlife are living natural
resources and, like other living things, they are initially associated
with the land and the water. A great deal is at stake in the preserva-
tion and development of our fish and wildlife resources since they are
vitally important to our economy and way of living. The recreational
value of fish and wildlife is of profound significance to the well-being
of people, possibly even more so than the food value of this resource.
In our way of life, we no longer have to hunt and fish for food, but
tke pleasure and sport of hunting and fishing are widely enjoyed. The
opportunity to hunt and fish will not automatically remain, and fish
and wildlife resources must be considered in the overall plan of improve-
ment for the Edwards Underground Reservoir area. The recommendations
of the Fish and Wildlife Service,  Bureau of Sport Fisheries and Wild-

life, will be given every consideration in the development of projects
in this aresa.
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SPECIAL INVESTIGATIONS

103. INTRODUCTION.- During the course of the study of the Edwards
Underground Reservoir special geologic and hydrologic investigations
vere conducted to study the geology of the Edwards limestone aquifer
and the water movement in the underground reservoir. The geoclogy of the
Edwards aquifer and of the area in general has been studied by drilling,
geologic mapping, and electric logging.

104. A deep core boring was drilled in northeastern Bexar County
to study the underground aquifer. In addition to this boring and those
at the investigated dam sites, core borings were made at the existing
Medina Dam to investigate the possibility of reducing or eliminating
leakage from the reservoir. General geologic reconnaissance and mapping
were performed on almost all of the streams and rivers flowing from the
Edwards Plateau. A program of electric logging of various wells in the
area was designed to help delineate the vertical and horizontal extent
of the Edwards and associated limestones.

105. To study the hydrological aspects of the Edwards Underground
Reservoir, radioactive tracer studies were made in cooperation with the
Geological Survey and Isotopes, Inc., of Westwood, New Jersey. The
purpose of this investigation was to determine the feasibility of using
the tritium measuring method as a means to further define flow paths
and rates of flow within the reservoir. The varicus geologic and hydro-
logic studies are described in the following paragraphs.

106. EDWARDS EXPLORATION BORING.- A geologic investigation of
the underground aquifer by means of a core boring was made in coopera-
tion with the Geological Survey. The location of the exploration boring
was in an area northeast of San Antonio where the artesian aquifer
narrows to approximately five miles in width. In this area the wells
are known to have very high water yields. Large qQuantities of water
pass through this five-mile strip to emit from Comal and San Marcos
Springs, making this particular zone one of high permeability. The
plans for the investigation included: (1) to penetrate the entire
section of the Edwards and associated limestones; (2) to extract a
continuous core through the entire formation; (3) to photograph the
entire section of the Edwards formation by use of the "Bore Hole
Camera;" (4) to electric-log the entire boring; (5) to case the drilled
hole from the ground surface down to the top of the Georgetown limestone,
the upper member of the Edwards formation; and (6) to allow for the
installation of a recorder in the well for future use by the Geological
Survey and the Edwards Underground Water District for their continuing
study of the aquifer.
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107. A summary of the core boring and depth of the formations
penetrated are shown in the following tabulation:

Core boring 3 Depth from s . :
diameter : ground surface + Material or formation
10" (1) 0.0 to 29.0 Sand and gravel
29.0 to 92.0 Austin chalk
92.0 to 127.0 Eagle Ford shale
127.0 to 175.0 Buda limestone
175.0 to 229.0 Grayson shale
6" Ee) 229.0 to 243.8 Georgetown limestone
3" (3) 243.8 to 711.5 *» Edwards limestone
711.5 T to 777.5 Glen Rose limestone

*Defined with the assistaence of representatives of Shell 011 Company.
(1) with B-inch casing.

(2) 6-inch voring began at depth 238.8.

(3) 3-inch boring began at depth 321.5.

108. Drilling difficulties occasioned by the presence of hard
chert lenses in the limestone, hole caving, and large cavities in the
formation limited the core recovery to approximately 65 percent and
prevented photography below a depth of 480 feet. However, from the
data obtained the following conclusions were reached concerning the
Edvwards fommation in this area:

a. The Walnut Clay and Comanche Peak limestone, the oldest
member of the Edwards and associated limestones, were not found in this
area. However, the bottom 60 feet of the Edwards limestone is believed
to be the time equivalent of the two formations.

b. The Edwards formation has an approximate thickness of
482.5 feet at this point.

c. The Edwards limestone, as revealed by the core samples,
is hard, dense, subcrystalline, highly broken, and solutioned. The
most highly solutioned and broken zone occurs between the depths of
486 feet and 598 feet. Several cavities were found in this zone
measuring up to about two feet in diameter.

d. The Edwards limestone 1s not uniformly permeable as
evidenced by the discovery of favored flow paths throughout the section.

e. The rock samples obtained from the boring were too
highly borken and fractured to define a definite joint pattern.

Figure 24 shows photographs taken at four different elevations
by the Bore Hole Camera.
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109. MEDINA DAM.- Geologic investigations were made at the Medina
Dam in an effort to determine the feasibility of reducing leakage from
the reservoir project. The dam at the Medina Reservoir is founded on
the Glen Rose limestone, Walnut clay, Comanche Pesk limestone and Edwards
limestone. The Glen Rose limestone is present in the river valley and
in the cenyon walls to about elevation 1000, some 70 feet below the top
of the Medina Dam. All of the rock in the vicinity of the dam has been
rather extensively jointed and fractured due to its proximity to the
Balcones fault zone. Solutioning is well developed along these frac-
tures as revealed by rather spectacular springflowsin the spillway dis-
charge channel and along the river bluff in the left abutment downstream
from the dam. From observations during the past year, it has been noted
that the volume of springflow in the spillway channel appears to be
directly proportional to the storage in the reservoir. Some of the springs
which flow when the reservoir is high cease to flow as the lake level
drops and the discharge from those that continue to flow is considerably
reduced.

110. Explorations in the dam and spillway areas consisted of
geologic mapping and drilling. EBEight borings were made in this area.
Electric logs were obtained and water pressure tests were made at each
boring. Dye injection tests were mede at three of the borings.

111. The explorations to date point to the conclusion that leakage
from the lake occurs principally through a well-developed joint system.
Two sets of joints were identified in the dam and spillway area. The
joints, fractures, and bedding planes act as conduits carrying water
from the reservoir to springs in the river and spillway discharge
channels. Water pressure tests conducted in all of the borings showed
the rock to be generally tight except when Jjoints and fractures were
encountered. :

112. Further evidence of the interconnection of the joint system
can be seen from the results of the dye tests. After introducing dye
and pumping about 1700 cubic feet of water over a three-hour period in
e boring located in the spillway saddle, dye appeared in a spring in
the spillway channel some 1350 feet south of the hole. In the boring
the water was pumped in the zone between 108.8 feet and 120.0 feet.
Similar results were obtained with dye tests in two borings on the left
abutment of the dam. Dye was introduced in one boring below a depth
of 80 feet and, after pumping about 51 cubic feet of water over a 30-
minute period dye emitted from a spring in the river channel located
approximately 435 feet southwest of the boring. At the time of this
study, this spring had a discharge of from 50 to 75 gallons per
minute. Dye introduced in another boring in the left abutment appeared
in a spring about TOO feet south of the boring after pumping about 733
cubic feet of water in the boring below a depth of 55 feet over a
2-1/2-hour period. This spring had a discharge of from 300 to 400
gallons per minute. These tests prove rather conclusively that large
volumes of water can be lost from a full reservoir through this joint
system. '
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THE BORE HOLE CAMERA

The Bore Hole Camera is a smooth, stainless steel cylinder, 2~3/h
inches in diameter and 34 inches long, with a cable attached to one
end by which it is lowered into the boring with a special lowering
device. Near its lower end is a transparent quartz window encircling
tne cylinder and inside the window is a conical mirror which directs
an image of the bore hole as viewed through the window upward into the
camera lens. A 360°, one-inch section of the bore hole is photographed
at 3/h-inch intervals as the camera is raised in the hole. In the
center of each picture is an imege of a compass and a drift indicator.
The camera uses 8-mm color movie film which is exposed one frame at a
time by flashing a strobe light as each frame moves into position
behind the lens. Photos obtained are viewed on a special projector
and appear in a plane as a "doughnut." The photographs should be
viewed as 1f one were in the bottom of the hole looking out. The
outside of the "doughnut" is the bottom or lowermost portion of the
one-inch segment. The photographs are approximately true scale.
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DEPTH 328.0. ARROW IN CENTER OF DEPTH 332.4. PRINCIPAL JOINT IS

PHOTO POINTSTO THE NORTH (MAGNETIC). STRIKING NE AND DIPPING ABOUT 45°
LIMB TO RIGHT OF ARROW DENOTES EAST SE. NOTE THE TWOPIEGES OF ROCK
SIDE. NOTE THE LARGE OPEN FRACTURE IN FRAGTURE.

ALONG EAST SIDE OF HOLE.

DEPTH 380.0. BROKEN AND FRAGTURED DEPTH 460.3. ROGK IS HIGHLY

LIMESTONE WITH NO ORIENTATION. SOLUTIONED; NOTE OXIDE STAINS
ANOTHER OPEN FRAGTURE ALONG AND SOLUTION CAVITIES.

EAST SIDE OF HOLE. ROGCK BORDERING

FRACTURES AND JOINTS SHOWS
EFFECTS OF WEATHERING.

FIGURE 24
BORE HOLE PHOTOS
EDWARDS EXPLORATION BORING

EDWARDS UNDERGROUND RESERVOIR
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113. It cannot be definitely concluded, based on the very limited
exploration at the dam to date, that leakage from the reservoir can be
completely stopped. It is felt, however, that grouting can reduce the
leakage from the reservoir. Additional exploration, including a detailed
ground-water study to define the water table in the area and extensive
testing of the rock upstream from the dam to analyze the effect of the
faulting, would be required to determine the feasibility of an extensive
grouting program.

11k, The losses from the diversion lake, located in the principal
recharge area in the Medina River streambed, are so large that even if
grouting the Medina Dam were to be found effective it would be necessary
to transport the water from the Medina Reservoir across the fault zone
in order to obtain any substantial amount of additional water for irriga-
tion.

115. ELECTRIC LOGGING.- Electric logging was performed on explora-
tion borings at most of the dam sites investigated. 1In addition, through
the cooperative assistance of the Geological Survey and a number of
private drilling companies, electric logs were obtained on a number of
nev and old vwells throughout the area. All of the information obtained
from the logs contributed to the continuing study of the structural
geology of the Edwards and associated limestones and the geology and
stratigraphy of the area in general. The electric logs were also a
significant aid in the correlation of the rock strata and in defining
formational contacts.

116. RADIOACTIVE TRACER STUDY.- An investigation of laboratory and
other scientific methods available for obtaining additional information
regarding movement of underground waters revealed that satisfactory
results had been found in somewhat similar circumstances by the "tritium
analysis method." This method involves the laboratory analysis of
natural water molecules. As commonly known, molecules of water consist
of atoms of hydrogen and oxygen. Atoms of an element such as hydrogen
appear in two or more forms having the same or very closely related
properties. These atoms have the same atomic numbers but different
atomic weights. The different forms of the atoms of an element are
known as isotopes. Tritium is & radioactive isotope of hydrogen. This
natural isotope of hydrogen is present in the atmosphere and in water
at all times. Natural tritium is produced by interaction with the
atmosphere of cosmic rays from the sun. Its concentration, however, was.
greatly increased by the nuclear bomb testing program which has been in
progress in various parts of the world. This radioactive tritium appears
in the water and atmosphere in only minute quantities and is not
hazardous to human or animal life. Tritium is not a stable isotope.

It has a half life of 12.3 years and upon disintegrating breaks down
into helium -3, giving off an extremely low energy beta particle. These
are characteristics of tritium that make it valuable in tracing paths of
underground waters.
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117. The use of natural properties of water molecules in tracer
studies is recognized as being superior to the introduction of artifi-
cial dyes or other chemicals into the recharge areas of an underground
aquifer. Methods have been developed in scientific laboratories to
measure the "tritium units" or concentration of the tritium isotope in
water. With reference to the Edwards Underground Reservoir study, it
was believed that measurement of the tritium concentration in water from
streams that recharge the aquifer and in the water that 1s discharged
from the aquifer by wells and springs would reveal to some degree the
paths of movement and the time required for the water to travel the
length of the underground reservoir. Further investigations of the
conditions resulted in a decision to undertake a preliminary sampling
and testing program (consisting of 100 water samples) as suggested by
Isotopes, Inc., Westwood, New Jersey. A written agreement wvas
consumated with Isotopes, Inc., and the sampling was performed in
accordance with the designated time and locations. The samples were
forwarded to the laboratory for analyses, correlation of results, and
preparation of a report covering the investigation. The report is
included in appendix III.

118. The conclusions included in the report indicate that tritium
tracer studies can be usefully employed to investigate recharge-discharge
problems of underground water storage and determine rates and direction
of vater movement. Analyses of preliminary samples were limited to
natural levels of tritium content and use of equipment capable of measur-
ing the content down to 100 T.U., or tritium units; however, it was
found that most of the well samples contained less than 100 T.U. and
future analysis will require more sensitive measuring equipment
(available in 1964) or the use of enriched samples. More detailed
investigations and use of more sensitive measuring equipment has been
suggested as a means of obtaining additional information concerning the
Edvards Underground Reservoir.
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INVESTIGATED PROJECTS

119. GENERAL.- Existing and planned water-resource developments
in the Edwards Underground Reservoir area consist of both Federal and
non-Federal projects. Among the Federal projects is the Canyon Reservoir
on the Guadalupe River, for the purposes of flood control, water conser-
- vation, and recreation; the authorized Blieders Creek Reservoir project
near New Braunfels for flood control; 5 Soil Conservation Service
detention reservoirs on Martinez Creek in the Cibolo Creek watershed; and
13 Soil Conservation Service detention reservoirs on York Creek,
San Marcos River watershed. Among the non-Federal projects are Medina
Reservolr and Diversion Reservoir on the Medina River for irrigation;
and Olmos Reservoir on Olmos Creek in San Antonio for flood control. In
formulating a plan of development for the area, full evaluation was made
of the effects of the various elements of the plan on the water supply
yields of existing and planned improvements in the area. Also, the
proposed Cuero Reservoir on the Guadalupe River was considered to be
existing in the evaluation of flood control benefits to be credited to
proposed proJjects.

120. OBJECTIVES.- The plan of improvement was formulated with a
viev to the following objectives: to provide flood protection, where
economically feasible, to portions of the rural and urban areas of the
Guadalupe, San Antonio, and Nueces River Basins by construction of
projects upstream of the Balcones fault zone in the Edwards Reservoir
area; to provide an effective means of increasing the recharge of the
Edwards Underground Reservoir; to provide additional water conserva-

tion storage to meet the projected Tuture WEtEr EUpply requirements
and develop to the extent feasible the resources of the Edwards area;

and to provide for the development of the fish-wildlife and general

recreation potentials ‘in proposed reservoirs.

121. PLANNING CONSIDERATIONS.- Plan formulation studies require
that the elements of any plan meet the following conditions: (a),that
they be compatible with existing and planned improvements in the three
river basins; (b) that there is not a more economical means of accom-
plishing the same purpose; (c) that the projects proposed in this
report be designed to the size, where practicable, that will yield the
greatest excess benefits over costs; and (d) that_ the proposed plan be
flexible, in that it may be constructed in steps or expanded as the
needs may require. ’ e }

122. RECHARGE INVESTIGATIONS.- During the period 1935 to 1956
the average annual recharge to the Edwards Underground Reservoir was
423,200 acre-feet. For this same period the average annual discharge
from the aquifer was 523,700 acre-feet, with 352, 400 acre-feet per
year being discharged through major springs along the Balcones fault
zone. Pumping during this same perlod averaged only 171,300 acre-feet.
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The excess discharges depleted storage in the underground reservoir by
approximately 2,200,000 acre-feet. Consideration of methods to increase
the dependable yield of the aquifer for pumping involved: (1) control
of the major springs to prevent heavy loss of reservoir storage; and,
(2) control of the recharge to the underground reservoir by construc-
tion of surface reservoirs on principal streams in the watershed of the
aquifer.

a. To control the major springs consideration was given to
construction of ring dikes around the springs to equalize the hydro-
static head in the underground reservoir. Comal Springs, the largest
of the group, consists of a number of springs issuing from fissures
in the Edwards limestone along the base of the Comal Springs fault.

The springs extend for about 500 yards along the escarpment in a
highly developed area. Because of the intense faulting in the area
there could be no assurance that construction of a ring dike along
tHeentire length of the Comal Springs faultwhere the Springs emit
vould prevent the artesian pressure from increasing and causing
springs to break out in & number of other locations., Studies were
al5c made of the feasibility of construction of a grout curtain across
a narrow portion of the Edwards Underground Reservoir southwest of
Comal Springs. The location would be in an area northeast of

San Antonio where the artesian aquifer narrows to approximately five
miles in width. From information developed from the exploration boring
in this area, as previously described, the top 432 feet of the 482 feet
of Edvards and associated limestones penetrated were highly broken and
solutioned, with some large cavities in this area. To substantially
reduce the flow in this area would require construction of a grout
curtain about 5 miles in length, 430 feet in height and to depths below
the ground surface as great as T00 feet. In addition to the high cost
of such a project, the hydrostatic head within the aquifer would
probably prevent successful construction of a grout curtain of this
nature. A more detailed discussion is contalned in Appendix III,
Geology.

b. The base flow of most streams in the Edwards Plateau is
lost to the underground reservoir where the streambeds cross the out-
crop of the Edwards limestone in the Balcones fault zone. Additional
vater for recharge, therefore, must come from the floodflows which
cannot be absorbed into the underground reservoir as they flow past
the loss zone. Following major storms the runoff is frequently
greater than the infiltration capacity along the streams and large
volumes of water escape beyond the lower edge of the Edwards outcrop.
From gage records of the Geological Survey it has been estimated
that the infiltration rate along the streams in the Nueces River
Basin where they cross the fault zone varies from about 500 to
more ‘than 1,000 second-feet. Major storms during the past 30 years
have produced peak discharges in the stream channels of the Nueces _
River Basin in excess of 600,000 second-feet. Along the streams
in this basin, which contribute approximatelyU§E‘Eg£gggg\9£_fggiz
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flow to the natural recharge of the underground reservoir, about
Lg§+QQg=gggg:fé§f’ger Year “of water resources pass the lower edge of
the Edwards. outcrop. This point on the streams is generally
considered to be the downstream limit of the major recharge zone.

Of the streams in the San Antonio River Basin only about 8 percent,
or 15,900 acre-feet per year, of the average annual resources from
the upper areas of the basin pass the lower edge of the Edwards
outcrop. Cibolo, Salado, and leon Creeks and other small tribu-
tary streams lose over 90 percent of their flow to the underground
reservoir. Medina River, largest of the San Antonio River tribu-
taries, has 93 percent of its resources above the lower edge of the
Edwards outcrop impounded in Medina Reservoir. Of the quantity
impounded, approximately half is lost to the Edwards aquifer through
leakage from the reservoiT and its irrigation facilities. 1In the
Guadalupe River Basin only one stream, Dry Comal Creek, is a major
contributor to the Edwards aquifer. It loses 71 percent of its flow
and has an annual average of only 8,400 acre-feet of its resources
passing the outcrop. A small quantity of recharge is realized from
the Blanco River, about 10,900 acre-feet per year, with an additional

14,500 acre-feet per year being contributed by adjacent areas. An Y
average of about 74,100 acre-feet per year of water passes the lower r~uﬁ&$hﬂ
edge of the outcrop along this stream and adjacent areas. The I f

Q__gglppe_giggzi_;gggji; is & _non-contributor to the underground ,yﬁ: lﬁw
reservoir. Prior to construction of Canyon Reservoir an average of Jwv,

QEE 000 acre-feet per year of water crossed Edwards outcrop on this 57 )
stream with no measurable loss. Table 7 at the end of this section

lists the estimated average annual resources and the average annual
recharge from each stream in the Edwards Reservoir area. The

resources and recharge quantities are shown for the period 1935-1956.

123. From extensive studies and investigations made over the
past 65 years by & number of Federal, state, and local governmental

agencies, consulting engineeTs, and ground WatEY NYArologists, and
from studies and InvestIgZETIONE made Dy the Corps in qonnection with
this report, 1t WS been conmcluded that the most practical and
effective means of increasing the recharge of the Edwards Underground
ReseéTvolr would be 6 provids—surrace storage; ~where Teasible, in and
upsf?ggiffrom the Balcones escarpment in the recharge. axtes. of the |

aqﬁgign»- The surface-water reservoirs would impound floodflows from
the watershed areas above the damsites and would provide regulation
of the recharge to the underground reservoir. The weater would be
released from the surface reservoirs at rates not to exceed the
infiltration rates along the streams and allowed to enter the under-
ground aquifer through existing natural recherge channels downstream
from the dams. In this manner the projects would enable an increased i
volume of weter to be utilized for recharge of the underground !
reservoir over the life of the projects.

——y

-
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12k, SPECIFIC STUDIES.- Preliminary field and office topographic,
geologic, and hydrologic studies were made to locate potentially favor-
able dam and reservoir sites. Preliminary feasibility studies were m
mede on egch of the damsites from which selections were made for more
deteiled investigation and to determine cost and benefit data for each
project and project purpose. Economic and water resource, recreation,
end fish and wildlife studies were made to determine comservation
requirements for the future. Flood control investigations were made
in ereas known to have a serious flood problem. In addition, prelim-
ivary studies were made to determine if provision of hydroelectric
power facilities at Federal expense could be Justified at any
reservoir project wunder consideration in the drainage area of the
Edwverds Underground Reservoir. A summary description and analysis
of the more detailed investigations in the Nueces, San Antonio, and
Guadelupe River Basine is contained in the following paragraphs and
sections of the main report, and a detailed analysis is presented ‘in
the supporting appendixes I through VI.

a. Economic studies.- An economic base study has been
mede to measure recent economic growth and to estimate future growth
in the Edwards Reservoir area. Projections of industriasl develop-
ment, populstion, employment, and income have been made to assist in
megsurement of the probable increase in water resource requirements
and the development within the flocd plains. A summery of these
investigations has heen previously described. A detailed analysis is
contsined in Apperdix V, Economic Base Study.

b. Flood control studies and investigations.- Field and
office studies and investigations have been made of flood problems
in the Edwards Reservoir area. The investigations were extended to
include areas downstream in the Gulf Coastal Plain which would be
affected by projects within the Edwarde area. The studies included
an analysis of the flood problems, delineation of areas subject to
flooding, and evaiuastion of the average annual damages end benefits
that would accruve from provision of flood-control improvements in the
Edwards Reservoir ares. Details of the flood~control studies are
described inm Appendix IV, Flood Control Economics.

c. Geologic investigations.- Geologic conditions at 10
dam sites were investigated for the construction of recharge reservoirs
in the Nneces and Sen Antonio River Basins. The sites chosen for
investigation were located on the Nueces, Dry Frio, Frio, and Sabinal
Rivers, and on Seco, Hondo, and Cibolo Creeks. Additional investiga-
tions were also made &t the existing Medina Dam. Six of the sites
were located in the Edwards Plateau upstream from the heavy seepage
loss areac associated with the Balcones fault zone. These investi-
gated dam sites are situsted in areas where the streams have cut
through the Edwards and Comsnche Peak limestones into the underlying
Glen Rose limestone, which formation has gemerally proven capshle of
coptaining water. Core drilling, pressure testing, and other geologic
investiga.ta.ons vere made at 5 of the 6 sites to determine foundation
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conditions for proposed structures and to determine if the dams and
reservoirs located upstream from the fault zone could be expected to

be relatively watertight. Four of the fen recharge project sites are
located in or adjacen&;g_jgngg;ggggg_faul.hzone and-were-investigated
as’“ﬁfi—pool reservoirs, or reservoirs which would not contain perma-
negﬂ_sinrage. Core drilling and pressure testing were performed at one
site on Cibolo Creek within the fault zone to investigate the possi-
bility of using this reservoir for "pump-up" storage, or storage pumped
into the reservoir from the aquifer when water levels in the underground
aquifer were high.

(1) Foundation and other geologic investigations were
made at three dam site locations in the Guadalupe River Basin.
Projects in this area would not be for recharge purposes but would
contain storage for flood-control, conventional water supply,; recreation,
and fish and wildlife purposes. Investigations were made.at two sites
on the upper Guadalupe River upstream from the Balcones fault zone and
Canyon Reservoir. A selected project would operate in conjunction with
the Canyon Reservoir for developing to the extent feasible the total
wvater resources above this project. A third project was investigated
in this basin on the Blanco River.

(2) A summary of the results of investigations at
Medina Dam was presented in the preceding section of this report and
a brief description of the other dam sites is presented in subsequent
paragraphs. A detailed description of the geology of the dam sites
and the general geology of the area is presented in appendix TIII.

- d. Hydrologic investigations.- Extensive hydrologic
investigations have been made to determine the quantity of additional
water resources that could be developed for recharge of the Edwards
Underground Reservoir and other water conservation purposes by
construction of surface reservolrs on the streams of the Edwards
Plateau. To determine the best method of regulating the surface
rgggzncrmiiﬁﬁfféﬁﬁafg:ZEf the aquifer three basic_plans of operation
were investigated. Two of the methods involved holding the water in
surface conservation pools and the third method provided for the
release of all storage al_recharge rates following each runoff period.
Studies based on each of the three methods of operation were evaluated
to determine the net increase in the spring flow and in the quantity
of water available for pumping. These methods of operation and the
determination of the most favorable method are discussed in paragraphs

125-128.

(1) Dependable yield and evaporation studies were

made for reservoirs located upstream from the Balcones fault zone,

which were considered capable of qgggginigé permanent conservation
ools. For all the projects investigated, flood-control studies were

5533*%0 determine the storage requirements to control the floods
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of record on the individual streams. The investigations also included
etudies of sediment requirements and structural requirements for the
spillway, outlet works, and embankment.

. (2) In order to determine the dependable yield of the
underground reservoir and to evaluate the effect of the recharge
structures on the yield of the aquifer, a number of hydrologic routings
of water resources through the underground reservoir were made under
existing and modified recharge conditions. The period of routing,
1935-56, was adopted because it represents one complete cycle from a
period of high runoff through a period of critical drought. To deter-
mine the yield of the Edwards Reservoir which might be associated with
various levels of drawdown, routings through reservoir storage were
made assuming several constant pumping rates. However, because of the
riqEFgg_Eg;;ggiguLgg;jguggﬂgwards Reservoir by drawing it down below
the Fistorical low, a minimum control elevation of 612 feet msl of the
watersuUrface oI the underground reservolir al _San Antonio was used in
the-evaluation of all.recharge plans. The routings were made for a

e ot 9

basic plans of operation.

(3) Additional hydrologic studies were made to deter-
mine the effects of investigated reservoirs on yields of downstream
existing reservoirs, including Wesley Seale Reservoir (Corpus Christi)
on the lower Nueces River. Studies were also made to determine the
effects on the yields of downstream reservoirs proposed in Master Plans
of the Guadalupe-Blanco River Authority and the Nueces River Conserva-
tion and Reclamation District; namely, Cuero Reservoir on the Guadalupe
River and Tom Nunn Hill and Cotulla Reservoirs on the Nueces River. The
effects of the investigated reservoirs on ylelds of existing and proposed
downstream reservoirs are discussed in paragraph 167. A summary analysis
of other hydrologic investigations is contained Iin Subsequent paragraphs
and sections of the report and a detailed analysis is presented in
Appendix II, Hydrology and Hydraulic Design.

3 125. PLANS OF OPERATION FOR RECHARGE RESERVOIRS.- For operation
studies on investigated recharge reservoirs, four project sites were
1 us2d and these sites were located upstream of the Edwards outcrop in
| areas considered to be relatively watertight. The reservoir projects
were Montell on the Nueces River, Concan on the Frio River, Sabinal
! No. 2 on the Sabinal River, and Hopdo on Hondo Creek.
V.
(j) 126. Three basic methods of operation of the four reservoirs were
investigated. Under one method of operation, the water would be
i retained in the surface reservoirs during periods when the water level

in WMM and when rainfall and runoff from
th controlled areas kept the underground reservoir replenished.
During periods of drought, when the water level in the underground
reservoir is drawn down to some predetermined level and the natural

i recharge is small, the water would be released from the surface reser-
;voirs to enter the aquifer to provide a dependable volume of water-

130




el

during the remaining years of the drought period to maintain, as a
minimim, the water level in the urmderground reservoir at the predeter-
mined elevation. Under this method of operation approximately 974,000
acre-feet of water would be impounded in the four reservoirs. Assuming
no evaporation losses, these four reservoirs would incregse the average

&nfusl_recharge from these streams by about 72,000 scre-feet per year.
However, bl_é\u@ijuhis large quantity of water in surface reser-

voirs in this semiarid region and-fieking no releases from the reservoirs OA"
except flood /releages and _recha.rge only during the critical drought 70 ? 9"" /3?
appro: 63,000 acre-feet of water resources would be 108t by /,‘o/p.m

evaporation’ each year. The Mﬁ_ﬁmmpxqu Tion of the four FHrojects under this W
, recharge to the aquifer of 9,000 acre-feet

per year< In addition, water levels in the underground reservoir would

average from 4 to 7 feet lower during most years of operation except

during the latter years of a severe drought. Because of the lowered

water levels in the aquifer, springflow would be substantially reduced

throughout the entire period of operation without a significant increase

in the quantity of water that could be pumped from the aquifer. For

these reasons this meth ration was eliminated from further con-
sideration. ——
PR

127. Under the second method of operation, a constant release@
would be made of the dependable yield of the surface reservoirs for
continuous recharge of the underground reservoir. By operation of the
reservoirs in this manner the evaparation loss would be reduced to

about §h 000 acre-feet per year, and the net et recharge from the four
reservoirs would average 18,000 acre-feet per year. The construction
of Hondo Reservoir and operating 1t "in this menner would actually
reduce the existing recharge from this stream by._2,40Q acre-feet per
year.

ittt i i atuhotondi il Nttt S

128 The high evaporation rate in this region prevents the @ H

by storage Y _storage of £ floodweters in permanent conservation pools. Because f
of the high and urgent demands for water in the Edwards ares and the / ‘
high evaporation losses the third method of operation would be to

release the water from the surface reservoirs as quickly as possible

at a rate equal to the infiltration rate of the streams. The opera-

tion of "dry-pool" reservoirs would enable the development of meximum
water resources at the dam sites with a minimum loss of the resources

to evaporation. The net increase in recharge from the four reservoirs
would average 72,000 acre-feet per year under this method of operation.

129. SUMMARY OF PLAN FORMULATION STUDIES.- Studies were made of
all streams crossing the fault zone in the three river basins to
determine the quantity of water that would be available for recharge
of the Edwards aguifer. The principal areas in the watershed of the
Edwards Underground Reservoir where additional water resources could
‘be developed lie within the Guadalupe River Basin and the western
portion of the Nueces River Basin.
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a. In the Guadalupe River Basin i1t was found that construc-
tion of projects would have little or no effect on the underground reser-
voir. However, projects for purposes other than recharge were studied
and it was found that Dam No. 7 Reservoir on the Guadalupe River for
water conservation and Cloptin Crossing Reservoir on the Blanco River
for flood control, water conservation, fish and wildlife, and generai
recreation could be economically justified. Cloptin Crossing and Dam -
No. T Reservoirs were studied because they represent & part of the water
resources physically available above the fault zone. Cloptin Crossing
Reservoir is proposed for construction primarily because it is fully
Justified as a Federal project for flocd control, recreation, and fish
and wildlife purposes. Water conservation storage potential was com-
puted for both of these reservoirs in order to present the complete
picture of both the surface and ground-water resources which are physi-
cally possible of development within this study area.

b. Since only a very small percentage of the water resources
of the San Antonio River Basin passes the lower edge of the Edwards
outcrop, and since there are no appreciable flcod damages in this ares,
no additional water resource development could be justified in this
basin at this time.

¢. On major streams of the Nueces River Basin three reser-
voirs to contain Joint-storage for flood control and recharge were
found to be economically justified. ' These three are the Montell
Reservoir on the Nueces River, Concan Reservoir on the Frio River, and
Sabinal Reservoir on the Sabinal River. ;

130. As can be seen on table T and discussed in paragraph 122,
Recharge Investigations, the recharge from the streams is very effec-
tive under natural conditions and for many of the smaller streams a
relatively small quantity of water crosses the loss zone that could
be made available for recharge purposes. The high cost of construc-
tion and the small quantities of water available precluded thorough
investigation and development of these smaller streams at this time.
It is also conceivable that in the operation of reservoirs on the
larger streams by withholding releases for a day or two during storms
that more of the runoff from the uncontrolled areas will enter the
aquifer than does under existing conditions, particularly from
streams adjacent to the projects. After a period of operation of
the reservoirs a determination can then be made of their effect on
the runoff from the uncontrolled areas and small retardation type
structures may become economically ’easible at that time.

131. A description of the proposed projects is contained in the
following section of this report. The methods and procedures used
in selection of the projects and in determining the project purposes
and allocated storages are fully described in Appendix I, Project
Formulation and Appendix II, Hydrology and Hydraulic Design.
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TABLE 7

RECHARGE PROJECT IRVESTIGATIONS

0 Eotp Bted averegs  i_____ Ectimated average ermmal Ye e {ac-ft}¥ T Aversge anmual runoff at ¢ area?
: ml resources ‘: B f e 2 lover edge of ?dvnmo outerop*: sc.;_. .
s  above  OVer e of ‘ f Bxisting : Modified : Increase due to t sting : Modifi 3 : .
StreauHe + Biwards ,utcg; iae-ﬁ: J#.: conditions : conditions : reservoir projects : conditions : comditions : Total : Comtrolled
- CUADALUPE KIVER BASTN ‘
Hlenco River and adjacent aves 99, 500 25,400 25,400 0 74,100 24,200(1) a4 307
Guadalupe River {46,000 ) o 0 2h6,000 T4,200(2) 1,510 1,425
Dry Comal Creek B9 20,50 21,800 L300 _8%0  _100° 58 16
SUBTOTAL - Guadalupe River Basin :T,h00 45,900 47,200 1,300 328,500 105,400
8AN ANTONTO RIVER BASIN
Cibolo Cresk 58,900 54,100 58, 500 4,400 4,800 hoo 258 238
Salado Creek 2,500 21,500 24,400 3,000(3) 7/ 3,000 o 1us v 18
Lecn ard San Geromimo Creek 29,300 27,500 28,900 1,300 1,700 oo 152 8
Nodina River 300 le,m0 63,600 oo v ho(s) o) 6o’ a3
SUBIOTAL - San Antonio River Basin £%6,900 145,800 175,400 29,600 15,900 18,500
MUECES RIVER BASIN
Verds Creck 8,700 14,600 17,000 2,500 4,100 1,700 108 63
Hondo Creek 13,500 18,300 22,200 3,900 5,200 2,300 136 95
Pributary areas 3,700 10,700 1,400 00 3,000 2,300 ] 19
Saco Cresk 5,500 12,000 14,200 2,200 3,400 1,200 89 59
Sabinal River A 13,900 17,600 33,400 15,800 16,300 500 21 210
Hlanco and Enckberry Creeks b,200 2,100 2,100 - 2,000 2,000 26 -
Little Hlanco Creek 2,50 1,300 1,300 - - 1,200 1,200 16 -
Prio River 15,000 k0,000 61,500 2,500 25,000 3,500 h32 m
Two Pributaries 2,700 1,700 1,700 - 1,000 1,000 18 -
Dry Frio River 7,000 17,100 25,h00 8,300 9,900 1,600 LT uv
_ Tecua River 6,800 4,300 4,300 - 2,500 2,500 35 -
Deep Creck 3,500 2,200 2,200 - 1,300 1,300 .18 -
Nueces River 6,700 64,500 91,000(7) - 26,600(7) 34,300 3,500 T84 707
Inddan Creek 6,400 4,200 5,200 . 2,200 2,200 51 -
Four Tributaries 7,700 5,000 5,000 - 2,700 2,700 6 -
West Husces River _h800 16,000 26,600 20,600 13,800 3,200 905 700
SUBTOTAL - Musces River Basin 3kl 231,500 323,500(7) 92,000(7) 127,900 2,600
TOTAL - Bivards Reservodr Avea 9?,100 423,200 546,200(7) 122,900(7) 472,300 155,500

¥ The annual resources, recharge and runoff Xclusive of Springfiov) at the lower edge of the BAwarda Cutcrop are averages for the period 1935-95.
#* The drainage area et lower edge of the Blwids cutcrop, as indicated on plates 2 anmd 3, appendix II.

s#% Location of dam sites shown on plate 5.

saux Increase in recharge creditable to investifted reservolr project as shown on plate 5 and in table 7, appendix I.

i

Based on extrapolaticn of data by John J.

wdertullip,

the Blanco River.” (No release for irrigat®
gs Does not inelude apprescimately 45,200 m-f]yr cozbined less to evaporation and use for irrigation.

6) Assuning mo use for irrigation.

Reduced by estimated net inflow of 49,900 ¢~f¢/¥T to Cloptin Crossing Reservoir.
Reduced by eotimated et inflow of 171,900!¢-Tt/yr to Den Fo. 7 - Canycn Reservolr system.

Using 16 8CS structures on Salado Creek (12 Work Plan). A
"Surface Runoff That Passes the Lower Bdge of the Bdwards Limestone Outcrop Between the Rusces River and

Does not itlude epproximately 13,000 ac-ft/yr loss to evaporation.
T) Does not include 4,300 ac-ft/yr (4 mgd) to'e delivered to dowvnstream areas.



i

CoRPS OF EnGiNEERs

s s Vo |
/X\"‘ y, - e es

© .

A

Vo

}/1*
N

R
S 2 F s

o/ BANDERA <
—

MONTELL 9/ MONTELL S
DAM

: mwmji‘%j—
- %

SIT,
—
LﬁﬂJNA.
-

=

——

_oN__GILLESPIE

co

:

+

5-

37 2 Y
a8 \ s
e ¥\ %L% + \\(,?ﬂl_ {\"F/ © JLEAKEY \ + \“\/"\In\
\ {%’. \'o“"%”og 2 ) i .
\ O < K e N\ 1
\ Qmm:v 6 m =5 OToPIA M:o_n; v e O Ry
) A stare SR P

s

NDALL CO.

EOWARDS
Lo chammes oan ™)
AND PIPELINE o
BRACKE T TVILLE =
=+ + ’ -+ S
EDWARDS UNDERGROUND IR R
WATER DISTRIC T e RATERR T
’ V \ I.EONA SPRIKGS
| = X%
X - =
L : |

IMAVERICK co —

n

NEW
MEXICO

<

SCALE N NILES

ICINITY MAP

OKLAHDOMA 1
——mLO

-‘__:, \_-__

CRYSTAL
cITY @

EXISTING RESERVOIR

EDWARDS UNDERGROUND WATER DIST. BOUNDARY

EDWARDS UNDERGROUND RESERVOIR

INVESTIGATED 0AM SITES

INVESTIGATED LEVEE PROECT
EXISTING S.C.S DAM () JULY 1984)
AUTHORIZED SC.8 DAM

-+ o SRy + N

[}
Lamen 8
3 '—-f'-f".’ ‘-\——"’\
] R__,“/'&’-\A .

= \
@ SPRINGS
~
N

GUADALUPE, SAN ANTONID & NUECES RIVERS AND TRIBUTARIES, TEX.
EDWARDS UNDERGROUND RESERVOIR

INVESTIGATED PROJECTS

SCALE 1N MILES

o t—— oo

DEC 1964

U.S ARMY ENGINEER DISTRICT, FORT WORTM
SIREYTED EPNAL TN RIS 1256 ED
pegt ST
®se 5 wer TO ZTCOMPANY SURVEY REPGAT COVERMG

|
i om
Fi: £5EARDY LACERCAUAD RTSERVOR

Cotr o ek erca | 4% 8v= [ Guap 707-2
135 PLATE 5§




PLAN OF IMPROVEMENT

132. PROPOSED PIAN.- To provide controlled recharge storage for
the underground reservoir, additional water supply storage and recrea-
tion facilities for the people of the Edwards Reservoir area, and to
provide flood protection for the downstream areas of the Guadalupe and
Nueces River Basins, the following plan of improvement is proposed:

a. For authorization and construction by the Federal
Government. - -

(1) Montell Reservoir on the Nueces River for flood
control, water supply, recharge, and for recreation and fish and
wildlife purposes, including a channel dam and a pipeline for water
supply to downstream areas of the Nueces River Basin.

(2) Concan Reservoir on the Frio River for flood
control, recharge, and recreation purposes.

(3) Sabinal Reservoir on the Sabinal River for
flood control, recharge, and recreation purposes.

. (4) Cloptin Crossing Reservoir on the Blanco River
for flood control, water conservation, and for recreation and fish
and wildlife purposes.

b. For construction by local interests.- Dam No. 7
Reservoir on the Guadalupe River for water conservation.

The following paragraphs describe in more detail elements of the
proposed plan. The general location of the projects is shown on

plate 6. Pertinent data on the earth and rock-fill embankments,
outlet works, spillways, reservoir storages, land requirements,
relocations, and design floods are presented in table 8. A complete
analysis of the project formuletion studles is presented in appendix I.

133. MONTELL RESERVOIR.- The proposed Montell Dam would be
constructed at river mile 401.6 on the Nueces River, about 20 miles
northwest of Uvalde. The structure would consist of an earth and
rock-fill dam with an outlet works and an uncontrolled spillway. The
reservoir would have a total controlled storage of 252,300 acre-feet,
consisting of 239,300 acre-feet of joint-storage for 50-year flood
control and recharge; 1,000 acre-feet of conservation storage for
water supply; and 12,000 acre-feet of storage for sediment reserve.
A small permanent pool of 2,200 acre-feet, consisting of 1,000 acre-
feet of conservation storage and 1,200 acre-feet of sediment reserve,
would be maintained to provide a safe yield of 4,300 acre-feet per
year (4 million gallons per day). Water in the permament pool would
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be confined mostly within the channel of the Nueces River. The
joint storage provided in the project would increase the average
annual recharge to the underground reservoir by about 26,600
acre-feet.

134. In addition to the Montell Dam and Reservoir, a low channel
dam would be constructed at about river mile 387 , &bout 14 miles down-
stream from the reservoir. From the channel dam a gate-controlled
2h-inch pipeline would be constructed to extend downstream across the
"loss zone" on the Nueces River a distance of about 8.5 miles to the
vicinity of Tom Nunn Hill, about river mile 376.5. The pipeline would
transport 4,300 acre-feet per year (4 mgd) by gravity flow to the area.

135. The 1,000 acre-feet of conservation storage in Montell
Reservoir, along with the channel dam and pipeline facilities would
provide the equivalent dependable yleld of the Tom Nunn Hill Reservoir,
a project proposed in the master plan of the Nueces River Conservation
and Reclamation District. By obtaining this quantity of water from
the Montell project, in lieu of the comstruction of Tom Nunn Hill
Reservoir, the Reclamation District would realize an estimated net
saving in excess of $297,600 annually. The Montell and Tom Nunn Hill
Reservoirs are discussed further in paragraph 167 and a complete
analysis of the Nueces River studies is presented in Appendix I,
Project Formulation.

136. The plan of operation adopted for the project provides for
the release of all inflows after each rain, with exception of that
required to maintain the small permanent pool. The maximum rate of
release will be approximately 1,000 second-feet, the estimated
infiltration rate of the stream in the Edwards outcrop area. The
storage required to control the 50-year flood has been increased
slightly to allow for the withholding of releases for 2 days. It is
anticipated that the withholding period will allow & greater percent-
age of runoff from the uncontrolled area to infiltrate into the
aquifer before regulated releases are commenced.

137. Recreation development is proposed for the Montell project
at two separate areas, at the dam and reservoir and at the channel dam
14 miles downstream. The facilities at the reservoir would include
overlook facilities, park and picnic areas, an access road to the water
and a boat ramp. In the vicinity of the channel dam, an area known as
Chalk Bluff, additional overlock facilities, park and picnic areas, an
access road and foot trails to the river are proposed. Water for the
pipeline to the Tom Nunn Hill area will be ponded behind this channel
dam. Additional water released from the Montell Reservoir will flow
over the channel dam and recharge the underground reservoir in the
Edwards outcrop area downstream from the channel dam. The flow at the
channel dam would range from 6 to 1,000 second-feet with flows in
excess of 6 second-feet occurring about 99 percent of the time. The
recharge operation of the project and the constant flow of the stream
will provide & scenic attraction for sightseeing, picnicking, camping,

138 - R 4-1-65
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and fishing. A further analysis of this water resource development with
its recreational attraction is contained in paragraphs 168-170 of this
report and in Appendix VI, Recreation and Fish and Wildlife.

138. CONCAN RESERVOIR.- The Concan Reservoir is proposed for
construction by the Federal Govermment at river mile 226.2 on the Frio
River to provide joint-storage for 50-year flood control and recharge
of the Edwards Underground Reservoir. The total controlled storage
proposed for this project is 149,000 acre-feet, which includes 7,800
acre-feet of reserve storage for 100-year sedimentation. The structure
would consist of an earth and rock-fill dam with an uncontrolled
spillway and an outlet works through the dam.

139. Provision of the 141,200 acre-feet of joint-storage in the
reservoir will contain the flood of record on this stream. This storage
will also develop the maximum water resources of the stream above the
dam site.

140. The plan of operation proposed for this project provides for
release of all inflows after each rain. The rate of release has been
tentatively planned at 750 second-feet, the estimated infiltration
rate of the stream in the Edwards outcrop area. No permanent storage
would be provided in the reservoir. The storage required for 50-year
flood control has been increased slightly to permit 2-day withholding
before regulated releases are commenced. Operation of the reservoir
under this plan would increase the average annual recharge from this
stream by approximately 21,500 acre-feet.

141. Although no permanent pool will be maintained at the Concan
project, recreation development has been included as a part of the
project plans. The Frio River is a perennial stream and will have
flow most of the time, except during periods of severe drought. For
the 39-year period prior to 1963 the average flow of the stream in
this area was 96 second-feet. Only during the critical drought, 1947-56,
the Frio River in this area had no recorded flow for about five months.
In addition, large quantities of floodwater will be stored in the
reservoir for considerable periods of time. The release of these
floodwaters to recharge the underground reservoir will provide a scenic
attraction for sightseers. For these reasons sufficient overlook, park
and picnic facilities for the general public are proposed for inclusion
in the project.

142. SABINAL RESERVOIR.- The Sabinal Dam and Reservoir is
proposed for Federal comstruction at river mile 42.3 on the Sabinal
River. The proposed location is just inside the upstream limits of
the Edwards outcrop in the Balcones fault zone. The reservoir would
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contain 89,100 acre-feet of joint-storage for 50-year flood control
and recharge and U,200 acre-feet of reserve storage for 100-year sedi- -
mentation. The joint-storage would be sufficient to control the flood -
o® record on this stream without spills. This storage would also
develop the maximm water resources of the stream above the dam site
and would contribute 15,800 acre-feet per year of additional recharge
to the Edwards aquifer.

143. The structure would consist of an earth and rock-fill dem
with a gated spillway in the river channel controlled by six Lo' x
30' tainter gates. The structure would be founded on the Edwards
limestone, which is considered to be good foundation rock. Leakage
along joint systems, similar to that at Medina Dam, is expected but
should present no problem in construction or stability of the struc-
ture.

14k. No permanent pool will be maintained in the Sabinal
Reservoir. All inflows will be released after each rain at a rate
tentatively established at 500 second-feet, the estimated infiltra-
tion rate of the streambed in the Edwards outcrop area.

145. Although no permanent storage is to be maintained in the
reservoir, recreation development has been included in the proposed
plan for the project. Approximately 25 percent of the time the
Sabinal River will not have flow at the dam site even though during
the 20-year period of record prior to 1963 the average rate of flow
of tne stream in this area was 37 second-feet. The greatest attrac-
tion to the public, however, will occur at times when large quanti-
ties of floodwater have heen stored in the reservoir and are being
released to recharge the underground aquifer in the immediate proxi-
mity of the dam.

146. Because of the anticipated interest of the general public
in tne flood control and recharge operations of the project, sufficient
overlook, park, and picnic areas for the public are proposed.

147. CLOPTIN CROSSING RESERVOIR.- A multiple-purpose reservoir
for f£lood control, water conservation, and recreation and fish and
wildlife is proposed for Federal construction on the Blanco River at
the Cloptin Crossing site, river mile 32.5. The project would contain
119,900 acre-feet of flood control storage, 274,900 acre-feet of water
conservation storage, and 9,200 acre-feet of storage for sediment
accumulation. It has been found that providing 7S5-year frequency
flood control storage in the Cloptin Crossing Reservoir will produce
the greatest excess benefits over costs in reducing flood damages
downstream and this amount of flood-control storage is included in the
proposed project. The flood of record has a frequency of approxi-
mately once in 25 years. ’
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148. The provision of 274,900 acre-feet of comservation storage
in the Cloptin Crossing Reservoir would fully develop the resources
of the Blanco River watershed upstream from the dam site and would
provide a dependable yield of 38 million gallons per day (k2,700
ac.ft./yr).

149. The structure proposed for the Cloptin Crossing Dam would
consist of-an earth and rock-fill embankment with an uncontrolled
spillway and an outlet works through the dam. Full development of
basic recreation facilities would be accomplished at this project.

The facilities would include additional lands, parking areas, access
roads, boat ramps, and picnic areas. To assure maximum utilization

of all the reservoir lands and facilities for general recreation, fish-
ing and hunting, and to protect and enhance the fish and wildlife
resources of the area, an adequate zoning plan will be developed during
the advance planning phase of the four projects recommended for Federal
authorization and construction. ‘

150. DAM NO. 7 RESERVOIR.~ The Dam No. T Reservoir could be
constructed by local interests when it becomes evident that the
underground reservoir is no longer capable of meeting the water supply
needs of the area. The location of the proposed project is at river
mile 351.3 on the Guadalupe River, the site selected by the Guadalupe-~
Blanco River Authority. The reservolr proposed for this site would
have a total controlled storage of 658,000 acre-feet at elevation 1,247
feet, the top of the conservation pool. Since the Canyon Dam, 48 miles
downstream, has been designed to control all floods of record originat-
ing above this project, additional flood storage in Dam No. T Reservoir
could not be Justified. Storage space of 17,500 acre-feet should be
provided for deposition of sediment over a 100-year period.

151. The project is designed to operate in conjunction with
Canyon Reservoir to develop the resources above Canyon Dam to the
fullest extent feasible. The provision of 640,500 acre-feet of
conservation storage in Dam No. T Reservoir would produce a dependable
yield for the Canyon-Dam No. T system of 127 million gallons per day
(142,700 ac.ft./yr). This is an increase of 41 mgd (46,400 ac.ft./yr)
over that yield determined for the Canyon Reservoir without upstream

development.

152. The structure proposed for the Dam No. 7 site is an earth
and rock-fill embankment with an uncontrolled spiliway and an outlet
works through the dam.
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PHYSICAL EFFECTS OF THE PIAN

153. YIELD OF THE EDWARDS UNDERGROUND RESERVOIR.- Comnstruction
of Montell, Concan and Sabinal Reservoirs in the: Nueces River Basin
and.operation of the projects as previously outlined will result in a
net increase in recharge to the ﬁdwards aquifer of 63,900 acre-feet per
year (57 million gallons per dey). The average anmual recharge for
the period 1935-56, 423,200 acre-feet, would be increased by the pro-
Jects to l0»87,100 acre-feet, as shown in tabie 9.

154, The yield of the um.erground reservoir cannot, over a long
period of time, exceed the average' annual recharge. Because of the
nature of the aquifer, this yield is realized’ through discharges from
both wells and springs. The major. springs along the southern limits.
of the Balcones fault zome are natural outlets for the Edwards Reservoir
and are uncontrolled. Rate of flow from these springs is dependent on
the water level in the underground reservoir. The reservoir might be
drawn down to some point at which no springfiow would -occur and the
entire recharge would then be availeble for pumpage. In this case, if
pumpage never exceeded ike average recharge during any part of the '
hydrologic cycle, the dependable yleld during the critical. drought

.period would be the average recharge. This, however, is based on the
premise: that the level of the reservoir would be drawn down far enough
that even during periods of exceptionally high recharge, the reservoir
would not £ill to the spring outlets , and consequently no springflow.
-would occur. . ,

155° A 1limiting factor, however, in determining the safe yleld
for pumping is the presence of the water of poor quality along the
southern and southeastern limits of the Edwards Reservoir in the
Balcones fault zone. Jt is not known to what elevation the water level
in the underground reservoir can be lowered before the poor quality
vwater would be drawn into the important well fields in the San Antonio
area. The volums of water which would move from the bad water zone is
aelsc unknown, and consequently the overall effect of the lowering of
the water level cammot be predicted. Contamination of a portion of the
reservoir would probably reader that area useless as a source of fresh
water for the future.l6/ It is considered that, in view of the possible
consequences of contamination, the water level should not be lowered
appreciably beyond its historlc low point, or elevation 612 msl at
San Antonio.

156. For a.na.lyzing the effect of the increased recharge on yield
ani water levels of the underground reservoir, hydrologic routings were
made of the recharge turough reservoir storage in the aquifer for the
period 1935-62. The routings were made under existing and modified .
conditions of recharge. As graphically shown on figure 25, the safe
. yisld for pumping mey be increased from 234,000 to 263,000 acre-feet
per year (235 million gelions per day) without depleting storage in the
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underground reservoir below elevation 612 at San Antonio. This repre-
sents an increase of 29,000 acre-feet per year (26 mgd). The remainder
of the increased recharge, 34,900 acre-feet per year (31 mgd) under
this plan of operation would be discharged from the aquifer principally
through the major springs. Approximately 4,000 acre-feet per year of:
this additional springflow would be discharged from Leona Springs in.
the Nueces River Basin, 13,300 acre-feet from San Antonio and San Pedro
Springs in the San Antonio River Basin, and 17,600 acre-feet from Hueco,
Comal and San Marcos Springs in the Guadalupe River Basin. The total
average annual springflovw for the period 1935-56 was 352,hOO'acre-fEet.
Under assumed conditions of constant pumping of 234,000 acre-feet per
year during this same period, the average annual springflow would be
about 292,900 acre-feet. With the recharge projects in operation this
quantity would be increased to 327,800 acre-feet.

157. The computed safe yleld for pumping under modified condi-
tions of recharge, 263,000 acre-feet per year (235 mgd) represents
an average during each year of the period 1935-56. If this yearly
average 1s not exceeded this quantity of water would be available
during a recurrence of the critical drought, as experienced during the
period 1947- 56, without depleting the reservoir below the historic low.
In the absence of an alternative source of water supply this qnantity
should not be exceeded.

158. Provision of an alternative surface water supply, sufficient
to meet the demands .of the area during a critical drought, would enable
greater quantities of water to be pumped from the aguifer during wvet
years and in the early years of a drought period. However, the water
level in the underground reservoir would drop to the historic low a-
number of years prior to the end of the drought, the time depending
on the extent of pumping and the existing climatic conditions. For:
the remaining years of the drought, the dependable yield of the under-
ground reservoir would be only that inflow during the driest year, -
vhich in 1956 totaled 44,000 acre-feet. If this small quantity were
exceeded during the drought it is believed that water levels in the’
aquifer would drop rapidly below the historic low and the danger of
contamination of the fresh water source would be significantly '
increased.

159. With an alternative source to provide a vater supply for the
critical drought period it is conceivable that the pumping during wet
years could be substantially increased to utilize the full quantity of
additional recharge provided by Montell, Concan and Sabinal Reservoirs,
63,900 acre-feet per year (57 million gallons per day).

160. Water levels in the underground reservoir will be higher

over the life of the recharge projects, particularly during periods

when large volumes of water are induced into the aquifer. The water
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Streamne

Hlanco River and adjacent area

- Guadalupe River

Dry Comal Creek
SUBTOTAL ~ Guadalupe River Basin

Cibolo Creek

8alado Creek

Leon and San Geronimo Creeks
Medina River

SUBTOTAL - Sen Antonio River Basin

Verde Creek
Eondo Creek
Tributary areas
Beco Creek
Sabinal River
Elanco and Hackberry Crecks
Little Blanco Creek
Frio River
Tvwo Tributaries
Dry Frio River
Leona River
Deep Creek
Rusces River
Indian Creek
Four Tributaries
West Nueces River
SUBTOTAL - Nueces River Basin

TOTAL - BEdwarde Regervoir Area

# Location of dam sites shown on

1) Reduced by estimated net inflow of 49,900 ac-ft/y to Cloptin Croseing.

2
3
k) Does not include approximate
5

Does not include k,300 ac-ft/yr (¢ mgd) to be del¥ered to downstream areas.

T Fotinatedaverage :____ Potimnted average annual recharge (ac-ft)® 1  Average anmual runoif at  ;___Drainage areawd
s anmzal redurces : T : 3 slower e of Edwards ocutc : (sq. mi.)
| e Ao D acort)s : conditfoms : coniitioms | reserveir projects | conitioss i contttioms | Totsl : Contralled _
GUADALUPE RIVER BASIN
99,50 25,400 25,400 0 74,100 24,200(1) 5k 307
26,00 o ) 0 246,000 ™,100(2) 1,510 1,425
28,00 20,500 20,300 S 8,400 8,400 98 -
37h,40 45,900 45,900 0 38,500 106,700
SAN ANTCNIO RIVER BASIN
58,90 54,100 54,100 0 4,800 4,800 258 -
28,40 21,400 2k,400(3) 3,000(3) 3,000 0 118 ns
29,30 27,600 27,600 ) 1,700 1,700 152 -
o3 2,0 k2,700 _o _6.l00()  _6,ko0(k) 630 613
206,90 145,800 148,800 3,000(3) 15,900 ° 12,900
HUECES RIVER BASIN
18,70 14,600 14,600 o %,100 h,100 108 --
23,5 18,300 18,300 0 5,200 5,200 136 -
13,-“) 10,700 10,700 0 3,000 3,060 i) -
15,40 12,000 12,000 o 3,400 3,400 89 --
33,90 17,600 33,400 15,800 16,300 500 214 210
5,10 2,100 2,100 T o 2,000 2,000 26 --
2,50 1,300 1,300 0 1,200 1,200 16 -
65,00 40,000 61,500 21,500 . 25,000 3,500 ¥z 391
2,70 1,700 1,700 ) 1,000 1,000 18 -
27,00 17,100 17,100 0 19.900 9,900 140 .-
6,80 ° %,300 4,300 0 2,500 2,500 35 -
3,50 2,200 2,200 ) 1,300 1,300 18 -
%,7 6,400 51,000(5) 26,60(5) . 3,300 3,400 70 o1
6 ,z,ao‘ k,200 4,200 o ' 2,200 2,200 51 -
7,70 5,000 5,000 0 2,700 2,700 61 .-
29,80 _16,000 16,000 0 13,800 13,800 905 -
X 2w 295m00) 6200(5)  BLE0 B0
ko, 0 k23,200 4g0,100(3)(5) 66,900(3)(5) 472,300 179,300
|
% The anmel resources, recharge and minoff (exclus’ Of Springflow) st the lover edge of the Biwards outcrop are aversges for the period 1935-56.
#% The drainage ares at lower ,dgep::t:h% Bdvards outrop, 8s indicated on plates 2 and_ 3, sppendix II,
Reduced by estimated net inflow of 171,900 ac-ft/F to Dam ¥o. 7 - Canyon Reservoir system.
Using 16 SCS detention structures on Salado Creek.1962 Work Plen), for increase of 3,000 ac-ft/yr.:
k5,200 ac-ﬁ;/yr cadined loss to evaporation and use for irrigation.
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levels under modified recharge conditions would range from 1 to 13 feet

higher and would average a.pproximately two feet higher over the period
of routing 1935-56.

161. EFFECTS OF SURFACE STORAGE FOR DEPENDABLE WATER SUPPLY.-
Three reservoir projects are proposed.in the plan of improvement to
provide conservation storage for purposes other than recharge. The
projects are Montell, Cloptin Crossing and Dam No. 7. Montell
Reservoir would contain 1,000 acre-feet of conservation storage to
supply 4,300 acre-feet per year to the Nueces River Conservation and
Recla.ma.tion District. Construction of Cloptin Crossing and Dam No. 7
Reservoirs, as previously described, would provide a total of 915,400
acre-feet additional conservation storege in the Edwards area. Cloptin
Crossing Reservoir would fully develop the upstream resources of the
Blanco River and provide a dependable yield of 38 million gallons per
day (42,700 acre-feet per year). Dam No. 7 Reservoir would develop to
the fullest extent feasible the resources of the Guadalupe River
upstream from Canyon Dam. The Canyon-Dam No. 7 Reservoir system would
have a dependable yield of 127 mgd (142,700 acre-feet per year). This
is an increase of 4L mgd (46,400 acre-feet per year) over the yield
determined for the existing Canyon Reservolr without upstream develop-
ment. The Cloptin Crossing and Dam No. 7 Reservoir projects could
supplement the ground-water supply and prevent its rapid depletion
if area-wide agreement on development of water resources can be
obta.ined.

162. TFUTURE WATER DEMANDS AND SUPPLY.- The projected water
demands of the Edwards area are shown in table 10 and figure 26. If
only the recharge reservolrs (Montell, Concan and Sabinal) are
provided and the plan to limit the pumping rate from the underground
reservoir to 263,000 acre-feet per year (235 mgd) is adopted, then
the ground-water and surface-water resources would meet the projected
needs of the Edwards area as indicated in the following tabulation:

NUECES AND SAN ANTONIO RIVER BASINS

Sufficient
Need . to the year
Municipal and Rural _ 1996
"~ Municipal, Rural, Industrial,
and Thermal Power 1979
Municipal, Rural, Industrial,
Thermal Power and Irrigation (1)

Municipal, Rural, Industrial,
Thermal Power, Irrigation,
and Water Quality - (1)

(1) Total projected demand cannot be met.
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163. If Dam No. 7 and Cloptin Crossing Reservoirs are constructed
in addition to the recharge resexvoirs to. sqpplement the ground-water
and surface-water resources of the Edwards Reservoir area the plan
would then meet the projected needs of the area as follows:

' 'POTAL, AREA' -
e . - ... Sufficlent
. Need .. to the year
Municipsl and Rural . 2036
- Municipal, Rural, Industrial, o |
and Thermal Power. R . 201k
;Municipal, Rural, Industrial, . . .
: Thermal Power, and Irrigation : .. . 2001 .
Munloipal, Rural, Industriel, : |
Thermal. Power, Irrigation, ‘ S ' :
and Water Q.ualityA L - 1980

‘

164, As indicated in the above tabulations, development of the
water resources of the Edwards Reservoir area as justified in the plan
of improvement will not meet the anticipated future demands within
the area to the year 2075, even with drastic curtailment of use. To
meet the anticipated future:-water demands beyond these dates. will

require more adequate use of return flows and development of additional

water supplies outside the Edwards Reservoir area. Because of the
limitations imposed by the authorization for this report, no overall
basin water Bupply plan -ha.s been investlgated for the three river
basinSO . ) ..

165. FLOOD CONTROL.- The construction of Montell, Concan, and
Sabinal Reservoirs to contain 469,600 acre-feet of joint-storage for
flood control and racharge purposes would provide 50-year frequency
flood protection for developments along the Nueces, Frio and Sabinal
Rivers from floods originating on the Edwards Plateau upstream from
the dam sites. The largest portion of the benefits will be creditabile
to Montell Reservoir and will be derived from protection of the urban
and extensive agricultural developments along the Nueces River, parti-
cularly in the "winter garden" area downstream from the Balcones
fault zone in the vicinity of La Pryor, Crystal City and Cotulla.
Additional benefits will also be realized in areas further downstream,
including the cities of Tilden and Three Rivers. The flood control
value of the proposed Montell, Concan, and Sabinal Reservoirs is
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TAELE 10

WATER REQUIREMENTS AND RESOURCES

Nueces San Antonio  Guadsiupe  Total
Item River Basin River Basin River Basin Area

Year 1962 Water Use in M.G.D. (1)

Municipal and Rural 6.1 139.7 6.6 152.4
Industrial and Power 19.8

1.6 0.5
Irrigation . 29.4 0. 65.0
TOTAL %3.0 iBg.'g 7.& 239.3

Year 2025 Water Requirements in M.G.D. (2)

Municipal and Rural 19.9 479.3 k6.0 545.2
Industrial and Power 8.7 135.7 15.3 159.7
Irrigation 58.5 60.6 43.8 162.9
Quality Comtrol - 250.0 - 250.0
TOTAL B7.1 925. T 105.1 '171{73
Year 2075 Water Requirements in M.G.D. (2)
Municipal and Rural 29.3 819.9 T2.9 922.1
Industrial and Power 13.7T 217.9 30.0 261.6
Irrigation 58.5 60.6 k3.7 162.8
Quality Control - 406.0 - 406.0
TOTAL 101.5 1,504.4 146.6 1,752.5
Year 2025 Weter Resources in M.G.D.
San Marcos Spring - 36.0 36.0
Edwards Underground Aquifer 235.0% - 235.0
Other Ground Water 4.0 18.0 22.0
Montell Reservoir 4.0 - k.0
Canyon-Dam No. T Reservoir System - 127.0 127.0
Cloptin Crossing Reservoir - 38.0 38.0
Streamflow 9.0 23-0 32.0
Return Flow 103.0 24.0 127.0
TOTAL 355.0 266.0 21 .0
Year 2075 Water Rescurces in M.G.D.
San Marcos Spring - 36.0 36.0
Edwards Underground Aquifer 235.0% - 235.0
Other Ground Water 5.0 28.0 33.0
Montell Reservoir k.0 - 4,0
Canyon-Dam No. 7 Reservoir System - 127.0 127.0
Cloptin Crossing Reservoir - 38.0 38.0
Streamflow T.0 10.0 17.0
Return Flow 126.0 40.0 166.0
TOTAL 377.0 ~279.0 656.0

#Includes recharge from Montell, Concan and Sabinal Reservoirs.
1) Determined by the Geologlical Survey; use from the aquifer.
2) Determined by the Public Health Service; demands of the 1% counties.
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shown on the following tabulation:

Joint-storage reservoirs

Montell Concan Sabinal

Average annual damages, 716,100 302,600 308,100
dollars (1)

Annual damages prevented, 232,000 25,600 19,700
dollars (1)

Annual damages prevented, percent 3.4 8.5 6.4

Average annual benefits 602,100 59,300 46,300
dollars (2)

Flood proéection frequency 50 yr 50 yr 50 yr

(1) Under 1964 conditions of economic development.
(2) Inclu@es;benefits allowable for future development.

The prolonged release of floodwaters from the reservoirs at a reduced
rate will result in a higher degree of infiltration of these waters
into the Edwards Underground Reservoir resulting in benefits to
water supply not included above.

166. The provision of 119,900 acre-feet of flood control
storage in Cloptin Crossing Reservoir will provide T75-year
frequency flood protection to the agricultural lands, transporta-
tion and utility facilities and other improvements along the river
valley of the Blenco River downstream from the dam site. It will
also provide protection to the city of San Marcos from floods
originating on the Blanco River upstream from the dam site. In
addition, the project will provide substantial flood protection to
downstream areas of the San Marcos and Guadalupe Rivers, including
the city of Gonzales, from floods originating on the Blenco River.
The flood-control value of the proposed Cloptin Crossing Reservoir
is shown in the following tabulation:
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Average annual damsges, dollars (1) 1,080,000

Annual damages prevented, dollars (1) ' | 226,000
Annual damages prevented, percent ' 20.9
Average annual benefits, dollars (2) 659,000

Flood protection frequency : :
(Blanco River) 75 yr.

(1) Under 1964 conditions of economic development.

(2) Includes $163,300 credit for reduction of flood control
storage requirements in Cuero Reservoir plus an allowance
for future development.

167. EFFECTS OF PLAN ON YIELD OF DOWNSTREAM RESERVOIRS.-

a. Nueces River Basin.- The master plan of the Nueces
River Conservetion and Reclemation Districtl.? includes the proposed
construction of Concan and Sabinal Reservoirs on the Frio and Sabinal
Rivers, respectively, for recharge of the Edwards-Usderground Reservoir.
The District has indicated thet these recharge projects would have only
a ngéE?EIEIE’EffEEE'Gﬁ_annstggggdygggp_rigggg. The master plan also
recommends construction of the Tom Nunn Hill and the Cotulla Reservoirs
and the enlargement of Wesley Seale Reservoir. The size of the projects
at Tom Nunn Hill and Cotulla were based upon the maximum development
consistent with the prior water rights of the city of Corpus Christi
pertaining to Wesley Seale Reservoir. It was recommended in the master
plan that Tom Nunn Hill and Cotulla Reservoirs be constructed with
conservation capacities of 50,000 and 300,000 acre-feet, respectively,
and that the conservation storage capacity in the existing Wesley

Seale Reservoir be enlarged from 300,000 to 500,000 acre-feet.

(1) The plan of development for the Edwards Reservoir
area has been formulated in consonance with the improvements proposed
in this master plan. Although Montell Reservoir is proposed in lieu
cf Tom Nunn Hill Reservoir, storage in the Montell project, with the
channel dam and pipeline facilities included, would furnish to the
Reclamation District the dependeble yield of the Tom Nunn Hill project,
determined to be k4,300 acre-feet per year. Based on the cost of a
single purpose water supply reservolr at the Montell site, water could
be delivered to the area at an estimated cost of 6.9 cents per 1000
gallons, sgme 21.0 cents per 1000 gallons cheaper than the estimated
cost of wé%g;jffaﬁ'fﬁé—fbm Nunn Hill project, computed on & dependable
yield basis. In the event an additional quantity of water is desired
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for the Crystal City area the additicnal water could be mades available

from the Monteil Reservolr for aspproximately 12 cénts per 1000 gallons

($39/acre-fost;. The pipeline across the fawi¥ zone could aiso

extended further downstream from the Tem Nuax Hill area a.t a cost of

a.'bou'c $505000 per mile. Enlerging the Monteli Reservoir to provide
0,000 e -fagt ‘per year r of dependable yield for o.cﬂﬂg’tremr

BU-PPEW / /

yould decrease the recharg_evfmmTEe Emmsed project
teJ.y 18 percent.

(2} .Substituting Montell Reservoir in the Tom Numn
Hill - Cotuila - Wealey Seale Reservoir system for Tom Wuana Hiil
Reservoir would nut rave an edverse effect cn the yield of Wsgley |
Sealis Raservoi:.

(3) Exsmiuation of the resources of tke Cotuils
Reservcir irdicaves teat under natural conditions the Nuecss River
luses larze quantities of water to the Edwards Underground Reservoir
a8 the stream crcsses the oxterop of the Edwards limsstone in the
Balcangs fault. zcote. In edditior, the river loses fiow ¢ tke gravels
and sawnd furmations dowastream from the fault zone. It L& setimated
that uwadsyr existmg ccnditions, flow occurring at the Moatell Dam
slte at the rate of ik,000 acre-fest per month would oz lost in
transit treougn the fam.r zone and the gravel and sand formetivas
dovnstream from the feulit zone, and no part of suck flow would reach m'/ww
the Coluila Reaervmré Simiiarly, it is estimated thet under zatural ¢ so?
conditicos a f£low of 60,000 acxe~-feet per month at tre Morsell Dem Y eSS
‘ site would be ::°ar.i.J.~.c-.-d_’t_oﬁl:v—“0’00'_‘2‘L ;000_acre-feat, at_tnz | ‘C‘tg%&?a‘dite, -
It 1s estimated teat if Tom Nonn Aill Reservolr had beer ia operation
during the critical drought period, i9hT-56, the September 1955 storm
woid heve produced the coly runoff in the upper baein fxriang this
period which worzid nave reackted the Cotulla Reservoic, approximately
16,100 acrz-feut. If Montell Reservoir were constrasted in lisu of
- Tom Nuna Hiil Reservoir, tndis flow would not have reached the Cotuils
Reservoir. It is considered; however, that the probability of the
recurreace «of a flood of the magnitude of the September 1955 ficod
(ilargest fcr peak discharge sincs 1854) during some fature critical
arougkt period i3 so remote that 1t should te disregarsed ia estabiish-
ing reservoir size cr yisid. This fiood was produced frum & storm
centersd over a small area ia the upper Nueces River Basin. If this /

flood were disrsgarded, construction of Momtell Resarwoir im llen of
Tom Numa HiL1l Resarvolr wouwld not have an adverse affect an the yield
of either of the twc iownstrzam reservoirs as presentzd iz tre

mester pial.

b. Guadalure River Bagin.- The plan or dzvzicpment for
the Guadaluge River Basin is set forth in the "Sepplewment to the
Initiei Pian of Deveiogment of the Guadaliupe-Blanco River Autkority,”
dated May J96Lo£§/ This ma.stsr plan provides for thez covstruction
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of Cloptin Crossing Reservoir, but at a smaller size than that
proposed in this report. The master plan also provides for construc-
tion of Dam No. 7 Reservoir in case excessive leakage is experilenced
at Canyon Reservoir; however, it would provide less storage than the
project proposed in this report.

(L) Yield studies were made for the two sizes of projects
at each of the Cloptin Crossing and Dam No. 7 Reservoir sites and
for Canyon and Cuero Reservoirs. These studies determined that
the critical drought period at each of the above reservoirs occurred
during the period from June 1947 through February 1957. During this
period there would be no reservoir spills from the Cloptin Crossing
and Dam No. 7 projects as proposed in the master plan and, consequently,
the increase in size of the upstream projects could not decrease the
inflow to Cuero Reservoir during its critical period. For this reason
the yield of the Cuero Reservoir as presented in the master plan would
not be affected by the increase in the conservation capacity of the
Cloptin Crossing and Dam No. 7 Reservoirs as proposed in this report.

(2) If the Montell, Concan, and Sabinal Reservoirs in
the Nueces River Basin were constructed and operated to recharge the
Edwards Underground Reservoir, and if the plan were adopted to limit
the pumping from the aquifer to 263,000 acre-feet per year, the
additional springflow from the Comal, Hueco, and San Marcos Springs
in the Guadaluve River Basin would increase the average annual resources
of Cuero Reservoir by 17,600 acre-feet.

168. RECREATION - FISH AND WILDLIFE.- The springs, caverns and clear
running streams of the Edwards Underground Reservolr area have been a
tremendous attraction for over two centuries. All the major cities in
the area were founded in the vicinity of major springs, including San
Antonio, New Braunfels, San Marcos and Uvalde. Municipal and private
parks and other recreation improvements have been developed at all the
major springs and caverns in the area. In addition, Garner State Park
on the Frio River, upstream of the proposed Concan Reservoir, has been
developed by the Texas Parks and Wildlife Department. At this park a
channel dam forms a reservoir with a water surface of approximately
ten acres. Hovever, because of the scenic beauty of this area, the
clear running streams ard extensive recreation development, this park
receives an estimated average annual visitation of 900,000. Also,
eight recreation parks have been developed at the newly constructed
Canyon Reservoir. One of the parks is a model recreation area for
reservoir projects in the Fort Worth District.

169. To supplement existing recreation developments in the
Edwards Reservoir area, it is proposed that land and facilities be
provided at the Montell, Concan, Sabinal and Cloptin Crossing
Reservolrs for general recreation and fish and wildlife purposes.
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The flood control operation of all the projects and the recharge
operations of the Montell, Concan and Sabinal Reservolrs would
provide an additional scenic attraction for sightseers. The low-
flow of the Nueces River would also be enhanced along & li-mile
reach between the Montell Dam and a channel dam to be constructed
immediately upstream from the Edwards outcrop on this stream. The
additional recharge water to be provided by the three reservoirs
would enhance all the major springs along the Balcones fault zone,
as described in paragraph 156. Of particular significance would be
the increase in springflow in the city of San Antonio, estimated to
average about 13,300 acre-feet annually. San Antonio and San Pedro
Springs have flowed only intermittently in recent years, and the
flow of the scenic San Antonio River through the city has been
maintained by wells in Brackenridge Park, commercial and industrial
vells, and local flood runoff. k/

170. The recreation lands and facllities proposed in this report
would provide recreational opportunities for an additional 2,560,000
visitors annually. Of this total, about 1,700,000 visitors are
expected to participate in general recreational activities and about
860,000 visitors in fishing and hunting. The proposed recreational
development would complement, but not compete with, those recreational
attractions existing in the area. If recreation lands and facllities
were provided at the Dam No. 7 Reservoir, this project would attract
an estimated additional 4,800,000 visitors.

171. Inundation of reservoir lands will result in loss of
bottomland habitat for big and upland game, particularly deer.
Because of the small populations of wild turkey and small fur-bearing
animals, they are not expected to be appreciably affected by the
proposed projects. The reservoirs with conservation storage will
attract to some degree certain waterfowl during migration, such as
mallards, pintails, blue-winged teals, green-winged teals, and ceots.
Mourning dove populations are expected to continue to be plentiful in
the Cloptin Crossing Reservoir area. The Cloptin Crossing and Montell
Reservoirs would be clear, attractive impoundments which would provide
high quality fish habitat, primarily for largemouth bass, catfish, and
white crappie. The fish habitat along the Nueces River between the
Montell Dam and the proposed channel dam would also be enhanced by the
constant release to be made from the Montell Reservoir. A more
detailed description of the effects of the proposed plan on the fish
and wildlife resources of the Edwards Reservolr area is presented in a
report of the Bureau of Sport Fisheries and Wildlife, attached to
appendix VI.
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FIGURE 27

SAN ANTONIO RIVER
IN THE
CITY OF SAN ANTONIO

EDWARDS UNDERGROUND RESERVOIR
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ECONOMIC EVALJATION OF THE PROPOSED PLAN

172. GENERAL.- Economic studies of the proposed reservoirs
vwere made to determine that (a) the annual benefits exceeded. the
annual charges for the project and its separate and jeint project

-purposes; (b) each unit of the project is proposed at the size, where

practical, that produces the greatest excess benefits over costs; and
(c) the entire plan is the most practical and feasible meses of
accomplishing the project purposes.

173. COSTS... The estimates of first cost include all initial
expenditures for physical construction of the prcject, lands and
damages, relocations, reservoir clearing, eagineering and design; and
supervision and administration. The first costs and annual charges,
based on July 1964 price lewvels, for all projects recommended, for
authorization are shown in table ll. The annual charges for the
proposed projects include interest and amortization of Federal and
non-Federal investments at an interest rate of 3-1/8 percent for a
100~year period, operation and maintenance costs, and annual equivalent
costs of major replacements.

174. BENEFITS... Benefits which would be expected to accrue from
the recommended projects have been estimated on the basis of a useful
project life of 100 years. Those benefits which are expected to accrue
from future fTESE“ﬁIEIﬁ'EEvelopment have been reduced to an average
annual equivalent value by compound interest methods. The estimates of
average annual benefits for the projects recommended for authorization
are described below and are shown in table 1l by projects and purposes.

a. Reduction in flood damages.- The average annual benefits
for flood demage reduction accruing to the various projects were deter-
mined by use of discharge-damage and discharge-frequency relationships.
The average annnal dameges of $2,406,800 under 1965 conditions of
economic development in the flood plain would be reduced by the &
proposed flood control reservoirs to $1,903,500 for benefits of
$503,300. An allowance to reflect the economic trends and future
development anticipated in the flood plein during the period 1975 to
2075 would increase these annual flood-control benefits to a total
of $1,366,400. The reservoirs are designed to prevent all future floods
inmediately below the dam sites up to & frequency of once in 50 years
at the Montell, Concean and Sabinal Reservoirs and once in 75 years at
the Cloptin Crossing Reservoir. However, the flood plain areas over
vhich the average annual damages are considered are very extensive and
the réduction of damages indicated reflects the average reduction over
the entire flood plain area with the degree of prctection diminishing
downstream as the uncontrolled drainage area increases.

b. Water supplv.- Benefits for water supply were computed
on the basis of the cost of providing the same quantity ard quality of
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water by the cheapest alternative means. The estimated cost of the
alternate project was based on non-Federal financing and interest rates

for the proposed publicly-owned project. Additional benefits were

credited to Montell Reservoir for the water provided to downstream areas

in lieu of the non-Federal Tom Nunn Hill Dam and Reservolr. The four
reservoir projects proposed for construction by the Federal Government have
been credited with water supply benefits of $3,168,700 as determined by the
Public Health Service and shown in table 11. The Dam No. T Reservoir,
proposed for construction by locel interests, would accrue an additional
$1,617,000 in water supply benefits annually. For a complete analysis

see the report by the Public Health Service attached to appendix I.

¢. Recreation.- Benefits for recreation were computed on
the basis of estimated annual attendance in visitor-days at each project,
using a value of $0.50 per visitor-day for a variety of recreational
activities including picknicking, swimming, boating, camping, sight-
seeing, hiking, fishing, sand hunting. Recreation benefits for fishing
and hunting were computed on the basis that 35 percent of the total
visitation would be for these purposes, 34.65 percent for the purpose of
fishing, and 0.35 percent for the purpose of hunting. It was estimated
that the average visit for fishing should have an additional value of
$0.50, and the average visit for hunting an additional value of $1.00.
Total benefits from these recreational activities are estimated at
$1,414,300, as shown in table 1ll. For a complete discussion of the
recreational potentialities see appendix VI.

175. ECONOMIC JUSTIFICATION.- Comparison of annual benefits with
annual costs, as presented in table 11, indicates that each proposed
project is economically Justified individually and as a unit in the
system. A complete andlysis of the economic justificaetion of each
project is presented in Appendix I, Project Formulation. Though the
projects have been justified by monetary benefits alone, they would
also provide important intangible benefits to the economy of the
region. :

176. The flood control effects of the Montell, Concan, Sabinal
nd Cloptin Crossing projects would reduce the threat to lives and
tabilize the economy of the area subject to flooding downstream from
hese projects. The general recreation and fish and wildlife aspects

of the projects would improve the social well-being of a great number
of the people living in the general area.

177. Providing additional recharge to the underground reservoir
would help maintain higher water levels in the Edwards aquifer through-
out the life of the recharge projects and would allow increased pumping
from the underground reservoir without reducing the water level below
the historical low, thereby averting possible contamination. The
average flow of important springs along the Balcones escarpment would be
increased, thereby assuring a more dependable water supply to cities,
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industries, and farms in their areas of influence. Higher water levels
in the aquifer would assure a more economical pumping operation for all
users, both large and small. Many of these benefits are intangible and
have not been evaluated in monetary terms, but it is evident that they
are of major economic significance and would materially supplement the
Justification of the projects recommended for authorization. The
benefits to be derived from the plan, however, are dependent upon the
use of a supplemental surface water supply and limitation on pumpage
withdrawal throughout the reservoir area.
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TABLE 11

FIRST COSTS, ANNUAL CHARGES, ANNUAL BENEFITS, AND BENEFIT-COST RATIO
PROPOSED PROJECTS
EDWARDS UNDERGROUND RESERVOIR AREA
(July 1964 price level)
(Interest rate 3-1/8% - Amortization, 100 years)
(in thousand dollars)

: : Cloptin

Montell : Concan ¢ Sabinal : Crossing Totals

FIRST COSTS 32,545.0(1) 15,650.0 11,413.0 24,440.0 8k,048.0
ANNUAL CHARGES 1,237.5(2) 599.5 440.6 1,035.7 3,313.3
ANNUAL BENEFITS 1,802.% 889.6 659.9 2,597.8 5,949.7
Flood Control (602.1) (59.3) (46.3) (659.0) (1,366.7)
Water Supply (1,098.8) (816.8) (600.1) (653.0) (3,168.7)
Recreation (101.5) (13.5) (13.5) (1,285.8) (1,414.3)
BENEFIT-COST RATIO 1.5 1.5 1.5 2.5 1.8

(1) Includes $900,000 estimated first cost of channel dam and pipeline.

(2) Includes $46,000 for ennual charges of channel dam and pipeline.




COST ALLOCATION AND APPORTTONMENT

176. COST ALLOCATION TO PROJECT PURPOSES.- Cost allocation
studies were made for the proposed Montell, Concan, Sabinal and
Cloptin Crossing Reservoirs to determine the equitable distribution
of the costs to the various project purposes. The allocations were
made by the Separable Cost-Remaining Benefits Method. For the Montell
and Cloptin Crossing projects, allocations were made between the
purposes of flood control, water conservation, fish and wildlife, and
general recreation. The costs of the channel dam and pipeline propased
in connection with the Montell Reservoir project are specific costs for
water supply purposes and are added to the allocated water supply cost
of the reservoir. For the Concan and Sabinal projects, allocations were
made between the purpose of flood control, water conservation and
recreation. The total project costs allocated in this manner for the
four reservolir projects are presented in table 12.

177. APPORTIONMENT OF COSTS AMONG INTERESTS.- The apportionment
of construction, operation, maintenance, and replacement costs between
Federal and non-Federal interests have been made for the four
reservoir projects based on existing laws, policies, and procedures
established to govern construction of public works. A cost apportion-
ment summary is presented in table 13.

ey,

178. The costs allocated to flood control in the proposed prog.-
ects are apportioned to the Federal Government in accordaence with the
general policy established in the Flood Control Act of 1936, Public
Law 738, TUth Congress; as amended. The apportionments are made to
the Federal Government because of the widespread and general nature of
the benefits associated with the flood control effects of the reservoir
projects.

179. The portion of the allocated water s iy cost of Montell,
Concan, and Sabinal Reservoirs assigned to recharge the Edwards Under-
ground Reservoir has been apportioned both to the Federal Gove nt
and to Jlocal interests. As described in previEﬁE‘EéEfIGﬁg_Efr%%?z
report, the largest military complex in the Southwest is located within
the Edwards Reservoir area in and around the city of San Antonio. The
military installations pumped 13.5 million gallons per day (15,100 acre-
;get-per«year) directly from the underground reservoir in 1962. This
quantity represented about 3.5 percent of the total water pumped from
the aquifer in 1962. TFor the period 1955-62 the percentages of water
used by the military were virtually the same as those for 1962, and it
is assumed that future military water requirements will continue on
this same trend. Since the military installations will share with
local interests in the benefits to be derived from the recharge
reservoirs, 5_5 percent of the allocated water supply cost of the

projects assigped to recharge of the Edwards aquifer have been appor-
tioned to the ‘FedeTal Tovermment. . —

e e o

175



180. The cost of Montell and Cloptin Crossing Reservoirs
allocated to conventional water supply (including costs for the
pipeline and channel dam) is the responsibility of non-Federal
interests, in accordance with the provisions of the Water Supply
Act of 1958, Public Iaw 500, 85th Congress, as amended. -

181. Recreation is considered to be a project purpose of the
Concan and Sabinal Reservoirs, and both general recreation and
fish end wildlife recreation are considered to be project purposes
OoF—thé Montell and Cloptin Crossing Reservoirs. The facilities to
be provided have been developed in consonance with Senate
Document 97, 8Tth Congress, 24 Session. Costs for recreation
lands and facilities allocated to the Federal Govermment are within
the limits established by H. R. 9032, introduced on November 6,

1963, and printed on pages 20092 through 20095 of the Congressional
Record for that date.
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SUMMARY OF COST ALLOCATIONS

TABLE 12

PROPOSED PROJECTS

Allocations

: : : Annual : B/C : supply cost per
Project and Purpose : First Costs Annual Charges Benefits : : 1,000 gallons
MONTELL RESERVOIR )
Flood Control $10,873,000 $ 403,200 $ 602,100 1.5
Water Conservation: 20,007,000 758, 300 1,098,800 1.5
Reservoir: (19,107,000) (712,300) (1,052,800) 1.5
Recharge (18,560,000) . (680,100) (1,010, 500) 1.5
Downstream Supply C 5k7,000) C 32,200) C 42,300) 1.3
Pipeline System ( Zgo,ooo) ( hg,ooo) ( u46,000) 1.0
Recreation - IFish snd Wildlife 1,665,000 76,000 101,500 1.3
TOTAL 32,545,000 1,237,500 1,502, 400 15
CONCAN RESERVOIR
Flood Control 1,189,000 55,100 59,300 1.1
Water Conservation (Recharge) 14,234,000 531,400 816,800 1.5
Recreation 227,000 13,000 13,500 1.0
TOTAL 15,650,000 599, 500 — 889, 600 1.5
SABINAL RESERVOIR
Flood Control 898,000 42,800 k6,300 1.1
Water Conservation (Recharge) 10,288,000 384,900 600,100 1.6
Recreation 227,000 12,900 13,500 1.0
TOTAL 11,513,000 140, 600 659,900 1.5
CLOPTIN CROSSING RESERVOIR
Flood Control 7,628,000 292,800 659,000 2.2
Water Conservation 9,461,000 359,700 653,000 1.8
Recreation - Fish and Wildlife 7,351,000 383,200 1,285,800 3.k
TOTAL 24, 450,000 1,035,700 2,597,800 2.5
TOTAL - PROPOSED PROJECTS $84,048,000 $3,313,300 $5;91+9,700 1.8

*For water conservation storage in the reservoir plus the pipeline system.

Allocated water
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TABLE 13

APPORTIONMERT OF COSTS

PROPOSED PROJECTS
(in 1000 dollars)

First Cost : Operation, Malntenance
: : and Replacement of Parts Cost
Project and Purpose Federal : Non-Federal Total :  Federal : Non-rederal Total
MONTELL RESERVOIR
" Flood Control 10,873.0 - 10,873.0 19.2 - 19.2
Water Conservation:
Reservoir:
Recharge 1,021.0% 17,539.0 18,560.0 1. b 23.2 24.6
Downstream supply - 547.0 547.0 - 12.8 12.8
Pipeline System 86 900.0 ggo.o - 16. 16.6
Recreation - Fish and Wildlife 1,665.0 - 1,665.0 17.2 - 17.2
TOTAL 13,559.0 18,986.0 32,555.0 37.8 52.6 90.%
EQHQAN R@SERVOIR
Flood Control 1,189.0 - 1,189.0 13.7 - 13.7
Water Conservation (Recharge) 783.0% 13,451.0 1%,234.0 2.0% 34.0 36.0
Recreation 227.0 - 227.0 5.1 - S.1
TOTAL —2,199.0 13,451.0 15,650.0 20.8 350 54,8
SABINAL RESERVOIR
Flood Control 898.0 - 898.0 12.0 - 12.0
Water Conservation (Recharge) 566.0% 9,722.0 10,288.0 1.8% 30.3 32.1
Recreation 227.0 - 227.0 5.1 - 5.1
TOTAL “1,691.0 79,722.0 SHL3. 8.9 303 9.2
CLOPTIN QROSSING RESERVOIR
~ Flood Control 7,628.0 - 7,628.0 27.3 - 27.3
Water Conservation - 9,461.0 9,461.0 - 30.4 30.4
Recreation - Fish and Wildlife 7,351.0 - T7,351.0 127.3 - 127.3
TOTAL T6.579.0 9,T0 ThGk0.0 VL% 0.5 B5.0
TOTAL PROPOSED PROJECTS 32,428.0 51,620.0 84,048.0 232.1 147.3 379.4

#*Represents 5.5% of the allocated costs to recharge purposes.
Reservoirs and 86% (26,600 ac.ft./yr) of the water resources developed by Montell Reservoir are indicated for

recharge purposes.

indicated for municipal and industrial water supply for downstream areas in the Nueces River Basin.

Al]l vater resources developed by Concan and Sabinal

The remaining 14% (4,300 ac.ft./yr) of water resources developed by Montell Reservoir is



LOCAL COOPERATION

182. LOCAL COOFERATION IN THE PILAN.-

a. Basic principles.- The division of project costs between
Federal and non-Federal interests is based on the allocation of costs
to the project purposes in accordance with presently applicable laws
and regulations governing cost-sharing practices.

b. Non-Federal responsibilities.- 1In accordance with the
Water Supply Act of 1950 and the Federal Water Pollution Control Act e
Amendments of 1961, all construction, operation and maintenance, wsﬁb
replacement, and interest costs incurred by the Federal Government and " Mﬁi
allocated to water supply are to be repaid by local interests, except Vﬁ%
5.5 percent of those costs pertaining to recharge of the Edwards 2
Underground Reservoir. No payment is required for the costs allocated ,1f“
to future water supply until such timé as the project is first used for n?,ﬁe
that purpose, except for the payment of interest charges on thé unpaid P
balance after the interest free period, which shall not exceed 10 yea:g.,u#ﬂ;j v
The construction costs, ipcluding Interest during construction and ™ el

A

interest on the unpaid balance, mgy be paid in a lump sum or in equal 1;1
annual payments within the life_of .the _project, but not to exceed 5Q
ears. s Iy use is initiated. In addition, annual
payments must be made for the operation and maintenance costs allocated
to water supply, beginning with the first use of storage for vater
supply, plus payment of applicable replacement costs when incurred.
The above requirements are equally applicable to provisions for
additional water supply and at such time that portions of reservoir
storage are converted to meet long-term demands. Project costs
allocated to recreation have been apportioned to the Federal Government
and are within limits of the cost-sharing policy adopted by the
Administration and outlined in H.R. 9032, 88th Congress. In addition
to the foregoing, responsible local interests will be required to
furnish assurances satisfactory to the Secretary of the Army that they
will: '

(1) Enter into a contract prior to initiation of the
construction work and in accordance with repayment provisions of the
Water Supply Act of 1958, as amended, to reimburse the Federal
Government for that portion of the construction costs allocated to water,
supply and ortioned to non-Federal interests, including the chanmel
aaﬁi'aﬁa‘pipe%n‘e““iﬁ“ébﬁﬁé’étibﬁfﬁﬁh"th'e”Montern’ Reservoir project. The
percent of the total project first costs and operation and maintenance
costs apportioned to local interests are presently estimated as follows:
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Project C Flrst Costs 0&M

Montell Reservoir 58.34% 58.19%
Concan Reservoir 85.95% 62.. oh%
Sebinal Reservoir 85.18% a 61.59%
Cloptin Crossing Reservoir 38.71% 16.h3%

(2) Obtain without cost to the United States all
vater rights necessary for operation of the projects in the interest
of conventional water supply and recharge to the underground reservoir.

183. VIEWS OF LOCAL INTERESTS.- The Edwards Underground Water
District, the State agency designated by the Governor of Texas to .
cooperate with the Corps in this study, has coordinated the review of
this report by other interested State and local agencies and by the
major military commands within the Edwards area. Copies of the draft
of the report were sent by the Edwards Underground Water District to
the commanding officers at Fort Sam Houston, Randolph Air Force Base
and Kelly Air Force Base; and to the interested river authorities, city
vater boards and improvement districts. The views of the Edwards
Underground Water District and the comments received from other local
interests are summarized in the following subparagraphs. The letters
containing the comments are presented in appendix VII.

a. Edwards Underground Water District.- By letter dated
March 23, 1965, the Edwards Underground Water District stated that in
signing the cooperative report it expresses its full approval of the
proposed plan of improvement for the comprehensive developmént 6f the
vater resources of the Edwards area and will endeavor to provide the
necessary local cooperation.

b. San Antonio River Authority.- In its letter to the
Edwards Underground Water District dated February 10, 1965, the
Authority stated that further lnvestigations should be made to deter-
mine if the water level in the underground reservoir could be safely
lovered below elevation 612 feet. The Authority stated that some
equitable program of regulation should be achieved. This regulaiion
should apply to both artificial recharge and pumping withdrawals. The
AUthority TeTerved To the agreement betveen th:-@%ﬁ'ﬁamw
Guadalupe-Blanco River Authority which contemplates the construction
of the Cloptin Crossing Reservoir and possible development of a site
upstream from Canyon Reservoir.

c. Guadalupe-Blanco River Authority.-

(1) By letter to the Edwards Underground Water District
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dated January 22, 1965, the Authority stated it had only a casual
interest in the three recharge reservoirs proposed for construction in
the Nueces River Basin since they are outside the boundaries of the
Authority. The Authority, however, doubted their economic justification
for water conservation. The Authority also stated that it has a

real and continuing interest in the Cloptin Crossing and Dam No. 7
Reservoir projects proposed for construction in the Guadalupe River
Basin but expressed belief that the report gives no consideration to
existing vater rights in ‘its treatment of these projects. The
Authority stated that, in its opinion, since Dam No. 7 and Cloptin
Crossing Reservoirs were not for recharge purposes that their inclusion
in this survey report exceeded the authorization of Congress under
vhich the report was prepared, and requested the report be revised to
eliminate them. The Authority further stated, however, that if the
Cloptin Crossing Reservoir were constructed to its optimum size and
operated for the benefit of the Guadalupe River Basin in conjunction
vith downstream water rights, it is a desirable and justified project.
Furthermore, if presented in a separate report dealing with the water
supply and flood-control problems of the Guadalupe River Basin the
project would have the full support of the Guadalupe-Blanco River
Authority.

(2) In its letter the Authority quoted only the first
portion of authorizing law which pertained to the recharge of the
Edwards Underground Reservoir. Public Law 86-645 states that the study
should be made with a view to devising an effective means of accomplish-
ing the recharge snd replenishment of the Edwards Underground Reservoir

"as a part of plans for flood control and water conservation in the

Nueces, San Antonio, and Guadalupe River Basins of Texas.

d. Zavala-Dimmit Counties Water Improvement District No. 1.-
In its letter to the Edwards Underground Water District dated Mare s
1965, the District expressed the wish to reserve the right to be free
to either support or oppose the Montell Reservoir project. The District
stated that its plan for basin development provides for two reservoirs
for the replenishment of ground waters; that all the water.of the Nueces
River proper is solely needed for Corpus Christi and multiple uses
upstream; and that if a substantial quantity of water is available above
the Montell site, this water should be available to reservoirs included
in the approved master plan.

€. Bexar-Medina-Atascosa Counties Water - rovement District

No. 1.- By let¥er dated March 1o, 1965, the District notified the

Edwards Underground Water District that it had no comment to make on the

report.

f. Bexar Metropolitan Water District.- In its letter
(undated) to the Edwards Underground Water District the Bexar
Metropolitan Water District expressed the wish to postpone its comments
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until it has had a chance to review the proposed State water plan.

g. Nueces River Conservation and Reclamation District.- By
letter dated April T, 1965, the District stated that it was opposed to
construction of the Montell, Concan and Sabinal Reservoirs as proposed
in the report. The District expressed belief that Tom Nunn Hill
Reservoir, as proposed in its Master Plan, would better serve the irri-
gation needs of the "winter garden" area along the Nueces River. The
District stated that Uvalde County desires 10,000 acre-feet of permanent
storage in Concan Reservoir for recreation and the consideration of a
- more economical spillway and outlet works at this project. It was the

opinion of the District that the Concan and Sabinal Reservoirs were not
Justified at this time, based on a value of water for irrigation
purposes within the District.
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COORDINATION WITH OTHER AGENCIES

184. GENERAL.~ Since studies were first initiated for this
report, close coordination has been maintained with the Edwards
fnderground Water District. Semi-annual progress reports on the
study have been made by representatives of the Fort Worth District
at regzlar meetings of the Bcard of Directors of the Water District.
Ir. the interim, plans and investigations have been coordinaned .
through additional conferences and correspondence.

185. On November 29, 1960, the Texas Water Commission and the
regional offices of other possibly interested Federal agencies were
advised of the Fort Worth District’s Fiscal Year 1961 general
investigations program, including the initiation of studies on
recharging of the Edwards Underground Reservoir. The agencies were
requested to advise the Fort Worth District of their interest in
the area and the survey study, and to furnish information on avail-
aple basic data in their possession which may be useful to the Corps
during the course of the investigations. FPFurther requests were made
to all interested Federal, State, and local agencies at the publiec
hearing held in San Antonio, Texas, on December 7, 1961. In response
10 ‘the requests, extensive quantities of basic information and reports
containing results of previous investigations were received from U. S.
Geological Survey, Texas Water Commission; Soil Conservation Service.
San Antonio City Water Board, Ground-Water Hydrologist W. F. Guyton,
and others. Direct liaison on the working level, as well as at field-
agency head level., was established and maintained throughout the
course cf this investigation with several of the above agencies, the
Pubiic Health Service, the Bureau of Sport Fisheries and Wiidliife,
and the Geological Survey. Funds were allotted to several Federal
agencies to prepare special reports or secure data for use in the
investigations. These special investigations are described in the
folicwing paragraphs.

186. PUBLIC HEALTH SERVICE.- On November 30, 1962, the .Public
Healtn Sexrvice; U. S. Department of Health, Education and Welfare,
was requested to determine the need and value of reservoir storage
for purposes of municipal and industrial water supply and water
guality control. It was also requested that consideration be givsn
tc the quality of the water available for recharge to. the underground
reservoir. The limits of the study area, as established by the
authorizing law, were to include the fourteen counties acrosz the
northern portions of the Guadalupe; San Antonio and Nueces River
Basins within the Edwards Reservoir area. The Public Health Service
repert is presented as an attachment to appendix I.

187. BUREAU OF SPORT FISHERIES AND WILDLIFE.~ On December 6,
1962, the Bureau of Sport Fisheries and Wildlife, Fish and Wiidlife
Service, U. S. Department of the Interior, was requested tc prepare a
report on the Edwards Underground Reservoir area in cooperation with
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the Corps of Engineers under authority of the Fish and Wildlife Coordi-~
nation Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seqg.). The
Bureau was requested to determine the effects of the proposed improve-
ments on the fish and wildlife aspects of the area included in the

- authorized study. Close coordination has been maintained with the
Fort Worth office, Branch of River Basins Studies, during preparation
of this report. The report prepared by the Bureau is included as an
attachment to appendix VI.

188. GEOLOGICAL SURVEY.- Oa July 18, 1962, the Ground-Water
Branch of the Geological Survey, U. S. Depa.rtmetrt of the Interior, was
requested to provide assistance in preparation of geologic maps of
several dam and reservolr sites under Investigation. Emphasis was
Prlaced on location of any zones of faulting, caves or other loss zones
that could contribute to reservoir leskage, including the presence of
any member of the Edwards and associated limestones. Assistance was’
also requested for aid in interpretation and correlation of gamma logs
of mechanically logged wells and other information obtained from core
boring and oil well data, and ald in planning and execution of ra.dio-
active tracer studies.

189. On February 21, 1963, the Surface Water Branch of the
Geological Survey was requested to make a low-flow survey, or seepage
investigation, in the upper reaches of the proposed Cloptin Crossing
Reservoir on the Blanco River.

190. Close field-level coordination with the Austin and San
Antonio offices of the Geological Survey has been maintained through-
out the period of study.

191, SOIL CONSERVATION SERVICE.~ During the investigation, the
Soil Conservation Service, U. S. Department of Agriculture, furnished
work plans and other data regarding its program of runoff and waterflow
retardation and soil-erosion prevention in the Guadalupe and San
Antonio River Basins. The existing and planned improvements in the
Edwards Reservoir -area have been described in previous sections of
this report.

192. FEDERAL POWER COMMISSION.- During preparstion of the
report, the Federal Power Commission was advised of various projects
under consideration in the Edwards Reservoir area. The Commission was
requested to furnish the Corps with unit capacity and energy values
based on privately-financed alternative steam electric system compared
to a Federally-financed hydroelectric system, the cost per kilowatt of
the alternative thermoelectric generating plant, and a statement of
utilization of the hydro-capacity to supply the area power demands.
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193. BUREAU OF RECLAMATION.- The Bureau in conjunction with
its "Texas Basins Project" investigation requested that the Fort
Worth District of the Corps of Engineers determine the flood control
storage requirements and benefits applicable to certain reservoirs
under consideration by the Bureau. The projects studied by the Corps
for the Bureau were Cuero Reservoir (Stage II) in the Guadalupe
River Basin and Cibolo Reservoir in the San Antonio River Basin.

194k. REVIEW OF REPORT BY OTHER AGENCIES.- Copies of this report
have been forwarded to other Federal agencies at field level and to
the Texas Water Commission for their preliminary views and comments.
Ietters from these agencies and the replies by the District Engineer
where appropriate are presented in Appendix VII of this report. The
comments contained in the letters from other agencies are summarized
briefly in the following subparagraphs:

a. Bureau of Public Roads.- By letters dated January 8
and 14, 1965, the Bureau of Public Roads stated that the report had
been reviewed and the Bureau had no comment.

b. Bureau of Outdoor Recreation.- The Bureau of Outdoor
Recreation, by letter dated January 8, 1965, expressed satisfaction
with the analysis of the recreation problems of the study area as
presented in the report. The Bureau indicated that it would have no
specific comments to offer concerning the proposed projects until the
pending Nationwide Outdoor Recreation Plan and the Statewide Outdoor
Recreation Plan of the State of Texas have been developed.

c. Southwestern Power Administration.- By letter dated
January 18, 1965, the Southwestern Power Administration stated that
the proposed improvements would not affect its interests. However, it
was suggested that in further studies of reservoir projects in the
region the hydroelectric power potential be considered in both conventional
and pumped storage projects.

d. Federal Power Commission.- As described in its letter
dated January 20, 1965, the Federal Power Commission made a detailed
study to determine the feasibility of inclusion of hydroelectric power
facilities as a part of the development of the projects proposed in
this report. The Commission concurred in the conclusions reached by the
Corps that provision of these facilities at Federal expense could not be
Justified. It was noted that operation of recharge reservoirs as
proposed in the report wouid increase the springflow and thus increase
the power production at the series of small existing hydrcelectric
stations on the Guadalupe River.

e. Public Health Service.- The Public Health Service, by
letter dated January 21, 1935, noted several minor inconsistencies in

187 R 4-1-65




data presented in the report. In addition, the Service has suggested
several public health safeguards for inclusion in develqpment of pre-
construction plans for the reservoir and recreation areas.- It further
recommended that a postimpoundage vector control survey be conducted
to determine additional measures needed to provide adequate pnblic
health safeguards.

f. Soil Conservation Service.- By letters dated January 21
and 28, 1965, the Soil Conservation Service noted several minor errors
in the presentation of data pertaining to its reservoir projects. The
Service indicated the value placed on the rechaige water was higher than
it would generally estimate, but was not considered unreasonable since
the total resources are needed in the San Antonio area.

g. Forest Service.- By letter dated January 20, 1965, the
Forest Service expressed belief that the role of land treatment com-
bined with floodwater-retarding structures was not adequately reflected
in the report.

h. Bureau of Sport Fisheries and Wildlife.~-

(1) By letter dated January 22, 1965, the Bureau of

Sport Fisheries and Wildlife expressed concern that the benefits for
fishing and hunting used in this report were considerably in excess of
those determined by the Bureau. The Bureau expressed belief that
sport fishing from the projects would decline after the early years of
impoundment and that the projects would provide no hunting benefits.

Bureau requested that the recommendations contained in its report
(pdrtaining to preconstruction plans and reservoir management) be
incorporated and discussed- in the Corps report. S

(2) The Corps estimates of benefits are based on -
experienced visitor use at comparable operating Corps reservoirs
throughout the area and are considered conservative. In developing
the estimates, consideration was given to present population density,
predicted population increases during project life, and competition
to be satisfied from existing and other proposed reservoirs.

1. Geologlcal Survey.- By letter dated January 25, 1965,
the Geological Survey concurred in recommendations presented in the
report concerning an expansion of the existing program for obtaining
basic hydrologic data on the surface-water and ground-water resources
of the area. The Survey made additional suggestions concerning -
hydrologic instrumentation that should be established during con-
struction of the reservoir projects. It also presented additional
information concerning current programs of study and mapping, history
of investigations, and data on quality of water.
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J.  National Park Service.- The National Park Service,
in its letter dated January 25, 1965, expressed satisfaction that the
planning for recreation as presented in the report had been given
careful study. The Service concurred in statements presented in the
report that, prior to construction of. Concan. Reservoir, protectlve
works at Garner State Ebrk must be developed and coordinated.vith the
Pexas Parks and Wildlife Department4 .Notification was requested
well in advance of construction in order that it could program site
surveys and excavations required in the Archeological Salvage program.

k. Bureau of Reclamation.

(1) In its letter dated Januvary 29, 1965, the Bureau
of Reclamation indicated the possibility that control of withdrawals
from the Edwards Underground Reservoir may not be obtainable, that
the increase In safe yield for pumping provided by the recharge
reservoirs would be mocdest, and that the unit cost of the projects
would be relatively high. The Bureau also stated that adequate con-
sideration had not been given to downstream water rights and needs,
and that a considerable portion of the yield of Cloptin Crossing
Reservoir would be obtained at the expense of yleld at the Cuero
Reservoir. In addition, a few items were noted that should be clari-
fied in the report.

(2) Regarding downstreem water rights and needs, full
consideration was given to the master plans of other agencies for
development of water resources within the area of influence of the
Edwards Underground Reservoir.

1. Bureau of Mines.- In its letter dated April 2, 1965,
the Bureau stated that projections in the report of the total value
of mineral production for the study area appeared to be optimistic
and the gain in employment conservative, based on these projections.
The Bureau indicated that the proposed plan would have no adverse
affect on the mineral resource development in the area. The Bureau
recommended that a field investigation and report by petroleum and
mining engineers be made prior to construction planning.

m. The Texas Water Commission.- By letter dated
FPebruary 3, 1965, the Texas Water Commission expressed satisfaction
with the treatment given a very complex hydrclogic problem and
stated that the report reflects a thorough analysis. The Commission
suggested rewording the recommendations to read thet responsible
local interests would be designated by the State to provide the neces-
sary local cooperation. The rewording of the recommendations would
require that local interests obtain the necessary water rights in con-
nection with the projects. The Commission also stated that local
interests and/or the State may desire to consider modification of the
projects during preconstruction planning. Inclosed with the letter
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from the Texas Water Commission were letters from the Texas Highway
Department and the Parks and Wildlife Department. The Texas Highway
Department expressed belief that the report contains appropriate
language and adequate provisions in the estimated costs to promote
orderly development of the proposed projects and related highway
relocations. It was contemplated, however, that adjustments in costs
of relocations may be necessitated during the final planning stage.
The Parks and Wildlife Department stated that the Department had
cooperated with the Bureau of Sport Fisheries and Wildlife in prepara-
tion of the Bureau's report to be included in appendix VI, and that it
had no further comment.
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IMPLEMENTATION OF THE PLAN

195. SCHEDULE FOR FROJECT DEVELOFMENTS.- The selection of the
time sequence aud order of development for the various elements in
the plan are based on the projected time patterns of water resource
demands. While projected demsnds are based on the best information
currently availlable, it is recognized that their dependability and
accuracy lessen with the length of the period of projection. After
completion of comstruction of each phase of development, definition
of needs should be re-examined before continuing with the next phase
of development. Such re-examination could result in some mecdification
in the use of projects previously constructed as well as in improve-
ments.planned for subsequent construction. Present proposals for
initial _Federal participation are limited to those elements of the
plan that current and projected needs indicate should be constructed
in the next 10 to 15 years. To meet the immediate needs of the area,
the following order of construction is proposed:

8. The initial phase should include construction of Cloptin
Crossing and Montell Reservoir projects which have been selected for
"the.following reasons: . _

: (1) These projects would afford immediate protection
to the flood pleins of the Blanco, San Marcos, Guadalupe, and Nueces
Rivers where present flood damsges are the greatest.

(2) They would provide 75,100 acre-feet per year
(67 mgd) of additional water resources, of which 26,600 acre-feet
_ yer year are indicated for recharge of the Edwards Underground
Reservoir.

(3) They would provide 7,320 acres of additional water
surface and appropriate recreation facilities, the major portion of
which would be provided at Cloptin Crossing Reservoir which is located
in an area of concentrated population.

b. Following completion of Montell and Cloptin Crossing
Reservoirs, construction should begin on the Concan and Sabinal
Reservoirs. Based on projected future demands, all four of the
projects will "be needed by the year 1975.

¢. Four or five years after completion of the above-named
reservoira construction should begin on Dam No. 7 Reservoir.
Estimates of future demands indicate this project will be needed 'by

the year 1980.

- *196.  Future water demands and the above order of construction
are based on full utilization of all return flows in the area.

191 R 4-1-65



DISCUSSION AND CONCLUSIONS

197. DISCUSSION.- The protection and preservation of the Edwards
Underground Reservoir is of utmost importance to the continued growth
and prosperity of this south Texas region. This natural water resource
is. one of the finest of its kind in the lnited States. Since so
many cities, towns, military installations, industries, farms, and
ranches: in three river basins depend on the Edwards aquifer for their
only source. of water supply, the preservation of this resource
becomes a common problem to the more than 850,000 citizens residing
in’ this area.

198. Qf primary importance is the control of withdrawals from
the aquifer. Pumping from the a.quifer should be limited to a safe
quantity that would not dE e _t _
the danger of poliuting the high quality art
sulfide or saline water, a situation that is believed could result
from pressure differentials that would be caused by uncontrolled and
sustained heavy pumping from the reservoir.

199. Since citizens of all three river basins, the Guadalupe,
San Antonio, and Nueces, share in the benefits of the Edwards
Underground Reservoir, the 1k counties in the watershed of the
aquifer were considered as a unit in formulating a water supply plan.

Any plan that would ephance the dependable yield of the Edwards

Reseryolx or would provide a supplemental source of water to prevent
the depletion of the aquifer would benefit citizeng in. three
z;g.ver basins.

200. The construction of Montell, Concan, and Sabinal Reservoirs,
as proposed‘in this report, would furnish an additional quantity of
water for pumping, would keep higher water levels in the aquifer, and
would enhance the springflow from major springs along the southern
limits of the Balcones escarpment, particularly in the Guadalupe and
San Antonio River Basins. The Montell, Concan, and Sabinal projects
would store large quantities of flood flows to be released
immediately afiter storms to minimize eyaporation losses from the
reservoirs and at a rate to more efficiently recharge the under-
ground aquifer. In addition, by holding back the high main stem
discharges for a brief period following storms, these reservoirs
would permit the recharge of a greater percentage of the runoff from
the downstream uncontrolled area. The Montell Reservoir, together
‘with the channel dam and pipeline, would also furnish a quantity of
vater at an economical price for use in the Tom Nunn Hill area. Since
increasing conservation storage in the projects at the Cloptin Crossing
and Dam No. T sites would not affect the dependable yield of the Cuero
Reservoir as determined by the Guadalupe-Blanco River Authority, these
upper Guadalupe reservoirs could be used to supplement the Edwards
Underground Reservoir and other surface and ground-water resources of
Yhe area.
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201. In consonance with the principles of comprehensive planning,
the feasibility of providing flood control storage and facilities for
fish and wildlife and general recreation was determined for each proj-
ect investigated. The provision of the flood control storage in
Montell, Concan, Sabinal, and Cloptin Crossing Reservoirs would serve
to reduce the threat to 1ives_and,ie_truction to property in the area
downstream from these projects. The recreatich and fish and wildlife
facllities proposed for development in this report would provide.
recreational opportunities for a total of over 2,560,000 visitors
annually. Surface water reservoirs in the Edwards Plateau (vhich is
widely known for its scenic beauty) would be significant assets to
the state. The plan of operation for Montell Reservoir provides for
the constant release of four million gallons per day to downstream
areas of the Nueces River Basin. This constant stream flow would
greatly enhance the use of the stream for fishing, camping, and general
recreation along a 1l4-mile reach of the river between Montell Reservoir
and the .proposed channel dam.

202. Additional information on the plan of improvement called
for by Senate Resolution 148, 85th Congress, adopted January 28, 1958,
is contained in a supplement to this report.

'203. CONCLUSIONS.- The comprehensive plan for the preservation
and recharge of the Edwards Undergreund-Reservoir as a part of plans
- for flood control and water conseryation in the Nueces, San Antonio,
and Guadalupe River Basins of Texas s _for the full develoyment
of the water and related land resources to mee € ¢ and long-
range needs to approximately the year 2000. The projects recommended
for authorization for immediate construction by the Federal Government
are those found necessary for the orderly development of the water and
related land resources consistent with the present and projected
economic conditions of this south Texas region. The projects are
multiple~-purpose in scope and are well justified both individually
and as a system and each purpose served by the projects is fully
Justified. Projects recommended for authorization for immediate
construction include Montell Reservolir on the Nueces River, Concan
Reservoir on the Frio River, Sabinal Reservoir on the Sebinal River,
and Cloptin Crossing Reservoir on the Blanco River. The Dam No. T
Reservoir project is considered as a part of the comprehensive plan
to fully develop the water resources available upstream from the natural
recharge areas in the Balcones fault zone but not recommended for
authorization or construction by the Federal Government at this time.
Although a comprehensive plan may develop projects embracing even
those purposes for which a high degree of responsibility remsins with
non-Federal entities, it appears that in accordance with existing
policy the Corps should not undertake construction of those projects
in which purposes traditionally considered as a Federal responsibility
are not Justified and which local levels of government or private
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enterprise could logically be expected to develop to a degree consistent
with proper development of the resources of the region. It is con-
sidered that the Dam No. 7 Reservoir project may be constructed by the
Federal Government if future analysis indicates a Federal responsibility
in the project or by local interests for water supply if such needs
develop in advance of possible Federal participation in the project.
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RECOMMENDATIONS

204. RECOMMENDATIONS.- On the basis of studies made and conclusions
reached in connection with this report, the District Engineer recommends:

a. rehensive plan be recognized as a plan for the
full development and beneficial pu “the water and related land
resources of the upper Guadalupe, San Antonio, and Nueces River Basins and

that a plan of improvement for the Edwards Underground Reservoir area be
authorized to provide for construction of the following:

(1) Montell Reservoir on the Nueces River for flood
control, water supply, recharge, and for recreation and fish and wildlife
purposes, including a channel dam and & pipeline for water supply to
downstream areas of the Nueces River Basin.

(2) Concan Reservoir on the Frio River for flood control,
recharge, and recreetion purposes.

(3) Sabinal Reservoir on the Sebinal River for flood
control, recharge, and recreation purposes.

(4) Cloptin Crossing Reservoir on the Blanco River for
flood control, water supply, recreation, and fish and wildlife purposes.

b. That the foregoing be accomplished with such changes and
modifications-as, in the discretion o the Chief of Engineers, may be
gdvisable at estimated Federal costs as follows:

(1) Total Federal construction costs of $84,048,000 or
a total net Federal construction cost of $32,428,000 after reimbursement
by local interests of a portion of the project costs allocated to water
conservation.

(2) Total Federal annual maintenance and operation costs
of $379,hoo or a total net Federal annual cost of $232,100 after
reimbursement by non-Federal interests of a portion of the maintenance
and operation costs allocated to water conservation.

c. That prior to initiation of construction responsible
local interests designated by the State of Texas give assurances satis-
factory to the Secretary of the Army that they will:

(1) Reimburse the Federal Government for that portion of
the construction costs allocated to water supply and apportioned to non-
Federal interests in accordance with the repayment provisions of the
Water Supply Act of 1958, as amended, including the cost of the channel

197 R'5-5-65



dem and pipeline in connection with the Montell Reservoir. These costs
are presently estimated as shown below:

:Allocated cost to water supply (local interests share)

: Construction costs : Annual O&M costs
:  Amount : :  Amount :
Reservoir : (dollars) : ©Percent : (dollars) : Percent
Montell 18,986,000 58.34 52,600 58.19
Reservolir (18,086,000) (55.57) (36,000) (39.82)
Channel dam
and pipeline (900,000) (2.77) (16,600) (18.37)
Concan 13,451,000 85.95 34,000 62.04
Sabinal 9,722,000 85.18 30,300 61.59
Cloptin Crossing 9,461,000 - 38.71L 30,400 16.43
Z7 420000
4‘9;5 209

Y EIRrY
(2) Obtain without cost to the United States all water
rights necessary for operation of the projects in the interest of
conventional wvater supply and recharge to the underground reservoir.

s N
Hd Kdew e L
PAUL W. F. P. KOISCH
Cha.irma.n, of Directors Colonel, CE
Edwards Underground Water District District Engineer
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